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Reliability is your Security
Yuasa NP, NPC and NPH Batteries. Utilising the
latest advance design Oxygen Recombination
Technology, Yuasa have applied their 80 years
experience in the lead acid battery field to produce
the optimum design of Sealed Lead Acid batteries.


FEATURES
• Superb recovery from deep discharge.
• Electrolyte suspension system.
• Gas Recombination.
• Multipurpose: Float or Cyclic use.
• Usable in any orientation (except continuous inverted).
• Superior energy density.
• Lead calcium grids for extended life.
• Manufactured World wide.
• Application specific designs.


Technical Features
Sealed Construction
Yuasa’s unique construction and sealing technique
ensures no electrolyte leakage from case or terminals


Electrolyte Suspension System
All NP batteries utilize Yuasa’s unique electrolyte
suspension system incorporating a microfine glass mat to
retain the maximum amount of electrolyte in the cells. The
electrolyte is retained in the separator material and there
is no free electrolyte to escape from the cells. No gels or
other contaminants are added.


Control of Gas Generation
The design of Yuasa’s NP batteries incorporates the very
latest oxygen recombination technology to effectively
control the generation of gas during normal use.


Low Maintenance Operation
Due to the perfectly sealed construction and the
recombination of gasses within the cell, the battery is
almost maintenance free.


Terminals
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General
Specifications
Nominal Capacity (Ah)


Terminals
NP batteries are manufactured using a range of terminals
which vary in size and type. Please refer to details as
shown.


Operation in any Orientation
The combination of sealed construction and Yuasa’s
unique electrolyte suspension system allows operation in
any orientation, with no loss of performance or fear of
electrolyte leakage. (Excluding continuous use inverted)


Valve Regulated Design
The batteries are equipped with a simple, safe low
pressure venting system which releases excess gas and
automatically reseals should there be a build up of gas
within the battery due to severe overcharge. Note. On no
account should the battery be charged in a sealed
container.
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Lead Calcium Grids
The heavy duty lead calcium alloy grids provide an extra
margin of performance and life in both cyclic and float
applications and give unparalleled recovery from deep
discharge.


Long Cycle Service Life
Depending upon the average depth of discharge, over a
thousand discharge/charge cycles can be expected.


Float Service Life
The expected service life is five years in float standby
applications.


Separators
The use of the special separator material provides a very
efficient insulation between plates preventing inter-plate
short circuits and prohibiting the shedding of active
materials.


Long shelf Life
The extremely low self discharge rate allows the battery to
be stored for extended periods up to one year at normal
ambient temperatures with no permanent loss of capacity.


Operating Temperature Range
The batteries can be used over a broad temperature range
permitting considerable flexibility in system design and
location.
Charge – 15°C to 50°C
Discharge – 20°C to 60°C
Storage – 20°C to 50°C (fully charged battery)


CYCLIC RECHARGE REGIME


SELF DISCHARGE CHARACTERISTICS


FLOAT SERVICE LIFE NP RANGE


TYPICAL DISCHARGE CHARAC-
TERISTICS NP RANGE


NP DISCHARGE CHARACTERISTICS
CURVES AT 25ºC (77ºF)


FLOAT CHARGE CHARACTERISTICS
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INTELLIGENT BATTERY CHARGERS
Manufactured to BS3456, IEC335, UL 1236,
EN60335, CE mark to EN5008-1


Features
Micro processor controlled
Short circuit protection
Reverse polarity protection
High temperature protection
Soft start current control
Fast constant current bulk charge
3 stage charging CI-CV-float
Constant voltage float/standby
Proportional timing
Flexibility, to match battery specification.


Standard Range
YCP03A12 300mA 12v
YCP03A24 300mA 24v
YCP03A6 300mA 6v
YCP06A12 600mA 12v
YCP06A6 600mA 6v
YCP1.5A12 1.5A 12v
YCP1.5A24 1.5A 24v
YCP1.5A6 1.5A 6v
YCP1A12 1A 12v
YCP1A6 1A 6v
YCP2A12 2A 12v
YCP2A24 2A 24v
YCP2A6 2A 6v
YCP3A12 3A 12v
YCP4A12 4A 12v
YCP6A12 6A 12v
YCP8A12 8A 12v
YCP10A12 10A 12v
YCP8A24 8A 24v


Standard NP
Available in a wide range of sizes to suit general applications.


NPH/NPW
High performance batteries specially designed for applications requiring
high rate discharge, supplying up to 50% (NPH), (NPW) more power
(Watts) for short durations when compared to conventional NP models.


NPC
Specifically designed to suit the arduous requirements of cyclic
applications allowing increased cycle life (at least double that of
conventional types). (NPC Shortform refers)


NPL 
Long Life Model also to BS6290pt4 (FR Options)
Dedicated literature available on request. (NPL Shortform refers).


Applications
Yuasa NP batteries, having excellent deep discharge recovery
characteristics coupled with long life on float standby, are ideal for
numerous applications in both cyclic and standby modes. For advice
on the use of NP batteries in your particular application please contact
our Sales Office.


Charging For Float Standby Applications
Charged at 2.275 volts per cell continuous. The battery will seek its own
current level and float fully charged. However, users should be aware
that when charging from fully discharged, the battery can draw an initial
charge current of approximately 2cA. Care should therefore be taken to
ensure that this initial charge current (if ungoverned) is within the
output capability of the equipment. Final charge current at 2.275 volts
per cell is typically between 0.0005cA to 0.004cA.


Charging For Cyclic Applications
See cyclic recharge regime graph.


CAUTION
- Do not Short Circuit
- Do not charge in a sealed container
- Service life and operational characteristics will


be affected by temperature
- AC Ripple reduces service life.


RELATIONSHIP BETWEEN
CHARGING VOLTAGE AND
TEMPERATURE


NPH DISCHARGE CHARACTERISTIC CURVES
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Note: Some revisions of this device may incorporate deviations from published specifications known as errata. Multiple revisions of any device 
may be simultaneously available through various sales channels. For information about device errata, click here: www.maxim-ic.com/errata. 


 
 
 
 
 


 
 
GENERAL DESCRIPTION 
The DS89C430 and DS89C450 offer the highest 
performance available in 8051-compatible 
microcontrollers. They feature newly designed 
processor cores that execute instructions up to 12 
times faster than the original 8051 at the same 
crystal speed. Typical applications will experience a 
speed improvement up to 10x. At 1 million 
instructions per second (MIPS) per megahertz, the 
microcontrollers achieve 33 MIPS performance from 
a maximum 33MHz clock rate. 


The DS89C440 is a 32kB version of the DS89C450 
that is no longer available. The DS89C450 can be 
used as a drop-in replacement. 


The Ultra-High-Speed Flash Microcontroller User’s Guide should 
be used in conjunction with this data sheet. Download it at 
www.maxim-ic.com/microcontrollers. 
 


ORDERING INFORMATION 


PART FLASH 
MEMORY SIZE PIN-PACKAGE 


DS89C430-MNL 16kB 40 PDIP 
DS89C430-MNL+ 16kB 40 PDIP 
DS89C430-QNL 16kB 44 PLCC 
DS89C430-QNL+ 16kB 44 PLCC 
DS89C430-ENL 16kB 44 TQFP 
DS89C430-ENL+ 16kB 44 TQFP 


DS89C440-xxx Contact factory or replace with 
DS89C430 or DS89C450. 


DS89C450-MNL 64kB 40 PDIP 
DS89C450-MNL+ 64kB 40 PDIP 
DS89C450-QNL 64kB 44 PLCC 
DS89C450-QNL+ 64kB 44 PLCC 
DS89C450-ENL 64kB 44 TQFP 
DS89C450-ENL+ 64kB 44 TQFP 


+ Denotes a lead-free/RoHS-compliant device. 


Complete Selector Guide appears at end of data sheet. 
Pin Configurations appear at end of data sheet.


FEATURES 
� High-Speed 8051 Architecture 


One Clock-Per-Machine Cycle 
DC to 33MHz Operation 
Single Cycle Instruction in 30ns 
Optional Variable Length MOVX to Access 


Fast/Slow Peripherals 
Dual Data Pointers with Automatic 


Increment/Decrement and Toggle Select 
Supports Four Paged Memory-Access Modes 


� On-Chip Memory 
16kB/64kB Flash Memory 
In-Application Programmable 
In-System Programmable Through Serial Port 
1kB SRAM for MOVX 


� 80C52 Compatible 
8051 Pin and Instruction Set Compatible 
Four Bidirectional, 8-Bit I/O Ports 
Three 16-Bit Timer Counters 
256 Bytes Scratchpad RAM 


� Power-Management Mode 
Programmable Clock Divider 
Automatic Hardware and Software Exit 


� ROMSIZE Feature 
Selects Internal Program Memory Size from  


0 to 64kB 
Allows Access to Entire External Memory Map 
Dynamically Adjustable by Software 


� Peripheral Features 
Two Full-Duplex Serial Ports 
Programmable Watchdog Timer 
13 Interrupt Sources (Six External) 
Five Levels of Interrupt Priority 
Power-Fail Reset 
Early Warning Power-Fail Interrupt 
Electromagnetic Interference (EMI) Reduction 


 
APPLICATIONS 
Data Logging Telephones 
White Goods HVAC 


Building Energy 
Control and 
Management 


Uninterruptible 
Power Supplies 


Automotive Text 
Equipment 


Industrial Control 
and Automation 


Motor Control Vending 


Magstripe 
Reader/Scanner 


Gaming 
Equipment 


Programmable 
Logic Controllers 


Building Security 
and Door Access 
Control 


Consumer 
Electronics 


 


DS89C430/DS89C450
Ultra-High-Speed Flash Microcontrollers


www.maxim-ic.com 



http://www.maxim-ic.com/microcontrollers

http://www.maxim-ic.com/errata
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ABSOLUTE MAXIMUM RATINGS 
Voltage Range on Any Pin Relative to Ground………………………………………………………………………-0.3V to (VCC + 0.5V) 
Voltage Range on VCC Relative to Ground…………………………………………………………………………………..-0.3V to +6.0V 
Ambient Temperature Range (under bias)…………………………………………………………………………………-40°C to +85°C 
Storage Temperature Range……………………………………………………………………………………………….-55°C to +125°C 
Soldering Temperature…………………………………………………………………………………………See IPC/JEDEC J-STD-020 
 
Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, 
and functional operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is 
not implied. Exposure to the absolute maximum rating conditions for extended periods may affect device reliability. 
 
DC ELECTRICAL CHARACTERISTICS 
(VCC = 4.5V to 5.5V, TO = -40°C to +85°C.) (Note 1) 


PARAMETER SYMBOL MIN TYP MAX UNITS 


Supply Voltage (Notes 2, 3) VCC 4.5 5.0 5.5 V 


Power-Fail Warning (Notes 2, 4) VPFW 4.2 4.375 4.6 V 


Reset Trip Point (Min Operating Voltage) (Notes 2, 3, 4) VRST 3.95 4.125 4.35 V 


Supply Current, Active Mode (Note 5) ICC  75 110 mA 


Supply Current, Idle Mode at 33MHz (Note 6) IIDLE  40 50 mA 


Supply Current, Stop Mode, Bandgap Disabled (Note 7) ISTOP  1 100 µA 


Supply Current, Stop Mode, Bandgap Enabled (Note 7) ISPBG  150 300 µA 


Input Low Level (Note 2) VIL -0.3  +0.8 V 


Input High Level (Note 2) VIH 2.0  VCC + 0.3 V 


Input High Level XTAL and RST (Note 2) VIH2 3.5  VCC + 0.3 V 


Output Low Voltage, Port 1 and 3 at IOL = 1.6mA (Note 2) VOL1  0.15 0.45 V 


Output Low Voltage, Port 0 and 2, ALE, PSEN at IOL = 3.2mA 
(Note 2) 


VOL2  0.15 0.45 V 


Output High Voltage, Port 1, 2, and 3, at IOH = -50µA 
(Notes 2, 8) 


VOH1 2.4   V 


Output High Voltage, Port 1, 2, and 3 at IOH = -1.5mA (Notes 2, 9) VOH2 2.4   V 


Output High Voltage, Port 0, 1, 2, ALE, PSEN, RD, WR in Bus 
Mode at IOH = -8mA (Notes 2, 10)  


VOH3 2.4   V 


Output High Voltage, RST at IOL = -0.4mA (Note 2, 11) VOH4 2.4   V 


Input Low Current, Port 1, 2, and 3 at 0.4V IIL -50   µA 


Transition Current from 1 to 0, Port 1, 2, and 3 at 2V (Note 12) ITL -650   µA 


Input Leakage Current, Port 0 in I/O Mode and EA (Note 13) IL -10  +10 µA 


Input Current, Port 0 in Bus Mode (Note 14) IL -300  +300 µA 


RST Pulldown Resistance (Note 13) RRST 50 120 200 kΩ 
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Note 1: Specifications to -40°C are guaranteed by design and not production tested. 
Note 2: All voltages are referenced to ground. 
Note 3: The user should note that this part is tested and guaranteed to operate down to 4.5V (10%) and that VRST (min) is specified below 


that point. This indicates that there is a range of voltages [(VMIN to VRST (min)] where the processor's operation is not guaranteed, but 
the reset trip point has not been reached. This should not be an issue in most applications, but should be considered when proper 
operation must be maintained at all times. For these applications, it may be desirable to use a more accurate external reset. 


Note 4: While the specifications for VPFW and VRST overlap, the design of the hardware makes it so this is not possible. Within the ranges 
given, there is guaranteed separation between these two voltages. 


Note 5: Active current is measured with a 33MHz clock source driving XTAL1, VCC = RST = 5.5V. All other pins are disconnected. 


Note 6: Idle mode current is measured with a 33MHz clock source driving XTAL1, VCC = 5.5V, RST at ground. All other pins are 
disconnected.  


Note 7: Stop mode is measured with XTAL and RST grounded, VCC = 5.5V. All other pins are disconnected. 


Note 8: RST = 5.5V. This condition mimics the operation of pins in I/O mode.  
Note 9: During a 0-to-1 transition, a one shot drives the ports hard for two clock cycles. This measurement reflects a port pin in transition 


mode. 
Note 10: When addressing external memory. 
Note 11: Guaranteed by design. 


Note 12: Ports 1, 2, and 3 source transition current when pulled down externally. The current reaches its maximum at approximately 2V. 


Note 13: RST = 5.5V. Port 0 is floating during reset and when in the logic-high state during I/O mode. 
Note 14: This port is a weak address holding latch in bus mode. Peak current occurs near the input transition point of the holding latch at 


approximately 2V. 
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AC CHARACTERISTICS 
(VCC = 4.5V to 5.5V, TO = -40°C to +85°C.) (See Figure 1, Figure 2, and Figure 3.) 


1-CYCLE  
PAGE MODE 1 


2-CYCLE  
PAGE MODE 1 


4-CYCLE  
PAGE MODE 1 


PAGE MODE 2 NONPAGE MODE 
PARAMETER  


          


SYMBOL


MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX


UNITS 


System Clock External 
Oscillator (Note 15) 


1/tCLCL 0          33 0 33 0 33 0 33 0 33


System Clock External Crystal 
(Note 15) 


1/tCLCL 1          33 1 33 1 33 1 33 1 33


MHz 


ALE Pulse Width (Note 16) tLHLL
0.5tCLCL - 2 


+ tSTC3
 


tCLCL - 2 
+ tSTC3


 
2tCLCL - 4 
 + tSTC3


 
1.5tCLCL - 5 


+ tSTC3
 


1.5tCLCL - 5 
+ tSTC3


 ns 


Port 0 Instruction Address Valid 
to ALE Low 


tAVLL       tCLCL - 3  0.5tCLCL - 3  ns 


Port 2 Instruction Address Valid 
to ALE Low 


tAVLL2 0.5tCLCL - 4  0.5tCLCL - 4  1.5tCLCL - 4  0.5tCLCL - 4  tCLCL - 4  ns 


Port 0 Data AddressValid to 
ALE Low 


tAVLL3       
tCLCL - 3 + 


tSTC3
 


0.5tCLCL - 3 
+ tSTC3


 ns 


Program Address Hold After 
ALE Low 


tLLAX 0.5tCLCL - 8  1.5tCLCL - 8  2.5tCLCL - 8  1tCLCL - 10  1tCLCL - 10  ns 


Address Hold after ALE Low 
MOVX Write 


tLLAX2
0.5tCLCL - 8 


+ tSTC4
 


1.5tCLCL - 8 
+ tSTC4


 
2.5tCLCL - 8


 + tSTC3
 


0.5tCLCL - 8
 + tSTC2


 
0.5tCLCL - 8 


+ tSTC2
 ns 


Address Hold after ALE Low 
MOVX Read 


tLLAX3
0.5tCLCL - 8 


+ tSTC4
 


1.5tCLCL - 8 
+ tSTC4


 
2.5tCLCL - 8


 + tSTC3
 


0.5tCLCL - 8 
+ tSTC3


 
0.5tCLCL - 8 


+ tSTC2
 ns 


ALE Low to Valid Instruction In tLLIV        2tCLCL - 6  2tCLCL - 6 ns 


ALE Low to PSEN Low tLLPL       1.5tCLCL - 6  0.5tCLCL - 2  ns 


PSEN Pulse Width for Program 
Fetch 


tPLPH tCLCL - 5  tCLCL - 5  2tCLCL - 5  tCLCL - 5  2tCLCL - 5  ns 
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AC CHARACTERISTICS (continued) 
(VCC = 4.5V to 5.5V, TO = -40°C to +85°C.) (See Figure 1, Figure 2, and Figure 3.) 


1-CYCLE 
PAGE MODE 1 


2-CYCLE 
PAGE MODE 1 


4-CYCLE 
PAGE MODE 1  


PAGE MODE 2 NONPAGE MODE 
PARAMETER  


          


SYMBOL


MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX


UNITS 


PSEN Low to Valid Instruction 
In 


tPLIV tCLCL - 20 tCLCL - 20 2tCLCL - 20 tCLCL - 20 2tCLCL - 20 ns 


Input Instruction Hold After 
PSEN 


tPXIX 0          0 0 0 0 ns 


Input Instruction Float After 
PSEN 


tPXIZ        tCLCL - 5  tCLCL - 5 ns 


Port 0 Address to Valid 
Instruction In 


tAVIV0       1.5tCLCL - 22 3tCLCL - 22 ns 


Port 2 Address to Valid 
Instruction In 


tAVIV2 tCLCL - 20 1.5tCLCL - 20 2.5tCLCL - 20 3tCLCL - 20 3.5tCLCL - 20 ns 


PSEN Low to Port 0 Address 
Float 


tPLAZ        0  0 ns 


RD Pulse Width (P3.7) 
(Note 16) 


tRLRH
tCLCL - 5
 + tSTC1


 
tCLCL - 5 
 + tSTC1


 
2tCLCL - 5 


+ tSTC1
 


2tCLCL - 5 
+ tSTC1


 
2tCLCL - 5 


+ tSTC1
 ns 


WR Pulse Width (P3.6)  
(Note 16) 


tWLWH
tCLCL - 5
 + tSTC1


 
tCLCL - 5 
 + tSTC1


 
2tCLCL - 5 
 + tSTC1


 
2tCLCL - 5 


+ tSTC1
 


2tCLCL - 5 
+ tSTC1


 ns 


RD (P3.7) Low to Valid Data In 
(Note 16) 


tRLDV  
tCLCL - 18 


+ tSTC1
 


tCLCL - 18 
+ tSTC1


 
2tCLCL - 18 


+ tSTC1
 


2tCLCL - 18 
+ tSTC1


 
2tCLCL - 18 


+ tSTC1


ns 


Data Hold After RD (P3.7) tRHDX 0          0 0 0 0 ns 


Data Float After RD  (P3.7)        tRHDZ tCLCL - 5  tCLCL - 5 ns 


MOVX ALE Low to Input Data 
Valid (Note 16) 


tLLDV        
2tCLCL - 8
 + tSTC1


 
2tCLCL - 5
 + tSTC1


ns 
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AC CHARACTERISTICS (continued) 
(VCC = 4.5V to 5.5V, TO = -40°C to +85°C.) (See Figure 1, Figure 2, and Figure 3.) 


1-CYCLE 
PAGE MODE 1 


2-CYCLE 
PAGE MODE 1 


4-CYCLE 
PAGE MODE 1  


PAGE MODE 2 NONPAGE MODE 
PARAMETER  


          


SYMBOL


MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX


UNITS 


Port 0 Address to Valid Data 
In (Note 16) 


tAVDV0        
3tCLCL - 20


+ tSTC1
 


3tCLCL - 20 
+ tSTC1


ns 


Port 2 Address to Valid Data 
In (Note 16) 


tAVDV2  
tCLCL - 20 


+ tSTC1
 


1.5tCLCL - 
20 + tSTC1


 
3.5tCLCL - 
20 + tSTC1


 
3.0tCLCL - 20 


+ tSTC1
 


3.5tCLCL - 
20 + tSTC1


ns 


ALE Low to RD or WR Low 
(Note 16) 


tLLRL 


(tLLWL)


0.5tCLCL - 8 + 
tSTC2


0.5tCLCL + 
6 + tSTC2


2tCLCL - 8
 + tSTC2


2tCLCL + 6 
+ tSTC2


4tCLCL - 8
 + tSTC2


4tCLCL + 6 + 
tSTC2


0.5tCLCL - 8 
+ tSTC2


0.5tCLCL + 4 
+ tSTC2


0.5tCLCL - 8 
+ tSTC2


0.5tCLCL + 5 
+ tSTC2


ns 


Port 0 Address Valid to RD or 
WR Low (Note 16) 


tAVRL0 


(tAVWL0)


      
1.5tCLCL - 5 


+ tSTC2
 


tCLCL - 5 + 
tSTC2


 ns 


Port 2 Address Valid to RD or 
WR Low (Note 16) 


tAVRL2 


(tAVWL2)


0 + tSTC5 - 5  
0.5tCLCL - 5 


+ tSTC5
 


1.5tCLCL - 5 
+ tSTC5


 
tCLCL - 5 + 


tSTC5
 


1.5tCLCL - 5 
+ tSTC5


 ns 


Data Out Valid to WR 
Transition (Note 15) 


tQVWX -5          -5 -5 -5 -5 ns 


Data Hold After WR   


(Note 15) 
tWHQX


tCLCL + tSTC2 


- 10 
 


tCLCL + tSTC2 
- 10 


 
tCLCL + tSTC2 


- 10 
 


tCLCL + tSTC2 
- 10 


 
tCLCL + tSTC2 


- 10 
 ns 


RD or WR High to ALE High 
(Note 15) 


tRHLH 


(tWHLH)


tSTC2 - 2 tSTC2 + 4 tSTC2 - 2 tSTC2 + 4 tSTC2 - 2 tSTC2 + 4 tSTC2 - 2 tSTC2 + 4 tSTC2 - 2 tSTC2 + 4 ns 


Note: Specifications to -40°C are guaranteed by design and are not production tested. AC electrical characteristics assume 50% duty cycle for the oscillator and are not 100% tested, but are 
guaranteed by design. 
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Note 15: The clock divide and crystal multiplier control bits in the PMR register determine the system clock frequency and the minimum/ 


maximum external clock speed. The term “1/tCLCL” used in the AC Characteristics variable timing table is determined from the 
following table. The minimum/maximum external clock speed columns clarify that [(external clock speed) x (multipliers)] cannot 
exceed the rated speed of the device. In addition, the use of the crystal multiplier feature establishes a minimum external speed. 


 


External Clock Speed 
4X/2X CD1 CD0 


Number of External Clock 
Cycles per System Clock 


(1/tCLCL) Min Max 
1 0 0 1/4 5MHz 8.25MHz 
0 0 0 1/2 10MHz 16.5MHz 
X 0 1 Reserved — — 
X 1 0 1 See AC Characteristics See AC Characteristics 
X 1 1 1024 See AC Characteristics See AC Characteristics 
 


Note 16: External MOVX instruction times are dependent upon the setting of the MD2, MD1, and MD0 bits in the clock control register. The 
terms “tSTC1, tSTC2, tSTC3” used in the variable timing table above are calculated through the use of the table given below. 


 


MD2 MD1 MD0 MOVX Instruction Time tSTC1 tSTC2 tSTC3 tSTC4 tSTC5


0 0 0 2 Machine Cycles 0 tCLCL 0 tCLCL 0 tCLCL 0 tCLCL 0 tCLCL


0 0 1 3 Machine Cycles 2 tCLCL 1 tCLCL 0 tCLCL 0 tCLCL 1 tCLCL


0 1 0 4 Machine Cycles 6 tCLCL 1 tCLCL 0 tCLCL 0 tCLCL 1 tCLCL


0 1 1 5 Machine Cycles 10 tCLCL 1 tCLCL 0 tCLCL 0 tCLCL 1 tCLCL


1 0 0 6 Machine Cycles 14 tCLCL 5 tCLCL 4 tCLCL 1 tCLCL 1 tCLCL


1 0 1 7 Machine Cycles 18 tCLCL 5 tCLCL 4 tCLCL 1 tCLCL 1 tCLCL


1 1 0 8 Machine Cycles 22 tCLCL 5 tCLCL 4 tCLCL 1 tCLCL 1 tCLCL


1 1 1 9 Machine Cycles 26 tCLCL 5 tCLCL 4 tCLCL 1 tCLCL 1 tCLCL


 
Note 17: Maximum load capacitance (to meet the above timing) for Port 0, ALE, PSEN, WR, and RD  is limited to 60pF. XTAL1 and XTAL2 load 


capacitance are dependent upon the frequency of the selected crystal. 
 
 
Figure 1. Nonpage Mode Timing 
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Figure 2. Page Mode 1 Timing 
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Figure 3. Page Mode 2 Timing 
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EXTERNAL CLOCK CHARACTERISTICS 
(VCC = 4.5V to 5.5V, TO = -40°C to +85°C.) 


PARAMETER SYMBOL MIN MAX UNITS 


Clock High Time tCHCX 10  ns 


Clock Low Time tCLCX 10  ns 


Clock Rise Time tCLCH  5 ns 


Clock Fall Time tCHCL  5 ns 
 
SERIAL PORT MODE 0 TIMING CHARACTERISTICS 
(VCC = 4.5V to 5.5V, TO = -40°C to +85°C.) (Figure 4) 


33MHz VARIABLE 
PARAMETER SYMBOL CONDITIONS 


MIN MAX MIN MAX 
UNITS 


SM2 = 0 360  12tCLCL ns 
Clock Cycle Time tXLXL


SM2 = 1 120  4tCLCL ns 


SM2 = 0 200  
10tCLCL - 


100 
ns 


Output Data Setup to Clock 
Rising 


tQVXH


SM2 = 1 40  3tCLCL - 10 ns 


SM2 = 0 50  2tCLCL - 10 ns Output Data Hold to Clock 
Rising 


tXHQX


SM2 = 1 20  tCLCL - 100  


SM2 = 0 0  0 ns 
Input Data Hold After Clock 
Rising 


tXHDX


SM2 = 1 0  0  


SM2 = 0  200 10tCLCL - 100 ns 
Clock Rising Edge to Input 
Data Valid 


tXHDV


SM2 = 1  40  3tCLCL - 50 ns 


 
Note: SM2 is the serial port 0 mode bit 2. When serial port 0 is operating in mode 0 (SM0 = SM1 = 0), SM2 determines the number of crystal 
clocks in a serial port clock cycle. 
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Figure 4. Serial Port Timing 
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POWER-CYCLE TIMING CHARACTERISTICS 
(VCC = 4.5V to 5.5V, TO = -40°C to +85°C.) 


PARAMETER SYMBOL MIN TYP MAX UNITS 


Crystal Startup Time (Note 18) tCSU  8  ms 


Power-On Reset Delay (Note 19) tPOR  65,536  tCLCL


Note 18: Startup time for a crystal varies with load capacitance and manufacturer. The time shown is for an 11.0592MHz crystal manufactured 
by Fox Electronics. 


Note 19: Reset delay is a synchronous counter of crystal oscillations after crystal startup. Counting begins when the level on the XTAL1 pin 
meets the VIH2 criteria. At 33MHz, this time is 1.99ms. 


 
FLASH MEMORY PROGRAMMING CHARACTERISTICS 
(VCC = 4.5V to 5.5V) 


PARAMETER SYMBOL MIN TYP MAX UNITS 


Data Retention tDR 100   years 


Write/Erase Endurance tENDURE 10,000   cycles 


Program/Time tPROG   40 µs 


Erase Time tERASE 4   ms 
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PIN DESCRIPTION 
PIN 


PDIP PLCC TQFP 
NAME FUNCTION 


40 12, 44 6, 38 VCC +5V 


20 1, 22, 23, 
34 


16, 17, 28, 
39 GND Logic Ground 


9 10 4 RST 


External Reset. The RST input pin is bidirectional and contains a Schmitt Trigger to 
recognize external active-high reset inputs. The pin also employs an internal pulldown 
resistor to allow for a combination of wire-ORed external reset sources. An RC is not 
required for power-up, as the device provides this function internally. 


19 21 15 XTAL1 


18 20 14 XTAL2 


Crystal Oscillators. These pins provide support for fundamental-mode parallel-resonant 
AT-cut crystals. XTAL1 also acts as an input if there is an external clock source in place of 
a crystal. XTAL2 serves as the output of the crystal amplifier. 


29 32 26 PSEN 


Program Store Enable. This signal is commonly connected to optional external program 
memory as a chip enable. PSEN provides an active-low pulse and is driven high when 
external program memory is not being accessed. In one-cycle page mode 1, PSEN 
remains low for consecutive page hits.  


30 33 27 ALE/PROG 


Address Latch Enable. This signal functions as a clock to latch the external address LSB 
from the multiplexed address/data bus on Port 0. This signal is commonly connected to the 
latch enable of an external 373-family transparent latch. In default mode, ALE has a pulse 
width of 1.5 XTAL1 cycles and a period of four XTAL1 cycles. In page mode, the ALE 
pulse width is altered according to the page mode selection. In traditional 8051 mode, ALE 
is high when using the EMI reduction mode and during a reset condition. ALE can be 
enabled by writing ALEON = 1 (PMR.2). Note that ALE operates independently of ALEON 
during external memory accesses. As an alternate mode, this pin (PROG) is used to 
execute the parallel program function. 


39 43 37 P0.0 (AD0) 


38 42 36 P0.1 (AD1) 


37 41 35 P0.2 (AD2) 


36 40 34 P0.3 (AD3) 


35 39 33 P0.4 (AD4) 


34 38 32 P0.5 (AD5) 


33 37 31 P0.6 (AD6) 


32 36 30 P0.7 (AD7) 


Port 0 (AD0–AD7), I/O. Port 0 is an open-drain, 8-bit, bidirectional I/O port. As an 
alternate function, Port 0 can function as the multiplexed address/data bus to access off-
chip memory. During the time when ALE is high, the LSB of a memory address is 
presented. When ALE falls to logic 0, the port transitions to a bidirectional data bus. This 
bus is used to read external program memory and read/write external RAM or peripherals. 
When used as a memory bus, the port provides weak pullups for logic 1 outputs. The reset 
condition of port 0 is tri-state. Pullup resistors are required only when using port 0 as an 
I/O port. 
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PIN DESCRIPTION (continued) 
PIN 


PDIP PLCC TQFP 
NAME FUNCTION 


1 2 40 P1.0 


2 3 41 P1.1 


3 4 42 P1.2 


4 5 43 P1.3 


5 6 44 P1.4 


6 7 1 P1.5 


7 8 2 P1.6 


8 9 3 P1.7 


Port 1, I/O. Port 1 functions as both an 8-bit, bidirectional I/O port and an alternate 
functional interface for timer 2 I/O, new external interrupts, and new serial port 1. The 
reset condition of port 1 is with all bits at logic 1. In this state, a weak pullup holds the port 
high. This condition also serves as an input state, since any external circuit that writes to 
the port overcomes the weak pullup. When software writes a 0 to any port pin, the 
DS89C430/DS89C450 activate a strong pulldown that remains on until either a 1 is 
written or a reset occurs. Writing a 1 after the port has been at 0 causes a strong 
transition driver to turn on, followed by a weaker sustaining pullup. Once the momentary 
strong driver turns off, the port again becomes the output high (and input) state. The 
alternate functions of port 1 are as follows: 
PORT ALTERNATE FUNCTION 
P1.0 T2 External I/O for Timer/Counter2 
P1.1 T2EX Timer 2 Capture/Reload Trigger 
P1.2 RXD1 Serial Port 1 Receive  
P1.3 TXD1 Serial Port 1 Transmit  
P1.4 INT2 External Interrupt 2 (Positive Edge Detect) 
P1.5 INT3 External Interrupt 3 (Negative Edge Detect) 
P1.6 INT4 External Interrupt 4 (Positive Edge Detect) 
 P1.7 INT5 External Interrupt 5 (Negative Edge Detect) 


21 24 18 P2.0 (A8) 


22 25 19 P2.1 (A9) 


23 26 20 P2.2 (A10) 


24 27 21 P2.3 (A11) 


25 28 22 P2.4 (A12) 


26 29 23 P2.5 (A13) 


27 30 24 P2.6 (A14) 


28 31 25 P2.7 (A15) 


Port 2 (A8–A15), I/O. Port 2 is an 8-bit, bidirectional I/O port. The reset condition of port 2 
is logic high. In this state, a weak pullup holds the port high. This condition also serves as 
an input mode, since any external circuit that writes to the port overcomes the weak 
pullup. When software writes a 0 to any port pin, the DS89C430/DS89C450 activate a 
strong pulldown that remains on until either a 1 is written or a reset occurs. Writing a 1 
after the port has been at 0 causes a strong transition driver to turn on, followed by a 
weaker sustaining pullup. Once the momentary strong driver turns off, the port again 
becomes both the output high and input state. As an alternate function, port 2 can function 
as the MSB of the external address bus when reading external program memory and 
read/write external RAM or peripherals. In page mode 1, port 2 provides both the MSB and 
LSB of the external address bus. In page mode 2, it provides the MSB and data. 


10 11 5 P3.0 


11 13 7 P3.1 


12 14 8 P3.2 


13 15 9 P3.3 


14 16 10 P3.4 


15 17 11 P3.5 


16 18 12 P3.6 


17 19 13 P3.7 


Port 3, I/O. Port 3 functions as both an 8-bit, bidirectional I/O port and an alternate 
functional interface for external interrupts, serial port 0, timer 0 and 1 inputs, and RD and 
WR strobes. The reset condition of port 3 is with all bits at a logic 1. In this state, a weak 
pullup holds the port high. This condition also serves as an input mode, since any external 
circuit that writes to the port overcomes the weak pullup. When software writes a 0 to any 
port pin, the DS89C430/DS89C450 activate a strong pulldown that remains on until either 
a 1 is written or a reset occurs. Writing a 1 after the port has been at 0 causes a strong 
transition driver to turn on, followed by a weaker sustaining pullup. Once the momentary 
strong driver turns off, the port again becomes both the output high and input state. The 
alternate modes of port 3 are as follows: 
PORT ALTERNATE FUNCTION 
P3.0 RXD0 Serial Port 0 Receive  
P3.1 TXD0 Serial Port 0 Transmit  
P3.2 INT0 External Interrupt 0 
P3.3 INT1 External Interrupt 1 
P3.4 T0 Timer 0 External Input 
P3.5 T1 Timer 1 External Input 
P3.6 WR External Data Memory Write Strobe 
P3.7 RD         External Data Memory Read Strobe 


31 35 29 EA 


External Access. Allows selection of internal or external program memory. Connect to 
ground to force the DS89C430/DS89C450 to use an external memory program memory. 
The internal RAM is still accessible as determined by register settings. Connect to VCC to 
use internal flash memory. 
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Figure 5. Functional Diagram 
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DETAILED DESCRIPTION 
The DS89C430 and DS89C450 are pin compatible with all three packages of the standard 8051 and include 
standard resources such as three timer/counters, serial port, and four 8-bit I/O ports. The three part numbers vary 
only by the amount of internal flash memory (DS89C430 = 16kB, DS89C450 = 64kB), which can be in-system/in-
application programmed from a serial port using ROM-resident or user-defined loader software. For volume 
deployments, the flash can also be loaded externally using standard commercially available parallel programmers. 


Besides greater speed, the DS89C430/DS89C450 include 1kB of data RAM, a second full hardware serial port, 
seven additional interrupts, two extra levels of interrupt priority, programmable watchdog timer, brownout monitor, 
and power-fail reset. Dual data pointers (DPTRs) are included to speed up block data-memory moves with further 
enhancements coming from selectable automatic increment/decrement and toggle select operation. The speed of 
MOVX data memory access can be adjusted by adding stretch values up to 10 machine cycles for flexibility in 
selecting external memory and peripherals. 


A power management mode consumes significantly lower power by slowing the CPU execution rate from one clock 
period per cycle to 1024 clock periods per cycle. A selectable switchback feature can automatically cancel this 
mode to enable normal speed responses to interrupts. 


For EMI-sensitive applications, the microcontroller can disable the ALE signal when the processor is not accessing 
external memory. 
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Terminology 
The term DS89C430 is used in the remainder of the document to refer to the DS89C430 and DS89C450, unless 
otherwise specified. 
 
Compatibility 
The DS89C430 is a fully static CMOS 8051-compatible microcontroller similar in functional features to the 
DS87C520, but it offers much higher performance. In most cases, the DS89C430 can drop into an existing socket 
for the 8xC51 family, immediately improving the operation. While remaining familiar to 8051 family users, the 
DS89C430 has many new features. In general, software written for existing 8051-based systems works without 
modification on the DS89C430, with the exception of critical timing routines, as the DS89C430 performs its 
instructions much faster for any given crystal selection. 


The DS89C430 provides three 16-bit timer/counters, two full-duplex serial ports, and 256 bytes of direct RAM plus 
1kB of extra MOVX RAM. I/O ports can operate as in standard 8051 products. Timers default to 12 clocks-per-
cycle operation to keep their timing compatible with a legacy 8051 family systems. However, timers are individually 
programmable to run at the new one clock per cycle if desired. The DS89C430 provides several new hardware 
features, described in subsequent sections, implemented by new special-function registers (SFRs). 
 
Performance Overview 
Featuring a completely redesigned high-speed 8051-compatible core, the DS89C430 allows operation at a higher 
clock frequency. This updated core does not have the wasted memory cycles that are present in a standard 8051. 
A conventional 8051 generates machine cycles using the clock frequency divided by 12. The same machine cycle 
takes one clock in the DS89C430. Thus, the fastest instructions execute 12 times faster for the same crystal 
frequency (and actually 24 times faster for the INC data pointer instruction). It should be noted that this speed 
improvement is reduced when using external memory access modes that require more than one clock per cycle. 


Individual program improvement depends on the instructions used. Speed-sensitive applications would make the 
most use of instructions that are 12 times faster. However, the sheer number of 12-to-1 improved op codes makes 
dramatic speed improvements likely for any code. These architectural improvements produce instruction cycle 
times as low as 30ns. The dual data pointer feature also allows the user to eliminate wasted instructions when 
moving blocks of memory. The new page modes allow for increased efficiency in external memory accesses. 
 
Instruction Set Summary 
All instructions have the same functionality as their 8051 counterparts, including their affect on bits, flags, and other 
status functions. However, the timing of each instruction is different, in both absolute and relative number of clocks. 


For absolute timing of real-time events, the duration of software loops can be calculated using information given in 
the Instruction Set table in the Ultra-High-Speed Flash Microcontroller User’s Guide. However, counter/timers 
default to run at the older 12 clocks per increment. In this way, timer-based events occur at the standard intervals 
with software executing at higher speed. Timers optionally can run at a reduced number of clocks per increment to 
take advantage of faster processor operation. 


The relative time of some instructions may be different in the new architecture. For example, in the original 
architecture, the “MOVX A, @DPTR” instruction and the “MOV direct, direct” instruction used two machine cycles 
or 24 oscillator cycles. Therefore, they required the same amount of time. In the DS89C430, the MOVX instruction 
takes as little as two machine cycles or two oscillator cycles, but the “MOV direct, direct” uses three machine cycles 
or three oscillator cycles. While both are faster than their original counterparts, they now have different execution 
times. This is because the DS89C430 usually uses one machine cycle for each instruction byte and requires one 
cycle for execution. The user concerned with precise program timing should examine the timing of each instruction 
to become familiar with the changes. 
 
Special-Function Registers (SFRs) 
All peripherals and operations that are not explicit instructions in the DS89C430 are controlled through SFRs. The 
most common features basic to the architecture are mapped to the SFRs. These include the CPU registers (ACC, 
B, and PSW), data pointers, stack pointer, I/O ports, timer/counters, and serial ports. In many cases, an SFR 
controls an individual function or reports the function’s status. The SFRs reside in register locations 80h–FFh and 
are only accessible by direct addressing. SFRs with addresses ending in 0h or 8h are bit addressable. 
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All standard SFR locations from the 8051 are duplicated in the DS89C430, and several SFRs have been added for 
the unique features of the DS89C430. Most of these features are controlled by bits in SFRs located in unused 
locations in the 8051 SFR map, allowing for increased functionality while maintaining complete instruction set 
compatibility. Table 1 shows the SFRs and their locations. Table 2 specifies the default reset condition for all SFR 
bits. 
 
Data Pointers 
The data pointers (DPTR and DPTR1) are used to assign a memory address for the MOVX instructions. This 
address can point to a MOVX RAM location (on-chip or off-chip) or a memory-mapped peripheral. Two pointers are 
useful when moving data from one memory area to another, or when using a memory-mapped peripheral for both 
source and destination addresses. The user can select the active pointer through a dedicated SFR bit (SEL = 
DPS.0), or can activate an automatic toggling feature for altering the pointer selection (TSL = DPS.5). An additional 
feature, if selected, provides automatic incrementing or decrementing of the current DPTR. 
 
Stack Pointer 
The stack pointer denotes the register location at the top of the stack, which is the last used value. The user can 
place the stack anywhere in the scratchpad RAM by setting the stack pointer to the desired location, although the 
lower bytes are normally used for working registers. 
 
I/O Ports 
The DS89C430 offers four 8-bit I/O ports. Each I/O port is represented by an SFR location and can be written or 
read. The I/O port has a latch that contains the value written by software. 
 
Counter/Timers 
Three 16-bit timer/counters are available in the DS89C430. Each timer is contained in two SFR locations that can 
be read or written by software. The timers are controlled by other SFRs, described in the SFR Bit Description 
section of the Ultra-High-Speed Flash Microcontroller User’s Guide. 
 
Serial Ports 
The DS89C430 provides two UARTs that are controlled and accessed by SFRs. Each UART has an address that 
is used to read and write the value contained in the UART. The same address is used for both read and write 
operations, and the read and write operations are distinguished by the instruction. Its own SFR control register 
controls each UART. 
 
Table 1. SFR Register Map 


REGISTER ADDRESS BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


P0 80h P0.7 P0.6 P0.5 P0.4 P0.3 P0.2 P0.1 P0.0 


SP 81h         


DPL 82h         


DPH 83h         


DPL1 84h         


DPH1 85h         


DPS 86h ID1 ID0 TSL AID — — — SEL 


PCON 87h SMOD_0 SMOD0 OFDF OFDE GF1 GF0 STOP IDLE 


TCON 88h TF1 TR1 TF0 TR0 IE1 IT1 IE0 IT0 


TMOD 89h GATE C/T M1 M0 GATE C/T M1 M0 


TL0 8Ah         


TL1 8Bh         


TH0 8Ch         
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Table 1. SFR Register Map (continued) 
REGISTER ADDRESS BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


TH1 8Dh         


CKCON 8Eh WD1 WD0 T2M T1M T0M MD2 MD1 MD0 


P1 90h P1.7/INT5 P1.6/INT4 P1.5/INT3 P1.4/INT2 P1.3/TXD1 P1.2/RXD1 P1.1/T2EX P1.0/T2 


EXIF 91h IE5 IE4 IE3 IE2 CKRY RGMD RGSL BGS 


CKMOD 96h   T2MH T1MH T0MH — — — 


SCON0 98h SM0/FE_0 SM1_0 SM2_0 REN_0 TB8_0 RB8_0 TI_0 RI_0 


SBUF0 99h         


ACON 9Dh PAGEE PAGES1 PAGES0 — — — — — 


P2 A0h P2.7 P2.6 P2.5 P2.4 P2.3 P2.2 P2.1 P2.0 


IE A8h EA ES1 ET2 ES0 ET1 EX1 ET0 EX0 


SADDR0 A9h         


SADDR1 AAh         


P3 B0h P3.7/RD P3.6/WR P3.5/T1 P3.4/T0 P3.3/INT1 P3.2/INT0 P3.1/TXD0 P3.0/RXD0 


IP1 B1h — MPS1 MPT2 MPS0 MPT1 MPX1 MPT0 MPX0 


IP0 B8h — LPS1 LPT2 LPS0 LPT1 LPX1 LPT0 LPX0 


SADEN0 B9h         


SADEN1 BAh         


SCON1 C0h SM0/FE_1 SM1_1 SM2_1 REN_1 TB8_1 RB8_1 TI_1 RI_1 


SBUF1 C1h         


ROMSIZE C2h     PRAME RMS2 RMS1 RMS0 


PMR C4h CD1 CD0 SWB CTM 4X/2X ALEON DME1 DME0 


STATUS C5h PIS2 PIS1 PIS0 — SPTA1 SPRA1 SPTA0 SPRA0 


TA C7h         


T2CON C8h TF2 EXF2 RCLK TCLK EXEN2 TR2 C/T2 CP/RL2 


T2MOD C9h       T2OE DCEN 


RCAP2L CAh         


RCAP2H CBh         


TL2 CCh         


TH2 CDh         


PSW D0h CY AC F0 RS1 RS0 OV F1 P 


FCNTL D5h FBUSY FERR   FC3 FC2 FC1 FC0 


FDATA D6h         


WDCON D8h SMOD_1 POR EPFI PFI WDIF WTRF EWT RWT 


ACC E0h         


EIE E8h — — — EWDI EX5 EX4 EX3 EX2 


B F0h         


EIP1 F1h — — — MPWDI MPX5 MPX4 MPX3 MPX2 


EIP0 F8h — — — LPWDI LPX5 LPX4 LPX3 LPX2 
 


Note: Shaded bits are timed-access protected. 
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Table 2. SFR Reset Value 
REGISTER ADDRESS BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


P0 80h 1 1 1 1 1 1 1 1 


SP 81h 0 0 0 0 0 1 1 1 


DPL 82h 0 0 0 0 0 0 0 0 


DPH 83h 0 0 0 0 0 0 0 0 


DPL1 84h 0 0 0 0 0 0 0 0 


DPH1 85h 0 0 0 0 0 0 0 0 


DPS 86h 0 0 0 0 0 1 0 0 


PCON 87h 0 0 Special Special 0 0 0 0 


TCON 88h 0 0 0 0 0 0 0 0 


TMOD 89h 0 0 0 0 0 0 0 0 


TL0 8Ah 0 0 0 0 0 0 0 0 


TL1 8Bh 0 0 0 0 0 0 0 0 


TH0 8Ch 0 0 0 0 0 0 0 0 


TH1 8Dh 0 0 0 0 0 0 0 0 


CKCON 8Eh 0 0 0 0 0 0 0 1 


P1 90h 1 1 1 1 1 1 1 1 


EXIF 91h 0 0 0 0 Special Special Special 0 


CKMOD 96h 1 1 0 0 0 1 1 1 


SCON0 98h 0 0 0 0 0 0 0 0 


SBUF0 99h 0 0 0 0 0 0 0 0 


ACON 9Dh 0 0 0 1 1 1 1 1 


P2 A0h 1 1 1 1 1 1 1 1 


IE A8h 0 0 0 0 0 0 0 0 


SADDR0 A9h 0 0 0 0 0 0 0 0 


SADDR1 AAh 0 0 0 0 0 0 0 0 


P3 B0h 1 1 1 1 1 1 1 1 


IP1 B1h 1 0 0 0 0 0 0 0 


IP0 B8h 1 0 0 0 0 0 0 0 


SADEN0 B9h 0 0 0 0 0 0 0 0 


SADEN1 BAh 0 0 0 0 0 0 0 0 


SCON1 C0h 0 0 0 0 0 0 0 0 


SBUF1 C1h 0 0 0 0 0 0 0 0 


ROMSIZE C2h 1 1 1 1 0 1 0 1 


PMR C4h 1 0 0 0 0 0 0 0 


STATUS C5h 0 0 0 1 0 0 0 0 


TA C7h 1 1 1 1 1 1 1 1 


T2CON C8h 0 0 0 0 0 0 0 0 


T2MOD C9h 1 1 1 1 1 1 0 0 


RCAP2L CAh 0 0 0 0 0 0 0 0 


RCAP2H CBh 0 0 0 0 0 0 0 0 
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Table 2. SFR Reset Value (continued) 
REGISTER ADDRESS BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


TL2 CCh 0 0 0 0 0 0 0 0 


TH2 CDh 0 0 0 0 0 0 0 0 


PSW D0h 0 0 0 0 0 0 0 0 


FCNTL D5h 1 0 1 1 0 0 0 0 


FDATA D6h 0 0 0 0 0 0 0 0 


WDCON D8h 0 Special 0 Special 0 Special Special 0 


ACC E0h 0 0 0 0 0 0 0 0 


EIE E8h 1 1 1 0 0 0 0 0 


B F0h 0 0 0 0 0 0 0 0 


EIP1 F1h 1 1 1 0 0 0 0 0 


EIP0 F8h 1 1 1 0 0 0 0 0 


Note: Consult the Ultra-High-Speed Flash Microcontroller User’s Guide for more information about the bits marked “Special.” 
 
 
Memory Organization 
There are three distinct memory areas in the DS89C430: scratchpad registers, program memory, and data 
memory. The registers are located on-chip but the program and data memory spaces can be on-chip, off-chip, or 
both. The DS89C430/DS89C450 have 16kB/64kB of on-chip program memory, respectively, implemented in flash 
memory and also have 1kB of on-chip data memory space that can be configured as program space using the 
PRAME bit in the ROMSIZE feature. The DS89C430 uses a memory-addressing scheme that separates program 
memory from data memory. The program and data segments can be overlapped since they are accessed in 
different manners. If the maximum address of on-chip program or data memory is exceeded, the DS89C430 
performs an external memory access using the expanded memory bus. The PSEN signal goes active low to serve 
as a chip enable or output enable when performing a code fetch from external program memory. MOVX 
instructions activate the RD or WR signal for external MOVX data memory access. The program memory 
ROMSIZE feature allows software to dynamically configure the maximum address of on-chip program memory. 
This allows the DS89C430 to act as a bootloader for an external memory. It also enables the use of the 
overlapping external program spaces. The lower 128 bytes of on-chip flash memory—if ROMSIZE is greater than 
0—are used to store reset and interrupt vectors. 256 bytes of on-chip RAM serve as a register area and program 
stack, which are separated from the data memory. 
 
Register Space 
Registers are located in the 256 bytes of on-chip RAM labeled “internal registers” (Figure 6), which can be divided 
into two sub areas of 128 bytes each. Separate classes of instructions are used to access the registers and the 
program/data memory. The upper 128 bytes are overlapped with the 128 bytes of SFRs in the memory map. 
Indirect addressing is used to access the upper 128 bytes of scratchpad RAM, while the SFR area is accessed 
using direct addressing. The lower 128 bytes can be accessed using direct or indirect addressing. 


There are four banks of eight working registers in the lower 128 bytes of scratchpad RAM. The working registers 
are general-purpose RAM locations that can be addressed within the selected bank by any instructions that use 
R0–R7. The register bank selection is controlled through the program status register in the SFR area. The contents 
of the working registers can be used for indirect addressing of the upper 128 bytes of scratchpad RAM. 


Individually addressable bits in the RAM and SFR areas support Boolean operations. In the scratchpad RAM area, 
registers 20h–2Fh are bit addressable by software using Boolean operation instructions. 


Another use of the scratchpad RAM area is for the stack. The stack pointer, contained in the SFRs, is used to 
select storage locations for program variables and for return addresses of control operations. 
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Figure 6. Memory Map (as shown for the DS89C430) 
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Memory Configuration 
As illustrated in Figure 6, the DS89C430 incorporates two 8kB flash areas for on-chip program memory and 1kB of 
SRAM for on-chip data memory or a particular range (400–7FF) of “alternate” program memory space. The 
DS89C450 incorporates two 32kB flash memories. The DS89C430 uses an address scheme that separates 
program memory from data memory such that the 16-bit address bus can address each memory area up to 
maximum of 64kB. 
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Program Memory Access 
On-chip program memory begins at address 0000h and is contiguous through 3FFFh (16kB) on the DS89C430 and 
through FFFFh (64kB) on the DS89C450. Exceeding the maximum address of on-chip program memory causes 
the device to access off-chip memory. The maximum on-chip decoded address is selectable by software using the 
ROMSIZE feature. Software can cause the DS89C430 to behave like a device with less on-chip memory. This is 
beneficial when overlapping external memory is used. The maximum memory size is dynamically variable. Thus a 
portion of memory can be removed from the memory map to access off-chip memory and then be restored to 
access on-chip memory. In fact, all the on-chip memory can be removed from the memory map allowing the full 
64kB memory space to be addressed from off-chip memory. Program memory addresses that are larger than the 
selected maximum are automatically fetched from outside the part through ports 0 and 2. Figure 6 shows a 
depiction of the memory map. 


The ROMSIZE register is used to select the maximum on-chip decoded address for program memory. Bits RMS2, 
RMS1, and RMS0 have the following effect: 
 


RMS2 RMS1 RMS0 Maximum On-Chip Program Memory Address 
(Size/Address) 


0 0 0 0kB 
0 0 1 1kB/03FFh 
0 1 0 2kB/07FFh 
0 1 1 4kB/0FFFh 
1 0 0 8kB/1FFFh 
1 0 1 16kB/3FFFh (DS89C430 default) 
1 1 0 32kB/7FFFh  
1 1 1 64kB/FFFFh (DS89C450 default) 


The reset default condition for all devices is to their maximum on-chip program memory size. When accessing 
external program memory, that amount of external memory would be inaccessible. To select a smaller effective 
program memory size, software must alter bits RMS2–RMS0. Altering these bits requires a timed-access 
procedure, as explained later. 


Care should be taken so that changing the ROMSIZE register does not corrupt program execution. For example, 
assume that a DS89C430 is executing instructions from internal program memory near the 12kB boundary 
(~3000h) and that the ROMSIZE register is currently configured for a 16kB internal program space. If software 
reconfigures the ROMSIZE register to 4kB (0000h–0FFFh) in the current state, the device immediately jumps to 
external program execution because program code from 4kB to 16kB (1000h–3FFFh) is no longer located on-chip. 
This could result in code misalignment and execution of an invalid instruction. The recommended method is to 
modify the ROMSIZE register from a location in memory that is internal (or external) both before and after the 
operation. In the above example, the instruction that modifies the ROMSIZE register should be located below the 
4kB (1000h) boundary or above the 16kB (3FFFh) boundary so that it is unaffected by the memory modification. 
The same precaution should be applied if the internal program memory size is modified while executing from 
external program memory. 


For nonpage mode operations, off-chip memory is accessed using the multiplexed address/data bus on P0 and the 
MSB address on P2. While serving as a memory bus, these pins are not I/O ports. This convention follows the 
standard 8051 method of expanding on-chip memory. Off-chip program memory access also occurs if the EA pin is 
a logic 0. EA overrides all ROMSIZE bit settings. The PSEN signal goes active (low) to serve as a chip enable or 
output enable when ports 0 and 2 fetch from external program memory. 


The RD and WR signals are used to control the external data memory device. Data memory is accessed by MOVX 
instructions. The MOVX@Ri instruction uses the value in the designated working register to provide the LSB of the 
address, while port 2 supplies the address MSB. The MOVX@DPTR instruction uses one of the two data pointers 
to move data over the entire 64kB external data memory space. Software selects the data pointer used by writing 
to the SEL bit (DPS.0). 


The DS89C430 also provides a user option for high-speed external memory access by reconfiguring the external 
memory interface into page mode operation. 


Note: When using the original 8051 expanded bus structure, the throughput is reduced by 75% compared with that 
of internal operations. This is because of the CPU being stalled for three out of four clocks, waiting for the data 
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fetch that takes four clocks. Page mode 1 is the only external addressing mode where the CPU does not require 
stalls for external memory access, but page misses result in reduced external access performance. 
 
On-Chip Program Memory 
The processor can fetch the entire on-chip program memory range automatically. By default, the reset routines and 
all interrupt vectors are located in the lower 128 bytes of the on-chip program memory. 


On-chip program memory is logically divided into pairs of 8kB, 16kB, or 32kB flash memory banks to support in-
application programming. The upper block of the on-chip program memory is designed to be programmed in-
application with the standard 5V VCC supply under the control of the user software or by using a built-in program 
memory loader. It can also be programmed in standard flash or EPROM programmers. The DS89C430 
incorporates a memory management unit (MMU) and other hardware to support any of the three programming 
methods. The MMU controls program and data memory access, and provides sequencing and timing controls for 
programming of the on-chip program memory. A separate security flash block supports a three-level lock, a 64-byte 
encryption array, and other flash options. 
 
Security Features 
The DS89C430 incorporates a 64-byte encryption array, allowing the user to verify program codes while viewing 
the data in encrypted form. The encryption array is implemented in a security flash memory block that has the 
same electrical and timing characteristics as the on-chip program memory. Once the encryption array is 
programmed to non-FFh, the data presented in the verify mode is encrypted. Each byte of data is XNORed with a 
byte in the encryption array during verification. 


A three-level lock restricts viewing of the internal program and data memory contents. By programming the three 
lock bits, the user can select a level of security as specified in Table 3. The protection levels function differently 
than those in a traditional 8051 microcontroller, and should not be used while executing external code. 


Once a security level is selected and programmed, the setting of the lock bits remains. Only a mass erase can 
erase these bits and allow reprogramming the security level to a less restricted protection. 
 
Table 3. Flash Memory Lock Bits 


LEVEL LB1 LB2 LB3 PROTECTION 


1 1 1 1 No program lock. Encrypted verify if encryption array is programmed. Do 
not execute external program code while operating at this security level. 


2 0 1 1 


Prevent MOVC in external memory from reading program code in internal 
memory. EA is sampled and latched on reset. Allow no further parallel or 
program memory loader programming. Do not execute external program 
code while operating at this security level. 


3 X 0 1 
Level 2 plus no verify operation. Also prevent MOVX in external memory 
from reading internal SRAM. Do not execute external program code while 
operating at this security level. 


4 X X 0 Level 3 plus no external execution. 


 
The DS89C430 provides user-selectable options that must be set before beginning software execution. The option 
control register uses flash bits rather than SFRs, and is individually erasable and programmable as a byte-wide 
register. Bit 3 of this register is defined as the watchdog POR. Setting this bit to 1 disables the watchdog reset 
function on power-up. Clearing this bit to 0 enables the watchdog reset function automatically. Other bits of this 
register are undefined and are at logic 1 when read. The value of this register can be read at address FCh in 
parallel programming mode or executing a verify-option-control register instruction in ROM loader mode or in-
application programming mode.  
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The signature bytes can be read in ROM loader mode or in parallel programming mode. Reading data from 
addresses 30h, 31h, and 60h provides signature information on manufacturer, part, and extension as follows: 
 


ADDRESS VALUE MEANING 
30h DAh Manufacturer ID 
31h 43h DS89C430 Device ID 
31h 44h DS89C440 Device ID (Contact factory or replace with DS89C430 or DS89C450.) 
31h 45h DS89C450 Device ID 
60h 01h Device Extension 


Note: The read/write accessibility of the flash memory during in-application programming is not affected by the state of the lock 
bits. However, the lock bits do affect the read/write accessibility in ROM loader and parallel programming modes. 
 
In-Application Programming by User Software 
The DS89C430 supports in-application programming of on-chip flash memory by user software. In-application 
programming is initiated by writing a flash command into the flash control (FCNTL:D5h) register to enable the flash 
memory for erase/program/verify operations. Address and data are input into the MMU through the flash data 
(FDATA:D6h) register. The flash command also enables read/write accesses to the FDATA. The MMU’s sequencer 
provides the operation sequences and control functions to the flash memory. The MMU is designed to operate 
independently from the processor, except for read/write access to the SFRs. 


Only the upper bank of the on-chip program memory can be in-application programmed by the user software. The 
lower bank of the on-chip program memory contains system hardware-dependent codes that are crucial to system 
operation and should not be altered during in-application programming. 


All flash operations are self-timed. The user software can monitor the progress of an erase or programming 
operation through the flash busy (FBUSY;FCNTL.7) bit with a reset value at logic 1. A selected operation 
automatically starts when required data is written to the FDATA SFR. The MMU clears the FBUSY bit to indicate 
the start of a write/erase operation. The FBUSY bit may not change state for up to 1μs after the operation is 
requested. During this time, the application should poll the status of the FBUSY bit waiting for it to change state. 
This bit is held low until either the end of the operation or until an error indicator is returned. A flash operating 
failure terminates the current operation and sets the flash error flag (FERR;FCNTL.6) to logic 1. Both the busy and 
error flags are read-only bits. 


Read/write access during in-application programming is not affected by the state of the lock bits. 


A sample programming sequence for a "write upper program memory bank" is shown below. The command must be 
reentered each time an operation is requested, i.e., it is not permissible to issue the “write upper program memory 
bank” command once and then repeatedly load address and data values to program a block of memory. 


1. Make sure the FBUSY bit is 1 to indicate flash MMU is idle. 


2. Write 0Bh to the FCNTL register using the timed access sequence. 


3. Write address_MSB to the FDATA register. 


4. Write address_LSB to the FDATA register. 


5. Write data_value to the FDATA register. 


6. Make sure the FBUSY bit is 0 to indicate programming has started. 


7. Wait for FBUSY bit to return to 1 to indicate end of programming operation. 


8. Make sure FERR is 0 to indicate no programming error. 


The flash command (FC3–FC0;FCNTL.3:0) bits provide flash commands as listed in Table 4. 
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Table 4. In-Application Programming Commands 
FC3:FC0 COMMAND OPERATION 


0000 Read Mode 
Default state. All flash blocks are in read mode. Note: The upper bank 
of flash memory is inaccessible for execution unless the FC3:0 bits are 
in the read mode (0000b) state. 


0001 Verify Option Control Register 
Read data from the option control register. Data is available in the 
FDATA at the end of the following machine cycle. FDATA.3 is the logic 
value of the watchdog POR default setting. 


0010 Verify Security Block 


Read a byte of data from the security block. After the address byte is 
written to the FDATA, data is available in the FDATA at the end of the 
following machine cycle. (Lock bits are addressed at 40h and 
FDATA.5:3 are the logic value of LB1, LB2 and LB3, respectively.) 


0011 
Verify Upper Program  


Memory Bank 


Read a byte of data from upper flash memory bank (address range 
from 2000h to 3FFFh). The first and second byte writes to the FDATA 
are the upper and lower byte of the address. Data is available in the 
FDATA at the end of the following machine cycle after the second 
address byte is written. 


0100 Reserved for Future Use This command should not be modified by user programs. 


1000 Reserved for Future Use This command should not be modified by user programs. 


1001 Write Option Control Register 
Write to the option control register as data is written to FDATA. Bit 3 of 
the data byte represents the watchdog POR default setting.   


1010 Write Security Block 


Write a byte of data to the security block at a selected locations 
addressed by the first byte write to the FDATA. The second write to the 
FDATA is the data byte. (Lock bits are addressed at 40h and the 
FDATA 5:3 represents lock bits LB3, LB2, and LB1, respectively.) 


1011 Write Upper Program 
Memory Bank 


Write a byte of code to the upper flash memory bank (address range 
from 2000h to 3FFFh). The first and second byte writes to the FDATA 
are the upper byte and the lower byte of the address. The third write to 
the FDATA is the data byte. 


1100 Erase Option Control Register 
Erase the option control register. The contents of this register are 
returned to FFh. This operation disables the watchdog reset function on 
power-up. 


1101 Erase Security Block 
Erase the security flash block that contains the 64-byte encryption array 
and the lock bits. The content of every memory location is turned into 
FFh. 


1110 Erase Upper Program  
Memory Bank 


Erase the upper bank of flash memory bank. The contents of every 
memory location are returned to FFh. 


1111 System Reset This command is used to cause a system reset. 
 


The flash command bits are cleared to 0 on all forms of reset, and it is important for the user software to clear 
these bits to 0 to return the flash memory to read mode from erase/program operation. This setting is a “no 
operation” condition for the MMU, which allows the processor to return to its normal execution. Note that the busy 
and error flags have no function in normal flash-read mode. 


The FCNTL SFR can only be written using timed access. This procedure provides protection against inadvertent 
erase/program operation on the flash memory. Any command written to the FCNTL during a flash operation is 
ignored (FBUSY = 0). To ensure data integrity, an erase command sequence should be reinitiated if an erase or 
program operation is interrupted by a reset. 
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ROM Loader 
The full on-chip flash program memory space, security flash block, and external SRAM can be programmed in-
system from an external source through serial port 0 under the control of a built-in ROM loader. The ROM loader 
also has an auto-baud feature that determines which baud-rate frequencies are being used for communication and 
sets the baud-rate generator for that speed. 


When the DS89C430 is powered up and has entered its user operating mode, the ROM loader mode can be 
invoked at any time by forcing RST = 1, EA = 0, and PSEN = 0. It remains in effect until power-down or when the 
condition (RST = 1 and PSEN = EA = 0) is removed. Entering the ROM loader mode forces the processor to start 
fetching from the 2kB internal ROM for program memory initialization and other loader functions. 


The read/write accessibility is determined by the state of the lock bits, which can be verified directly by the ROM 
loader. 


The flash memory can be programmed (by the built-in ROM loader) using commands that are received over the 
serial interface from a host PC. Full details of the ROM loader commands are given in the Ultra-High-Speed Flash 
Microcontroller User’s Guide. Host software to communicate with the ROM loader is available in Windows® format 
as well as other platforms. Contact our technical support department at micro.support@dalsemi.com for more 
information. 
 
Parallel Programming Mode 
The microcontroller also supports a programming mode such as that used by commercial device programmers. 
This mode is of little utility in normal applications and is only used by commercial device programmers. For 
information on this mode, contact our technical support department at micro.support@dalsemi.com. 
 
Data Pointer Increment/Decrement and Options 
The DS89C430 incorporates a hardware feature to assist applications that require data pointer increment/ 
decrement. Data pointer increment/decrement bits ID0 and ID1 (DPS.6 and DPS.7) define how the INC DPTR 
instruction functions in relation to the active DPTR (selected by the SEL bit). Setting ID0 = 1 and SEL = 0 enables 
the decrement operation for DPTR, and execution of the INC DPTR instruction decrements the DPTR contents 
by 1. Similarly, setting ID1 = 1 and SEL = 1 enables the decrement operation for DPTR1, and execution of the INC 
DPTR instruction decrements the DPTR1 contents by 1. With this feature, the user can configure the data pointers 
to operate in four ways for the INC DPTR instruction: 
 


ID1 ID0 SEL = 0 SEL = 1 
0 0 INC DPTR INC DPTR1 
0 1 DEC DPTR INC DPTR1 
1 0 INC DPTR DEC DPTR1 
1 1 DEC DPTR DEC DPTR1 


SEL (DPS.0) bit always selects the active data pointer. The DS89C430 offers a programmable option that allows 
any instructions related to data pointer to toggle the SEL bit automatically. This option is enabled by setting the 
toggle-select-enable bit (TSL–DPS.5) to a logic 1. Once enabled, the SEL bit is automatically toggled after the 
execution of one of the following five DPTR-related instructions:  


INC DPTR 
MOV DPTR #data16 
MOVC A, @A+DPTR 
MOVX A, @DPTR 
MOVX @DPTR, A 


The DS89C430 also offers a programmable option that automatically increases (or decreases) the contents of the 
selected data pointer by 1 after the execution of a DPTR-related instruction. The actual function (increment or 
decrement) is dependent on the setting of the ID1 and ID0 bits. This option is enabled by setting the automatic 
increment/decrement enable (AID–DPS.4) to a logic 1 and is affected by the following three instructions: 


MOVC A, @A+DPTR 
MOVX A, @DPTR 
MOVX @DPTR, A 


 
Windows is a registered trademark of Microsoft Corporation.



mailto:micro.support@dalsemi.com
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External Memory 
The DS89C430 executes external memory cycles for code fetches and read/writes of external program and data 
memory. A nonpage external memory cycle is four times slower than the internal memory cycles (i.e., an external 
memory cycle contains four system clocks). However, a page mode external memory cycle can be completed in 
one, two, or four system clocks for a page hit and two, four, or eight system clocks for a page miss, depending on 
user selection. The DS89C430 also supports a second page mode operation with a different external bus structure 
that provides for fast external code fetches but uses four system clock cycles for data memory access.  
 
External Program Memory Interface (Nonpage Mode) 
Figure 7 shows the timing relationship for internal and external code fetches when CD1 and CD0 are set to 10b, 
assuming the microcontroller is in nonpage mode for external fetches. Note that an external program fetch takes 
four system clocks, and an internal program fetch requires only one system clock. 


As illustrated in Figure 7, ALE is deasserted when executing an internal memory fetch. The DS89C430 provides a 
programmable user option to turn on ALE during internal program memory operation. ALE is automatically enabled 
for code fetch externally, independent of the setting of this option. 


PSEN is only asserted for external code fetches, and is inactive during internal execution. 
 
Figure 7. External Program Memory Access (Nonpage Mode, CD1:CD0 = 10) 
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External Data Memory Interface in Nonpage Mode Operation 
Just like the program memory cycle, the external data memory cycle is four times slower than the internal data 
memory cycle in nonpage mode. A basic internal memory cycle contains one system clock and a basic external 
memory cycle contains four system clocks for nonpage mode operation. 


The DS89C430 allows software to adjust the speed of external data memory access by stretching the memory bus 
cycle. CKCON (8Eh) provides an application-selectable stretch value for this purpose. Software can change the 
stretch value dynamically by changing the setting of CKCON.2–CKCON.0. Table 5 shows the data memory cycle 
stretch values and their effect on the external MOVX memory bus cycle and the control signal pulse width in terms 
of the number of oscillator clocks. A stretch machine cycle always contains four system clocks. 
 
Table 5. Data Memory Cycle Stretch Values 


RD/WR PULSE WIDTH (IN NUMBER OF OSCILLATOR CLOCKS) 
MD2:MD0 STRETCH 


CYCLES 4X/2X, CD1,  
CD0 = 100 


4X/2X, CD1,  
CD0 = 000 


4X/2X, CD1,  
CD0 = X10 


4X/2X, CD1, 
CD0 = X11 


000 0 0.5 1 2 2048 
001 1 1 2 4 4096 
010 2 2 4 8 8192 
011 3 3 6 12 12,288 
100 7 4 8 16 16,384 
101 8 5 10 20 20,480 
110 9 6 12 24 24,576 
111 10 7 14 28 28,672 


 
As Table 5 shows, the stretch feature supports eight stretched external data memory access cycles, which can be 
categorized into three timing groups. When the stretch value is cleared to 000b, there is no stretch on external data 
memory access and a MOVX instruction is completed in two basic memory cycles. When the stretch value is set to 
1, 2, or 3, the external data memory access is extended by 1, 2, or 3 stretch machine cycles, respectively. Note 
that the first stretch value does not result in adding four system clocks to the RD/WR control signals. This is 
because the first stretch uses one system clock to create additional setup time and one system clock to create 
additional address hold time. When using very slow RAM and peripherals, a larger stretch value (4–7) can be 
selected. In this stretch category, one stretch machine cycle (4 system clocks) is used to stretch the ALE pulse 
width, one stretch machine cycle is used to create additional setup, one stretch machine cycle is used to create 
additional hold time, and one stretch machine cycle is added to the RD or WR strobes.  


The following diagrams illustrate the timing relationship for external data memory access in full speed (stretch value 
= 0), in the default stretch setting (stretch value = 1), and slow data memory accessing (stretch value = 4), when 
the system clock is in divide-by-1 mode (CD1:CD0 = 10b). 
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Figure 8. Nonpage Mode, External Data Memory Access (Stretch = 0, CD1:CD2 = 10) 
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Figure 9. Nonpage Mode, External Data Memory Access (Stretch = 1, CD1:CD2 = 10) 
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Page Mode, External Memory Cycle 
Page mode retains the basic circuitry requirement for an original 8051 external memory interface, but alters the 
configuration of P0 and P2 for the purposes of address output and data I/O during external memory cycles. 
Additionally, the functions of ALE and PSEN are altered to support this mode of operation. 


Setting the PAGEE (ACON.7) bit to logic 1 enables page mode. Clearing the PAGEE bit to logic 0 disables the 
page mode and the external bus structure defaults to the original 8051 expanded bus configuration (nonpage 
mode). The DS89C430 supports page mode in two external bus structures. The logic value of the page-mode-
select bits in the ACON register determines the external bus structure and the basic memory cycle in number of 
system clocks. Table 6 summarizes this option. The first three selections use the same bus structure but with 
different memory cycle time. Setting the select bits to 11b selects another bus structure. Write access to the ACON 
register requires a timed access. 
 
Table 6. Page Mode Select 


CLOCKS PER MEMORY CYCLE
PAGES1:PAGES0 


PAGE-HIT PAGE-MISS 
EXTERNAL BUS STRUCTURE 


00 1 2 
P0: Primary data bus. 
P2: Primary address bus, multiplexing both the upper byte and 
lower byte of address. 


01 2 4 
P0: Primary data bus. 
P2: Primary address bus, multiplexing both the upper byte and 
lower byte of address. 


10 4 8 
P0: Primary data bus. 
P2: Primary address bus, multiplexing both the upper byte and 
lower byte of address. 


11 2 4 


P0: Lower address byte. 
P2: The upper address byte is multiplexed with the data byte. 
Note: This setting affects external code fetches only; accessing 
the external data memory requires four clock cycles, regardless 
of page hit or miss. 


 
The first page mode’s (page mode 1) external bus structure uses P2 as the primary address bus, (multiplexing both 
the most significant byte and least significant byte of the address for each external memory cycle) and P0 is used 
as the primary data bus. During external code fetches, P0 is held in a high-impedance state by the processor. Op 
codes are driven by the external memory onto P0 and latched at the end of the external fetch cycle at the rising 
edge of PSEN. During external data read/write operations, P0 functions as the data I/O bus. It is held in a high-
impedance state for external reads from data memory and driven with data during external writes to data memory. 


� A page miss occurs when the most significant byte of the subsequent address is different from the last 
address. The external memory machine cycle can be 2, 4, or 8 system clocks in length for a page miss. 


� A page hit occurs when the most significant byte of the subsequent address does not change from the last 
address. The external memory machine cycle can be 1, 2, or 4 system clocks in length for a page hit. 


During a page hit, P2 drives Addr [0–7] of the 16-bit address, while the most significant address byte is held in the 
external address latches. PSEN, RD, and WR strobes accordingly for the appropriate operation on the P0 data bus. 
There is no ALE assertion for page hits. 
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Figure 10. Page Mode 1, External Memory Cycle (CD1:CD0 = 10) 
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During a page miss, P2 drives the Addr [8:15] of the 16-bit address and holds it for the duration of the first half of 
the memory cycle to allow the external address latches to latch the new most significant address byte. ALE is 
asserted to strobe the external address latches. During this operation, PSEN, RD, and WR are held in inactive 
states and P0 is in a high-impedance state. The following half-memory cycle is executed as a page hit cycle and 
the appropriate operation takes place. 


A page miss can occur at set intervals or during external operations that require a memory access into a page of 
memory that has not been accessed during the last external cycle. Generally, the first external memory access 
causes a page miss. The new page address is stored internally and is used to detect a page miss for the current 
external memory cycle. 
 







DS89C430/DS89C450 Ultra-High-Speed Flash Microcontrollers 
 


 
31 of 48 


Note that there are a few exceptions for this mode of operation when PAGES1 and PAGES2 are set to 00b: 
 
• PSEN is asserted for both a page hit and a page miss for a full clock cycle. 
• The execution of external MOVX instruction causes a page miss. 
• A page miss occurs when fetching the next external instruction following the execution of an external MOVX 


instruction. 


Figure 10 shows the external memory cycle for this bus structure. The first case illustrates a back-to-back 
execution sequence for the one-cycle page mode (PAGES1 = PAGES0 = 0b). PSEN remains active during page hit 
cycles, and page misses are forced during and after MOVX executions, independent of the most significant byte of 
the subsequent addresses. The second case illustrates a MOVX execution sequence for two-cycle page mode 
(PAGES1 = 0 and PAGES0 = 1). PSEN is active for a full clock cycle in code fetches. Note that changing the most 
significant byte of the data address causes the page misses in this sequence. The third case illustrates a MOVX 
execution sequence for four-cycle page mode (PAGES1 = 1 and PAGES0 = 0). There is no page miss in this 
execution cycle as the most significant byte of the data address is assumed to match the last program address. 


The second page mode (page mode 2) external bus structure multiplexes the most significant address byte with 
data on P2 and uses P0 for the least significant address byte. This bus structure is used to speed up external code 
fetches only. External data memory access cycles are identical to the nonpage mode except for the different 
signals on P0 and P2. Figure 11 illustrates the memory cycle for external code fetches. 
 
Figure 11. Page Mode 2, External Code Fetch Cycle (CD1:CD0 = 10) 
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Stretch External Data Memory Cycle in Page Mode 
The DS89C430 allows software to adjust the speed of external data memory access by stretching the memory bus 
cycle in page mode operation just like nonpage mode operation. The following tables summarize the stretch values 
and their effect on the external MOVX memory bus cycle and the control signals’ pulse width in terms of the 
number of oscillator clocks. A stretch machine cycle always contains four system clocks, independent of the logic 
value of the page mode select bits. 
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Table 7. Page Mode 1, Data Memory Cycle Stretch Values (PAGES1:PAGES0 = 00) 
RD/WR PULSE WIDTH (IN NUMBER OF OSCILLATOR CLOCKS) 


MD2:MD0 
STRETCH 
CYCLES 4X/2X, CD1, 


CD0 = 100 
4X/2X, CD1, 
CD0 = 000 


4X/2X, CD1, 
CD0 = X10 


4X/2X, CD1, 
CD0 = X11 


000 0 0.25 0.5 1 1024 


001 1 0.75 1.5 3 3072 


010 2 1.75 3.5 7 7168 


011 3 2.75 5.5 11 11,264 


100 7 3.75 7.5 15 15,360 


101 8 4.75 9.5 19 19,456 


110 9 5.75 11.5 23 23,552 


111 10 6.75 13.5 27 27,648 
 
Table 8. Page Mode 1, Data Memory Cycle Stretch Values (PAGES1:PAGES0 = 01) 


RD/WR PULSE WIDTH (IN NUMBER OF OSCILLATOR CLOCKS) 
MD2:MD0 


STRETCH 
CYCLES 4X/2X, CD1, 


CD0 = 100 
4X/2X, CD1, 
CD0 = 000 


4X/2X, CD1, 
CD0 = X10 


4X/2X, CD1, 
CD0 = X11 


000 0 0.25 0.5 1 1024 


001 1 0.75 1.5 3 3072 


010 2 1.75 3.5 7 7168 


011 3 2.75 5.5 11 11,264 


100 7 3.75 7.5 15 15,360 


101 8 4.75 9.5 19 19,456 


110 9 5.75 11.5 23 23,552 


111 10 6.75 13.5 27 27,648 
 
Table 9. Page Mode 1, Data Memory Cycle Stretch Values (PAGES1:PAGES0 = 10) 


RD/WR PULSE WIDTH (IN NUMBER OF OSCILLATOR CLOCKS) 
MD2:MD0 


STRETCH 
CYCLES 4X/2X, CD1, 


CD0 = 100 
4X/2X, CD1, 
CD0 = 000 


4X/2X, CD1, 
CD0 = X10 


4X/2X, CD1, 
CD0 = X11 


000 0 0.5 1 2 2048 


001 1 1 2 4 4096 


010 2 2 4 8 8192 


011 3 3 6 12 12,288 


100 7 4 8 16 16,384 


101 8 5 10 20 20,480 


110 9 6 12 24 24,576 


111 10 7 14 28 28,672 
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Table 10. Page Mode 2, Data Memory Cycle Stretch Values (PAGES1:PAGES0 = 11) 
RD/WR PULSE WIDTH (IN NUMBER OF OSCILLATOR CLOCKS) 


MD2:MD0 
STRETCH 
CYCLES 4X/2X, CD1, 


CD0 = 100 
4X/2X, CD1, 
CD0 = 000 


4X/2X, CD1, 
CD0 = X10 


4X/2X, CD1, 
CD0 = X11 


000 0 0.5 1 2 2048 


001 1 1 2 4 4096 


010 2 2 4 8 8192 


011 3 3 6 12 12,288 


100 7 4 8 16 16,384 


101 8 5 10 20 20,480 


110 9 6 12 24 24,576 


111 10 7 14 28 28,672 


As shown in the previous tables, the stretch feature supports eight stretched external data-memory access options, 
which can be categorized into three timing groups. When the stretch value is cleared to 000b, there is no stretch on 
external data memory access, and a MOVX instruction is completed in two basic memory cycles. When the stretch 
value is set to 1, 2, or 3, the external data memory access is extended by 1, 2, or 3 stretch memory cycles, 
respectively. Note that the first stretch value does not result in adding four system clocks to the control signals. This 
is because the first stretch uses one system clock to create additional address setup and data bus float time and 
one system clock to create additional address and data hold time. When using very slow RAM and peripherals, a 
larger stretch value (4–7) can be selected. In this stretch category, two stretch cycles are used to create additional 
setup (the ALE pulse width is also stretched by one stretch cycle for page miss) and one stretch cycle is used to 
create additional hold time. The following timing diagrams illustrate the external data memory access at divide-by-1 
system clock mode (CD1:CD0 = 10b). 


Figure 12 illustrates the external data-memory stretch-cycle timing relationship when PAGEE = 1 and 
PAGES1:PAGES0 = 01. The stretch cycle shown is for a stretch value of 1 and is coincident with a page miss. 
Note that the first stretch value does not result in adding four system clocks to the RD/WR control signals. This is 
because the first stretch uses one system clock to create additional setup and one system clock to create 
additional hold time. 


Figure 13 shows the timing relationship for a slow peripheral interface (stretch value = 4). Note that a page hit data 
memory cycle is shorter than a page miss data memory cycle. The ALE pulse width is also stretched by a stretch 
cycle in the case of a page miss. 


The stretched data memory bus cycle timing relationship for PAGES = 11 is identical to nonpage mode operation 
since the basic data memory cycle always contains four system clocks in this page mode operation. 
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Figure 12. Page Mode 1, External Data Memory Access  
(PAGES = 01, STRETCH = 1, CD = 10) 
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Figure 13. Page Mode 1, External Data Memory Access 
(PAGES = 01, Stretch = 4, CD = 10) 
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Interrupts 
The DS89C430 provides 13 interrupt sources. All interrupts, with the exception of the power fail, are controlled by a 
series combination of individual enable bits and a global enable (EA) in the interrupt-enable register (IE.7). Setting 
EA to a logic 1 allows individual interrupts to be enabled. Setting EA to a logic 0 disables all interrupts regardless of 
the individual interrupt-enable settings. The power-fail interrupt is controlled by its individual enable only. 


The interrupt enables and priorities are functionally identical to those of the 80C52, except that the DS89C430 
supports five levels of interrupt priorities instead of the original two. 
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Interrupt Priority 
There are five levels of interrupt priority: Level 4 to 0. The highest interrupt priority is level 4, which is reserved for 
the power-fail interrupt. All other interrupts have individual priority bits in the interrupt priority registers to allow each 
interrupt to be assigned a priority level from 3 to 0. The power-fail interrupt always has the highest priority if it is 
enabled. All interrupts also have a natural hierarchy. In this manner, when a set of interrupts has been assigned the 
same priority, a second hierarchy determines which interrupt is allowed to take precedence. The natural hierarchy 
is determined by analyzing potential interrupts in a sequential manner with the order listed in Table 11. 


The processor indicates that an interrupt condition occurred by setting the respective flag bit. This bit is set 
regardless of whether the interrupt is enabled or disabled. Unless marked in Table 11, all these flags must be 
cleared by software. 
 
Table 11. Interrupt Summary 


INTERRUPT VECTOR NATURAL ORDER FLAG ENABLE PRIORITY CONTROL 


Power Fail 33h 0 (Highest) PFI (WDCON.4) EPFI(WDCON.5) N/A 


External Interrupt 0 03h 1 IE0 (TCON.1) (Note 1) EX0 (IE.0) 
LPX0 (IP0.0); 
MPX0 (IP1.0) 


Timer 0 Overflow 0Bh 2 TF0 (TCON.5) (Note 2) ET0 (IE.1) 
LPT0 (IP0.1); 
MPT0 (IP1.1) 


External Interrupt 1 13h 3 IE1 (TCON.3) (Note 1) EX1 (IE.2) 
LPX1 (IP0.2); 
MPX1 (IP1.2) 


Timer 1 Overflow 1Bh 4 TF1 (TCON.7) (Note 2) ET1 (IE.3) 
LPT1 (IP0.3); 
MPT1 (IP1.3) 


Serial Port 0 23h 5 
RI_0 (SCON0.0); 
TI_0 (SCON0.1) 


ES0 (IE.4) 
LPS0 (IP0.4); 
MPS0 (IP1.4) 


Timer 2 Overflow 2Bh 6 
TF2 (T2CON.7); 
EXF2 (T2CON.6) 


ET2 (IE.5) 
LPT2 (IP0.5); 
MPT2 (IP1.5) 


Serial Port 1 3Bh 7 
RI_1 (SCON1.0); 
TI_1 (SCON1.1) 


ES1 (IE.6) 
LPS1 (IP0.6); 
MPS1 (IP1.6) 


External Interrupt 2 43h 8 IE2 (EXIF.4) EX2 (EIE.0) 
LPX2 (EIP0.0); 
MPX2 (EIP1.0) 


External Interrupt 3 4Bh 9 IE3 (EXIF.5) EX3 (EIE.1) 
LPX3 (EIP0.1); 
MPX3 (EIP1.1) 


External Interrupt 4 53h 10 IE4 (EXIF.6) EX4 (EIE.2) 
LPX4 (EIP0.2); 
MPX4 (EIP1.2) 


External Interrupt 5 5Bh 11 IE5 (EXIF.7) EX5 (EIE.3) 
LPX5 (EIP0.3); 
MPX5 (EIP1.3) 


Watchdog 63h 12 (Lowest) WDIF (WDCON.3) EWDI (EIE.4) 
LPWDI (EIP0.4); 
 MPWDI (EIP1.4) 


Note 1: If the interrupt is edge triggered, the flag is cleared automatically by hardware when the service routine is vectored to. If the interrupt 
is level triggered, the flag follows the state of the pin. 


Note 2: The flag is cleared automatically by hardware when the service routine is vectored to. 
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Timer/Counters 
The DS89C430 incorporates three 16-bit timers. All three timers can be used as either counters of external events, 
where 1-to-0 transitions on a port pin are monitored and counted, or timers that count oscillator cycles. Table 12 
summarizes the timer functions. 


Timers 0 and 1 both have three modes of operations. They can each be used as a 13-bit timer/counter, a 16-bit 
timer/counter, or an 8-bit timer/counter with autoreload. Timer 0 has a fourth operating mode as two 8-bit 
timer/counters without autoreload. Each timer can also be used as a counter of external pulses on the 
corresponding T0/T1 pin for 1-to-0 transitions. The timer mode (TMOD) register controls the mode of operation. 
Each timer consists of a 16-bit register in 2 bytes, which can be found in the SFR map as TL0, TH0, TL1, and TH1. 
The timer control (TCON) register enables timers 0 and 1. 
 
Table 12. Timer Functions 


FUNCTIONS TIMER 0 TIMER 1 TIMER 2 
Timer/Counter 13/16/8*/2x8 bit 13/16/8* bit 16 bit 


Timer with Capture No No Yes 
External Control Pulse Counter Yes Yes No 


Up/Down Autoreload Timer/Counter No No Yes 
Baud Rate Generator No Yes Yes 


Timer Output Clock Generator No No Yes 
 


*8-bit timer/counter includes autoreload feature. 2x8-bit mode does not. 


Each timer has a selectable time base (Table 14). Following a reset, the timers default to divide by 12 to maintain 
drop-in compatibility with the 8051. If timer 2 is used as a baud rate generator or clock output, its time base is fixed 
at divide by 2, regardless of the setting of its timer mode bits. 


Timer 2 is a true 16-bit timer/counter that, with a 16-bit capture (RCAP2L and RCAP2H) register, is able to provide 
some unique functions like up/down autoreload timer/counter and timer output-clock generation. Timer 2 (registers 
TL2 and TH2) is enabled by the T2CON register. Its mode of operation is selected by the T2MOD register. 


For operation details, refer to Section 11: Programmable Timers in the Ultra-High-Speed Flash Microcontroller 
User’s Guide. 
 
Timed Access 
The timed-access function prevents an errant CPU from making accidental changes to certain SFR bits that are 
considered vital to proper system operation. This is achieved by using software control when accessing the 
following SFR control bits: 
 


SFR BIT FUNCTION 
WDCON.0 RWT Reset Watchdog Timer 
WDCON.1 EWT Watchdog Reset Enable 
WDCON.3 WDIF Watchdog Interrupt Flag 
WDCON.6 POR Power-On Reset Flag 


EXIF.0 BGS Bandgap Select 
ACON.5 PAGES0 Page Mode Select Bit 0 
ACON.6 PAGES1 Page Mode Select Bit 1 
ACON.7 PAGEE Page Mode Enable 


ROMSIZE.0 RMS0 Program Memory Size Select Bit 0 
ROMSIZE.1 RMS1 Program Memory Size Select Bit 1 
ROMSIZE.2 RMS2 Program Memory Size Select Bit 2 
ROMSIZE.3 PRAME Program RAM Enable 


FCNTL.0 FC0 Flash Command Bit 0 
FCNTL.1 FC1 Flash Command Bit 1 
FCNTL.2 FC2 Flash Command Bit 2 
FCNTL.3 FC3 Flash Command Bit 3 


Before these bits can be altered, the processor must execute the timed-access sequence. This sequence consists 
of writing an AAh to the timed access (TA, C7h) register, followed by writing a 55h to the same register within three 
machine cycles. This timed sequence of steps allows any of the timed access-protected SFR bits to be altered 
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during the three machine cycles following the writing of the 55h. Writing to a timed-access-protected bit outside of 
these three machine cycles has no effect on the bit. 


The timed-access process is address, data, and time dependent. A processor running out of control and not 
executing system software statistically is not able to perform this timed sequence of steps, and as such, does not 
accidentally alter the protected bits. It should be noted that this method should be used in the main body of the 
system software and never used in an interrupt routine in conjunction with the watchdog reset. Interrupt routines 
using the timed-access watchdog-reset bit (RWT) can recover a lost system and allow the resetting of the 
watchdog, but the system returns to a lost condition once the RETI is executed, unless the stack is modified. Also, 
it is advisable that interrupts be disabled (EA = 0) when executing the timed-access sequence, since an interrupt 
during the sequence adds time, making the timed-access attempt fail. 
 
Power Management and Clock-Divide Control 
Power-management features are available that monitor the power-supply voltage levels and support low-power 
operation with three power-saving modes. Such features include a bandgap voltage monitor, watchdog timer, 
selectable internal ring oscillator, and programmable system clock speed. The SFRs that provide control and 
application software access are the watchdog control (WDCON, D8h), extended interrupt enable (EIE, E8h), 
extended interrupt flag (EXIF, 91h) and power control (PCON, 87h) registers. 
 
System Clock-Divide Control 
The programmable clock-divide control bits (CD1 and CD0) provide the processor with the ability to adapt to 
different crystals and to slow the system clocks, providing lower power operation when required. An on-chip crystal 
multiplier allows the DS89C430 to operate at two or four times the crystal frequency by setting the 4X/2X bit, and is 
enabled by setting the CTM bit to a logic 1. An additional circuit provides a clock source at divide by 1024. When 
used with a 7.372MHz crystal, for example, the processor executes the machine cycle in times ranging from 33.9ns 
(mulitply-by-4 mode) to 138.9µs (divide-by-1024 mode) and maintains a highly accurate serial port baud rate, while 
allowing the use of more cost-effective lower frequency crystals. Although the clock-divide control bits can be 
written at any time, certain hardware features enhance the use of these clock controls to guarantee proper serial 
port operation and to allow for a high-speed response to an external interrupt. The 01b setting of CD1 and CD0 is 
reserved. It has the same effect as the setting of 10b, which forces the system clock into a divide-by-1 mode. The 
DS89C430 defaults to divide-by-1 clock mode on all forms of reset. 


When in divide-by-1024 mode, in order to allow a quick response to incoming data on a serial port, the system 
uses the switchback mode to automatically revert to divide-by-1 mode whenever a start bit is detected. This 
automatic switchback is only enabled in divide-by-1024 mode when the switchback bit (PMR.5:SWB) is set. All 
other clock modes are unaffected by interrupts and serial port activity. 


The oscillator multiply ratios of 4, 2, and 1 are also used to provide standard baud-rate generation for the serial 
ports through a forced divide-by-12 input clock (TxMH,TxM = 00b, x = 1, 2, or 3) to the timers. 


Use of the multiply-by-4 or multiply-by-2 options through the clock-divide control bits requires that the crystal 
multiplier be enabled and the specific system-clock-multiply value be established by the 4X/2X bit in the PMR 
register. The multiplier is enabled through the CTM (PMR.4) bit but cannot be automatically selected until a startup 
delay has been established through the CKRY bit in the status register. The 4X/2X bit can only be altered when the 
CTM bit is cleared to a logic 0. This prevents the system from changing the multiplier until the system has moved 
back to the divide-by-1 mode and the multiplier has been disabled by the CTM bit. The CTM bit can only be altered 
when the CD1 and CD0 bits are set to divide-by-1 mode and the RGMD bit is cleared to 0. Setting the CTM to a 
logic 1 from a previous logic 0 automatically clears the CKRY bit in the status register and starts the multiplier 
startup timeout in the multiplier startup counter. During the multiplier startup period, the CKRY bit remains cleared 
and the CD1 and CD0 clock controls cannot be set to 00b. The CTM bit is cleared to a logic 0 on all resets. 


Note that the rated maximum speed of operation applies to the speed of the microcontroller core, not the external 
clock source. When using the clock multiplier feature, the external clock source frequency, multiplied by the clock 
multiplier (2X or 4X) can never be faster than the maximum rated speed of the device. Thus, if a designer wished to 
use the 4X clock multiplier on a device rated at 33MHz, the maximum external clock speed would be 8.25MHz. 


Figure 14 gives a simplified description of the generation of the system clocks. Specifics of hardware restrictions 
associated with the use of the 4X/2X CTM, CKRY, CD1, and CD0 bits are outlined in the SFR section. 
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Figure 14. System Clock Sources 
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Bandgap-Monitored Interrupt and Reset Generation 
The power monitor in the DS89C430 monitors the VCC pin in relation to the on-chip bandgap voltage reference. 
Whenever VCC falls below VPFW, an interrupt is generated if the corresponding power-fail interrupt-enable bit EPFI 
(WDCON.5) is set, causing the device to vector to address 33h. The power-fail interrupt status bit PFI (WDCON.4) 
is set any time VCC transitions below VPFW, and can only be cleared by software once set. Similarly, as VCC falls 
below VRST, a reset is issued internally to halt program execution. Following power-up, a power-on reset initiates a 
power-on reset timeout before starting program execution. When VCC is first applied to the DS89C430, the 
processor is held in reset until VCC > VRST and a delay of 65,536 oscillator cycles has elapsed, to ensure that power 
is within tolerance and the clock source has had time to stabilize. Once the reset timeout period has elapsed, the 
reset condition is removed automatically and software execution begins at the reset vector location of 0000h. The 
power-on reset flag POR (WDCON.6) is set to logic 1 to indicate a power-on reset has occurred, and can only be 
cleared by software. 


When the DS89C430 enters stop mode, the bandgap, reset comparator, and power-fail interrupt comparator are 
automatically disabled to conserve power if the BGS (EXIF.0) bit is set to logic 0. This is the lowest power mode. If 
BGS is set to logic 1, the bandgap reference, reset comparator, and the power-fail comparator are powered up, 
although in a mode that reduces their power consumption. 
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Watchdog Timer 
The watchdog timer functions as the source of both the watchdog interrupt and the watchdog reset. When the clock 
divider is set to 10b, the interrupt timeout has a default divide ratio of 217 of the crystal oscillator clock, with the 
watchdog reset set to time out 512 system clock cycles later. This results in a 33MHz crystal oscillator producing 
an interrupt timeout every 3.9718ms, followed 15.5µs later by a watchdog reset. The watchdog timer is reset to the 
default divide ratio following any reset. Using the WD0 and WD1 bits in the clock control (CKCON.6 and 7) register, 
other divide ratios can be selected for longer watchdog interrupt periods. Table 13 summarizes the watchdog bits 
settings and the timeout values. Note: All watchdog timer reset timeouts follow the programmed interrupt timeouts 
by 512 system clock cycles, which equates to varying numbers of oscillator cycles depending on the clock divide 
(CD1:0) and crystal multiplier settings. 
 
Table 13. Watchdog Timeout Value (In Number of Oscillator Clocks) 


WATCHDOG INTERRUPT TIMEOUT WATCHDOG RESET TIMEOUT 
4X/2X CD1:0 


WD1:0 = 00 WD1:0 = 01 WD1:0 = 10 WD1:0 = 11 WD1:0 = 00 WD1:0 = 01 WD1:0 = 10 WD1:0 = 11 


1 00 215 218 221 224 215 + 128 218 + 128 221 + 128 224 + 128 


0 00 216 219 222 225 216 + 256 219 + 256 222 + 256 225 + 256 


x 01 217 220 223 226 217 + 512 220 + 512 223 + 512 226 + 512 


x 10 217 220 223 226 217 + 512 220 + 512 223 + 512 226 + 512 


x 11 227 230 233 236 227 + 524,288 230 + 524,288 233 + 524,288 236 + 524,288 


A watchdog control (WDCON) SFR is used for programming the functions. EWT (WDCON.1) is the enable for the 
watchdog timer-reset function and RWT (WDCON.0) is the bit used to restart the watchdog timer. Setting the RWT 
bit restarts the timer for another full interval. If the watchdog timer-reset function is masked by the EWT bit and no 
resets are issued to the timer through the RWT bit, the watchdog timer generates interrupt timeouts at a rate 
determined by the programmed divide ratio. WDIF (WDCON.3) is the interrupt flag set at timer termination and 
WTRF (WDCON.2) is the reset flag set following a watchdog reset timeout. Setting the EWDI bit (EIE.4) enables 
the watchdog interrupt. The watchdog timer reset and interrupt timeouts are measured by counting system clock 
cycles. 


An independent watchdog timer functions as the crystal startup counter to count 65,536 crystal clock cycles before 
allowing the crystal oscillator to function as the system clock. This warmup time is verified by the watchdog timer 
following each power-up as well as each time the crystal is restarted following a stop mode. The watchdog is also 
used to establish a startup time whenever the CTM in the PMR register is set to enable the crystal multiplier 
(4X/2X). 


One of the watchdog timer applications is for the watchdog to wake up the system from idle mode. The watchdog 
interrupt can be programmed to allow a system to wake up periodically to sample the external world. 
 
Internal System Reset 
A software reset can be initiated by writing a system reset command to the flash control SFR. The reset state is 
maintained for approximately 90 external clock cycles. During this time, the RST pin is driven to a logic high. Once 
the reset is removed, the RST pin is driven low, and operation begins from address 0000h. 
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External/Hardware Reset 
A hardware reset can be initiated by asserting the RST pin high for at least three external clock cycles while the 
external clock is running. The reset is asserted immediately. 


When the RST pin is taken to a logic low, the microcontroller exits the reset state within a delay that depends on 
the state of the flash memory at the time the reset was asserted. If a flash write or erase operation was in progress, 
the reset state is a 4ms maximum. If no flash write or erase operations were in progress, there is a delay of 90 
external clock cycles. Operation resumes at address 0000h. If taking RST to a logic low causes the device to exit 
stop mode, an additional delay of 65,536 clock cycles is experienced before operation begins. 
 
Reset Output 
If a reset is caused by a power-fail reset, a watchdog timer reset, or an internal system reset, a logic high output-
reset pulse is also generated at the bidirectional RST pin. This reset pulse is asserted as long as an internal reset 
is asserted. Although the microcontroller generates its own power-on delay for crystal warmup, legacy designs may 
employ an external RC circuit. Large values of “C” may load the pin enough that the RST output may not achieve a 
logic high, but the state of the external RST pin does not affect the internal reset condition. 
 
Oscillator-Fail Detect and Reset 
The DS89C430 incorporates an oscillator-fail-detect circuit that, when enabled, causes a reset if the crystal 
oscillator frequency falls below 20kHz and holds the chip in reset with the ring oscillator operating. Setting the 
OFDE (PCON.4) bit to logic 1 enables the circuit. The OFDE bit is only cleared from logic 1 to logic 0 by a power-
fail reset or by software. A reset caused by an oscillator failure also sets the OFDF (PCON.5) to logic 1. This flag is 
cleared by software or power-on reset. This circuit does not force a reset when the oscillator is stopped by the 
software-enabled stop mode. 
 
Power-Management Mode 
The power-management mode offers a software-controllable power-saving scheme by providing a reduced 
instruction cycle speed, which allows the microcontroller to continue operating while using an internally divided 
version of the clock source to save power. Power-management mode is invoked by software setting the clock-
divide control bits CD1 and CD0 (PMR.7–6) bits to 11b, which sets an operating rate of 1024 oscillator cycles for 
one machine cycle. On all forms of reset, the clock-divide control bits default to 10b, which selects one oscillator 
cycle per machine cycle. 


Since the clock speed choice affects all functional logic, including timers, several hardware switchback features 
allow the clock speed to automatically return to the divide-by-1 mode from a reduced cycle rate. Setting the SWB 
(PMR.5) bit to 1 in software enables this switchback function. 


When CD1 and CD0 are programmed to the divide-by-1024 mode and the SWB bit is also enabled, the system 
forces the clock-divide control bits to automatically reset to the divide-by-1 mode whenever the system detects an 
externally enabled (and allowed by nesting priorities) interrupt. The switchback occurs whenever one of the two 
following conditions occurs. The first switchback condition is initiated by the detection of a low on either INT0, INT1, 
INT3, or INT5 or a high on INT2 or INT4 when the respective pin has been programmed and allowed (by nesting 
priorities) to issue an interrupt. The second switchback condition occurs when either serial port is enabled to 
receive data and is found to have an active-low transition on the respective receive-input pin. Serial port transmit 
activity also forces a switchback if the SWB is set. Note that the serial port activity, as related to the switchback, is 
independent of the serial port interrupt relationship. Any attempt to change the clock divider to the divide-by-1024 
mode while the serial port is either transmitting or receiving has no effect, leaving the clock control in the divide-by-
1 mode. Note also that the switchback interrupt relationship requires that the respective external interrupt source is 
allowed to actually generate an interrupt, as defined by the priority of the interrupt and the state of the nested 
interrupts, before the switchback can actually occur. An interrupt by the serial port is not required, nor is the setting 
of serial port enable. Disabling external interrupts and serial port receive/transmission mode disables the automatic 
switchback mode. Clearing the SWB bit also disables the switchback, and all interrupt and serial port controls of 
the clock divider are disabled. All other clock modes ignore the switchback relationship and are unaffected by 
interrupts and serial port activity. 


The basic divide-by-12 mode for the timers (TxMH, TxM = 00b) as well as the divide by 32 and 64 for mode 2 on 
the serial ports has been maintained when running the processor with the oscillator divide ratio of 0.25, 0.5, and 1. 
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Serial ports and timers track the oscillator cycles per machine cycle when the higher divide ratio of 1024 is 
selected, and require the switchback function to automatically return to the divide-by-1 mode for proper operation 
when a qualified event occurs. Table 14 summarizes the effect of clock mode on timer operation.   


It is possible to enable a receive function on a serial port when incoming data is not present and then change to the 
higher divide ratio. An inactive serial port receive/transmission mode requires the receive input pin to remain high 
and all outgoing transmissions to be completed. During this inactive receive mode it is possible to change the 
clock-divide control bits from a divide by 1 to a 1024 divide ratio. In the case when the serial port is being used to 
receive or transmit data, it is very important to validate an attempted change in the clock-divide control bits (read 
CD1 and CD0 to verify write was allowed) before proceeding with low-power program functions. 
 
Table 14. Effect of Clock Mode on Timer Operation (In Number of Oscillator Clocks) 


OSC CYCLES PER 
TIMERS 0, 1, 2 CLOCK 


OSC CYCLES PER 
TIMER 2 CLOCK 


TxMH,TxM 
 = 


BAUD RATE 
GENERATION 


OSC CYCLES PER 
SERIAL PORT CLOCK 


MODE 0 


OSC CYCLES PER 
SERIAL PORT CLOCK 


MODE 2 
4X/2X, CD1, 


CD0 


OSC CYCLES 
PER MACHINE 


CYCLE 


00 01 1x T2MH,T2M = xx SM2 = 0 SM2 = 1 SMOD = 0 SMOD = 1


100 0.25 12 1 0.25 2 3 1 64 32 


000 0.5 12 2 0.5 2 6 2 64 32 


x01 1 (reserved)         


x10 1 (default) 12 4 1 2 12 4 64 32 


x11 1024 12,288 4096 1024 2048 12,288 4096 65,536 32,768 
 


x = Don’t care. 
 
Ring Oscillator 
When the system is in stop mode the crystal is disabled. When stop mode is removed, the crystal requires a period 
of time to start up and stabilize. To allow the system to begin immediate execution of software following the 
removal of the stop mode, the ring oscillator is used to supply a system clock until the crystal startup time is 
satisfied. Once this time has passed, the ring oscillator is switched off and the system clock is switched to the 
crystal oscillator. This function is programmable and is enabled by setting the RGSL bit (EXIF.1) to logic 1. When it 
is logic 0, the processor delays software execution until after the 65,536 crystal clock periods. To allow the 
processor to know whether it is being clocked by the ring or by the crystal oscillator, an additional bit—RGMD—
indicates which clock source is being used. When the processor is running from the ring, the clock-divide control 
bits (CD1 and CD0 in the PMR register) are locked into the divide-by-1 mode (CD1:CD0 = 10b). The clock-divide 
control bits cannot be changed from this state until after the system clock transitions to the crystal oscillator  
(RGMD = 0). 


Note: The watchdog is connected to the crystal oscillator and continues to run at the external clock rate. The ring 
oscillator does not drive it. 
 
Idle Mode 
Idle mode suspends the processor by holding the program counter in a static state. No instructions are fetched and 
no processing occurs. Setting the IDLE bit (PCON.0) to logic 1 invokes idle mode. The instruction that executes 
this step is the last instruction prior to freezing the program counter. Once in idle mode, all resources are 
preserved, but all peripheral clocks remain active and the timers, watchdog, serial ports, and power monitor 
functions continue to operate, so that the processor can exit the idle mode using any interrupt sources that are 
enabled. The oscillator-detect circuit also continues to function when enabled. The IDLE bit is cleared automatically 
once the idle mode is exited. On returning from the interrupt vector using the RETI instruction, the next address is 
the one that immediately follows the instruction that invoked the idle mode. Any reset of the processor also 
removes the idle mode. 
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Stop Mode 
Stop mode disables all circuits within the processor. All on-chip clocks, timers, and serial port communication are 
stopped, and no processing is possible. 


Stop mode is invoked by setting the stop bit (PCON.1) to logic 1. The processor enters stop mode on the 
instruction that sets the bit. The processor can exit stop mode by using any of the six external interrupts that are 
enabled. 


An external reset through the RST pin unconditionally exits the processor from stop mode. If the BGS bit is set to 
logic 1, the bandgap provides a reset while in stop mode if VCC should drop below the VRST level. If BGS is 0, no 
reset is generated if VCC drops below VRST. 


When the stop mode is removed, the processor waits for 65,536 clock cycles for the internal flash memory to warm 
up before starting normal execution. Also, the processor waits for the crystal warmup period if it is not using the 
ring oscillator. 
 
Serial I/O 
The microcontroller provides a serial port (UART) that is identical to the 80C52. In addition, it includes a second 
hardware serial port that is a full duplicate of the standard one. This port optionally uses pins P1.2 (RXD1) and 
P1.3 (TXD1) and has duplicate control functions included in new SFR locations. 


Both ports can operate simultaneously but can be at different baud rates or modes. The second serial port has 
similar control registers (SCON1 at C0h, SBUF1 at C1h) to the original. The new serial port can only use timer 1 for 
timer-generated baud rates. 


Control for serial port 0 is provided by the SCON0 register, while its I/O buffer is SBUF0. The registers SCON1 and 
SBUF1 provide the same functions for the second serial port. A full description of the use and operation of both 
serial ports can be found in the Ultra-High-Speed Flash Microcontroller User’s Guide. 
 
Instruction Set 
All instructions are 100% binary compatible with the industry-standard 8051, and are only different in the number of 
machine cycles used for the instructions. There are some special conditions and features to be considered when 
analyzing the DS89C430 instruction set. Full details are available in the Ultra-High-Speed Flash Microcontroller 
User’s Guide. 
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SELECTOR GUIDE 


PART TEMP RANGE FLASH MEMORY 
SIZE 


MAX CLOCK 
SPEED (MHz) PIN-PACKAGE 


DS89C430-MNL -40°C to +85°C 16kB x 8 33 40 PDIP 
DS89C430-MNL+ -40°C to +85°C 16kB x 8 33 40 PDIP 
DS89C430-QNL -40°C to +85°C 16kB x 8 33 44 PLCC 
DS89C430-QNL+ -40°C to +85°C 16kB x 8 33 44 PLCC 
DS89C430-ENL -40°C to +85°C 16kB x 8 33 44 TQFP 
DS89C430-ENL+ -40°C to +85°C 16kB x 8 33 44 TQFP 
DS89C430-MNG -40°C to +85°C 16kB x 8 25 40 PDIP 
DS89C430-MNG+ -40°C to +85°C 16kB x 8 25 40 PDIP 
DS89C430-QNG -40°C to +85°C 16kB x 8 25 44 PLCC 
DS89C430-QNG+ -40°C to +85°C 16kB x 8 25 44 PLCC 
DS89C430-ENG -40°C to +85°C 16kB x 8 25 44 TQFP 
DS89C430-ENG+ -40°C to +85°C 16kB x 8 25 44 TQFP 
DS89C440-xxx Contact factory or replace with DS89C430 or DS89C450. 
DS89C450-MNL -40°C to +85°C 64kB x 8 33 40 PDIP 
DS89C450-MNL+ -40°C to +85°C 64kB x 8 33 40 PDIP 
DS89C450-QNL -40°C to +85°C 64kB x 8 33 44 PLCC 
DS89C450-QNL+ -40°C to +85°C 64kB x 8 33 44 PLCC 
DS89C450-ENL -40°C to +85°C 64kB x 8 33 44 TQFP 
DS89C450-ENL+ -40°C to +85°C 64kB x 8 33 44 TQFP 
DS89C450-MNG -40°C to +85°C 64kB x 8 25 40 PDIP 
DS89C450-MNG+ -40°C to +85°C 64kB x 8 25 40 PDIP 
DS89C450-QNG -40°C to +85°C 64kB x 8 25 44 PLCC 
DS89C450-QNG+ -40°C to +85°C 64kB x 8 25 44 PLCC 
DS89C450-ENG -40°C to +85°C 64kB x 8 25 44 TQFP 
DS89C450-ENG+ -40°C to +85°C 64kB x 8 25 44 TQFP 


+ Denotes a lead-free/RoHS-compliant device. 
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PIN CONFIGURATIONS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
REVISION HISTORY 


DATE DESCRIPTION 
111003 New product release. 


032204 


DC Electrical Characteristics table: Corrected typo—Under Supply Current for Active and Idle Mode, 
changed Units from “μA” to “mA.” 


Note 15: Changed number of external clock cyles per system clock and minimum external clock 
speeds. 


Flash Memory Programming Characteristics table: Removed Note 20 (room temperature only) from the 
Data Retention parameter. 


060204 


Changed Write/Erase Endurance parameter from 20,000 cycles to 10,000 cycles. 


Removed original Table 5. Parallel Programming Instruction Set, and replaced it with a paragraph 
introducing the subject and advising interested parties to contact the factory for more information. 


Clarified IAP programming sequence. 


060805 Added lead-free devices to Ordering Information table. 


091906 Removed references to DS89C440 and/or added “Contact factory or replace with DS89C430 or 
DS89C450.” 


040507 
Added clarification to the Security Features section and Table 3 that flash security levels 1, 2, and 3 
should not be used when executing external code (page 22); corrected Figure 8 to show PSEN high 
through the second machine cycle (page 28). 


6 1 40 
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17 29
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TOP VIEW 
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P1.0/T2
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P1.2/RXD1
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P1.4/INT2
P1.5/INT3
P1.6/INT4
P1.7/INT5


RST
P3.0/RXD0
P3.1/TXD0
P3.2/INT0
P3.3/INT1


P3.4/T0
P3.5/T1


P3.6/WR
P3.7/RD


XTAL2
XTAL1


VSS


VCC 
P0.0 
P0.1 
P0.2 
P0.3 
P0.4 
P0.5 
P0.6 
P0.7 
EA/VPP 


PSEN 
P2.7 
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P2.5 
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P2.3 
P2.2 
P2.1 
P2.0 
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PACKAGE INFORMATION 
(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline 
information, go to www.maxim-ic.com/DallasPackInfo.) 
 
 


 
 
 


PKG 40-PIN PDIP 
DIM MIN MAX 


A — 0.200 


A1 0.015 — 


A2 0.140 0.160 


B 0.014 0.022 


C 0.008 0.012 


D 1.980 2.085 


E 0.600 0.625 


E1 0.530 0.555 


E 0.090 0.110 


L 0.115 0.145 


EB 0.600 0.700 


.  
56-G5000-000 


 


Note: Dimensions are in inches. 



http://www.maxim-ic.com/DallasPackInfo
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PACKAGE INFORMATION (continued) 
(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline 
information, go to www.maxim-ic.com/DallasPackInfo.) 
 
 


 
 
 
 
 
 
 
 
 


NOTE 1: PIN 1 IDENTIFIER TO BE LOCATED IN ZONE INDICATED. 
NOTE 2: CONTROLLING DIMENSION ARE IN INCHES. 


 
 
 



http://www.maxim-ic.com/DallasPackInfo





DS89C430/DS89C450 Ultra-High-Speed Flash Microcontrollers 
 


48 of 48 
 
Maxim/Dallas Semiconductor cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim/Dallas Semiconductor product. 
No circuit patent licenses are implied. Maxim/Dallas Semiconductor reserves the right to change the circuitry and specifications without notice at any time. 
Maxim Integrated Products ,  120 San Gabrie l  Dr ive ,  Sunnyvale ,  CA 94086 408-737-7600 


© 2007 Maxim Integrated Products  
The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. The Dallas logo is a registered trademark of Dallas Semiconductor Corporation. 


PACKAGE INFORMATION (continued) 
(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline 
information, go to www.maxim-ic.com/DallasPackInfo.) 
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SECTION 1: INTRODUCTION
Dallas Semiconductor’s ultra-high-speed flash microcontroller is
an 8051-compatible microcontroller that provides improved per-
formance and power consumption when compared to the origi-
nal 8051 version. It retains instruction set and object code com-
patibility with the 8051, yet performs the same operations in
fewer clock cycles. Consequently, greater throughput is possible
for the same crystal speed. As an alternative, the device can be
run at a reduced frequency to save power. The more efficient
design allows a much slower crystal speed to get the same
results as an original 8051, using much less power.


The fundamental innovation of the ultra-high-speed flash micro-
controller is the use of only one clock per instruction cycle com-
pared with 12 for the original 8051. This results in up to 12 times
improvement in performance over the original 8051 architecture
and up to four times improvement over other Dallas
Semiconductor high-speed microcontrollers. The device pro-
vides several peripherals and features in addition to all of the
standard features of an 80C32. These include 16kB/32kB/64kB of
on-chip flash memory, 1kB of on-chip RAM, four 8-bit I/O ports,
three 16-bit timer/counters, two on-chip UARTs, dual data pointers,


an on-chip watchdog timer, five levels of interrupt priority, and a
crystal multiplier. The device provides 256 bytes of RAM for vari-
ables and stack; 128 bytes can be reached using direct or indirect
addressing, or using indirect addressing only.


In addition to improved efficiency, it can operate at a maximum
clock rate of 33MHz. Combined with the 12 times performance,
this allows for a maximum performance of 33 million instructions
per second (MIPs). This level of computing power is comparable
to many 16-bit processors, but without the added expense and
complexity if implementing a 16-bit interface.


The device incorporates a power-management mode that allows
the device to dynamically vary the internal clock speed from 1
clock per cycle (default) to 1024 clocks per cycle. Because power
consumption is directly proportional to clock speed, the device
can reduce its operating frequency during periods of little switch-
back. This greatly reduces power consumption. The switchback
feature allows the device to quickly return to highest speed oper-
ation upon receipt of an interrupt or serial port activity, allowing the
device to respond to external events while in power-management
mode. 


SECTION 2: ORDERING INFORMATION
The ultra-high-speed flash microcontroller family follows the part numbering convention shown below. Note that not all combinations of
devices may be currently available. Contact a Maxim/Dallas Semiconductor sales office for up-to-date details. 


DS89C420-QCL


SPEED: L 33MHz


TEMPERATURE: C 0°C to +70°C


N -40°C to +85°C


PACKAGE: M PDIP


Q PLCC


E Thin Quad Flat Pack (TQFP)


OPERATING VOLTAGE: 0 +5V


MEMORY TYPE: 9 Flash


SECTION 3: ARCHITECTURE
The architecture is based on the industry-standard 87C52 and executes the standard 8051 instruction set. The core is an accumula-
tor-based architecture using internal registers for data storage and peripheral control. This section provides a brief description of each
architecture feature. Details concerning the programming model, instruction set, and register description are provided in Section 4.


ALU
The ALU is responsible for math functions, comparisons, and general decision making. The ALU is not used explicitly by software.
Instruction decoding prepares the ALU automatically and passes it the appropriate data. The ALU primarily uses two special-function
registers (SFRs) as the source and destination for all operations. These are the accumulator and B register. The ALU also provides sta-
tus information in the program status register. The SFRs are described in the following pages.
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Special-Function Registers
All peripherals and operations that are not explicitly controlled by instructions are controlled through SFRs. All SFRs are described in
Section 4. The most commonly used registers that are basic to the architecture are also described in the following pages.


Accumulator
The accumulator is a source and destination for many operations involving math, data movement, and decisions. Although it can be
bypassed, most high-speed instructions require the use of the accumulator (A or ACC) as one argument.


B Register
The B register is used as the second 8-bit argument in multiply and divide operations. When not used for these purposes, the B reg-
ister can be used as a general-purpose register.


Program Status Word
The program status word holds a selection of bit flags that include the carry flag, auxiliary carry flag, general-purpose flag, register
bank select, overflow flag, and parity flag.


Data Pointer(s)
The data pointers (DPTR and DPTR1) are used to assign a memory address for the MOVX instructions. This address can point to a
data memory location, either on- or off-chip, or a memory-mapped peripheral. When moving data from one memory area to another or
from memory to a memory-mapped peripheral, a pointer is needed for both the source and destination. The user can select the active
pointer through a dedicated SFR bit (Sel = DPS.0), or can activate an automatic toggling feature for altering the pointer selection (TSL
= DPS.5). An additional feature, if selected, provides automatic incrementing or decrementing of the current DPTR.


Stack Pointer
The stack pointer denotes the register location at the top of the stack, which is the last used value. The user can place the stack any-
where in the scratchpad RAM by setting the stack pointer to the desired location, although the lower bytes are normally used for work-
ing registers.


I/O Ports
Four 8-bit I/O ports are available. Each I/O port is represented by an SFR location, and can be written or read. The I/O port has a latch
that contains the value written by software. In general, software reads the state of external pins during a read operation.


Timer/Counters
Three 16-bit timer/counters are available. Each timer is contained in two SFR locations that can be written or read by software. The
timers are controlled by other SFRs described in Section 4.


UARTs
The two UARTs are controlled and accessed by SFRs. Each UART has an address that is used to read and write the UART. The same
address is used for both read and write operations, which are distinguished by the instruction. Each UART is controlled by its own SFR
control register. 


Scratchpad Registers (RAM)
The high-speed core provides 256 bytes of scratchpad RAM for general-purpose data and variable storage. The first 128 bytes are
directly available to software. The second 128 are available through indirect addressing. Selected portions of this RAM have other
optional functions.


Stack
The stack is a RAM area that stores return address information during calls and interrupts. The user can also place variables on the
stack when necessary. The stack pointer designates the RAM location that is the top of the stack. Thus, depending on the value of the
stack pointer, the stack can be located anywhere in the 256 bytes of RAM. A common location would be in the upper 128 bytes of
RAM, as these locations are accessible through indirect addressing only.
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Working Registers
The first 32 bytes of the scratchpad RAM can be used as four banks of eight working registers for high-speed data movement. Using
four banks, software can quickly change context by changing to a different bank. In addition to the accumulator, the working registers
are commonly used as data source or destination. Some of the working registers can also be used as pointers to other RAM locations
(indirect addressing).


Program Counter
The program counter (PC) is a 16-bit value that designates the next program address to be fetched. On-chip hardware automatically
increments the PC value to move to the next program memory location.


Address/Data Bus
The device addresses a 64kB program and 64kB data memory area that resides in a combination of internal and external memory. When
external memory is accessed, ports 0 and 2 are used as a multiplexed address and data bus. Three external memory bus structures
are supported. The nonpage mode (traditional 8051) bus structure provides the address MSB on port 2 and multiplexes port 0 between
address LSB and data. The page mode 1 bus structure uses port 0 exclusively for data and multiplexes port 2 between address MSB
and address LSB. The page mode 2 bus structure uses port 0 exclusively for address LSB and multiplexes port 2 between address MSB
and data. These addressing modes are detailed later.


Watchdog Timer
The watchdog timer provides a supervisory function for applications that cannot afford to run out of control. The watchdog timer is a
programmable, free-running timer. If allowed to reach the termination of its count, if enabled, the watchdog resets the CPU software
must prevent this by clearing or resetting the watchdog prior to its timeout.


Power Monitor
A bandgap reference and analog circuitry are incorporated to monitor the power-supply conditions. When VCC begins to drop out of
tolerance, the power monitor issues an optional early warning power-fail interrupt. If power continues to fall, the power monitor invokes
a reset condition. This remains until power returns to normal operating voltage. The power monitor also functions on power-up, hold-
ing the microcontroller in a reset state until power is stable.


Interrupts
The device is capable of evaluating 13 interrupt sources simultaneously. Each interrupt has an associated interrupt vector, flag, prior-
ity, and enable. These interrupts can be globally enabled or disabled.


Timing Control
The microcontroller provides an on-chip oscillator for use with an external crystal. This can be bypassed by injecting a clock source
into the XTAL1 pin. The clock source is used to create machine cycle timing (four clocks), ALE, PSEN, watchdog, timer, and serial baud-
rate timing. In addition, an on-chip ring oscillator can be used to provide an approximately 10MHz clock source. A frequency multipli-
er feature is included, which can be selected by SFR control to multiply the input clock source by either two or four. This allows lower
frequency (and cost) crystals to be used while still allowing internal operation up to the full 33MHz limit. 


Flash Memory
On-chip program memory is implemented in flash memory. This can be programmed in-system with the standard 5V VCC supply
through a serial port (in-system) using a built-in program memory loader, or by a standard flash or EPROM programmer. Full pro-
gramming details are given in Section 15.
A memory management unit (MMU) and other hardware supports any of the three programming methods. The MMU controls program
and data memory access, and provides sequencing and timing controls for programming of the on-chip program memory. There is
also a separate security flash block that is used to support a standard three-level lock, a 64-byte encryption array, and other flash
options.


The full on-chip program memory range can be fetched by the processor automatically. Reset routines and all interrupt vectors are
located in the lower 128 bytes of the on-chip program memory area.
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SECTION 4: PROGRAMMING MODEL
This section provides a programmer’s overview of the ultra-high-speed microcontroller core. It includes information on the memory
map, on-chip RAM, SFRs, and instruction set. The programming model of the ultra-high-speed microcontroller is very similar to that of
the industry-standard 80C52. The memory map is identical. It uses the same instruction set, with improved instruction timing. Several
new SFRs have been added.


MEMORY ORGANIZATION
The ultra-high-speed flash microcontroller, like the 8052, uses several distinct memory areas. These areas include registers, program
memory, and data memory. Registers serve to control on-chip peripherals and as RAM. Note that registers (on-chip RAM) are sepa-
rate from data memory. Registers are divided into three categories including directly addressed on-chip RAM, indirectly addressed on-
chip RAM, and SFRs. The program and data memory areas are discussed in the Memory Map section. The registers are discussed in
the Register Map section.


MEMORY MAP
The ultra-high-speed microcontroller uses a memory-addressing scheme that separates program memory from data memory. Each
area is 64kB beginning at address 0000h and ending at FFFFh, as shown in Figure 4-1. The program and data segments can overlap
since they are accessed in different ways. Program memory is fetched by the microcontroller automatically. These addresses are never
written by software. In fact, there are no instructions that allow the program area to be written. There is one instruction (MOVC) that is
used to explicitly read the program area. This is commonly used to read lookup tables. The data memory area is accessed explicitly
using the MOVX instruction. This instruction provides multiple ways of specifying the target address. It is used to access the 64kB of
data memory.


The address and data range of devices with on-chip program and data memory overlap the 64k memory space. When on-chip mem-
ory is enabled, accessing memory in the on-chip range causes the device to access internal memory. Memory accesses beyond the
internal range are addressed externally through ports 0 and 2.


The ROMSIZE feature allows software to dynamically configure the maximum address of on-chip program memory. This allows the
device to act as a bootstrap loader for an external flash or nonvolatile SRAM. Secondly, this method can also be used to increase the
amount of available program memory from 64kB to 80kB without bank switching. For more information on this feature, see Section 6.


Program and data memory can also be increased beyond the 64kB limit using bank-switching techniques. This is described in
Application Note 81: Memory Expansion with the High-Speed Microcontroller Family.


REGISTER MAP
The register map is illustrated in Figure 4-2. It is entirely separate from the program and data memory areas mentioned above. A sep-
arate class of instructions is used to access the registers. There are 256 potential register location values. In practice, the ultra-high-
speed microcontroller has 256 bytes of scratchpad RAM and up to 128 SFRs. This is possible since the upper 128 scratchpad RAM
locations can only be accessed indirectly. That is, the contents of a working register (R0 or R1) or the stack pointer designates the RAM
location. A direct reference to one of the lower 128 addresses (0h-7Fh) accesses the scratchpad RAM. A direct reference to one of the upper
128 addresses (80h-FFh) must be an SFR access. In contrast, indirect references can access the entire scratchpad RAM range (0h-FFh).


Scratchpad RAM is available for general-purpose data storage. It is commonly used in place of off-chip RAM when the total data con-
tents are small. When off-chip RAM is needed, the scratchpad area still provides the fastest general-purpose access. Within the 256
bytes of RAM, there are several special purpose areas. These are described as follows:
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BIT ADDRESSABLE LOCATIONS
In addition to direct register access, some individual bits are also accessible. These are individually addressable bits in both the RAM
and SFR area. In the scratchpad RAM area, registers 20h to 2Fh are bit addressable. This provides 128 (16 x 8) individual bits avail-
able to software. A bit access is distinguished from a full register access by the type of instruction. Addressing modes are discussed
later in this section. In the SFR area, any register location ending in a 0 or 8 is bit addressable. Figure 4-3 shows details of the on-chip
RAM addressing, including the locations of individual RAM bits.


WORKING REGISTERS
As part of the lower 128 bytes of RAM, there are four banks of working registers (8 bytes each). The working registers are general-purpose
RAM locations that can be addressed in a special way. They are designated R0 through R7. Since there are four banks, the currently
selected bank is used by any instruction using R0–R7. This allows software to change context by simply switching banks. This is con-
trolled through the program status word register in the next SFR area. The working registers also allow their contents to be used for
indirect addressing of the upper 128 bytes of RAM. Thus, an instruction can designate the value stored in R0 (for example) to address
the upper RAM. This value might be the result of another calculation.


STACK
Another use of the scratchpad area is for the programmer’s stack. This area is selected using the stack pointer (SP;81h) SFR. Whenever
a call or interrupt is invoked, the return address is placed on the stack. It also is available to the programmer for variables, etc. Since
the stack can be moved, there is no fixed location within the RAM designated as stack. The stack pointer defaults to 07h upon reset.
The user can then move it as needed. A convenient location would be the upper RAM area (>7Fh), since this is only available indi-
rectly. The SP points to the last used value. Therefore, the next value placed on the stack is put at SP + 1. Each PUSH or CALL incre-
ments the SP by the appropriate value. Each POP or RET decrements as well.


ADDRESS MODES
The DS89C420 uses the standard 8051 instruction set that is supported by a wide range of third-party assemblers and compilers. Like
the 8051, the DS89C420 uses three memory areas. These are program memory, data memory, and registers. The program and data
areas are 64kB each. They extend from 0000h to FFFFh. The register areas are located between 00h and FFh, but do not overlap with
the program and data segments. This is because the ultra-high-speed flash microcontroller uses different modes of addressing to
reach each memory segment. These modes are described below.


Program memory is the area from which all instructions are fetched. It is inherently read only. This is because the 8051 instruction set
provides no instructions that write to this area. Read/write access is for data memory and registers only. No special action is required
to fetch from program memory. Each instruction fetch is performed automatically by the on-chip CPU. In versions that contain on-chip
memory, the hardware decides whether the fetch is on-chip or off-chip based on the address. Explicit addressing modes are needed
for the data memory and register areas. These modes determine which register area is accessed or if off-chip data memory is used.


The ultra-high-speed microcontroller supports eight addressing modes:


• Register addressing


• Direct addressing


• Register indirect addressing


• Immediate addressing


• Register indirect addressing with displacement


• Relative addressing


• Page addressing


• Extended addressing


Five of the eight addressing modes are used to address operands. The remainder are used for program control and branching. When
writing assembly language instructions that use arguments, the convention is “destination, source.” Each mode of addressing is sum-
marized on the following pages. Note that many instructions (such as ADD) have multiple-addressing modes available.
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Register Addressing
Register addressing is used for operands that are located in one of the eight working registers (R7–R0). The eight working registers
can be located in one of four working register banks found in the lower 32 bytes of scratchpad RAM, as determined by the current reg-
ister bank-select bits. A register bank is selected using two bits in the program status word (PSW;D0h). This addressing mode is pow-
erful, since it uses the active bank without knowing which bank is selected. Thus, one instruction can have multiple uses by simply
switching banks. Register addressing is also a high-speed instruction, requiring only one machine cycle. Two examples of register
addressing are provided below:


ADD A, R4 ;Add register R4 to Accumulator
INC R2 ;Increment the value in register R2


In the first case, the value in R4 is the source of the operation. In the latter, R2 is the destination. These instructions do not consider
the absolute address of the register. They act on whichever bank has been selected.


Any working register can also be accessed by direct addressing. In order to do this, the absolute address must be specified.


Direct Addressing
Direct addressing is the mode used to access the entire lower 128 bytes of scratchpad RAM and the SFR area. It is commonly used
to move the value in one register to another. Two examples are shown below:


MOV 72h, 74h ;Move the value in register 74 to
;register 72.


MOV 90h, 20h ;Move the value in register 20 to
;the SFR at 90h (Port 1)


Note that there is no instruction difference between a RAM access and an SFR access. The SFRs are register locations above 7Fh.


Direct addressing also extends to bit addressing. There is a group of instructions that explicitly use bits. The address information pro-
vided to such an instruction is the bit location, rather than the register address. Registers between 20h and 2Fh contain bits that are
individually addressable. SFRs that end in 0 or 8 are bit addressable. An example of direct bit addressing is as follows:


SETB 00h ;Set bit 00 in the RAM. This is the
;LSb of the register at address 20h
;as shown earlier in this section.


MOV C, 0B7h ;Move the contents of bit B7 to the
;Carry flag. Bit B7 is the MSb of
;register B0 (Port 3).


Register Indirect Addressing
This mode is used to access the scratchpad RAM locations above 7Fh. It can also be used to reach the lower RAM (0h–7Fh), if need-
ed. The address is supplied by the contents of the working register specified in the instruction. Thus, one instruction can be used to
reach many values by altering the contents of the designated working register. Note that, in general, only R0 and R1 can be used as
pointers. An example of register indirect addressing follows:


ANL A, @R0 ;Logical AND the Accumulator
;with the contents of the register
;pointed to by the value stored in R0.


This mode is also used for stack manipulation. This is because all stack references are directed by the value in the stack pointer reg-
ister. The push and pop instructions use this method of addressing. An example is as follows:


PUSH A ;Saves the contents of the
;accumulator on the stack.


Register indirect addressing is used for all off-chip data memory accesses. These involve the MOVX instruction. The pointer registers
can be R0, R1, DPTR0 and DPTR1. Both R0 and R1 reside in the working register area of the scratchpad RAM. They can be used to
reference a 256-byte area of off-chip data memory. When using this type of addressing, the upper address byte is supplied by the
value in the port 2 latch. This value must be selected by software prior to the MOVX instruction. An example is as follows:


MOVX @R0, A ;Write the value in the accumulator
;to the address pointed to by R0 in
;the page pointed to by P2.
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The 16-bit data pointers (DPTRs) can be used as an absolute off-chip reference. This gives access to the entire 64kB data memory
map. An example is as follows:


MOVX @DPTR, A ;Write the value in the accumulator
;to the address referenced by the
;selected data pointer.


Immediate Addressing
Immediate addressing is used when one of the operands is predetermined and coded into the software. This mode is commonly used
to initialize SFRs and to mask particular bits without affecting others. An example is as follows:


ORL A, #40h ;Logical OR the Accumulator with 40h.


Register Indirect with Displacement
Register indirect addressing with displacement is used to access data in lookup tables in program memory space. The location is cre-
ated using a base address with an index. The base address can be either the PC or the DPTR. The index is the accumulator. The result
is stored in the accumulator. An example is as follows:


MOVC A, @A +DPTR ;Load the accumulator with the contents
of program memory
;pointed to by the contents of the DPTR
plus the value in
;the accumulator.


Relative Addressing
Relative addressing is used to determine a destination address for the conditional branch. Each of these instructions includes an 8-bit
value that contains a two’s complement address offset (-127 to +128), which is added to the PC to determine the destination address.
This destination is branched to when the tested condition is true. The PC points to the program memory location immediately follow-
ing the branch instruction when the offset is added. If the tested condition is not true, the next instruction is performed. An example is
as follows: 


JZ $–20 ;Branch to the location (PC+2)–20
;if the contents of the accumulator = 0.


Page Addressing
Page addressing is used by the branching instructions to specify a destination address within the same 2kB block as the next con-
tiguous instruction. The full 16-bit address is calculated by taking the five highest-order bits for the next instruction (PC + 2) and
concatenating them with the lowest order 11-bit field contained in the current instruction. An example is as follows:


0870h ACALL 100h ;Call to the subroutine at address 100h
plus the
;current page address.


In this example, the current page address is 800h, so the destination address is 900h.


Extended Addressing
Extended addressing is used by the branching instructions to specify a 16-bit destination address within the 64kB address space. The
destination address is fixed in the software as an absolute value. An example is as follows:


LJMP 0F732h ;Jump to address 0F732h.


Program Status Flags
All program status flags are contained in the program status word at SFR location D0h. It contains flags that reflect the status of the CPU
and the result of selected operations. The flags are summarized below. The following table shows the instructions that affect each flag.


Bit Description*:


PSW.7 C
Carry Set when the previous operation resulted in a carry (during addition) or a borrow (during 


subtraction). Otherwise cleared.
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PSW.6 AC
Auxiliary Carry Set when the previous operation resulted in a carry (during addition) or a borrow (during 


subtraction) from the high-order nibble. Otherwise cleared.


PSW.2 OV
Overflow For addition, OV is set when a carry is generated into a high order bit (bit 6 or bit 7), but not a carry


out of the same high-order bit. For subtraction, OV is set if a borrow is needed into a high order bit
(bit 6 or bit 7), but not into the other high-order bit. For multiplication, OV is set when the product
exceeds FFh. For division, OV is always cleared.


PSW.0 P
Parity Set to logic 1 to indicate an odd number of ones in the accumulator (odd parity). Cleared for an


even number of ones. This produces even parity.


*All of these bits are cleared to a logic 0 for all resets.


SPECIAL-FUNCTION REGISTER LOCATIONS
The ultra-high-speed flash microcontroller, like the 8051, uses SFRs to control peripherals and modes. In many cases, an SFR controls
individual functions or report status on individual functions. The SFRs reside in register locations 80h–FFh and are reached using direct
addressing. SFRs that end in 0 or 8 are bit addressable.


All standard SFR locations from the original 8051 are duplicated, with several additions. Tables are provided to illustrate the locations
of the SFRs and the default reset conditions of all SFR bits. Detailed descriptions of each SFR follow.


INSTRUCTION FLAGS INSTRUCTION FLAGS
C OV AC C OV AC


ADD X X X CLR C 0
ADDC X X X CPL C X
SUBB X X X ANL C, bit X
MUL 0 X ANL C, bit X
DIV 0 X ORL C, bit X
DA X ORL C, bit X


RRC X MOV C, bit X
RLC X CJNE X


SETB C 1 — —
Note: X indicates the modification is according to the result of the instruction.


Table 4-1. Instructions that Affect Flag Settings
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REGISTER ADDRESS BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
P0 80h P0.7 P0.6 P0.5 P0.4 P0.3 P0.2 P0.1 P0.0
SP 81h
DPL 82h
DPH 83h
DPL1 84h
DPH1 85h
DPS 86h ID1 ID0 TSL AID — — — SEL
PCON 87h SMOD_0 SMOD0 OFDF OFDE GF1 GF0 STOP IDLE
TCON 88h TF1 TR1 TF0 TR0 IE1 IT1 IE0 IT0
TMOD 89h GATE C/T M1 M0 GATE C/T M1 M0
TL0 8Ah
TL1 8Bh
TH0 8Ch
TH1 8Dh
CKCON 8Eh WD1 WD0 T2M T1M T0M MD2 MD1 MD0
P1 90h P1.7 P1.6 P1.5 P1.4 P1.3 P1.2 P1.1 P1.0
EXIF 91h IE5 IE4 IE3 IE2 CKRY RGMD RGSL BGS
CKMOD 96h T2MH T1MH T0MH
SCON0 98h SM0/FE_0 SM1_0 SM2_0 REN_0 TB8_0 RB8_0 TI_0 RI_0
SBUF0 99h
RID 9Ah
ACON 9Dh PAGEE PAGES1 PAGES0
P2 A0h P2.7 P2.6 P2.5 P2.4 P2.3 P2.2 P2.1 P2.0
IE A8h EA ES1 ET2 ES0 ET1 EX1 ET0 EX0
SADDR0 A9h
SADDR1 AAh
P3 B0h P3.7 P3.6 P3.5 P3.4 P3.3 P3.2 P3.1 P3.0
IP1 B1h — MPS1 MPT2 MPS0 MPT1 MPX1 MPT0 MPX0
IP0 B8h — LPS1 LPT2 LPS0 LPT1 LPX1 LPT0 LPX0
SADEN0 B9h
SADEN1 BAh
SCON1 C0h SM0/FE_1 SM1_1 SM2_1 REN_1 TB8_1 RB8_1 TI_1 RI_1
SBUF1 C1h
ROMSIZE C2h PRAME RMS2 RMS1 RMS0
PMR C4h CD1 CD0 SWB CTM 4X/2X ALEON DME1 DME0
STATUS C5h PIS2 PIS1 PIS0 — SPTA1 SPRA1 SPTA0 SPRA0
TA C7h
T2CON C8h TF2 EXF2 RCLK TCLK EXEN2 TR2 C/T2 CP/RL2
T2MOD C9h — — — — — — T2OE DCEN
RCAP2L CAh
RCAP2H CBh
TL2 CCh
TH2 CDh
PSW D0h CY AC F0 RS1 RS0 OV F1 P
FCNTL D5h FBUSY FERR FC3 FC2 FC1 FC0
FDATA D6h
WDCON D8h SMOD_1 POR EPFI PFI WDIF WTRF EWT RWT
ACC E0h
EIE E8h — — — EWDI EX5 EX4 EX3 EX2
B F0h
EIP1 F1h MPWDI MPX5 MPX4 MPX3 MPX2
EIP0 F8h — — — LPWDI LPX5 LPX4 LPX3 LPX2


Note: Shaded bits are timed-access protected.


Special-Function Register Locations 
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REGISTER ADDRESS BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
P0 80h 1 1 1 1 1 1 1 1
SP 81h 0 0 0 0 0 1 1 1
DPL 82h 0 0 0 0 0 0 0 0
DPH 83h 0 0 0 0 0 0 0 0
DPL1 84h 0 0 0 0 0 0 0 0
DPH1 85h 0 0 0 0 0 0 0 0
DPS 86h 0 0 0 0 0 1 0 0
PCON 87h 0 0 Special Special 0 0 0 0
TCON 88h 0 0 0 0 0 0 0 0
TMOD 89h 0 0 0 0 0 0 0 0
TL0 8Ah 0 0 0 0 0 0 0 0
TL1 8Bh 0 0 0 0 0 0 0 0
TH0 8Ch 0 0 0 0 0 0 0 0
TH1 8Dh 0 0 0 0 0 0 0 0
CKCON 8Eh 0 0 0 0 0 0 0 1
P1 90h 1 1 1 1 1 1 1 1
EXIF 91h 0 0 0 0 Special Special Special 0
CKMOD 96h 1 1 0 0 0 1 1 1
SCON0 98h 0 0 0 0 0 0 0 0
SBUF0 99h 0 0 0 0 0 0 0 0
RID 9Ah Special Special Special Special Special Special Special Special
ACON 9Dh 0 0 0 1 1 1 1 1
P2 A0h 1 1 1 1 1 1 1 1
IE A8h 0 0 0 0 0 0 0 0
SADDR0 A9h 0 0 0 0 0 0 0 0
SADDR1 AAh 0 0 0 0 0 0 0 0
P3 B0h 1 1 1 1 1 1 1 1
IP1 B1h 1 0 0 0 0 0 0 0
IP0 B8h 1 0 0 0 0 0 0 0
SADEN0 B9h 0 0 0 0 0 0 0 0
SADEN1 BAh 0 0 0 0 0 0 0 0
SCON1 C0h 0 0 0 0 0 0 0 0
SBUF1 C1h 0 0 0 0 0 0 0 0
ROMSIZE C2h 1 1 1 1 0 1 0 1
PMR C4h 1 0 0 0 0 0 0 0
STATUS C5h 0 0 0 1 0 0 0 0
TA C7h 1 1 1 1 1 1 1 1
T2CON C8h 0 0 0 0 0 0 0 0
T2MOD C9h 1 1 1 1 1 1 0 0
RCAP2L CAh 0 0 0 0 0 0 0 0
RCAP2H CBh 0 0 0 0 0 0 0 0
TL2 CCh 0 0 0 0 0 0 0 0
TH2 CDh 0 0 0 0 0 0 0 0
PSW D0h 0 0 0 0 0 0 0 0
FCNTL D5h 1 0 1 1 0 0 0 0
FDATA D6h 0 0 0 0 0 0 0 0
WDCON D8h 0 Special 0 Special 0 Special Special 0
ACC E0h 0 0 0 0 0 0 0 0
EIE E8h 1 1 1 0 0 0 0 0
B F0h 0 0 0 0 0 0 0 0
EIP1 F1h 1 1 1 0 0 0 0 0
EIP0 F8h 1 1 1 0 0 0 0 0


Special-Function Register Reset Values
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SPECIAL-FUNCTION REGISTERS
Most of the unique features of the ultra-high-speed microcontroller family are controlled by bits in SFRs located in unused locations in
the 8051 SFR map. This allows for increased functionality while maintaining complete instruction set compatibility.


The description for each bit indicates its read and write access, as well as its state after a power-on reset. 


Port 0 (P0)


R = Unrestricted read, W = Unrestricted write, -n = Value after reset


P0.7–0 Port 0. This port functions according to the table below where PAGEE = ACON.7 and PAGES =
ACON.6-5.


When serving as general-purpose I/O (GPIO), the port is open-drain and requires pullups. Writing
a 1 to one of the bits of this register configures the associated port 0 pin as an input. All read oper-
ations, with the exception of read-modify-write instructions, leave the port latch unchanged. During
external memory addressing and data memory write cycles, the port has high-and-low drive capa-
bility. During external memory data read cycles, the port is held in a high-impedance state.


SP.7–0
Bits 7–0


Stack Pointer. This stack pointer is written by software to identify the location where the stack
begins. The stack pointer is incremented before every PUSH operation and is decremented fol-
lowing every POP operation. This register defaults to 07h after reset.


DPL.7–0
Bits 7–0 


Data Pointer LOW 0. This register is the low byte of the standard 80C32 16-bit data pointer. DPL
and DPH are used to point to nonscratchpad data RAM.


7 6 5 4 3 2 1 0
SFR 80h P0.7 P0.6 P0.5 P0.4 P0.3 P0.2 P0.1 P0.0


RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1


7 6 5 4 3 2 1 0
SFR 81h SP.7 SP.6 SP.5 SP.4 SP.3 SP.2 SP.1 SP.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-1 RW-1 RW-1
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Stack Pointer (SP)


7 6 5 4 3 2 1 0
SFR 83h DPH.7 DPH.6 DPH.5 DPH.4 DPH.3 DPH.2 DPH.1 DPH.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Data Pointer High 0 (DPH)


PAGEE PAGES PORT 0 FUNCTION
0 XX General-Purpose I/O (code execution < ROMSIZE.2-0)
0 XX Multiplexed Address LSB / Data (code execution > ROMSIZE.2-0)
1 00, 01, 10 Data
1 11 Address LSB


Port 0 Function


DPH.7–0 Data Pointer High 0. This register is the high byte of the standard 80C32 16-bit data pointer. DPL
Bits 7–0 and DPH are used to point to nonscratchpad data RAM.


7 6 5 4 3 2 1 0
SFR 82h DPL.7 DPL.6 DPL.5 DPL.4 DPL.3 DPL.2 DPL.1 DPL.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Data Pointer Low 0 (DPL)
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ID1 Increment/Decrement Select for DPTR1. This bit determines the effect of the INC DPTR instruction
Bit 7 on DPTR1 when selected (SEL = 1) as the active data pointer. 


0 = INC DPTR increments DPTR1 (default)


1 = INC DPTR decrements DPTR1 


ID0 Increment/Decrement Select for DPTR. This bit determines the effect of the INC DPTR instruction
Bit 6 on DPTR when selected (SEL = 0) as the active data pointer.


0 = INC DPTR increments DPTR (default)


1 = INC DPTR decrements DPTR 


TSL Toggle Select. When clear (= 0), DPTR-related instructions do not affect the SEL bit. When set (= 1),
Bit 5 the SEL bit is toggled following execution of any of the below DPTR-related instructions:


INC DPTR


MOV DPTR, #data16


MOVC A, @A+DPTR


MOVX A, @DPTR


MOVX @DPTR, A


AID Autoincrement/Decrement Enable. When set, the active data pointer is automatically incremented
Bit 4 or decremented (as determined by ID1, ID0 bit settings) following execution of any of the below


DPTR-related instructions:


MOVC A, @A+DPTR


MOVX A, @DPTR


MOVX @DPTR, A


Bits 3, 2, 1 Reserved. These bits read 010b.


7 6 5 4 3 2 1 0
SFR 84h DPL1.7 DPL1.6 DPL1.5 DPL1.4 DPL1.3 DPL1.2 DPL1.1 DL1H.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Data Pointer Low 1 (DPL1)


7 6 5 4 3 2 1 0
SFR 85h DPH1.7 DPH1.6 DPH1.5 DPH1.4 DPH1.3 DPH1.2 DPH1.1 DPH1.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Data Pointer High 1 (DPH1)


7 6 5 4 3 2 1 0
SFR 86h ID1 ID0 TSL AID — — — SEL


RW-0 RW-0 RW-0 R-0 R-0 R-1 R-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Data Pointer Select (DPS)


DPL1.7–0 Data Pointer Low 1. This register is the low byte of the auxiliary 16-bit data pointer. When the SEL
Bits 7–0 bit (DPS.0) is set, DPL1 and DPH1 are used in place of DPL and DPH during DPTR operations.


DPH1.7–0 Data Pointer Low 1. This register is the high byte of the auxiliary 16-bit data pointer. When the SEL
Bits 7–0 bit (DPS.0) is set, DPL1 and DPH1 are used in place of DPL and DPH during DPTR operations.
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SEL Data Pointer Select. This bit selects the active data pointer. 
Bit 0 0 = Instructions that use the DPTR use DPL and DPH.


1 = Instructions that use the DPTR use DPL1 and DPH1.


SMOD_0 Serial Port 0 Baud Rate Doubler Enable. This bit enables/disables the serial baud rate doubling
Bit 7 function for Serial Port 0.


0 = Serial Port 0 baud rate is that defined by baud rate generation equation.


1 = Serial Port 0 baud rate is double that defined by baud rate generation equation.


SMOD0 Framing Error Detection Enable. When clear (= 0), SCON1.7 and SCON0.7 serve as mode select
Bit 6 bit SM0 for the respective serial ports. When set (= 1), SCON1.7 and SCON0.7 report whether a


Framing Error has been detected.


OFDF Oscillator Fail Detect Flag. When OFDE = 1, this flag will be set if a reset condition is generated
Bit 5 due to oscillator failure. This bit is cleared on a power-on reset and is unchanged by other reset


sources. This bit must be cleared by software.


OFDE Oscillator Fail Detect Enable. When set (= 1), the oscillator fail detect circuitry and flag generation
Bit 4 are enabled. An oscillator fail detection occurs if the crystal oscillator falls below ~20kHz. An oscillator


fail detection does not occur if the oscillator is halted through software setting of the STOP bit 
(PCON.1) or when running from the internal ring oscillator source. When clear (= 0), the oscillator
fail detect circuitry is disabled. 


GF1 General-Purpose User Flag 1. This is a general-purpose flag for software control.
Bit 3


GF0 General-Purpose User Flag 0. This is a general-purpose flag for software control.
Bit 2


STOP Stop Mode Select. Setting this bit stops program execution, halts the CPU oscillator and internal
Bit 1 timers, and places the CPU in a low-power mode. This bit always be reads as a 0. 


Setting this bit causes the CTM bit (PMR.4) to be cleared. Setting both the 
STOP bit and the IDLE bit causes the device to enter stop mode; however, doing this is not advised.


IDLE Idle Mode Select. Setting this bit stops program execution but leaves the CPU oscillator, timers,
Bit 0 serial ports, and interrupts active. This bit is always read as a 0. Setting both the STOP bit and 


the IDLE bit causes the device to enter stop mode; however, doing this is not advised.


7 6 5 4 3 2 1 0
SFR 87h SMOD_0 SMOD0 OFDF OFDE GF1 GF0 STOP IDLE


RW-0 RW-0 RW-0* RW-0* RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset, * = See description


Power Control (PCON)
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TF1 Timer 1 Overflow Flag. This bit indicates when Timer 1 overflows its maximum count as defined
Bit 7 by the current mode. This bit can be cleared by software and is automatically cleared when the


CPU vectors to the Timer 1 interrupt service routine.


0 = No Timer 1 overflow has been detected.


1 = Timer 1 has overflowed its maximum count.


TR1 Timer 1 Run Control. This bit enables/disables the operation of Timer 1.
Bit 6 0 = Timer 1 is halted.


1 = Timer 1 is enabled.


TF0 Timer 0 Overflow Flag. This bit indicates when Timer 0 overflows its maximum count as defined
Bit 5 by the current mode. This bit can be cleared by software and is automatically cleared when the


CPU vectors to the Timer 0 interrupt service routine or by software. 


0 = No Timer 0 overflow has been detected. 


1 = Timer 0 has overflowed its maximum count.


TR0 Timer 0 Run Control. This bit enables/disables the operation of Timer 0. 
Bit 4 0 = Timer 0 is halted. 


1 = Timer 0 is enabled.


IE1 Interrupt 1 Edge Detect. This bit is set when an edge/level of the type defined by IT1 is detected.
Bit 3 If IT1 = 1, this bit remains set until cleared in software or until the start of the External Interrupt 1


service routine. If IT1 = 0, this bit inversely reflects the state of the INT1 pin.
IT1 Interrupt 1 Type Select. This bit selects whether the INT1 pin detects edge- or level-triggered 
Bit 2 interrupts. 


0 = INT1 is level triggered. 


1 = INT1 is edge triggered.


IE0 Interrupt 0 Edge Detect. This bit is set when an edge/level of the type defined by IT0 is detected.
Bit 1 If IT0 = 1, this bit remains set until cleared in software or until the start of the External Interrupt 0


service routine. If IT0 = 0, this bit inversely reflects the state of the INT0 pin.
IT0 Interrupt 0 Type Select. This bit selects whether the INT0 pin detects edge- or level-triggered
Bit 0 interrupts. 


0 = INT0 is level triggered. 


1 = INT0 is edge triggered.


7 6 5 4 3 2 1 0
SFR 88h TF1 TR1 TF0 TR0 IE1 IT1 IE0 IT0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Timer/Counter Control (TCON)
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GATE Timer 1 Gate Control. This bit enables/disables the ability of Timer 1 to increment. 
Bit 7 0 = Timer 1 clocks when TR1 = 1, regardless of the state of INT. 


1 = Timer 1 clocks only when TR1 = 1 and INT1 = 1.


C/T Timer 1 Counter/Timer Select.


Bit 6 0 = Timer 1 is incremented by internal clocks. 


1 = Timer 1 is incremented by pulses on T1 when TR1 (TCON.6) is 1.


M1, M0 Timer 1 Mode Select. These bits select the operating mode of Timer 1.
Bits 5, 4 Timer 1 Mode Selection


GATE Timer 0 Gate Control. This bit enables/disables the ability of Timer 0 to increment. 
Bit 3 0 = Timer 0 clocks when TR0 = 1, regardless of the state of INT0. 


1 = Timer 0 clocks only when TR0 = 1 and INT0 = 1.


C/T Timer 0 Counter/Timer Select.
Bit 2 0 = Timer incremented by internal clocks. 


1 = Timer 1 is incremented by pulses on T0 when TR0 (TCON.4) is 1.


M1, M0 Timer 0 Mode Select. These bits select the operating mode of Timer 0. When Timer 0 is in mode
Bits 1, 0 3, TL0 is started/stopped by TR0 and TH0 is started/stopped by TR1. Run control from Timer 1 is


then provided by the Timer 1 mode selection.


Timer 0 Mode Selection
M1 M0 MODE
0 0 Mode 0: 8 bits with 5-bit prescale
0 1 Mode 1: 16 bits
1 0 Mode 2: 8 bits with autoreload
1 1 Mode 3: Timer 0 is two 8-bit counters


M1 M0 MODE
0 0 Mode 0: 8 bits with 5-bit prescale
0 1 Mode 1: 16 bits
1 0 Mode 2: 8 bits with autoreload
1 1 Mode 3: Timer 1 is halted, but holds its count


7 6 5 4 3 2 1 0
SFR 89h GATE C/T M1 M0 GATE C/T M1 M0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Timer Mode Control (TMOD)
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TL0.7–0 Timer 0 LSB. This register contains the least significant byte of Timer 0.
Bits 7–0


TL1.7–0 Timer 1 LSB. This register contains the least significant byte of Timer 1.
Bits 7–0


TH0.7–0 Timer 0 MSB. This register contains the most significant byte of Timer 0.
Bits 7–0


TH1.7–0 Timer 1 MSB. This register contains the most significant byte of Timer 1.
Bits 7–0


WD1, WD0 Watchdog Timer Mode Select 1-0. These bits determine the watchdog timer timeout period for
Bits 7, 6 the watchdog timer. The timer divides the crystal (or external oscillator) frequency by a program-


mable value as shown on the next page. The divider value is expressed in crystal (oscillator) 
cycles. The settings of the system clock control bits 4X/2X (PMR.3) and CD1:0 (PMR.7-6) affect the 
clock input to the watchdog timer and therefore its timeout period as shown below. All watchdog
timer reset timeouts follow the setting of the interrupt flag by 512 system clocks. 


7 6 5 4 3 2 1 0
SFR 8Ah TL0.7 TL0.6 TL0.5 TL0.4 TL0.3 TL0.2 TL0.1 TL0.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Timer 0 LSB (TL0)


7 6 5 4 3 2 1 0
SFR 8Ch TH0.7 TH0.6 TH0.5 TH0.4 TH0.3 TH0.2 TH0.1 TH0.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Timer 0 MSB (TH0) 


7 6 5 4 3 2 1 0
SFR 8Dh TH1.7 TH1.6 TH1.5 TH1.4 TH1.3 TH1.2 TH1.1 TH1.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Timer 1 MSB (TH1)


7 6 5 4 3 2 1 0
SFR 8Eh WD1 WD0 T2M T1M T0M MD2 MD1 MD0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-1
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Clock Control (CKCON)


7 6 5 4 3 2 1 0
SFR 8Bh TL1.7 TL1.6 TL1.5 TL1.4 TL1.3 TL1.2 TL1.1 TL1.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Timer 1 LSB (TL1)
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Watchdog Interrupt Flag Timeout Periods (in Oscillator Clocks)


T2M Timer 2 Clock Select. This bit controls the input clock that drives Timer 2. This bit has no effect
Bit 5 when the timer is in baud rate generator or clock output modes. See Timer Operation table.


T1M Timer 1 Clock Select. This bit controls the input clock that drives Timer 1. See Timer Operation table.
Bit 4


T0M Timer 0 Clock Select. This bit controls the input clock that drives Timer 0. See Timer Operation table.
Bit 3


Timer Operation (in Oscillator Clocks)


MD2, MD1, MD0 Stretch MOVX Select 2-0. These bits select the time by which external MOVX cycles are to be
Bits 2, 1, 0 stretched. This allows slower memory or peripherals to be accessed without using ports or manual


software intervention. The RD or WR strobe is stretched by the specified interval, which is transparent
to the software except for the increased time to execute to MOVX instruction. All internal MOVX
instructions are executed at the two machine cycle rate (0 stretch) independent of these bit settings.


MOVX Instruction


MD2, MD1, MD0 STRETCH VALUE MOVX DURATION
000 0 2 machine cycles


001 1 3 machine cycles
(default)


010 2 4 machine cycles
011 3 5 machine cycles
100 4 9 machine cycles
101 5 10 machine cycles
110 6 11 machine cycles
111 7 12 machine cycles


OSCILLATOR CLOCKS
PER TIMER (0, 1, 2) CLOCK


TxMH, TxM =


OSCILLATOR CLOCKS PER
TIMER 2 CLOCK (BAUD RATE GEN)


T2MH, T2M =4X/2X CD1:0


00 01 1X XX


1 00 12 1 0.25 2


0 00 12 2 0.5 2


X 01 12 4 1 2


X 10 12 4 1 2


X 11 3072 1024 1024 2048


4X / 2X CD1:0 WD1:0 = 00 WD1:0 = 01 WD1:0 = 10 WD1:0 = 11
1 00 215 218 221 224


0 00 216 219 222 225


X 01 217 220 223 226


X 10 217 220 223 226


X 11 227 230 233 236
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P1.7–0 General-Purpose I/O Port 1. This register functions as a general-purpose I/O port. In addition, all
Bits 7–0 the pins have an alternative function listed below. Each of the functions is controlled by several 


other SFRs. The associated Port 1 latch bit must contain a logic 1 before the pin can be used in its
alternate function capacity.


INT5 External Interrupt 5. A falling edge on this pin causes an external interrupt 5 if enabled.
Bit 7


INT4 External Interrupt 4. A rising edge on this pin causes an external interrupt 4 if enabled.
Bit 6


INT3 External Interrupt 3. A falling edge on this pin causes an external interrupt 3 if enabled.
Bit 5


INT2 External Interrupt 2. A rising edge on this pin causes an external interrupt 2 if enabled.
Bit 4


TXD1 Serial Port 1 Transmit. This pin transmits the serial port 1 data in serial port modes 1, 2, 3 and 
Bit 3 emits the synchronizing clock in serial port mode 0.


RXD1 Serial Port 1 Receive. This pin receives the serial port 1 data in serial port modes 1, 2, 3 and is a
Bit 2 bidirectional data transfer pin in serial port mode 0.


T2EX Timer 2 Capture/Reload Trigger. A 1-to-0 transition on this pin causes the value in the T2 
Bit 1 registers to be transferred into the capture registers if enabled by EXEN2 (T2CON.3). When in auto-


reload mode, a 1-to-0 transition on this pin reloads the Timer 2 registers with the value in RCAP2L
and RCAP2H if enabled by EXEN2 (T2CON.3).


T2 Timer 2 External Input. A 1-to-0 transition on this pin causes Timer 2 increment or decrement bit


Bit 0 depending on the timer configuration.


IE5 External Interrupt 5 Flag. This bit is set when a falling edge is detected on INT5. This bit must 
Bit 7 be cleared manually by software. Setting this bit in software causes an interrupt if enabled.


IE4 External Interrupt 4 Flag. This bit is set when a rising edge is detected on INT4. This bit must 
Bit 6 be cleared manually by software. Setting this bit in software causes an interrupt if enabled.


IE3 External Interrupt 3 Flag. This bit is set when a falling edge is detected on INT3. This bit must  
Bit 5 be cleared manually by software. Setting this bit in software causes an interrupt if enabled.


IE2 External Interrupt 2 Flag. This bit is set when a rising edge is detected on INT2. This bit must 
Bit 4 be cleared manually by software. Setting this bit in software causes an interrupt if enabled.


CKRY Clock Ready. This bit indicates the status of the startup period for the crystal oscillator or crystal
Bit 3 multiplier warm-up period. This bit is cleared after a reset or when exiting STOP mode. It is also


cleared when the clock multiplier is enabled (setting of PMR.4 = 1). Once CKRY is cleared, a 
65,536 clock count must take place before CKRY is set and the lockout preventing modification of 
CD1:CD0 is removed. Once CKRY is set (= 1), the clock multiplier can then be selected as the


7 6 5 4 3 2 1 0


SFR 90h P1.7
INT5


P1.6
INT4


P1.5
INT3


P1.4
INT2


P1.3
TXD1


P1.2
RXD1


P1.1
T2EX


P1.0
T2


RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Port 1 (P1)   


7 6 5 4 3 2 1 0
SFR 91h IE5 IE4 IE3 IE2 CKRY RGMD RGSL BGS


RW-0 RW-0 RW-0 RW-0 R-* R-* RW-* RT-0
R = Unrestricted read, W = Unrestricted write, T = Timed-access write only, -n = Value after reset,* = See description.


External Interrupt Flag (EXIF)
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clock source or switchover from the ring oscillator to the crystal oscillator can occur. 


RGMD Ring Mode Status. This status bit indicates the current clock source for the device. This bit is 
Bit 2 cleared to 0 after a power-on reset, and unchanged by all other forms of reset. 


0 = Device is operating from the external crystal or oscillator. 


1 = Device is operating from the ring oscillator.


RGSL Ring Oscillator Select. When set (= 1), this bit enables operation using the on-chip ring oscillator
Bit 1 as the clock source until the oscillator warm-up period has completed (CKRY = 1). Using the ring


oscillator to resume from stop mode allows almost instantaneous startup. This bit is cleared to 0 
after a power-on reset, and unchanged by all other forms of reset.


0 = Device operation is held until completion of the crystal oscillator warm-up delay period. 


1 = The device begins operating from the ring oscillator and switch over to the crystal oscillator 
upon completion of the warm-up delay period. 


BGS Bandgap Select. This bit enables/disables the bandgap reference during stop mode. Disabling 
Bit 0 the bandgap reference provides significant power savings in stop mode, but sacrifices the ability


to perform a power-fail interrupt or power-fail reset while stopped. This bit can only be modified
with a timed access procedure. 


0 = The bandgap reference is disabled in stop mode but functions during normal operation. 


1 = The bandgap reference operates in stop mode.


T2MH Timer 2 Clock Mode High-Speed Select. When set (= 1), the system clock is used as the input 
Bit 5 clock for Timer 2 and the T2M bit (CKCON.5) setting is ignored. When clear (= 0), the input 


clock for Timer 2 is selected using the T2M bit.


T1MH Timer 1 Clock Mode High-Speed Select. When set (= 1), the system clock is used as the input
Bit 4 clock for Timer 2 and the T1M bit (CKCON.4) setting is ignored. When clear (= 0), the input 


clock for Timer 2 is selected using the T1M bit.


T0MH Timer 0 Clock Mode High-Speed Select. When set (= 1), the system clock is used as the input 
Bit 3 clock for Timer 2 and the T0M bit (CKCON.3) setting is ignored. When clear (= 0), the input 


clock for Timer 2 is selected using the T0M bit.


SM0–2 Serial Port Mode. These bits control the mode of serial port 0. In addition the SM0 and SM2_0 bits
Bits 7, 6, 5 have secondary functions as shown.


7 6 5 4 3 2 1 0
SFR 96h — — T2MH T1MH T0MH — — —


RW-1 RW-1 RW-0 RW-0 RW-0 RW-1 RW-1 RW-1
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Timer and Serial Port Clock Mode Register (CKMOD)


7 6 5 4 3 2 1 0
SFR 98h SM0/FE_0 SM1_0 SM2_0 REN_0 TB8_0 RB8_0 TI_0 RI_0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Serial Port 0 Control  (SCON0)  
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Serial Port Mode Functions


SM0/FE_0 Framing Error Flag. When SMOD0 (PCON.6) = 0, this bit is used as a mode select bit (SM0) for
Bit 7 serial port 0. When SMOD0 (PCON.6) = 1, this bit becomes a framing error (FE) bit, which reports


detection of an invalid stop bit. When used as FE, this bit must be cleared in software. Once the
SMOD0 bit is set, modifications to this bit do not affect the serial port mode settings. Although
accessed from the same register, the data for bits SM0 and FE are stored internally in different
physical locations.


SM1_0 No alternate function.
Bit 6


SM2_0 Multiple CPU Communications. The function of this bit is dependent on the serial port 0 mode.
Bit 5 Mode 0: Selects period for synchronous serial port 0 data transfers. 


Mode 1: When set, reception is ignored (RI_0 is not set) if invalid stop bit received. 


Modes 2/3: When this bit is set, multiprocessor communications are enabled in modes 2 and 3. 
This prevents the RI_0 bit from being set, and an interrupt being asserted, if the 9th bit received is not 1.


REN_0 Receiver Enable. This bit enable/disables the serial port 0 receiver shift register. 
Bit 4 0 = Serial port 0 reception disabled. 


1 = Serial port 0 receiver enabled (modes 1, 2, 3). Initiate synchronous reception (mode 0).


TB8_0 9th Transmission Bit State. This bit defines the state of the 9th transmission bit in serial port 0 
Bit 3 modes 2 and 3.


RB8_0 9th Received Bit State. This bit identifies that state of the 9th reception bit of received data in 
Bit 2 serial port 0 modes 2 and 3. In serial port mode 1, when SM2_0 = 0, RB8_0 is the state of the stop


bit. RB8_0 is not used in mode 0.


TI_0 Transmitter Interrupt Flag. This bit indicates that data in the serial port 0 buffer has been 
Bit 1 completely shifted out. In serial port mode 0, TI_0 is set at the end of the 8th data bit. In all other


modes, this bit is set at the end of the last data bit. This bit must be manually cleared by software.


RI_0 Receiver Interrupt Flag. This bit indicates that a byte of data has been received in the serial port 
Bit 0 0 buffer. In serial port mode 0, RI_0 is set at the end of the 8th bit. In serial port mode 1, RI_0 is set


after the last sample of the incoming stop bit subject to the state of SM2_0. In modes 2 and 3, RI_0
is set after the last sample of RB8_0. This bit must be manually cleared by software.


SBUF0.7–0 Serial Data Buffer 0. Data for serial port 0 is read from or written to this location. The serial 
Bits 7–0 transmit and receive buffers are separate registers, but both are addressed at this location.


7 6 5 4 3 2 1 0
SFR 99h SBUF0.7 SBUF0.6 SBUF0.5 SBUF0.4 SBUF0.3 SBUF0.2 SBUF0.1 SBUF0.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Serial Data Buffer 0 (SBUF0)


SM0 SM1 SM2 MODE FUNCTION LENGTH (BITS) PERIOD
0 0 0 0 Synchronous 8 See PMR register
0 0 1 0 Synchronous 8 See PMR register
0 1 X 1 Asynchronous 10 Timer 1 or 2 baud rate equation
1 0 0 2 Asynchronous 11 See PMR register


1 0 1 2 Asynchronous with multiprocessor
communication 11 See PMR register


1 1 0 3 Asynchronous 11 Timer 1 or 2 baud rate equation


1 1 1 3 Asynchronous with multiprocessor
communication 11 Timer 1 or 2 baud rate equation
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RID.7–0 Revision ID. The revision ID is a read-only value that reflects the current revision ID of the device.
Bits 7–0 This value is permanently set at manufacturing time and cannot be changed. The RID is composed 


of two nibbles representing an alpha and a numeric character. For example, the RID of the A2 revi-
sion contains 10100010b, and the B1 revision contains 10110001b. Any A revision device of the
DS89C420 contains the value FFh.


PAGEE Page Mode Enable. When set (= 1), page mode access is enabled for external bus operations
Bits 7 as configured by the page mode select bits PAGES1, PAGES0. When clear (= 0), external bus


operations default to the standard 8051 expanded bus configuration.


PAGES1, PAGES0 Page Mode Select. If PAGEE = 1, these bits select the page mode configuration that is followed
Bits 6, 5 for external bus operations. The four possible configurations are summarized in the table below.


Mode 1 results in Port 0 serving as the data bus and Port 2 being the multiplexed address 
MSB/LSB. Mode 2 results in Port 0 being used strictly for address LSB and Port 2 being multiplexed
between address MSB and data. 


Memory Access Cycle


Bits 4–0 Reserved. Read data is 1.


P2.7–0 Port 2. This port functions according to the table below where PAGEE = ACON.7 and PAGES =
Bits 7–0 ACON.6-5.


Port 2 Functions


Writing a 1 to an SFR bit configures the associated port pin as an input. All read operations, with
the exception of read-modify-write instructions, leave the port latch unchanged. During external
memory addressing and data memory write cycles, the port has high and low drive capability.
During external memory data read cycles, the port is held in a high-impedance state.


PAGEE PAGES PORT2 FUNCTION
0 XX General-Purpose I/0  (code execution < ROMSIZE.2-0)
0 XX Address MSB  (code execution > ROMSIZE.2-0)
1 00, 01, 10 Multiplexed Address MSB/LSB
1 11 Multiplexed Address MSB/Data


PAGES 1-0 MODE PAGE-HIT PAGE-MISS
00 1 1 2
01 1 2 4
10 1 4 8
11 2 2 4


7 6 5 4 3 2 1 0
SFR 9Dh PAGEE PAGES1 PAGES0 — — — — —


RT-0 RT-0 RT-0 R-1 R-1 R-1 R-1 R-1
R = Unrestricted read, W = Unrestricted write, T = Timed-access write only, -n = Value after reset


Address Control   (ACON)    


7 6 5 4 3 2 1 0
SFR 9Ah RID.7 RID.6 RID.5 RID.4 RID.3 RID.2 RID.1 RID.0


R-* R-* R-* R-* R-* R-* R-* R-*
R = Unrestricted read, W = Unrestricted write, -n = Value after reset, * = see description


Revision ID (RID)


7 6 5 4 3 2 1 0
SFR A0h P2.7 P2.6 P2.5 P2.4 P2.3 P2.2 P2.1 P2.0


RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Port 2 (P2)
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EA Global Interrupt Enable. This bit controls the global masking of all interrupts except power-fail 
Bit 7 interrupt, which is enabled by the EPFI bit (WDCON.5). 


0 = Disable all interrupt sources. This bit overrides individual interrupt mask settings.
1 = Enable all individual interrupt masks. Individual interrupts occur if enabled.


ES1 Enable Serial Port 1 Interrupt. This bit controls the masking of the serial port 1 interrupt. 
Bit 6 0 = Disable all serial port 1 interrupts. 


1 = Enable interrupt requests generated by the RI_1 (SCON1.0) or TI_1 (SCON1.1) flags.


ET2 Enable Timer 2 Interrupt. This bit controls the masking of the Timer 2 interrupt. 
Bit 5 0 = Disable all Timer 2 interrupts. 


1 = Enable interrupt requests generated by the TF2 flag (T2CON.7).


ES0 Enable Serial Port 0 Interrupt. This bit controls the masking of the serial port 0 interrupt. 
Bit 4 0 = Disable all serial port 0 interrupts. 


1 = Enable interrupt requests generated by the RI_0 (SCON0.0) or TI_0 (SCON0.1) flags.


ET1 Enable Timer 1 Interrupt. This bit controls the masking of the Timer 1 interrupt. 
Bit 3 0 = Disable all Timer 1 interrupts. 


1 = Enable all interrupt requests generated by the TF1 flag (TCON.7).


EX1 Enable External Interrupt 1. This bit controls the masking of external interrupt 1.
Bit 2 0 = Disable external interrupt 1. 


1 = Enable all interrupt requests generated by the INT0 pin.


ET0 Enable Timer 0 Interrupt. This bit controls the masking of the Timer 0 interrupt. 
Bit 1 0 = Disable all Timer 0 interrupts.


1 = Enable all interrupt requests generated by the TF0 flag (TCON.5).


EX0 Enable External Interrupt 0. This bit controls the masking of external interrupt 0. 
Bit 0 0 = Disable external interrupt 0.


1 = Enable all interrupt requests generated by the INT0 pin.


SADDR0.7–0 Slave Address Register 0. This register is programmed with the given or broadcast address 
Bits 7–0 assigned to serial port 0.


7 6 5 4 3 2 1 0
SFR A8h EA ES1 ET2 ES0 ET1 EX1 ET0 EX0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Interrupt Enable (IE)


.
7 6 5 4 3 2 1 0


SFR A9h SADDR0.7 SADDR0.6 SADDR0.5 SADDR0.4 SADDR0.3 SADDR0.2 SADDR0.1 SADDR0.0
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0


R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Slave Address Register 0  (SADDR0)
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SADDR1.7–0 Slave Address Register 1. This register is programmed with the given or broadcast address 
Bits 7–0 assigned to serial port 1.


P3.7–0 Purpose I/O Port 3. This register functions as a general-purpose I/O port. In addition, all the pins
Bits 7–0 have an alternative function listed below. Each of the functions is controlled by several other SFRs.


The associated port 3 latch bit must contain a logic 1 before the pin can be used in its alternate
function capacity.


RD External Data Memory Read Strobe. This pin provides an active-low read strobe to an external
Bit 7 memory device.


WR External Data Memory Write Strobe. This pin provides an active-low write strobe to an external
Bit 6 memory device.


T1 Timer/Counter External Input. A 1-to-0 transition on this pin increments Timer 1.
Bit 5


T0 Counter External Input. A 1-to-0 transition on this pin increments Timer 0.
Bit 4


INT1 External Interrupt 1. A falling edge/low level on this pin causes an external interrupt 1 if enabled.
Bit 3


INT0 External Interrupt 0. A falling edge/low level on this pin causes an external interrupt 0 if enabled. 
Bit 2


TXD0 Serial Port 0 Transmit. This pin transmits the serial port 0 data in serial port modes 1, 2, 3 and 
Bit 1 emits the synchronizing clock in serial port mode 0.


RXD0 Serial Port 0 Receive. This pin receives the serial port 0 data in serial port modes 1, 2, 3 and is a


Bit 0 bidirectional data transfer pin in serial port mode 0.


IP17.0
Bit 7 Reserved. Read data is 1.


MPS1 Most Significant Priority Select Bit for Serial Port 1 Interrupt. This is the most significant bit of
Bit 6 the bit pair MPS1, LPS1 (IP0.6) that designates priority level for the serial port 1 interrupt.


7 6 5 4 3 2 1 0
SFR AAh SADDR1.7 SADDR1.6 SADDR1.5 SADDR1.4 SADDR1.3 SADDR1.2 SADDR1.1 SADDR1.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Slave Address Register 1  (SADDR1)


7 6 5 4 3 2 1 0


SFR B0h P3.7
RD


P3.6
WR


P3.5
T1


P3.4
T0


P3.3
INT1


P3.2
INT0


P3.1
TXD0


P3.0
RXD0


RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Port 3 (P3) 


7 6 5 4 3 2 1 0
SFR B1h — MPS1 MPT2 MPS0 MPT1 MPX1 MPT0 MPX0


R-1 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0


R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Interrupt Priority 1 (IP1)
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MPT2 Most Significant Priority Select Bit for Timer 2 Interrupt. This is the most significant bit of the
Bit 5 bit pair MPT2, LPT2 (IP0.5) that designates priority level for the timer 2 interrupt.


MPS0 Most Significant Priority Select Bit for Serial Port 0 Interrupt. This is the most significant bit of
Bit 4 the bit pair MPS0, LPS0 (IP0.4) that designates priority level for the serial port 0 interrupt


MPT1 Most Significant Priority Select Bit for Timer 1 Interrupt. This is the most significant bit of the 
Bit 3 bit pair MPT1, LPT1 (IP0.3) that designates priority level for the timer 1 interrupt.


MPX1 Most Significant Priority Select Bit for External Interrupt 1. This is the most significant bit
Bit 2 of the bit pair MPX1, LPX1 (IP0.2) that designates priority level for external interrupt 1


MPT0 Most Significant Priority Select Bit for Timer 0 Interrupt. This is the most significant bit of the 
Bit 1 bit pair MPT0, LPT0 (IP0.1) that designates priority level for the timer 0 interrupt


MPX0 Most Significant Priority Select Bit for External Interrupt 0. This is the most significant bit of the
Bit 0 bit pair MPX0, LPX0 (IP0.0) that designates priority level for external interrupt 0.


Interrupt priority level for the above sources is assigned using one bit from register IP1 (B1h) and
one bit from IP0 (B8h). The bit from IP1 serves as the most significant bit and the bit from IP0 serves
as the least significant bit in forming a 2-bit binary number. This number represents the priority level.
Higher priority interrupts, when enabled, take precedence over lower priority sources. The power-
fail warning interrupt source is assigned priority level 4. 


Most Significant Priority Select Bit Levels


IP07.0
Bit 7 Reserved. Read data is 1.


LPS1 Least Significant Priority Select Bit for Serial Port 1 Interrupt. LPS1 is the least significant bit
Bit 6 of the bit pair MPS1 (IP1.6), LPS1 that designates priority level for the serial port 1 interrupt.


LPT2 Least Significant Priority Select Bit for Timer 2 Interrupt. LPT2 is the least significant bit of the
Bit 5 bit pair MPT2 (IP1.5), LPT2 that designates priority level for the Timer 2 interrupt.


LPS0 Least Significant Priority Select Bit for Serial Port 0 Interrupt. MPS0 is the least significant bit
Bit 4 of the bit pair MPS0 (IP1.4), LPS0 that designates priority level for the serial port 0 interrupt.


LPT1 Least Significant Priority Select Bit for Timer 1 Interrupt. MPT1 is the least significant bit of the
Bit 3 bit pair MPT1 (IP1.3), LPT1 that designates priority level for the Timer 1 interrupt.


LPX1 Least Significant Priority Select Bit for External Interrupt 1. MPX1 is the least significant bit of
Bit 2 the bit pair MPX1 (IP1.2), LPX1 that designates priority level for external interrupt 1.


LPT0 Least Significant Priority Select Bit for Timer 0 Interrupt. MPT0 is the least significant bit of the
Bit 1 bit pair MPT0 (IP1.1), LPT0 that designates priority level for the Timer 0 interrupt.


LPX0 Least Significant Priority Select Bit for External Interrupt 0. MPX0 is the least significant bit of
Bit 0 the bit pair MPX0 (IP1.0), LPX0 that designates priority level for external interrupt 0.


MP (IP1.X) LP (IP0.X) PRIORITY LEVEL
0 0 0 (natural priority)
0 1 1
1 0 2
1 1 3 (high priority)


7 6 5 4 3 2 1 0


SFR B8h — LPS1 LPT2 LPS0 LPT1 LPX1 LPT0 LPX0


R-1 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0


R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Interrupt Priority 0 (IP0) 
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SADEN0.7–0 Slave Address Mask Enable Register 0. This register functions as a mask when comparing 
Bits 7–0 serial port 0 addresses for automatic address recognition. When a bit in this register is set, the


corresponding bit location in the SADDR0 register is exactly compared with the incoming serial 
port 0 data to determine if a receiver interrupt should be generated. When a bit in this register is 
cleared, the corresponding bit in the SADDR0 register becomes a “don’t care” and is not com-
pared against the incoming data. All incoming data generates a receiver interrupt when this reg-
ister is cleared.


SADEN1.7–0 Slave Address Mask Enable Register 1. This register functions as a mask when comparing 
Bits 7–0 serial port 1 addresses for automatic address recognition. When a bit in this register is set, the 


corresponding bit location in the SADDR1 register is exactly compared with the incoming serial 
port 1 data to determine if a receiver interrupt should be generated. When a bit in this register is
cleared, the corresponding bit in the SADDR1 register becomes a “don’t care” and is not compared
against the incoming data. All incoming data generates a receiver interrupt when this register is
cleared.


SM0–2 Serial Port 1 Mode. These bits control the mode of serial port 1 as shown in the following table.
Bits 7, 6, 5 In addition, the SM0 and SM2 bits have secondary functions as shown.


Serial Port 1 Modes and Functions


SM0 SM1 SM2 MODE FUNCTION LENGTH (BITS) PERIOD
0 0 0 0 Synchronous 8 See PMR register
0 0 1 0 Synchronous 8 See PMR register
0 1 X 1 Asynchronous 10 Timer 1 or 2 baud rate equation
1 0 0 2 Asynchronous 11 See PMR register


1 0 1 2 Asynchronous with multiprocessor
communication 11 See PMR register


1 1 0 3 Asynchronous 11 Timer 1 or 2 baud rate equation


1 1 1 3 Asynchronous with multiprocessor
communication 11 Timer 1 or 2 baud rate equation


MP (IP1.X) LP (IP0.X) PRIORITY LEVEL
0 0 0 (natural priority)
0 1 1
1 0 2
1 1 3 (high priority)


7 6 5 4 3 2 1 0
SFR B9h SADEN0.7 SADEN0.6 SADEN0.5 SADEN0.4 SADEN0.3 SADEN0.2 SADEN0.1 SADEN0.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Slave Address Mask Enable Register 0 (SADEN0)   


7 6 5 4 3 2 1 0
SFR BAh SADEN1.7 SADEN1.6 SADEN1.5 SADEN1.4 SADEN1.3 SADEN1.2 SADEN1.1 SADEN1.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Slave Address Mask Enable Register 1 (SADEN1)   


7 6 5 4 3 2 1 0
SFR C0h SM0/FE_1 SM1_1 SM2_1 REN_1 TB8_1 RB8_1 TI_1 RI_1


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Serial Port 1 Control (SCON1)     


Least Significant Priority Select Bit Levels
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SM0/FE_1 Framing Error Flag. When SMOD0 (PCON.6) = 0, this bit is used as a mode select bit (SM0) for 
Bit 7 serial port 1. When SMOD0 (PCON.6) = 1, this bit becomes a framing error (FE) bit, which reports


detection of an invalid stop bit. When used as FE, this bit must be cleared in software. Once the 
SMOD0 bit is set, modifications to this bit does not affect the serial port mode settings. Although 
accessed from the same register, the data for bits SM0 and FE are stored internally in different 
physical locations.


SM1_1 No alternate function.
Bit 6


SM2_1 Multiple CPU Communications. The function of this bit is dependent on the serial port 1 mode. 
Bit 5 Mode 0: Selects period for synchronous port 1 data transfers.


Mode 1: When this bit is set, reception is ignored (RI_1 is not set) if invalid stop bit received. 


Modes 2/3: When this bit is set, multiprocessor communications are enabled in mode 2 and 3. This
prevents RI_1 from being set, and an interrupt being asserted, if the 9th bit received is not 1.


REN_1 Receive Enable. This bit enables/disables the serial port 1 receiver shift register.
Bit 4 0 = Serial port 1 reception disabled. 


1 = Serial port 1 receiver enabled (modes 1, 2, 3). Initiate synchronous reception (mode 0).


TB8_1 9th Transmission Bit State. This bit defines the state of the 9th transmission bit in serial port 1 
Bit 3 modes 2 and 3.


RB8_1 9th Received Bit State. This bit identifies the state for the 9th reception bit received data in serial
Bit 2 port 1 modes 2 and 3. In serial port mode 1, when SM2_1 = 0, RB8_1 is the state of the stop bit. 


RB8_1 is not used in mode 0.


TI_1 Transmitter Interrupt Flag. This bit indicates that data in the serial port 1 buffer has been com-
Bit 1 pletely shifted out. In serial port mode 0, TI_1 is set at the end of the 8th data bit. In all other modes,


this bit is set at the end of the last data bit. This bit must be manually cleared by software.


RI_1 Receiver Interrupt Flag. This bit indicates that a byte of data has been received in the serial Bit 0
port 1 buffer. In serial port mode 1, RI_1 is set at the end of the 8th bit. In serial port mode 1, RI_1
is set after the last sample of the incoming stop bit subject to the state of SM2_1. In modes 2 and
3, RI_1 is set after the last sample of RB8_1. This bit must be manually cleared by software.


SBUF1.7–0 Serial Data Buffer 1. Data for serial port 1 is read from or written to this location. The serial 
Bits 7–0 transmit and receive buffers are separate registers, but both are addressed at this location.


7 6 5 4 3 2 1 0
SFR C1h SBUF1.7 SBUF1.6 SBUF1.5 SBUF1.4 SBUF1.3 SBUF1.2 SBUF1.1 SBUF1.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Serial Data Buffer 1 (SBUF1)  







Ultra-High-Speed Flash
Microcontroller User’s Guide


_____________________________________________________________________________________________ 32


Bits 7–4 These bits are reserved. Read data is 1.


PRAME Program RAM Enable. When set (= 1), the internal 1k RAM is mapped as internal program 
Bit 3 space between addresses 0400h–07FFh. All program fetches and MOVC accesses are directed


to this 1k RAM. When serving as program memory, the RAM continues to be accessible as MOVX 
data space (if DME0 = 1). The 1k RAM is not accessible as program space when EA = 0. When 
clear (= 0), the internal 1k RAM is not accessible as program space.


RMS2–0 ROM Memory Size Select 2-0. This register is used to select the maximum on-chip decoded 
Bits 2–0 address. Care must be taken that the memory location of the current program counter is valid 


both before and after modification. These bits can only be modified using a timed-access procedure.
The EA pin overrides the function of these bits when asserted, forcing the device to access external
program memory only. Configuring this register to a setting that exceeds the maximum amount of 
internal memory can corrupt device operation. These bits default on reset to the maximum amount 
of internal program memory (i.e., 16k for DS89C420).
On-Chip ROM Address


CD1, CD0 Clock Divide Control 1-0. These bits select the number of crystal oscillator clocks required to 
Bits 7, 6 generate one machine cycle. Switching between modes requires a transition through the default 


divide-by-1 mode (CD1, CD0 = 10b). Attempts to perform an invalid transition are ignored. For 
example, going from the crystal multiplier 2X mode to the divide-by-1024 mode would require first
switching from the 2X crystal multiplier mode to the divide-by-1 mode, followed by the switch from
the divide-by-1 to the divide-by-1024 mode. These bits cannot be modified when running from the
internal ring oscillator (RGMD = 1). The divide-by-1024 setting (CD1,CD0 = 11b) cannot be selected
when switchback is enabled (SWB = 1) and a switchback source (serial port or external interrupt)
is active.


The setting of these bits affects timer and serial port operation. Tables located in the SFR decription 
for CKCON (8Eh) detail the respective operational dependencies on these bits. 


CD1,
CD0 CLOCK FUNCTION


00 Crystal multiplier (4X or 2X mode as determined by PMR.3)
01 Reserved (forced into divide-by-1 mode if set)
10 Divide-by-1 (default state)
11 Divide-by-1024


RMS2 RMS1 RMS0 MAXIMUM ON-CHIP ROM ADDRESS 
0 0 0 0kB/Disable on-chip ROM 
0 0 1 1kB/03FFh 
0 1 0 2kB/07FFh 
0 1 1 4kB/0FFFh 
1 0 0 8kB/1FFFh 
1 0 1 16kB/3FFFh (DS89C420/430 default) 
1 1 0 32kB/7FFFh (DS89C440 default) 
1 1 1 64kB/FFFFh (DS89C450 default) 


7 6 5 4 3 2 1 0
SFR C2h — — — — PRAME RMS2 RMS1 RMS0


R-1 R-1 R-1 R-1 RT-0 RT-1 RT-0 RT-1
R = Unrestricted read, W = Unrestricted write, T = Timed-access write only,  -n = Value after reset


ROM Size Select (ROMSIZE)


7 6 5 4 3 2 1 0
SFR C4h CD1 CD0 SWB CTM 4X / 2X ALEON DME1 DME0


RW*-1 RW*-0 RW-0 RW*-0 RW*-0 RW-0 RW-0 RW-0


R = Unrestricted read, W = Unrestricted write, -n = Value after reset, * = See description


Power Management Register (PMR)
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SWB Switchback Enable. This bit allows an enabled external interrupt or serial port activity to force the
Bit 5 clock divide control bits to the divide-by-1 state (01b). Upon acknowledgement of an external 


interrupt source, the device switches modes in order to service the interrupt. Note that this means
that an external interrupt must actually be recognized (i.e., be enabled and not masked by higher
priority interrupts) for the switchback to occur. For serial port reception, the switch occurs at the 
start of the instructions following the falling edge of the start bit.


CTM Crystal Multiplier Enable. This bit enables (= 1) or disables (= 0) the crystal multiplier function. 
Bit 4 When set (= 1), the CKRY bit (EXIF.3) is cleared and the multiplier circuitry begins a stabilization 


warm-up period to provide the clock multiplication factor specified by the 4X/2X bit (PMR.3).  Upon
completion of the warm-up delay, the CKRY bit is set and the user can then modify CD1,CD0 
(PMR.7, PMR.6) to select the crystal multiplier clock output. When clear (= 0), the crystal multipler
circuitry is disabled to conserve power. The CTM bit cannot be changed unless CD1,CD0 = 10b
and RGMD (EXIF.2) is cleared to 0. This bit is automatically cleared to 0 when the processor enters
stop mode. 


4X/2X Clock Multiplier Selection. This bit selects the clock multiplication factor as shown. 4X/2X = 0 
Bit 3 The frequency multiplier is set to two times the incoming clock by 4X/2X = 0. 4X/2X = 1 sets the 


frequency multiplier to 4 times the incoming clock. This bit can only be altered when the crystal 
multiplier enable bit (CTM) is cleared. Therefore, it must be set for the desired multiplication factor 
prior to setting the CTM bit. 


ALEON ALE Enable. When set (= 1), this bit enables the ALE signal output during on-chip program and 
Bit 2 data memory accesses. When clear (= 0), the ALE signal output is disabled during on-chip program


and data memory accesses. External memory access automatically enables ALE independent of 
the state of ALEON.


DME1, DME0 Data Memory Enable 1-0. These bits determine the functional relationship of the first 1024 bytes
Bits 1, 0 of data memory. Two memory configurations are supported to allow either external data memory 


access through the expanded bus of port 0 and port 2, or internal SRAM data memory access. 
Note these bits are cleared after a reset, so access to the internal SRAM is prohibited until these
bits are modified.


Data Memory Access


PIS2-0 Priority Interrupt Status Bits 2-0. These bits indicate the level of interrupt that is 
Bit 7, 6, 5 currently being serviced. (Interrupt levels 0-3 are associated with interrupt sources using the MP,LP


bits found in the IP1 and IP0 SFRS.)


DME1 DME0
DATA MEMORY


ADDRESS
RANGE


MEMORY ACCESS


0 0 0000h–FFFFh External Data Memory (default)


X 1 0000h–03FFh
0400h–FFFFh


Internal SRAM Data Memory
External Data Memory


1 0 Reserved Reserved


CLOCK (MODE 0) CLOCK (MODE 2)
4X/2X CD1:0


SM2 = 0 SM2 = 1 SMOD = 0 SMOD = 1


1 00 3 1 64 32


0 00 6 2 64 32


X 01 12 4 64 32


X 10 12 4 64 32


X 11 3072 1024 16384 8192


7 6 5 4 3 2 1 0
SFR C5 PIS2 PIS1 PIS0 — SPTA1 SPRA1 SPTA0 SPRA0


R-0 R-0 R-0 R-1 R-0 R-0 R-0 R-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Status Register  (STATUS)   


Serial Port Operation (in Oscillator Clocks)
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Bit 4 This bit is reserved and reads a logic 1.


SPTA1 Serial Port 1 Transmit Activity Monitor. When set, this bit indicates that data is currently being
Bit 3 transmitted by serial port 1. It is cleared when the internal hardware sets the TI_1 bit. Do not alter


the clock divide control bits (PMR.7-6) while this bit is set or serial port data can be lost.


SPRA1 Serial Port 1 Receive Activity Monitor. When set, this bit indicates that data is currently being 
Bit 2 received by serial port 1. It is cleared when the internal hardware sets the RI_1 bit. Do not alter the


clock divide control bits (PMR.7-6) while this bit is set or serial port data can be lost.


SPTA0 Serial Port 0 Transmit Activity Monitor. When set, this bit indicates that data is currently being
Bit 1 transmitted by serial port 0. It is cleared when the internal hardware sets the TI_1 bit. Do not alter


the clock divide control bits (PMR.7-6) while this bit is set or serial port data can be lost.


SPRA0 Serial Port 0 Receive Activity Monitor. When set, this bit indicates that data is currently being
Bit 0 received by serial port 0. It is cleared when the internal hardware sets the RI_1 bit. Do not alter the


clock divide control bits (PMR.7-6) while this bit is set or serial port data can be lost.


TA.7–0 Timed Access. Correctly accessing this register permits modification of timed access protected
Bits 7–0 bits. Write AAh to this register first, followed within 3 cycles by writing 55h. Timed access protected


bits can then be modified for a period of 3 cycles measured from the writing of the 55h.


TF2 Timer 2 Overflow Flag. This flag is set when Timer 2 overflows from FFFFh or the count equal
Bit 7 to the capture register in down count mode. It must be cleared by software. TF2 is only set if RCLK


and TCLK are both cleared to 0.


EXF2 Timer 2 External Flag. A negative transition on the T2EX pin (P1.1) or timer 2 underflow/overflow
Bit 6 causes this flag to set based on the CP/RL2 (T2CON.0), EXEN2 (T2CON.3), and DCEN 


(T2MOD.0) bits (see the following table). If set by a negative transition, this flag must be cleared to
0 by software. Setting this bit in software or detection of a negative transition on the T2EX pin forces
a timer interrupt if enabled.


PIS2-0 INTERRUPT PRIORITY LEVEL
000 No interrupt in progress
001 Level 0 interrupt in progress
010 Level 1 interrupt in progress
011 Level 2 interrupt in progress
100 Level 3 interrupt in progress
101 Power-fail warning interrupt in progress


7 6 5 4 3 2 1 0
SFR C7h TA.7 TA.6 TA.5 TA.4 TA.3 TA.2 TA.1 TA.0


W-1 W-1 W-1 W-1 W-1 W-1 W-1 W-1
W = Unrestricted write, -n = Value after reset


Timed Access Register  (TA)


7 6 5 4 3 2 1 0
SFR C8h TF2 EXF2 RCLK TCLK EXEN2 TR2 C/T2 CP/RL2


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Timer 2 Control  (T2CON)   
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RCLK Receive Clock Flag. This bit determines the serial port 0 time base when receiving data in serial
Bit 5 modes 1 or 3. Setting this bit forces Timer 2 into baud-rate generation mode. The timer operates 


from a divide-by-2 of the external clock.


0 = Timer 1 overflow is used to determine receiver baud rate for serial port 0.


1 = Timer 2 overflow is used to determine receiver baud rate for serial port 0.


TCLK Transmit Clock Flag. This bit determines the serial port 0 time base when transmitting data in 
Bit 4 serial modes 1 or 3. Setting this bit forces Timer 2 into baud rate generation mode. The timer operates


from a divide-by-2 of the external clock.


0 = Timer 1 overflow is used to determine transmitter baud rate for serial port 0.


1 = Timer 2 overflow is used to determine transmitter baud rate for serial port 0. 


EXEN2 Timer 2 External Enable. This bit enables the capture/reload function on the T2EX pin if Timer 2
Bit 3 is not generating baud rates for the serial port. 


0 = Timer 2 ignores all external events at T2EX. 


1 = Timer 2 captures or reload a value if a negative transition is detected on the T2EX pin.


TR2 Timer 2 Run Control. This bit enables/disables the operation of Timer 2. Halting this timer preserves
Bit 2 the current count in TH2, TL2. 


0 = Timer 2 is halted. 


1 = Timer 2 is enabled.


C/T2 Counter/Timer Select. This bit determines whether Timer 2 functions as a timer or counter. 
Bit 1 Independent of this bit, Timer 2 runs at 2 clocks per tick when used in either baud-rate generator


or clock-output mode. 


0 = Timer 2 function as a timer. 


1 = Timer 2 counts negative transitions on the T2 pin (P1.0).


CP/RL2 Capture/Reload Select. This bit determines whether the capture or reload function is used for 
Bit 0 Timer 2. When set (= 1), Timer 2 captures occur when a falling edge is detected on T2EX(P1.1)


if EXEN2 = 1. When clear (= 0), Timer 2 functions in an autoreload mode. An autoreload occurs 
following each overflow if RCLK or TCLK is set or if a falling edge is detected on T2EX if EXEN2 = 1. 


0 = Autoreloads occur when Timer 2 overflows or a falling edge is detected on T2EX if EXEN2 = 1.


1 = Timer 2 captures occur when a falling edge is detected on T2EX if EXEN2 = 1.


CP/RL2 EXEN2 DCEN RESULT


1 0 X Negative transitions on P1.1 do not affect this bit.


1 1 X Negative transitions on P1.1 set this bit.


0 0 0 Negative transitions on P1.1 do not affect this bit.


0 1 0 Negative transitions on P1.1 set this bit.


0 X 1
Bit toggles whenever Timer 2 underflows/overflows
and can be used as a 17th bit of resolution. In this
mode, EXF2 does not cause an interrupt.
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T2MOD 7–2


Bits 7–2 Reserved. Read data is 1.


T2OE Timer 2 Output Enable. This bit enables/disables the clock output function of the T2 pin (P1.0).
Bit 1 When set (= 1), Timer 2 drives the T2 pin with a clock output if C/(T2CON.1) = 0. For this setting,


Timer 2 rollovers do not cause interrupts. When clear (= 0), the T2 pin functions as either a standard
port pin or as a counter input for Timer 2. 


DCEN Down Count Enable. This bit, in conjunction with the T2EX (P1.1) pin, controls the direction that
Bit 0 Timer 2 counts in 16-bit autoreload mode.


RCAP2L.7–0 Timer 2 Capture LSB. This register is used to capture the TL2 value when Timer 2 is configured
Bits 7–0 in capture mode. RCAP2L is also used as the LSB of a 16-bit reload value when Timer 2 is configured


in autoreload mode.


RCAP2H.7–0 Timer 2 Capture MSB. This register is used to capture the TH2 value when Timer 2 is configured
Bits 7–0 in capture mode. RCAP2H is also used as the MSB of a 16-bit reload value when Timer 2 is con-


figured in autoreload mode.


TL2.7–0 Timer 2 LSB. This register contains the least significant byte of Timer 2.
Bits 7–0


DCEN T2EX DIRECTION
1 1 Up
1 0 Down
0 X Up


7 6 5 4 3 2 1 0
SFR CAh RCAP2L.7 RCAP2L.6 RCAP2L.5 RCAP2L.4 RCAP2L.3 RCAP2L.2 RCAP2L.1 RCAP2L.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Timer 2 Capture LSB  (RCAP2L)    


7 6 5 4 3 2 1 0
SFR CBh RCAP2H.7 RCAP2H.6 RCAP2H.5 RCAP2H.4 RCAP2H.3 RCAP2H.2 RCAP2H.1 RCAP2H.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Timer 2 Capture LSB  (RCAP2H)    


7 6 5 4 3 2 1 0
SFR CCh TL2.7 TL2.6 TL2.5 TL2.4 TL2.3 TL2.2 TL2.1 TL2.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Timer 2 LSB (TL2)       


7 6 5 4 3 2 1 0
SFR C9h — — — — — — T2OE DCEN


R-1 R-1 R-1 R-1 R-1 R-1 RW-0 RW-0


R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Timer 2 Mode  (T2MOD)   
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TH2.7–0 Timer 2 MSB. This register contains the most significant byte of Timer 2.
Bits 7–0


CY Carry Flag. This bit is set if the last arithmetic operation resulted in a carry (during addition) 
Bit 7 or a borrow (during subtraction). Otherwise, it is cleared to 0 by all arithmetic operations.


AC Auxiliary Carry Flag. This bit is set to 1 if the last arithmetic operation resulted in a carry into 
Bit 6 (during addition) or a borrow (during subtraction) from the high-order nibble. Otherwise, it is 


cleared to 0 by all arithmetic operations.


F0 User Flag 0. This is a bit-addressable, general-purpose flag for software control.


Bit 5


RS1, RS0 Register Bank Select 1–0. These bits select which register bank is addressed during register 
Bits 4-3 accesses.


Register Bank Addresses


OV Overflow Flag. This bit is set to 1 if the last arithmetic operation resulted in a carry (addition), 
Bit 2 borrow (subtraction), or overflow (multiplication or division). Otherwise it is cleared to 0 by all arith-


metic operations.


F1 User Flag 1. This is a bit-addressable, general-purpose flag for software control.


Bit 1


PARITY Parity Flag. This bit is set to 1 if the module-2 sum of the 8 bits of the accumulator is 1 (odd parity),
Bit 0 and cleared to 0 on even parity.


RS1 RS0 REGISTER BANK ADDRESS
0 0 0 00h – 07h
0 1 1 08h – 0Fh
1 0 2 10h – 17h
1 1 3 18h – 1Fh


7 6 5 4 3 2 1 0
SFR CDh TH2.7 TH2.6 TH2.5 TH2.4 TH2.3 TH2.2 TH2.1 TH2.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Timer 2 MSB (TH2)       


7 6 5 4 3 2 1 0
SFR D0h CY AC F0 RS1 RS0 OV F1 PARITY


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Program Status Word (PSW)  
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SMOD_1 Serial Modification. This bit controls the doubling of the serial port 1 baud rate in modes 1, 2, and 3.


Bit 7 0 = Serial port 1 baud rate operates at normal speed. 


1 = Serial port 1 baud rate is doubled.


POR Power-On Reset Flag. This bit indicates whether the last reset was a power-on reset. This bit is 
Bit 6 typically interrogated following a reset to determine if the reset was caused by a power-on reset. It


must be cleared by a timed access write before the next reset of any kind or user software may 
erroneously determine that another power-on reset has occurred. This bit is set following a power-
on reset and unaffected by all other resets. This bit automatically cleared when the ROM loader is
invoked. 


0 = Last reset was from a source other than a power-on reset.


1 = Last reset was a power-on reset.


EPFI Enable Power-Fail Interrupt. This bit enables/disables the ability of the internal bandgap 
Bit 5 reference to generate a power-fail interrupt when VCC falls below approximately 4.5V. While in stop


mode, both this bit and the bandgap Select bit, BGS (EXIF.0), must be set to enable the power-fail
interrupt.


0 = Power-fail interrupt disabled. 


1 = Power-fail interrupt enabled during normal operation. Power-fail interrupt enabled in stop mode
if BGS is set.


PFI Power-Fail Interrupt Flag. When set, this bit indicates that a power-fail interrupt has occurred. This
Bit 4 bit must be cleared in software before exiting the interrupt service routine, or another interrupt is 


generated. Setting this bit in software generate a power-fail interrupt, if enabled. This bit is auto-
matically cleared when the ROM loader is invoked.


WDIF Watchdog Interrupt Flag. This bit indicates if a watchdog timer event has occurred. The timeout
Bit 3 period of the watchdog timer is controlled by the Watchdog Timer Mode Select bits (CKCON.7-6).


The Watchdog Timer Interrupt Enable bit, EWDI (EIE.4), and Enable Watchdog Timer Reset bit, 
EWT (WDCON.1), determine what action is taken. This bit must be cleared in software before 
exiting the interrupt service routine, or another interrupt is generated. Setting this bit in software
generates a watchdog interrupt if enabled. This bit can only be modified using a Timed Access 
Procedure.


WTRF Watchdog Timer Reset Flag. When set, this bit indicates that a watchdog timer reset has 
Bit 2 occurred. It is typically interrogated to determine if a reset was caused by watchdog timer reset. It


is cleared by a power-on reset but otherwise must be cleared by software before the next reset 
of any kind or software can erroneously determine that a watchdog timer reset has occurred. 
Setting this bit in software does not generate a watchdog timer reset. If the EWT bit is cleared, the
watchdog timer has no effect on this bit. This bit is automatically cleared when the ROM loader is
invoked.


EWT Enable Watchdog Timer Reset. This bit enables/disables the generation of a watchdog timer 
Bit 1 reset 512 system clocks after the occurrence of a watchdog timeout. This bit can only be modi-


fied using a Timed Access Procedure and is unaffected by all other resets. The default power-on 
reset state of EWT is determined by Option Control Register bit 3 (OCR.3) located in flash memo
ry. This bit will automatically be cleared when the ROM loader is invoked.


0 = A watchdog reset is not generated after a watchdog timeout


1 = A watchdog reset is generated 512 system clocks after a watchdog timeout unless RWT is 
strobed or EWT is cleared. 


7 6 5 4 3 2 1 0
SFR D8h SMOD_1 POR EPFI PFI WDIF WTRF EWT RWT


RW-0 RT-* RW-0 RW-* RT-0 RW-* RT-* RT-0
R = Unrestricted read, W = Unrestricted write, T = Timed-access write only, -n = Value after reset, * = see description


Watchdog Control (WDCON)   
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RWT Reset Watchdog Timer. Setting this bit resets the watchdog timer count. This bit must be set 
Bit 0 using a Timed Access procedure before the watchdog timer expires, or a watchdog timer reset 


and/or interrupt is generated if enabled. The timeout period is defined by the Watchdog Timer 
Mode Select bits (CKCON.7-6). This bit is always be 0 when read.


ACC.7–0 Accumulator. This register serves as the accumulator for arithmetic operations. 


Bits 7–0


Bits 7–5 Reserved. Read data is 1.


EWDI Watchdog Interrupt Enable. This bit enables/disables the watchdog interrupt. 


Bit 4 0 = Disable the watchdog interrupt. 


1 = Enable interrupt requests generated by the watchdog timer.


EX5 External Interrupt 5 Enable. This bit enables/disables external interrupt 5. 


Bit 3 0 = Disable external interrupt 5. 


1 = Enable interrupt requests generated by the INT5 pin.


EX4 External Interrupt 4 Enable. This bit enables/disables external interrupt 4. 


Bit 2 0 = Disable external interrupt 4. 


1 = Enable interrupt requests generated by the INT4 pin.


EX3 External Interrupt 3 Enable. This bit enables/disables external interrupt 3. 


Bit 1 0 = Disable external interrupt 3. 


1 = Enable interrupt requests generated by the INT3 pin.


EX2 External Interrupt 2 Enable. This bit enables/disables external interrupt 2. 


Bit 0 0 = Disable external interrupt 2. 


1 = Enable interrupt requests generated by the INT2 pin.


B.7–0 B Register. This register serves as a second accumulator for certain arithmetic operations.


Bits 7–0


7 6 5 4 3 2 1 0
SFR F0h B.7 B.6 B.5 B.4 B.3 B.2 B.1 B.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


B Register (B)   


7 6 5 4 3 2 1 0
SFR E0h ACC.7 ACC.6 ACC.5 ACC.4 ACC.3 ACC.2 ACC.1 ACC.0


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Accumulator (A or ACC)   


7 6 5 4 3 2 1 0
SFR E8h — — — EWDI EX5 EX4 EX3 EX2


R-1 R-1 R-1 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Extended Interrupt Enable (EIE)   
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Bits 7–5 Reserved. Read data is 1.


MPWDI Most significant priority select bit for watchdog interrupt. Most significant bit of the bit pair
Bit 4 MPWDI, LPWDI (EIP0.4) that designates priority level for the watchdog interrupt.


MPX5 Most significant priority select bit for external interrupt 5. Most significant bit of the bit pair
Bit 3 MPX5, LPX5 (EIP0.3) that designates priority level for external interrupt 5.


MPX4 Most significant priority select bit for external interrupt 4. Most significant bit of the bit pair
Bit 2 MPX4, LPX4 (EIP0.2) that designates priority level for external interrupt 4.


MPX3 Most significant priority select bit for external interrupt 3. Most significant bit of the bit pair
Bit 1 MPX3, LPX3 (EIP0.1) that designates priority level for external interrupt 3.


MPX2 Most significant priority select bit for external interrupt 2. Most significant bit of the bit pair
Bit 0 MPX2, LPX2 (EIP0.0) that designates priority level for external interrupt 2.


Interrupt priority level for the above sources is assigned using one bit from register EIP1 (F1h) and
one bit from EIP0 (F8h). The bit from EIP1 serves as the most significant bit and the bit from EIP0
serves as the least significant bit, in forming a 2-bit binary number. This number represents the pri
ority level. Higher priority interrupts, when enabled, take precedence over lower priority sources. 
The power-fail warning interrupt source is assigned Priority Level 4. 


Most Significant Priority Select Bit Levels


MP (EIP1.x) LP (EIP0.x) PRIORITY LEVEL
0 0 0 (natural priority)
0 1 1
1 0 2
1 1 3 (high priority)


7 6 5 4 3 2 1 0
SFR F1h — — — MPWDI MPX5 MPX4 MPX3 MPX2


R-1 R-1 R-1 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Extended Interrupt Priority 1 (EIP1)   
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Bits 7–5 Reserved. Read data is 1.


LPWDI Least significant priority select bit for watchdog interrupt. This is the least significant bit of the
Bit 4 bit pair MPWDI (EIP1.4), LPWDI that designates priority level for the watchdog interrupt.


LPX5 Least significant priority select bit for external interrupt 5. This is the least significant bit of the
Bit 3 bit pair MPX5 (EIP1.3), LPX5 that designates priority level for external interrupt 5.


LPX4 Least significant priority select bit for external interrupt 4. This is the least significant bit of the
Bit 2 bit pair MPX4 (EIP1.2), LPX4 that designates priority level for external interrupt 4.


LPX3 Least significant priority select bit for external interrupt 3. This is the least significant bit of the
Bit 1 bit pair MPX3 (EIP1.1), LPX3 that designates priority level for external interrupt 3.


LPX2 Least significant priority select bit for external interrupt 2. This is the least significant bit of the
Bit 0 bit pair MPX2 (EIP1.0), LPX2 that designates priority level for external interrupt 2.


Least Significant Priority Select Bit Levels


MP (IP1.X) LP (IP0.X) PRIORITY LEVEL
0 0 0 (natural priority)
0 1 1
1 0 2
1 1 3 (high priority)


7 6 5 4 3 2 1 0
SFR F8h — — — LPWDI LPX5 LPX4 LPX3 LPX2


R-1 R-1 R-1 RW-0 RW-0 RW-0 RW-0 RW-0
R = Unrestricted read, W = Unrestricted write, -n = Value after reset


Extended Interrupt Priority 0 (EIP0)   
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Figure 5-1. Crystal Connection
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Figure 5-2. Clock Source Input


SECTION 5: CPU TIMING
The timing of the ultra-high-speed microcontroller is the area with the greatest departure from the original 8051 series. This section
explains the timing and compares it to the original 8051.


OSCILLATOR
The ultra-high-speed microcontroller provides an on-chip oscillator circuit that can be driven by an external crystal or by an off-chip
TTL clock source. The oscillator circuit provides the internal clocking signals to the on-chip CPU and I/O circuits. In many designs, a
crystal is the preferred clock source. Figure 5-1 shows the required connections for a crystal and typical capacitor values. Some
designs may prefer using an off-chip clock oscillator as the primary clock source. This configuration is illustrated in Figure 5-2. When
using an off-chip oscillator, the duty cycle becomes important. As near as possible, a 50% duty cycle should be supplied.


XTAL1
This pin is the input to an inverting high-gain amplifier. It also serves as the input for an off-chip oscillator. Note that, when using an off-
chip oscillator, XTAL2 is left unconnected.


XTAL2
This pin is the output of the crystal amplifier. It can be used to distribute the clock to other devices on the same board. If using a crys-
tal, the loading on this pin should be kept to a minimum, especially capacitive loading.


OSCILLATOR CHARACTERISTICS
The ultra-high-speed microcontroller was designed to operate with a parallel resonant AT-cut crystal. The crystal should resonate at the
desired frequency in its primary or fundamental mode. The oscillator employs a high-gain amplifier to assure a clean waveform at high
frequency. Due to the high-performance nature of the product, both clock edges are used for internal timing. Therefore, the duty cycle
of the clock source is of importance. A crystal circuit balances itself automatically. Thus crystal users do not need to take extra pre-
cautions concerning duty cycle.


CRYSTAL SELECTION
The ultra-high-speed microcontroller family was designed to operate with fundamental mode crystals for improved stability. Although
most high-speed (i.e., greater than 25MHz) crystals operate from their third overtone, fundamental mode crystals are available from
most major crystal suppliers. Designers are cautioned to ensure that high-speed crystals being specified for use in their application
do operate at the rated frequency in their fundamental mode. The use of a third overtone crystal will typically result in oscillation rates
at one-third the desired speed.
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SYSTEM CLOCK DIVIDE CONTROL
The ultra-high-speed microcontroller provides the ability to speed up or slow down the system clock that is used internally by the CPU.
The system clock divide ratio can be configured to 0.25 (4X multiply mode), 0.5 (2X multiply mode), 1 (default), or 1024 (power man-
agement mode) and is controlled by the CD1:0 bits (PMR.7, PMR.6). 


To use the crystal multiply mode, the multiplier circuit must be prompted to warmup in the desired 4X or 2X configuration. The 4X/2X
bit defines the crystal multiplying factor. This bit can be altered only from the divide-by-1 (default) mode, while the crystal multiplier is
disabled (CTM = 0).  Once the 4X/2X bit has been configured as desired, setting the CTM bit (PMR.4) initiates the crystal multiplier
warmup period. The CTM bit can only be altered when the CD1:0 bits are set to divide-by-1 mode and the RGMD bit is cleared to 0.
During the multiplier warmup period the CKRY bit remains cleared and the CD1:0 clock control bits cannot be set to 00b. When the
crystal multiplier circuit has completed the warmup and is ready for use, the CKRY (EXIF.3) bit set to a logic 1. At this point, the CD1:0
bits can be modified to select the multiplier output for use as the internal system clock. Specifics of hardware restrictions associated
with the use of the 4X/2X CTM, CKRY, CD1, and CD0 bits are outlined in the SFR descriptions. The prescribed sequence for selecting
the the crystal multiplier is as follows:


1) Ensure that the current clock mode is set to divide-by-1 (CD1:0 = 10b) and that RGMD (EXIF.2) = 0.


2) Clear the CTM bit.


3) Put the 4X/2X bit in the desired state.


4) Set the CTM bit.


5) Poll for the CKRY (EXIF.3) bit to be set (= 1). This takes ~65536 external clock cycles.


6) Set CD1:0 = 00b. The frequency multiplier is engaged on the memory cycle following the writing of these bits.


An additional circuit provides a divide-by-1024 clock source that can be selected as the internal system clock. When programmed to
the divide-by-1024 mode, the user may wish to set the switchback bit (PMR.5: SWB) to force the clock divide control bits automatical-
ly back to the divide-by-1 mode whenever the system detects an externally enabled interrupt or an incoming serial port start bit. This
automatic switchback is only enabled during divide-by-1024 mode, and all other clock control settings are unaffected by interrupts and
serial port activity. The  power management mode is detailed further in Section 7 (Power Management).


It is important to remember that changing the system clock frequency affects all aspects of system operation, including timers and ser-
ial port baud rates. These effects are detailed in Section 11 (Programmable Timers) and Section 12 (Serial I/O). The following diagram
illustrates the system clock control function.


RING
OSCILLATOR
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ENABLE
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CLOCK 
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MUX


00
01, 10
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4X / 2X
CTM


CD1
CD0


DIVIDE 1024


Figure 5-3. System Clock Sources
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INSTRUCTION TIMING
The ultra-high-speed microcontroller executes the industry standard 8051 instruction set. Each instruction requires a minimum of one
memory cycle of execution time, and may require as many as ten memory cycles (DIV AB only). The number of memory cycles required
to execute any given 8051 instruction is documented at the end of this section and can be found in Section 14 (Instruction Set Details). 


A memory cycle is the basic timing unit for the ultra-high-speed microcontroller. If internal program code is being executed, a memo-
ry cycle always consists of one system clock. If external program code is being executed, a memory cycle is then composed of 1, 2,
or 4 system clocks, as defined by the external bus configuration (non page mode, page mode 1, or page mode 2). 


Calculating the number of external crystal or oscillator clock periods (tCLCL) per memory cycle additionally depends upon how the
user has configured the system clock as a function of the external clock. The system clock control function was covered earlier in the
section. As an example, if the crystal multiplier is used to generate a system clock frequency four times the frequency of the external
clock source, a nonpaged mode external memory cycle would consist of one external clock.


All instructions are coded within an 8-bit field called an op code. This single byte must be fetched from program memory. The CPU
decodes the op code to determine what action the microcontroller must take or whether additional information is needed from memo-
ry. If no other memory is needed, then only 1 byte was required. Thus, the instruction is called a 1-byte instruction. In some cases,
more data is needed. These are 2- or 3-byte instructions.


Single-Byte Instructions
A single-byte instruction can require anywhere between one and ten memory cycles to execute. When the execution cycle count
exceeds the byte count, the program counter must stall until instruction execution is completed. All MOVX data memory access instruc-
tions have a single-byte op code, but require more memory cycles so that data may be accessed. The MOVX instruction timing is cov-
ered in Section 6 (Memory Access). Following are examples of single byte instructions, each requiring a different number of execution
cycles:


OPCODE NO. OF CYCLES
RRC A 13h 1
DA A D4h 2
RET 22h 3
MUL AB A4h 9
DIV AB 84h 10


2-Byte Instructions
All 2-byte instructions require a minimum of two cycles, since fetching each byte requires a separate memory access. The first byte is
the instruction op code that is decoded by the CPU. The second byte is normally an operand, or it can specify the location of the
operand. For example, “ADD A, direct” is a 2-byte, two cycle instruction where the second byte specifies the direct address location
of the operand. Due to internal access restrictions, certain direct addressing instructions require one extra memory cycle when oper-
ating on the PSW, SP, DPS, IE, EIE, IP0, IP1, EIP0, or EIP1 register. Following are examples of these and other 2-byte instructions: 


OPCODE OPERAND/LOCATION NO. OF CYCLES
ADD A, direct 25h <addr7-0> 2
ADD A, #data 24h <data7-0> 2
SJMP rel 80h <addr7-0> 3


SYSTEM
CLOCK


MEMORY
CYCLE


MUX EXECUTION
INTERNAL
EXTERNAL
NON PAGE
PAGE MODE 1 (1-CYCLE)
PAGE MODE 1 (2-CYCLE)
PAGE MODE 1 (3-CYCLE)
PAGE MODE 2


MEMORY CYCLE
SYSCLK/1


SYSCLK/4
SYSCLK/1
SYSCLK/2
SYSCLK/4
SYSCLK/2 (PROG)
SYSCLK/4 (DATA)


00
01, 10


11


Figure 5-4. Instruction Memory Cycle Determination
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ANL direct, A 52h <addr7-0> 2 or 3
ORL direct, A 42h <addr7-0> 2 or 3
DJNZ Rn, direct D8h-DFh <addr7-0> 4


3-Byte Instructions
Three-byte instructions require a minimum of three cycles since each byte fetch requires one memory cycle. The first byte, the opcode,
instructs the CPU on how to handle the next two bytes. Most 3-byte instructions involve comparison or branching, but not all. Just like
the 2-byte instructions, certain 3-byte instructions may require 1 extra memory cycle when operating on the PSW, SP, DPS, IE, EIE, IP0,
IP1, EIP0, or EIP1 register. Following are examples of 3-byte instructions. 


OPCODE OPERAND(s)/LOCATION(s)      NO. Of CYCLES
LJMP addr16 02h <addr15-8><addr7-0> 3
MOV dptr, #data16 90h <data15-8><data7-0> 3
MOV direct, direct 85h <addr7-0><addr7-0> 3 or 4
JBC bit, rel 10h <addr7-0><addr7-0> 4 or 5
DJNZ direct, rel D5h <addr7-0><addr7-0> 5


NONPAGE MODE EXTERNAL TIMING
The ultra-high-speed flash microcontroller defaults to a nonpage mode external memory interface. The nonpage mode bus structure
requires four system clock cycles per memory cycle. In the nonpage mode, the ALE signal latches the address LSB on each program
fetch. When the cycle count of an instruction exceeds the byte count,  “dummy” fetches are performed each cycle until instruction exe-
cution is complete. The following diagrams demonstrate the basic timing for nonpage mode instruction execution.


The first diagram below shows the execution of the DA A instruction (1 byte, two cycles) followed by execution of the RRC A (1 byte,
one cycle) instruction. When a code fetch is made from a different 256-byte page, the new address MSB is presented on port 2.


The second diagram below shows the execution of the INC direct instruction (2 bytes) for the cases where an extra memory cycle is
not (INC DPL) and is (INC DPS) required.


NONPAGE MODE: DA A – RRC A
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NONPAGE MODE EXTERNAL TIMING (CONTINUED)
The first diagram below illustrates an ACALL instruction (2 bytes, two cycles) with a destination address residing on a different 256-
byte page. This is indicated only by the MSB address change on port 2. The memory cycle duration remains constant.


The second diagram below shows execution of the RET instruction (1 byte, three cycles). Because the cycle count of the RET instruc-
tion exceeds the byte count, two stall cycles (“dummy” fetches) are inserted to allow execution to complete. In this example, the return
address and the RET instruction are on different 256-byte pages (signified by the MSB address change on port 2).
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PAGE MODE 1 EXTERNAL TIMING—PAGES 1:0 = 10b (FOUR CYCLES)
The page mode 1 external bus structure multiplexes port 2 to provide the address MSB and LSB. Data transactions occur exclusive-
ly on port 0. ALE is used to latch the address MSB only when needed, and PSEN serves as the enable for external program memory.
Page mode 1 must be initiated by internal code memory. To invoke 4-cycle page mode 1 operation, the PAGES1:0 bits must be set to
10b, followed by the setting of the PAGEE bit. In the four-cycle page mode 1 configuration, a page-hit memory cycle is four system
clocks in length, while the page-miss memory cycle requires eight system clocks.


The first diagram below shows the fetch of the DA A instruction (1 byte, two cycles) during a page-miss memory cycle as would occur
when a page boundary is crossed. Like nonpage mode operation, a “dummy” or stall cycle must then be inserted for the single-byte
DA A instruction, since it requires two cycles of execution time. After stalling for one cycle, the real fetch of the RRC A instruction takes
place.


The second diagram below illustrates the fetch of the DA A instruction as the last byte of a 256-byte page. In this case, the stall cycle
needed in executing the DA A instruction coincides with a page-miss memory cycle instead of a page hit (as in the first diagram).
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PAGE MODE 1 EXTERNAL TIMING—PAGES 1:0 = 10b (FOUR CYCLES)
(CONTINUED)


The first diagram below shows execution of the INC direct instruction (2 byte, two or three cycles) for the cases where an extra memory cycle is not
(INC DPL) and is (INC DPS) required.


The second diagram illustrates execution of the ACALL instruction whose destination address is on a different 256-byte page.  Therefore, the second
execution cycle of the ACALL instruction is a page-miss memory cycle that requires an ALE signal toggle to be used in order to latch a new address
MSB. 


FOUR-CYCLE PAGE MODE 1: INC DIRECT (TWO CYCLES) – INC DIRECT (THREE CYCLES)


SYSCLK


ALE


PSEN


PORT 2


PORT 0


MSB ADDRESS


INC DPL INC DPS


058205 86 E0 E0


LSB ADDRESSLSB ADDRESSLSB ADDRESS


HIT


HIT


HIT HITSTALLHIT


FOUR-CYCLE PAGE MODE: ACALL – (PAGE MISS)


SYSCLK


ALE


PSEN


PORT 2


PORT 0


ACALL


71


MISS HITHIT


LSB ADDRESS MSB ADDRESS LSB ADDRESS LSB ADDRESSLSB ADDRESS


33







Ultra-High-Speed Flash
Microcontroller User’s Guide


49 _____________________________________________________________________________________________


PAGE MODE 1 EXTERNAL TIMING—PAGES 1:0 = 10b (FOUR CYCLES)
(CONTINUED)
The two diagrams below demonstrate the execution of the RET (1 byte, three cycles) instruction. In the first diagram, the return address resides on
the same 256-byte page as that of the executed RET instruction. Two stall cycles are inserted followed by a page-hit memory cycle. In the second
diagram, the return address is on a different 256-byte page from where the RET instruction was executed. In this case, two stall cycles are inserted,
followed by a page-miss memory cycle.
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PAGE MODE 1 EXTERNAL TIMING—PAGES 1:0 = 01b (TWO CYCLES)
The page mode 1 external bus structure multiplexes port 2 to provide the address MSB and LSB. Data transactions occur exclusively on port 0. ALE
is used to latch the Address MSB only when needed, and PSEN serves as the enable for external program memory. To invoke two-cycle page mode
1 operation, the PAGES1:0 bits must be set to 01b, followed by the setting of the PAGEE bit. In the two-cycle page mode 1 configuration, a page-hit-
memory cycle is two system clocks in length, while the page-miss memory cycle requires four system clocks.


The first diagram below shows the fetch of the CLR C instruction (1 byte, one cycle) during a page-miss memory cycle, followed by the fetch of the
RRC A instruction (1 byte, one cycle) during a page-hit memory cycle. Since the next instruction, XCH A, @R0 (1 byte, three cycles), requires three
memory cycles to execute, two stall cycles must be inserted for it to complete prior to the next instruction being read.


The second diagram below illustrates the LJMP (3 bytes, three cycles) instruction, whose destination address is on a different 256-byte page than
the LJMP instruction, thus resulting in a page-miss memory cycle.


TWO-CYCLE PAGE MODE 1: (PAGE MISS) – CLR C – RRC A – XCH A, @R0
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PAGE MODE 1 EXTERNAL TIMING—PAGES 1:0 = 00b (ONE CYCLE)
The page mode 1 external bus structure multiplexes port 2 to provide the address MSB and LSB. Data transactions occur exclusive-
ly on port 0. ALE is used to latch the address MSB only when needed, and PSEN serves as the enable for external program memory.
Note that the one-cycle configuration differs slightly from the two-cycle and four-cycle configurations of the page mode 1 bus structure
in that PSEN does not toggle for consecutive page hits, but stays in the active-low state. To invoke one-cycle page mode 1 operation,
the PAGES 1:0 bits must be set to 00b, followed by the setting of the PAGEE bit. In the 1-cycle Page Mode 1 configuration, a page-hit
memory cycle is one system clock in length, while the page-miss memory cycle requires two system clocks.


In the following first diagram, the CLR C (1 byte, one cycle) instruction fetch occurs during a page-miss memory cycle, followed by the
RRC A instruction (1 byte, 1 cycle) instruction fetch during a page-hit memory cycle. The MUL AB (1 byte, nine cycles) instruction,
which occurs next, requires that the program counter be stalled for eight additional memory cycles so that execution can complete. In
a similar fashion, the DA A (1 byte, two cycles) instruction, which follows the multiply, requires that one stall be inserted.


The second diagram illustrates the memory cycle dependence of some direct instructions on the SFR addressed. The ORL direct, A
is shown for cases where P1 and IE are being addressed.
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PAGE MODE 1 EXTERNAL TIMING—PAGES 1:0 = 00b (ONE CYCLE) (CONTINUED)
The first diagram below illustrates the JBC bit, rel (3 bytes, four cycles) instruction for the case where the tested bit is clear and the
jump is not taken. Note that one stall cycle must be inserted since the cycle count exceeds the byte count by one. The RET (1 byte,
three cycles) instruction that follows requires insertion of two stall cycles. In this example, the return address is on a different 256-byte
page than the RET instruction, thus resulting in a page-miss memory cycle. The MOV direct, #data (3 bytes, three cycles) executed
next provides an example of an instruction not requiring any stall cycles.


The second diagram shows the same JBC bit, rel instruction for the case where the tested bit is set and the jump is taken. Since the
bit must be cleared and involves one of the special registers (PSW, SP, DPS, IE, EIE, IP0, IP1, EIP0, EIP1), a fifth memory cycle is
required. For this example, the jump taken by the JBC instruction crosses a 256-byte page boundary, while the RET instruction stays
on the same page.
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PAGE MODE 2 EXTERNAL TIMING—PAGES 1:0 = 11b 
The page mode 2 external bus structure multiplexes port 2 between address MSB and data. The address LSB is provided exclusive-
ly on port 0. ALE is used to latch the address MSB only when needed, and PSEN serves as the enable for external program memory.
To invoke page mode 2 operation, the PAGES 1:0 bits must be set to 11b, followed by the setting of the PAGEE bit. In the page mode
2 configuration, a page-hit program memory cycle is two system clocks in length, while the page-miss program memory cycle requires
four system clocks. All data memory cycles are four system clocks in length. 


The first diagram below shows the fetch of the CLR C instruction (1 byte, 1 cycle) during a page-miss memory cycle, followed by the
fetch of the RRC A instruction (1 byte, one cycle) during a page-hit memory cycle. The next instruction, XCH A, @R0 (1 byte, three
cycles), requires three memory cycles to execute, so two stall cycles must be inserted for it to complete prior to the next instruction
being read.


The second diagram below illustrates the LJMP (3 bytes, three cycles) instruction, whose destination address is on a different 256-byte
page than the LJMP instruction, thus resulting in a page-miss memory cycle.


COMPARISON TO THE 8051
The original 8051 needed 12 clocks per machine cycle and most instructions executed in either one or two machine cycles. Thus,
except for the MUL and DIV instructions, the 8051 used either 12 or 24 clocks for each instruction. Furthermore, each machine cycle
in the 8051 used two memory fetches. In many cases the second fetch was a dummy, and the extra clock cycles were wasted.


The ultra-high-speed microcontroller uses one clock per memory (or machine) cycle. Where there were primarily one- and two-cycle
instructions before, an instruction on the ultra-high-speed microcontroller may take between one and ten cycles. The divide instruction,
for example, requires 10 cycles. Note however, that the 10 cycles needed for the DIV AB instruction can be executed at one clock per
cycle (10 x 1 = 10 total clock cycles). The instruction is executed 4.8 times faster than the original 8051 architecture which required
four cycles at a rate of 12 clocks per cycle (4 x 12 = 48 total clock cycles). Each instruction is at least four times faster, with the high-
est throughput improvement being 24 times that of the original 8051 architecture.
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Table 5-1 shows each instruction, the number of clocks used in the ultra-high-speed microcontroller, and the number used in the 8051 for
comparison. The factor by which the ultra-high-speed microcontroller improves on the 8051 is shown as the speed advantage. A speed
advantage of 12 means that the ultra-high-speed microcontroller performs the same instruction 12 times faster than the original 8051.


Table 5-2 provides a summary by instruction type. Note that many of the instructions provide multiple op codes. As an example, the
ADD A, Rn instruction can act on one of eight working registers. There are eight op codes for this instruction because it can be used
on eight independent locations. Table 5-2 shows totals for both number of instructions and number of op codes. Averages are provid-
ed in the tables. However, the real speed improvement seen in any system depends on the instruction mix.


Table 5-1. INSTRUCTION TIMING COMPARISON
Ultra-high-speed microcontroller is abbreviated as UHSM.


UHSM UHSM 8051 8051 UHSM vs.


HEX CLOCK TIME CLOCK TIME 8051 SPEED


INSTRUCTION CODE CYCLES @ 25MHz CYCLES @ 25MHz ADVANTAGE


ADD A, Rn 28..2F 1 40 ns 12 480 ns 12


ADD A, direct 25 2 80 ns 12 480 ns 6


ADD A, @Ri 26..27 2 80 ns 12 480 ns 6


ADD A, #data 24 2 80 ns 12 480 ns 6


ADDC A, Rn 38..3F 1 40 ns 12 480 ns 12


ADDC A, direct 35 2 80 ns 12 480 ns 6


ADDC A, @Ri 36..37 2 80 ns 12 480 ns 6


ADDC A, #data 34 2 80 ns 12 480 ns 6


SUBB A, Rn 98..9F 1 40 ns 12 480 ns 12


SUBB A, direct 95 2 80 ns 12 480 ns 6


SUBB A, @Ri 96..97 2 80 ns 12 480 ns 6


SUBB A, #data 94 2 80 ns 12 480 ns 6


INC A 04 1 40 ns 12 480 ns 12


INC Rn 08..0F 1 40 ns 12 480 ns 12


INC direct 05 2 80 ns 12 480 ns 6


INC @Ri 06..07 2 80 ns 12 480 ns 6


INC DPTR A3 1 40 ns 24 960 ns 24


DEC A 14 1 40 ns 12 480 ns 12


DEC Rn 18..1F 1 40 ns 12 480 ns 12


DEC direct 15 2 80 ns 12 480 ns 6


DEC @Ri 16..17 2 80 ns 12 480 ns 6


MUL AB A4 9 360 ns 48 960 ns 5.33


DIV AB 84 10 400 ns 48 960 ns 4.80


DA A D4 2 80 ns 12 480 ns 6


ANL A, Rn 58..5F 1 40 ns 12 480 ns 12


ANL A, direct 55 2 80 ns 12 480 ns 6


ANL A, @Ri 56..57 2 80 ns 12 480 ns 6


ANL A, #data 54 2 80 ns 12 480 ns 6


ANL direct, A 52 2 80 ns 12 480 ns 6


ANL direct, #data 53 3 120 ns 24 960 ns 8
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UHSM UHSM 8051 8051 UHSM vs.


HEX CLOCK TIME CLOCK TIME 8051 SPEED


INSTRUCTION CODE CYCLES @ 25MHz CYCLES @ 25MHz ADVANTAGE


ORL A, Rn 48..4F 1 40 ns 12 480 ns 12


ORL A, direct 45 2 80 ns 12 480 ns 6


ORL A, @Ri 46..47 2 80 ns 12 480 ns 6


ORL A, #data 44 2 80 ns 12 480 ns 6


ORL direct, A 42 2 80 ns 12 480 ns 6


ORL direct, #data 43 3 120 ns 24 960 ns 8


XRL A, Rn 68..6F 1 40 ns 12 480 ns 12


XRL A, direct 65 2 80 ns 12 480 ns 6


XRL A, @Ri 66..67 2 80 ns 12 480 ns 6


XRL A, #data 64 2 80 ns 12 480 ns 6


XRL direct, A 62 2 80 ns 12 480 ns 6


XRL direct, #data 63 3 120 ns 24 960 ns 8


CLR A E4 1 40 ns 12 480 ns 12


CPL A F4 1 40 ns 12 480 ns 12


RL A 23 1 40 ns 12 480 ns 12


RLC A 33 1 40 ns 12 480 ns 12


RR A 03 1 40 ns 12 480 ns 12


RRC A 13 1 40 ns 12 480 ns 12


SWAP A C4 1 40 ns 12 480 ns 12


MOV A, Rn E8..EF 1 40 ns 12 480 ns 12


MOV A, direct E5 2 80 ns 12 480 ns 6


MOV A, @Ri E6..E7 2 80 ns 12 480 ns 6


MOV A, #data 74 2 80 ns 12 480 ns 6


MOV Rn, A F8..FF 1 40 ns 12 480 ns 12


MOV Rn, direct A8..AF 2 80 ns 24 960 ns 12


MOV Rn, #data 78..7F 2 80 ns 12 480 ns 6


MOV direct, A F5 2 80 ns 12 480 ns 6


MOV direct, Rn 88..8F 2 80 ns 24 960 ns 12


MOV direct, direct 85 3 120 ns 24 960 ns 8


MOV direct, @Ri 86..87 2 80 ns 24 960 ns 12


MOV direct, #data 75 3 120 ns 24 960 ns 8


MOV @Ri, A F6..F7 1 40 ns 12 480 ns 12


MOV @Ri, direct A6..A7 2 80 ns 24 960 ns 12


MOV @Ri, #data 76..77 2 80 ns 12 480 ns 6


MOV DPTR, #data 16 90 3 120 ns 24 960 ns 8


MOVC A, @A+DPTR 93 3 120 ns 24 960 ns 8


MOVC A, @A+PC 83 3 120 ns 24 960 ns 8


MOVX A, @Ri E2..E3 2 80 ns 24 960 ns 12


MOVX A, @DPTR E0 2 80 ns 24 960 ns 12


MOVX @Ri, A F2..F3 2 80 ns 24 960 ns 12
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UHSM UHSM 8051 8051 UHSM vs.


HEX CLOCK TIME CLOCK TIME 8051 SPEED


INSTRUCTION CODE CYCLES @ 25MHz CYCLES @ 25MHz ADVANTAGE


MOVX @DPTR, A F0 2 80 ns 24 960 ns 12


PUSH direct C0 2 80 ns 24 960 ns 12


POP direct D0 2 80 ns 24 960 ns 12


XCH A, Rn C8..CF 2 80 ns 12 480 ns 6


XCH A, direct C5 3 120 ns 12 480 ns 4


XCH A, @Ri C6..C7 3 120 ns 12 480 ns 4


XCHD A, @Ri D6..D7 3 120 ns 12 480 ns 4


CLR C C3 1 40 ns 12 480 ns 12


CLR bit C2 2 80 ns 12 480 ns 6


SETB C D3 1 40 ns 12 480 ns 12


SETB bit D2 2 80 ns 12 480 ns 6


CPL C B3 1 40 ns 12 480 ns 12


CPL bit B2 2 80 ns 12 480 ns 6


ANL C, bit 82 2 80 ns 24 960 ns 12


ANL C, B0 2 80 ns 24 960 ns 12


ORL C, bit 72 2 80 ns 24 960 ns 12


ORL C, A0 2 80 ns 24 960 ns 12


MOV C, bit A2 2 80 ns 12 480 ns 6


MOV bit, C 92 2 80 ns 24 960 ns 12


ACALL addr 11 Hex code


Hex codes = 11, 31, 51, Byte 1 2 80 ns 24 960 ns 12


71, 91, B1, D1, or F1


LCALL addr 16 12 3 120 ns 24 960 ns 8


RET 22 3 120 ns 24 960 ns 8


RETI 32 3 120 ns 24 960 ns 8


AJMP addr 11 Hex code


Hex code = 01, 21, 41, Byte 1 2 80 ns 24 960 ns 12


61, 81, A1, C1, or E1


LJMP addr 16 02 3 120 ns 24 960 ns 8


JMP @A+DPTR 73 3 120 ns 24 960 ns 8


SJMP rel 80 3 120 ns 24 960 ns 8


JZ rel 60 3 120 ns 24 960 ns 8


JNZ rel 70 3 120 ns 24 960 ns 8


JC rel 40 3 120 ns 24 960 ns 8


JNC rel 50 3 120 ns 24 960 ns 8


JB bit, rel 20 4 160 ns 24 960 ns 6


JNB bit, rel 30 4 160 ns 24 960 ns 6


JBC bit, rel 10 4 160 ns 24 960 ns 6


CJNE A, direct, rel B5 5 200 ns 24 960 ns 4.8
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UHSM UHSM 8051 8051 UHSM vs.


HEX CLOCK TIME CLOCK TIME 8051 SPEED


INSTRUCTION CODE CYCLES @ 25MHz CYCLES @ 25MHz ADVANTAGE


CJNE A, #data, rel B4 4 160 ns 24 960 ns 6


CJNE Rn, #data, rel B8..BF 4 160 ns 24 960 ns 6


CJNE @Ri, #data, rel B6..B7 5 200 ns 24 960 ns 4.8


DJNZ Rn, rel D8..DF 4 160 ns 24 960 ns 6


DJNZ direct, rel D5 5 200 ns 24 960 ns 4.8


NOP 00 1 40 ns 12 480 ns 12


Table 5-2. INSTRUCTION SPEED SUMMARY


INSTRUCTION CATEGORY SPEED
ADVANTAGE QUANTITY


4.0 2
4.8 1
5.3 1
6.0 12
8.0 5
12.0 27


Total instructions: 1 byte


24.0 1
4.0 1
6.0 27
8.0 5


Total instructions: 2 byte


12.0 13
4.8 3
6.0 5Total instructions: 3 byte
8.0 8


Average across all instructions 8.5 111


OPCODE CATEGORY SPEED
ADVANTAGE QUANTITY


4.0 4
4.8 1
5.3 1
6.0 35
8.0 5
12.0 93


Total opcodes: 1 byte


24.0 1
4.0 1
6.0 42
8.0 5


Total opcodes: 2 byte


12.0 43
4.8 4
6.0 12Total opcodes: 3 byte
8.0 8


Average across all opcodes 9.4 255
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SECTION 6: MEMORY ACCESS
The ultra-high-speed flash microcontroller supports the memory interface convention established for the industry standard 80C51, but
also implements two new page mode memory interfaces needed to support ultra-high-speed external operation. These external page
mode interfaces are described later in this section.    


Program and data memory areas can be implemented on-chip, off-chip, or as a combination. When opting not to use the internal mem-
ory provided, or when exceeding the maximum address of on-chip program or data memory, the device  performs an external mem-
ory access using the expanded memory bus on ports 0 and 2. While serving as a memory bus, port 0 and port 2 cannot function as
I/O ports. The PSEN signal is driven active low to function as a chip enable or output enable when performing external code memory
fetches. The RD and WR signals serve as enables when accessing external SRAM data memory. 
Program execution always begins at the reset vector, address 0000h. If on-chip program memory is enabled, program execution
begins at internal location 0000h; otherwise, external program memory is used. Any reset causes the next program fetch to begin at
this location. Subsequent branches and interrupts determine how program memory fetches deviate from sequential addressing. 


INTERNAL FLASH MEMORY
The ultra-high-speed flash microcontroller contains five physically distinct blocks of embedded flash memory. The two largest blocks
are each half of the total amount of internal program memory. A 64-byte flash security block has been incorporated to allow encryp-
tion during program memory verify operations. To further protect internal code against undesirable access, a three-level lock system
has been implemented in a separate flash memory block. This single-byte block contains three lock bits (LB1, LB2, LB3), each of which
can individually enable higher lock levels and greater code protection. The fifth flash memory block is the option control register. This
byte contains a bit to enable or disable the watchdog timer reset function (EWT = WDCON.1) on a power-on reset.


The two program memory blocks form a contiguous address range extending from 0000h through the maximum amount of on-chip
program memory. The on-chip decoded address range is controlled in hardware by the EA pin, and in software through the ROMSIZE
feature. The EA pin enables or disables the ability to access internal program memory and overrides any software configured bit set-
tings. The logic state of the EA pin should be changed only when the microcontroller is being held in reset. The EA pin is sampled on
each exit from the reset state to determine whether program fetching should begin internally or externally. When the EA pin is low, all
code fetches are done externally through the expanded bus. When the EA pin is high, code fetches begin from internal program mem-
ory. Code fetches exceeding the maximum address of on-chip program memory cause the device to access off-chip program memo-
ry. The maximum on-chip decoded address is selectable by software using the ROMSIZE feature. 


ROMSIZE FEATURE
Using the ROMSIZE feature, software can imitate a device with less on-chip memory. The maximum memory size is dynamically vari-
able. Thus, a portion of memory can be removed from the memory map to access off-chip memory, then restored to access on-chip
memory. In fact, all of the on-chip memory can be removed from the memory map, allowing the full 64kB of external memory space to
be addressed. 


The ROMSIZE feature has two primary uses. In the first instance, it allows the device to act as a bootstrap loader for a flash memory
or nonvolatile SRAM (NVSRAM). The internal program memory can contain a bootstrap loader, which can program the external mem-
ory device. Secondly, this method can be used to increase the amount of available program memory from 64kB to 80kB without bank
switching.


The maximum amount of on-chip memory is selected by configuring the ROM size select register bits RMS2, RMS1, RMS0 (ROM-
SIZE.2-0). The reset default condition gives access to the maximum on-chip program memory. In this configuration, only code address-
es greater than the maximum amount of on-chip program memory result in external program memory accesses. The possible settings
for the ROM size select register are shown in the ROMSIZE special-function register.
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Modification of the ROMSIZE (C2h) special function register requires using the timed access procedure and must be followed by a two
machine cycle delay, such as executing two NOP instructions, before jumping to the new address range. Interrupts must be disabled
during this operation, because a call to an interrupt vector during the changing of the memory map can cause erratic results. To select
a different internal program memory size, software must alter bits RMS2–RMS0. The procedure to reconfigure the size of on-chip mem-
ory should be done as follows:


1) Jump to a location in program memory that is unaffected by the change.


2) Disable interrupts by clearing the EA bit (IE.7).


3) Write AAh to the timed access register (TA;C7h).


4) Write 55h to the timed access register (TA;C7h).


5) Modify the ROM size select bits (RMS2-RMS0).


6) Delay 2 machine cycles (2 NOP instructions). 


7) Enable interrupts by setting the EA bit (IE.7).


As noted in the first step above, ensure that changes to the ROMSIZE register do not corrupt program execution. For example, assume
that a 16kB DS89C430 is executing instructions from internal program memory near the 12kB boundary (~3000h) and the ROMSIZE
register is still configured to the default internal program space. If software reconfigures the ROMSIZE register for a maximum of 4kB
(0000h–0FFFh) internal program space (RMS2–0 = 011b), the device immediately accesses external program memory since current
program execution no longer resides within the new on-chip decoded range. This could result in code misalignment and execution of
an invalid instruction. The recommended method is to modify the ROMSIZE register from a location in memory that is internal (or exter-
nal) both before and after the operation. In the above example, the instruction which modifies the ROMSIZE register should be locat-
ed below the 4kB (1000h) boundary or above the maximum boundary, so that it is unaffected by the memory modification. The same
rule applies when executing from external program memory and increasing the on-chip decoded address range.


If the 0kB of internal program memory setting is selected, take extra precautions. In this case, it is necessary to duplicate the interrupt
vector table in external program memory. This is because the interrupt vector table is located in the lower 1kB of memory, and the
device automatically redirects any fetches from the interrupt vector table to external memory. Be careful when assembling or compil-
ing the program so that all the modules are located at the correct starting address, including the interrupt vector table.


FLASH SECURITY BLOCK/LOCK BITS
The device incorporates a 64-byte encryption array, allowing the user to verify program codes while viewing the data in encrypted form.
The encryption array, often referred to as the security block, has the same electrical and timing characteristics as the on-chip program
memory. Once the encryption array is programmed to non-FFh, the data presented in the verify mode is encrypted. Each byte of data
is XNORed with a byte in the encryption array during verification. If the security block is used, program unused portions of the internal
flash program memory range with random data so that the encryption vector cannot be easily extracted.


The single byte, which contains the 3 lock bits, logically resides at byte address 40h of the security block. The 3 lock bits (LB3, LB2,
and LB1) can be accessed in bit positions 5, 4, and 3, respectively. By programming the 3 lock bits, the user may select a level of
security as specified in table below. Once a security level is selected and programmed, the setting of the lock bits remains. Only a
mass erase erases these bits and allows reprogramming the security level to a less restricted protection. 


Table 6-1. Flash Memory Lock Bits


The lock bits affect the read/write accessibility in program memory loader and parallel programming modes.


LEVEL  LB1  LB2  LB3  PROTECTION
1 1 1 1 No program lock. Encrypted verify if encryption array is programmed.


2 0 1 1
Prevent MOVC in external memory from reading program code in internal memory.
EA is sampled and latched on reset. Allow no further parallel or program memory
Loader programming.


3 X 0 1 Level 2 plus no verify operation. Also prevent MOVX in external memory from
reading internal SRAM.


4 X X 0 Level 3 plus no external execution.
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OPTION CONTROL REGISTER BYTE
User-selectable options are present that must be set before beginning software execution. The option control register uses flash bits,
rather than SFRs, and is individually erasable and programmable as a byte-wide register. Bit 3 of this register is defined as the watch-
dog POR default. Setting this bit to 1 disables the watchdog reset function on power-up, and clearing this bit to 0 enables the watchdog
reset function automatically. Other bits of this register are undefined and are at logic 1 when read.  The value of this register can be read
at address FCh in parallel programming mode or by executing the verify option control register instruction in ROM Loader mode.


INTERNAL SRAM MEMORY
The ultra-high-speed microcontroller incorporates an internal 1kB SRAM that is usable as data, program, or merged program/data mem-
ory. Upon a power-on reset, the internal 1kB memory is disabled and transparent to both program and data memory maps.


When used for data, the memory is addressed through MOVX commands, and is in addition to the 256 bytes of scratchpad memory.
To enable the 1kB SRAM as internal data memory, software must set the DME0 bit (PMR.0). After setting this bit, all MOVX accesses
within the first 1kB (0000h–03FFh) is directed to the internal SRAM. Any data memory accesses outside of this range are still directed
to the expanded bus. One advantage of using the internal data memory is that MOVX operations automatically default to the fastest
access possible. Note that the DME0 bit is cleared after any reset, so access to the internal data memory is prohibited until this bit is
modified. The contents of the internal data memory are not affected by the changing of the data memory enable (DME0) bit. 
Table 6-2 shows how the DME1, DME0 bits affect the data memory map.
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Figure 6-1. Memory Map for the DS89C420/430
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Table 6-2. Data Memory Access Control


When configured as program memory, code fetches and MOVC read operations can be directed to this 1kB internal SRAM. To enable
the 1kB SRAM as internal program memory, software must set the PRAME bit (ROMSIZE.3). After setting this bit, code accesses to the
address range 0400h–07FFh are made to the internal 1kB SRAM in place of the program memory previously mapped to that address
range. For applications using only external program memory (EA = 0), the internal 1kB SRAM cannot be enabled as program space.


The internal 1kB SRAM can serve as merged program/data memory if both the DME0 and PRAME bits have been set. This feature can
be effective for changing small pieces of frequently executed code, but be cautious when employing self-modifying code techniques.  


PROGRAM MEMORY INTERFACE—NONPAGE MODE
The ultra-high-speed flash microcontroller defaults to a nonpage mode, external program memory interface. This memory interconnect
scheme is the same as is used for the high-speed microcontroller family, and is shown in Figure 6-2. This example uses the DS89C420
and one 64k x 8 memory device. The program store enable (PSEN) signal is used to provide an output enable to the memory. It can
also be used to provide a chip enable, but this generally results in less-favorable timing. The address LSB and data are multiplexed
on port 0, and the address MSB is provided on port 2. An external latch, shown in the diagram as a 74F373, is used to latch the lower
byte of the address to the memory device. The address latch enable (ALE) signal controls the timing of the latch so that the operation
is performed in the proper sequence. The signals and relative timing for a program access are shown in Figure 6-3.


When implementing a high-speed memory interface, the F series (or faster) logic should be used. HC logic has worst-case propaga-
tion delays that are too long. Specifications for all devices should be checked. More information on the nonpage mode memory inter-
face timing can be found in Application Note 57 (DS80C320 Memory Interface Timing) and Application Note 85 (High-Speed
Microcontroller Interface Timing).


The DS89C420 provides an extremely high-speed interface to external memory. This allows for use of the slowest, and least expen-
sive, memory device for a given crystal speed. The ultra-high-speed flash microcontroller provides very fast slew rates to allow the
maximum possible time for memory access. Refer to the electrical specifications for exact timing.


Figure 6-3 shows the timing relationship for internal and external nonpage mode code fetches when CD1:0 = 10b. Note that an exter-
nal program fetch takes four system clocks, and an internal program fetch requires only one system clock.


DME1 DME0 DATA MEMORY ADDRESS RANGE DATA MEMORY LOCATION 
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Figure 6-2. Program Memory Interconnect (Nonpage Mode)
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As illustrated in that same figure, ALE is deasserted when executing an internal memory fetch. The microcontroller provides a pro-
grammable user option (ALEON bit = PMR.2) to turn on the ALE signal during internal program memory operation. The ALE signal is
automatically enabled for external code fetches, independent of the setting of this bit. PSEN is asserted only for external code fetch-
es, and is inactive during internal execution. 


PROGRAM MEMORY INTERFACE—PAGE MODES
Page mode retains the basic external circuitry requirements as the original 8051 external memory interface, but modifies the
address/data roles of P0 and P2 in order to achieve the most efficient single-cycle external operation possible. The functions of ALE
and PSEN are also altered to support page mode operation. 
Page mode is enabled by setting the PAGEE (ACON.7) bit to a logic 1. Clearing the PAGEE bit  disables the page mode and returns
to the traditional external bus structure of the 8051 (nonpage mode). Page mode is supported in two external bus structures. The page
mode select bits (PAGES1:0) contained in the ACON register determine the external bus structure and the number of system clocks
per basic memory cycle. The following table summarizes the four options available through the PAGES bits. The first three selections
all represent the page mode 1 external bus structure, but with different memory cycle timings. The last configuration (PAGES = 11b)
selects the page mode 2 bus structure.


Internal Memory Cycles
C2 C3 C4         C1      C2      C3    C4


XTAL1


ALE


Port 0


Port 2


PSEN


  C1
Ext Memory CycleExt Memory Cycle


MSB Add                            MSB Add                            


LSB Add            Data       LSB Add          Data                            


Figure 6-3. External Program Memory Access (Nonpage Mode and CD1:0 = 10b)


EXTERNAL ADDRESSING CLOCKS PER MEMORY CYCLE
MODE


PAGES1:PAGES0
PAGE HIT PAGE MISS


  EXTERNAL BUS STRUCTURE


Page mode 1 (1 cycle) 00 1 2 PAGE MODE 1
Page mode 1 (2 cycle) 01 2 4 PAGE MODE 1
Page mode 1 (4 cycle) 10 4 8 PAGE MODE 1


Page mode 2 11 2* 4 PAGE MODE 2


Note: External data memory accesses always require four clock cycles, regardless of page hit or page miss.


Table 6-3. Page Mode Select   
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PAGE MODE 1: P0: Primary data bus.


P2: Primary address bus, multiplexing the upper byte and lower byte of address.


PAGE MODE 2: P0: Lower address byte.


P2: Upper address byte is multiplexed with the data byte.


In addition to being accessible to the user application code, the page mode enable and select bits can also be modified while in ROM
loader mode. This allows in-system MOVX read/write access to external memory already connected according to the page mode 1 or
page mode 2 bus structure. Since all resets, including the one generated when exiting ROM loader mode, return to the nonpage mode
external bus structure, user application code must always configure the ACON register appropriately before addressing page mode
external memory. Write access to the ACON register requires using the timed access procedure.


PAGE MODE 1 BUS STRUCTURE
The page mode 1 external bus structure uses P2 as the primary address bus (multiplexing both the most significant byte and least sig-
nificant byte of the address for each external memory cycle), and P0 is used as the primary data bus. This program memory inter-
connect scheme is depicted in Figure 6-4. 


During external code fetches, P0 is held in a high-impedance state by the processor. Opcodes are driven by the external memory onto
P0 and latched on the rising edge of PSEN at the end of the external fetch cycle. 


• A page miss occurs when the most significant byte of the subsequent address is different from the last address. The exter
nal memory machine cycle can be 2, 4, or 8 system clocks in length for a page miss.


• A page hit occurs when the most significant byte of the subsequent address does not change from the last address. The exter-
nal memory machine cycle can be 1, 2, or 4 system clocks in length for a page hit.


During a page hit, P2 drives Addr [7:0] of the 16-bit address while the most significant address byte is held in the external address latch-
es. PSEN, RD, and RD strobe accordingly for the appropriate operation on the P0 data bus. There is no ALE assertion for page hits.
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Figure 6-4 Program Memory Interconnect (Page Mode 1) 
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During a page miss, P2 drives the Addr [15:8] of the 16-bit address and holds it for the duration of the first half of the memory cycle
to allow the external address latches to latch the new most significant address byte. ALE is asserted to strobe the external address
latches. During this operation, PSEN, RD, and WR are all held in inactive states and P0 is in a high-impedance state. The following half-
memory cycle is executed as a page-hit cycle and the appropriate operation takes place.
A page-miss can occur at set intervals or during external operations that require a memory access into a page of memory that has not
been accessed during the last external cycle. Generally, the first external memory access causes a page miss. The new page address
is stored internally and is used to detect a page miss for the current external memory cycle. 


Note that there are a few exceptions for this mode of operation when PAGES1 and PAGES2 are set to 00b:


• PSEN is asserted for both page hit and page miss for a full clock cycle.


• The execution of external MOVX instruction causes a page miss.


• A page miss occurs when fetching the next external instruction following the execution of an external MOVX instruction.


The figure below shows external memory cycles for the page mode 1 bus structure. The first case illustrates a back-to-back MOVX
execution sequence for one-cycle page mode (PAGES 1:0 = 00b). PSEN remains active during page-hit cycles, and page misses are
forced during and after MOVX executions, independent of the most significant byte of the subsequent addresses. The second case
illustrates a MOVX execution sequence for two-cycle page mode (PAGES 1:0 = 01b). PSEN is active for a full clock cycle in code fetch-
es. Note that the page misses in this sequence are caused by changing of the most significant byte of the data address. The third case
illustrates a MOVX execution sequence for four-cycle page mode (PAGES 1:0 = 10b). There is no page-miss in this execution cycle,
as the most significant byte of the data address is assumed to match the last program address. 
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Figure 6-5. Page Mode 1 External Memory Cycle (CD1:0 = 10b) 
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PAGE MODE 2 BUS STRUCTURE 
The page mode 2 external bus structure multiplexes the most significant address byte with data on P2 and uses P0 for the least sig-
nificant address byte. An illustration of this memory interface is provided in the Figure 6-6. 


This bus structure speeds up external code fetches only. Aside from the different functions of P0 and P2 when operating in page mode
2, the external memory accesses are equal in duration and timing to those made in the nonpage mode. Figure 6-7 illustrates memory
cycles for the page mode 2 bus structure.


DATA MEMORY INTERFACE
As described in Section 4, the ultra-high-speed microcontroller provides a small amount of RAM mapped as registers for on-chip direct
access. This is not considered data memory and does not fall into the memory map. Systems that require more RAM or memory-
mapped peripherals must use the data memory area. This segment is a 64kB space located between 0000h and FFFFh. It is reached
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Figure 6-6. Program Memory Interconnect (Page Mode 2)
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using the MOVX instruction. Any use of this instruction automatically accesses the data area. Although the original 8051 convention
placed all data memory off-chip, the device incorporates 1kB of on-chip  data memory. The means for enabling and accessing this
1kB SRAM was covered earlier in this section. 


From a software standpoint, the physical location of the data area is not relevant because the same instructions are used. Like the pro-
gram segment, if software accesses a data address that is above the on-chip data area, this access is automatically routed to the
expanded bus. Thus, data or peripherals that are off-chip can be used in conjunction with on-chip memory by selecting addresses
that do not overlap. For example, since the microcontroller has 1kB of on-chip data memory, an MOVX instruction at location 0400h is
directed off-chip through the expanded bus.


The external data memory interface follows the same bus structure as defined for program memory. The page mode enable (PAGEE)
and page mode select (PAGES 1:0) bits control whether the external bus structure follows the nonpage mode, page mode 1, or page
mode 2 scheme. During external data read/write operations, P0 or P2 (depending upon external memory mode) serves as the bidirec-
tional data bus. This port is held in a high-impedance state for external reads from data memory, and driven with data during external
writes to data memory. The read and write strobes used to access external data memory are provided on P3.7 and P3.6, respectively. 


EXTERNAL DATA MEMORY INTERFACE—NONPAGE MODE
Data memory is accessed through use of the MOVX instruction. This instruction requires two basic memory cycles: a program-fetch
memory access, and then a read or write memory access. Just like the program memory cycle, a basic internal data memory cycle
contains one system clock, and a basic external data memory cycle contains four system clocks for nonpage mode operation. The
program-fetch memory cycle for an MOVX instruction is no different from any other instruction. The unique timing occurs for the sec-
ond memory cycle when data is accessed. 


The ultra-high-speed flash microcontroller allows software to adjust the speed of external data memory access by stretching the mem-
ory bus cycle. The MD2:0 bits contained in the CKCON (8Eh) SFR provide the means to modify the stretch value. This stretch feature
allows the application to dynamically select the minimum (fastest) access time to each data memory peripheral device. The table below
shows the data memory cycle stretch values and their effect on the read and write control signals associated with the external MOVX
memory bus cycle. A stretch machine cycle always contains four system clocks.


As illustrated in Table 6-4, the stretch feature supports eight external data memory access cycles, which can be categorized into three
timing groups. When the stretch value is cleared to 000b, there is no stretch on external data memory access and a MOVX instruction
is completed in two basic memory cycles. When the stretch value is set to 001b, 010b, or 011b, the external data memory access is
extended by 1, 2, or 3 stretch machine cycles, respectively. Note that the 001b stretch value does not add four system clocks to the
RD or WR control signals but instead uses one system clock to create additional address setup and data bus float time and one sys-
tem clock to create additional address and data hold time. When using very slow RAM and peripherals, a larger stretch value (4–7)
can be selected. In this stretch category, one stretch machine cycle (four system clocks) is used to stretch the ALE pulse width, one
stretch machine cycle is used to create additional setup, and one stretch machine cycle is used to create additional hold time.


MD2: MD0 (STRETCH VALUE) STRETCH CYCLES 4X/2X, CD1, CD0 = 100 4X/2X, CD1, CD0 = 000 4X/2X, CD1, CD0 = X10 4X/2X, CD1, CD0 = X11


000 0 0.5 1 2 2048


001 1 1 2 4 4096


010 2 2 4 8 8192


011 3 3 6 12 12288


100 7 4 8 16 16384


101 8 5 10 20 20480


110 9 6 12 24 24576


111 10 7 14 28 28672


Table 6-4. Nonpage Mode Data Memory Stretch Values   
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EXTERNAL DATA MEMORY INTERFACE—PAGE MODES
The ultra-high-speed flash microcontroller allows software to adjust the speed of external data memory access by stretching the mem-
ory bus cycle in page mode operation just like nonpage mode operation. The tables below summarize the stretch values for page mode
1 and page mode 2. The number of stretch cycles added to the external MOVX operation and the control signal pulse width (in terms
of the number of oscillator clocks) are provided. A stretch machine cycle always contains four system clocks, independent of the logic
value of the page mode select bits.


Just like nonpage mode operation, the stretch feature supports eight stretched external data memory access cycles that can be cat-
egorized into three timing groups. When the stretch value is cleared to 000b, there is no stretch on external data memory access and
a MOVX instruction is completed in two basic memory cycles. When the stretch value is set to 001b, 010b, or 011b, the external data
memory access is extended by 1, 2, or 3 stretch machine cycles, respectively. The 001b stretch value does not add four system clocks
to the RD or WR control signals, but instead uses one system clock to create additional address setup and data bus float time and one
system clock to create additional address and data hold time. When using very slow RAM and peripherals, a larger stretch value (4–7)
can be selected. In this stretch category, one stretch machine cycle (four system clocks) is used to stretch the ALE pulse width, one
stretch machine cycle is used to create additional setup and one stretch machine cycle is used to create additional hold time.


RD/WR PULSE WIDTH (IN NUMBER OF OSCILLATOR CLOCKS)
MD2:MD0


(STRETCH VALUE)
STRETCH
CYCLES 4X/2X, CD1, CD0 = 100 4X/2X, CD1, CD0 = 000 4X/2X, CD1, CD0 = X10 4X/2X, CD1, CD0 = X11


000 0 0.25 0.5 1 1024
001 1 0.75 1.5 3 3072
010 2 1.75 3.5 7 7168
011 3 2.75 5.5 11 11264
100 7 3.75 7.5 15 15360
101 8 4.75 9.5 19 19456
110 9 5.75 11.5 23 23552
111 10 6.75 13.5 27 27648


Table 6-5. Page Mode 1—Data Memory Stretch Values 1 Cycle (PAGES 1:0 = 00b)
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Figure 6-8. Data Memory Interconnect (Nonpage Mode)
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RD/WR PULSE WIDTH (IN NUMBER OF OSCILLATOR CLOCKS)
MD2:MD0


(STRETCH VALUE)
STRETCH
CYCLES 4X/2X, CD1, CD0 = 100 4X/2X, CD1, CD0 = 000 4X/2X, CD1, CD0 = X10 4X/2X, CD1, CD0 = X11


000 0 0.25 0.5 1 1024
001 1 0.75 1.5 3 3072
010 2 1.75 3.5 7 7168
011 3 2.75 5.5 11 11264
100 7 3.75 7.5 15 15360
101 8 4.75 9.5 19 19456
110 9 5.75 11.5 23 23552
111 10 6.75 13.5 27 27648


Table 6-6. Page Mode 1—Data Memory Stretch Values Two Cycles (PAGES 1:0 = 01b)


RD/WR PULSE WIDTH (IN NUMBER OF OSCILLATOR CLOCKS)
MD2:MD0


(STRETCH VALUE)
STRETCH
CYCLES 4X/2X, CD1, CD0 = 100 4X/2X, CD1, CD0 = 000 4X/2X, CD1, CD0 = X10 4 X/ 2X, C D 1 , C D 0  = X1 1 


000 0 0.5 1 2 2048
001 1 1 2 4 4096
010 2 2 4 8 8192
011 3 3 6 12 12288
100 7 4 8 16 16384
101 8 5 10 20 20480
110 9 6 12 24 24576
111 10 7 14 28 28672


Table 6-7. Page Mode 1—Data Memory Stretch Values Four Cycles (PAGES 1:0 = 10b)


RD/WR PULSE WIDTH (IN NUMBER OF OSCILLATOR CLOCKS)
MD2:MD0


(STRETCH VALUE)
STRETCH
CYCLES 4X/2X, CD1, CD0 = 100 4X/2X, CD1, CD0 = 000 4X/2X, CD1, CD0 = X10 4 X/ 2X, C D 1 , C D 0  = X1 1 


000 0 0.5 1 2 2048
001 1 1 2 4 4096
010 2 2 4 8 8192
011 3 3 6 12 12288
100 7 4 8 16 16384
101 8 5 10 20 20480
110 9 6 12 24 24576
111 10 7 14 28 28672


Table 6-8. Page Mode 2—Data Memory Stretch Values (PAGES 1:0 = 11b)
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Figures 6-9 and 6-10 below show data memory interconnect examples for page mode 1 and page mode 2.


The following pages provide timing diagrams to illustrate the external data memory timing for the nonpage and page mode external
bus structures.
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Figure 6-9. Data Memory Interconnect (Page Mode 1)
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Figure 6-10. Data Memory Interface (Page Mode 2)
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NONPAGE MODE DATA MEMORY TIMING
The first diagram below shows execution of the MOVX instruction from internal program memory with  stretch value = 0 assigned
(MD2:0 = 000b). Note that the internal memory cycles consist of one system clock while the external memory cycles always consist of
four system clocks. 


The second diagram illustrates the same MOVX instruction with a default stretch value (MD2:0 = 001b). The stretch cycle (four system
clocks) is distributed as follows: one system clock added for address setup, two system clocks being added to the RD or WR pulse
duration, and one system clock added for address/data hold. For subsequent stretch values of 2 or 3, the full stretch cycle is added
to the duration of the RD or WR pulse.
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PAGE MODE 1 DATA MEMORY TIMING–PAGES 1:0 = 10b (FOUR CYCLES)
The first diagram below shows execution of the MOVX instruction from internal program memory with  stretch value = 0 assigned
(MD2:0 = 000b). Note that the internal memory cycles consist of one system clock while the external memory cycles consist of four
system clocks (page hit) or eight system clocks (page miss).


The second diagram illustrates the same MOVX instruction with a default stretch value (MD2:0 = 001b). The stretch cycle (four system
clocks) is distributed as follows: one system clock added for address setup, two system clocks being added to the RD or WR pulse
duration, and one system clock added for address/data hold. For subsequent stretch values of 2 or 3, the full stretch cycle is added
to the duration of the RD or WR pulse.
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PAGE MODE 1 DATA MEMORY TIMING–PAGES 1:0 = 01b (TWO CYCLES)
The first diagram below shows execution of back-to-back MOVX instructions from internal flash memory. A stretch value = 0 (MD2:0 =
000b) has been assigned. Note that the internal memory cycles consist of one system clock while the external memory cycles consist
of two system clocks (page hit) or four system clocks (page miss).


The second diagram below illustrates the timing of the MOVX operation with stretch value = 1 (MD2:0 = 001b). The stretch cycle (four
system clocks) is distributed as follows: one system clock added for address setup, two system clocks being added to the RD or WR
pulse duration, and one system clock added for address/data hold. For subsequent stretch values of 2 or 3, the full stretch cycle is
added to the duration of the RD or WR pulse.
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PAGE MODE 1 DATA MEMORY TIMING–PAGES 1:0  = 01b (TWO CYCLES) (CONTINUED)
The first diagram below shows execution of a MOVX instruction with default stretch value = 1 (MD2:0 = 001b) from external program
memory. The most probable case, where a page-miss is needed for the MOVX instruction, is given here. However, if the MOVX address
happened to coincide with the current code execution page, a page hit would occur.


The second diagram illustrates the MOVX timing that would occur if the address MSB for the MOVX data were to coincide with the
code execution pages before and after the data access. Since a different MSB would not need to be latched, neither of the page-miss
cycles seen in the third diagram would occur. 
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PAGE MODE 1 DATA MEMORY TIMING–PAGES 1:0 = 00b (ONE CYCLE)
The first diagram below illustrates execution of back-to-back MOVX instructions from internal flash memory. The default MOVX stretch
setting (MD2:0 = 001b) has been assumed. The total duration of each MOVX instruction is seven system clocks = one system clock
(page-hit memory cycle) + 2 system clocks (page-miss memory cycle) + four system clocks (one stretch cycle). Note that all external
MOVX operations in one-cycle page mode 1 result in page-misses.


The second diagram illustrates execution of the same back-to-back MOVX instructions with a stretch value of 0 (MD2:0 = 000b).
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PAGE MODE 1 DATA MEMORY TIMING–PAGES 1:0 = 00b (ONE CYCLE) (CONTINUED)
The next diagram, still using a MOVX stretch value = 0, shows the back-to-back MOVX instructions being executed from external pro-
gram memory. 


The last diagram shows external code memory execution of an external MOVX instruction with stretch value = 4 (MD2:0 = 100b). It has
been assumed, for this example, that a page-miss is required for the MOVX data access. A stretch value = 4 results in the addition of
4 stretch cycles beyond the stretch value  = 3. The four stretch cycles are distributed as folllows: two stretch cycles added for address
setup, one stretch cycle added to RD or WR pulse duration, and 1 stretch cycle added for address/data hold. For subsequent stretch
values of 5, 6, or 7, the added stretch cycle increases the RD or WR pulse duration. 
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PAGE MODE 2 DATA MEMORY TIMING–PAGES 1:0 = 11b (FOUR CYCLES)
All external data memory accesses made using the page mode 2 external bus configuration require four system clocks. The MOVX
timing looks identical to the nonpage mode MOVX timing except that port 2 multiplexes the MSB and the data, while port 0 serves as
the LSB. 


DATA MEMORY ACCESS
As mentioned earlier in this section, the ultra-high-speed microcontroller uses the MOVX instruction for data memory access. This
includes off-chip RAM and memory-mapped peripherals needing read/write access. Several aspects of the MOVX operation have been
enhanced as compared to the original 8051. The principal improvements are in the areas of the MOVX timing and the data pointer.


The MOVX instruction is used to generate read/write access to off-chip address locations. It has several addressing modes. The first
uses the MOVX @Ri command to reach a 256-byte block. This instruction uses the value in the designated working register to address
one of 256 locations. The upper byte of the address is supplied by the value in the port 2 latch. A second way to access data is the
data pointer (DPTR). This 16-bit register provides an absolute address for data memory access. 16-bits cover the entire 64kB area.
Thus the DPTR serves as a pointer to memory. Using the DPTR, the relevant instruction is MOVX @DPTR.


The original 8051 contained one DPTR. While this provides access to the entire memory area, it is difficult to move data from one
address to another. The ultra-high-speed microcontroller provides two data pointers. Thus software can load both a source and a des-
tination address. The MOVX instruction uses the active pointer to direct the off-chip address. 


The dual data pointers are DPTR0 and DPTR1. DPTR0 is at SFR addresses 82h and 83h. These are the locations used by the original
8051. No modification of standard code is needed to use DPTR0. The new DPTR is located at SFR 84h and 85h. The data pointer select
bit (SEL) chooses the active pointer and is located in bit position 0 of the DPS (86h) SFR. When DPS is set to 0, the DPTR0 is active.
When set to 1, DPTR1 is used. All DPTR-related instructions use the currently selected DPTR for any activity.


Each data pointer (DPTR0, DPTR1) has an associated control bit (ID0, ID1) that determines whether the INC DPTR operation results in
an increment or decrement of the pointer. When the active data pointer ID (increment/decrement) control bit is clear, the INC DPTR
instruction will increment the pointer, whereas a decrement occurs if the active pointer’s ID bit is set when the INC DPTR instruction is
performed.


ID0 = DPS.6


ID1 = DPS.7


Using the dual data pointers for large block copy operations results in substantial code savings versus using a single data pointer,
since one data pointer can be used for the source address and the second pointer can be used as the destination address. The user
switches between data pointers by toggling the SEL bit. One way of accomplishing this is by executing the INC DPS instruction. For
these large-block copy operations, the user must execute this instruction frequently to toggle between DPTR0 and DPTR1. To improve
the speed and efficiency of moving data with dual data pointers, the ultra-high-speed microcontroller contains a toggle select (TSL)
bit. When this TSL bit (DPS.5) is set, execution of certain MOVX instructions automatically toggle the SEL bit in hardware, allowing
removal of the INC DPS instruction and increasing execution speed. 


Copying large blocks of data also requires that the source and destination pointers index byte-by-byte through their respective data
ranges. The traditional method for incrementing each pointer is through the use of the INC DPTR instruction. The ultra-high-speed flash
microcontroller provides yet another means of accelerating data transfers with the implementation of an auto increment/decrement bit
(AID). When this AID bit (DPS.4) is set, execution of certain MOVX instructions automatically increments or decrements the active data
pointer.


AUTO-TOGGLE (if TSL = 1) AUTO-INC/DEC (if AID = 1)
MOVC A, @A+DPTR MOVC A, @A+DPTR
MOVX A, @DPTR MOVX A, @DPTR
MOVX @DPTR, A MOVX @DPTR, A
INC DPTR
MOV DPTR, #data16


The following table summarizes the tremendous speed improvements gained through using the dual DPTRs along with autoincrement
and autotoggle features. To properly quantify the speed improvement gained with enhanced data pointer operation versus improve-
ment attributed to the single-cycle core architecture, execution time for the DS80C320 high-speed microcontroller (four-cycle core) has
been included where applicable. For external page mode 1 (PAGES1:0 = 00b) code execution has been assumed. It is unreasonable
to expect that the address MSBs for MOVX read/write operations are the same as the address MSB for code execution. Therefore, one
clock cycle has been added to each MOVX instruction (for data access) and to the instruction that follows the MOVX (for code fetch)
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to account for potential page misses. The sample code listings have been marked accordingly with ‘+D’ to indicate a data access
page-miss and ‘+C’ to indicate a code-fetch page-miss. Thus, in the case of back-to-back MOVX operations, the second MOVX oper-
ation has two clock cycles added (‘+CD’), one associated with the code fetch and one associated with the data access. 


The sample code listings for these programs appear on the following pages.  


Program 1 listed below is original code written for an 8051 and utilizes a single data pointer.


Program 2 uses the dual data pointer feature.


Program 3 uses the dual data pointer with autoincrement enhancement.


Program 4 uses the dual data pointer with autotoggle enhancement.


Program 5 uses the dual data pointer with autoincrement and autotoggle enhancements.


The relevant register and bit locations are summarized as follows:


DPL 82h Low-byte original DPTR


DPH 83h High-byte original DPTR


DPL1 84h Low-byte new DPTR


DPH1 85h High-byte new DPTR


DPS 86h SEL bit = DPS.0


AID bit = DPS.4


TSL bit = DPS.5


PROGRAM 1: 64-BYTE BLOCK MOVE (WITHOUT DUAL DATA POINTER)
; SH and SL are high and low byte source address.
; DH and DL are high and low byte of destination address.
; For cycle counts:
; HSM = High-Speed Microcontroller
; UHSM = ultra-high-speed microcontroller


# HSM/UHSM CYCLES
MOV R5, #64 ; NUMBER OF BYTES TO MOVE 2/2
MOV DPTR, #SHSL ; LOAD SOURCE ADDRESS 3/3
MOV R1, #SL ; SAVE LOW BYTE OF SOURCE 2/2
MOV R2, #SH ; SAVE HIGH BYTE OF SOURCE 2/2
MOV R3, #DL ; SAVE LOW BYTE OF DESTINATION 2/2
MOV R4, #DH ; SAVE HIGH BYTE OF DESTINATION 2/2
MOVE:
; THIS LOOP IS PERFORMED R5 TIMES, IN THIS EXAMPLE 64
MOVX A, @DPTR ; READ SOURCE DATA BYTE 2/3 +D
MOV R1, DPL ; SAVE NEW SOURCE POINTER 2/3 +C
MOV R2, DPH ; 2/2
MOV DPL, R3 ; LOAD NEW DESTINATION 2/2
MOV DPH, R4 ; 2/2


DS80C320 HIGH SPEED DS89C420 ULTRA-HIGH SPEED


DATA POINTER OPERATION CLOCK CYCLES
(4CLKS/MCLK)


EXECUTION TIME
(AT 33MHZ)


CLOCK CYCLES
EXECUTION TIME


(AT 33MHZ)


Single Data Pointer 1869 x 4 227µs 1933 59µs


Dual Data Pointer 1098 x 4 133µs 1291 39µs


Dual Data Pointer w/AID — — 1169 35µs


Dual Data Pointer w/TSL — — 910 28µs


Dual Data Pointer w/AID,TSL — — 782 24µs


Table 6-9. Enhanced Data Pointer Speed Improvement 
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# HSM/UHSM CYCLES
MOVX @DPTR, A ; WRITE DATA TO DESTINATION 2/3 +D
INC DPTR ; NEXT DESTINATION ADDRESS 3/2 +C
MOV R3, DPL ; SAVE NEW DESTINATION POINTER 2/2
MOV R4, DPH ; 2/2
MOV DPL, R1 ; GET NEW SOURCE POINTER 2/2
MOV DPH, R2 ; 2/2
INC DPTR ; NEXT SOURCE ADDRESS 3/1
DJNZ R5, MOVE ; FINISHED WITH TABLE? 3/4


PROGRAM 2: 64-BYTE BLOCK MOVE (DUAL DATA POINTER)
; SH and SL are high and low byte source address.
; DH and DL are high and low byte of destination address.
; DPS is the data pointer select. Reset condition DPTR0.
; For cycle counts:
; HSM = High-Speed Microcontroller
; UHSM = ultra-high-speed microcontroller


# HSM/UHSM CYCLES
DPS EQU 86h ; TELL ASSEMBLER ABOUT DPS
MOV R5, #64 ; NUMBER OF BYTES TO MOVE 2/2
MOV DPTR, #DHDL ; LOAD DESTINATION ADDRESS 3/3
INC DPS ; CHANGE ACTIVE DPTR 2/3
MOV DPTR, #SHSL ; LOAD SOURCE ADDRESS 3/3
MOVE:
; THIS LOOP IS PERFORMED R5 TIMES, IN THIS EXAMPLE 64
MOVX A, @DPTR ; READ SOURCE DATA BYTE 2/3 +D
INC DPS ; CHANGE DPTR TO DESTINATION 2/4 +C
MOVX @DPTR, A ; WRITE DATA TO DESTINATION 2/3 +D
INC DPTR ; NEXT DESTINATION ADDRESS 3/2 +C
INC DPS ; CHANGE DATA POINTER TO SOURCE 2/3
INC DPTR ; NEXT SOURCE ADDRESS 3/1
DJNZ R5, MOVE ; FINISHED WITH TABLE? 3/4


PROGRAM 3: 64-BYTE BLOCK MOVE (DUAL DATA POINTER, AID)
; SH and SL are high and low byte source address.
; DH and DL are high and low byte of destination address.
; DPS is the data pointer select. Reset condition DPTR0.


# UHSM CYCLES
DPS EQU 86h ; TELL ASSEMBLER ABOUT DPS
MOV R5, #64 ; NUMBER OF BYTES TO MOVE 2
ORL DPS, #10h ; SET AUTO-INC/DEC (AID) 3
MOV DPTR, #DHDL ; LOAD DESTINATION ADDRESS 3
INC DPS ; CHANGE ACTIVE DPTR 3
MOV DPTR, #SHSL ; LOAD SOURCE ADDRESS 3
MOVE:
; THIS LOOP IS PERFORMED R5 TIMES, IN THIS EXAMPLE 64
MOVX A, @DPTR ; READ SOURCE DATA BYTE 3 +D
INC DPS ; CHANGE DPTR TO DESTINATION 4 +C
MOVX @DPTR, A ; WRITE DATA TO DESTINATION 3 +D
INC DPS ; CHANGE DATA POINTER TO SOURCE 4 +C
DJNZ R5, MOVE ; FINISHED WITH TABLE? 4
ANL DPS, #0EFH ; CLEAR AUTO-INC/DEC 3
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PROGRAM 4: 64-BYTE BLOCK MOVE (DUAL DATA POINTER, TSL)
; SH and SL are high and low byte source address.
; DH and DL are high and low byte of destination address.
; DPS is the data pointer select. Reset condition DPTR0.


# UHSM CYCLES
DPS EQU 86h ; TELL ASSEMBLER ABOUT DPS
MOV R5, #64 ; NUMBER OF BYTES TO MOVE 2
ORL DPS, #20h ; SET TOGGLE SELECT (TSL) 3
MOV DPTR, #SHSL ; LOAD SOURCE ADDRESS 3
MOV DPTR, #DHDL ; LOAD DESTINATION ADDRESS 3
MOVE:
; THIS LOOP IS PERFORMED R5 TIMES, IN THIS EXAMPLE 64
MOVX A, @DPTR ; READ SOURCE DATA BYTE 3 +D
MOVX @DPTR, A ; WRITE DATA TO DESTINATION 4 +CD
INC DPTR ; NEXT SOURCE ADDRESS 2 +C
INC DPTR ; NEXT DESTINATION ADDRESS 1
DJNZ R5, MOVE ; FINISHED WITH TABLE? 4
ANL DPS, #0DFh ; CLEAR TOGGLE SELECT 3


PROGRAM 5: 64-BYTE BLOCK MOVE (DUAL DATA POINTER, AID, TSL)
; SH and SL are high and low byte source address.
; DH and DL are high and low byte of destination address.
; DPS is the data pointer select. Reset condition DPTR0.


# UHSM CYCLES
DPS EQU 86h ; TELL ASSEMBLER ABOUT DPS
MOV R5, #64 ; NUMBER OF BYTES TO MOVE 2
ORL DPS, #30h ; SET TOGGLE SELECT, AUTO-INC/DEC 3
MOV DPTR, #SHSL ; LOAD SOURCE ADDRESS 3
MOV DPTR, #DHDL ; LOAD DESTINATION ADDRESS 3
MOVE:
; THIS LOOP IS PERFORMED R5 TIMES, IN THIS EXAMPLE 64
MOVX A, @DPTR ; READ SOURCE DATA BYTE 3 +D
MOVX @DPTR, A ; WRITE DATA TO DESTINATION 4 +CD
DJNZ R5, MOVE ; FINISHED WITH TABLE? 5 +C
ANL DPS, #0CFh ; CLEAR TSL, AID 3


Note that since each pass through the loop saves additional clock cycles when compared to the single DPTR approach, efficiency
improvement when moving larger blocks is even greater using these features. Further speed improvement can be gained when exe-
cuting from internal flash program memory, since no code-fetch page misses (+C) would occur. For example, running Program 5 from
internal memory at 33MHz would require only 19.8µs (= 1/33MHz x (14 + 64 x 10)).


SECTION 7: POWER MANAGEMENT
The ultra-high-speed flash microcontroller has several features that relate to power consumption and management. They provide a
combination of controlled operation in unreliable power applications and reduced power consumption in portable or battery-powered
applications. The range of features is shown below with details to follow.


POWER MANAGEMENT
Precision Voltage Monitor
Early-Warning Power-Fail Interrupt
Power-Fail/Power-On Reset
Bandgap Select
Watchdog Wake-Up From Idle


POWER SAVING
Clock Divide Control
Idle Mode
Stop Mode
Ring Wake-Up From Stop
Power Management Mode
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POWER MANAGEMENT SUMMARY
The following is a summary of the power management bits and those that are useful or related. They are contained in the register loca-
tions WDCON;D8h, EIE;E8h, EXIF;91h, and PCON; 87h.


WDCON.6 POR: Power-on reset. Hardware sets this bit on a power-up condition. Software can read it, but must clear it man-
ually. This bit assists software in determining the cause of a reset.


WDCON.5 EPFI: enable power-fail interrupt. Setting this bit to 1 enables the power-fail interrupt. This occurs when VCC drops
to approximately 4.375V, and the processor vectors to location 33h. Setting this bit to a 0 turns off the power-fail interrupt.


WDCON.4 PFI: Power-fail interrupt flag. Hardware sets this bit to a 1 when a power-fail condition occurs. Software must clear the
bit manually. Writing a 1 to this bit forces an interrupt, if enabled.


WDCON.3 WDIF: Watchdog interrupt flag. If the watchdog interrupt is enabled (EIE.4), hardware sets this bit to indicate that 
the watchdog interrupt has occurred. If the interrupt is not enabled, this bit indicates that the timeout has passed. If 
the watchdog reset is enabled (WDCON.1), the user has 512 system clocks to strobe the watchdog prior to a reset. 
Software or any reset can clear this flag.


WDCON.2 WTRF: Watchdog timer reset flag. Hardware sets this bit when the watchdog timer causes a reset. Software can read
it, but must clear it manually. A power-fail reset also clears the bit. This bit assists software in determining the cause of
a reset. If EWT = 0, the watchdog timer has no affect on this bit.


WDCON.1 EWT: Enable watchdog timer reset. Setting this bit turns on the watchdog timer reset function. The interrupt does not 
occur unless the EWDI bit in the EIE register is set. A reset occurs according to the WD1 and WD0 bits in the CKCON
register. Setting this bit to a 0 disables the resets but leaves the timer running.


WDCON.0 RWT: Reset watchdog timer. This bit serves as the strobe for the watchdog function. During the timeout period, soft-
ware must set the RWT bit if the watchdog is enabled. Failing to set the RWT causes a reset when the timeout has 
elapsed. There is no need to set the RWT bit to a 0 because it is self-clearing.


EIE.4 EWDI: Enable watchdog interrupt. Setting this bit in software enables the watchdog interrupt.


EXIF.0 BGS: Bandgap select. Setting this bit to a 1 allows the use of the bandgap voltage reference while in stop mode. Since
this function uses as much as 75µA, the bandgap is optional in stop mode. Setting this bit to a 0 turns off the bandgap
while in stop mode. When BGS = 0, no power-fail interrupt or power-fail reset is available in stop mode.


PCON.1 STOP. When this bit is set, the program stops execution, clocks are stopped, and the CPU enters power-down mode.


PCON.0 IDLE. Program execution halts, leaving timers, serial ports, and clocks running.


EXIF.2 RGMD: Ring oscillator mode. Hardware sets this status bit to a 1 when the clock source is the ring oscillator. 
Hardware sets this status bit to a 0 when the crystal is the clock source. Refer to RGSL for operation of the ring oscil-
lator.


EXIF.1 RGSL: Ring oscillator select. When set to a 1 by software, the microcontroller uses a ring oscillator to come out of 
stop mode without waiting for crystal startup. This allows an instantaneous startup when coming out of stop mode. It 
is useful if software needs to perform a short task, and then return to stop. It is also useful if software must respond 
quickly to an external event. After the crystal has performed 65,536 cycles, hardware switches to the crystal as its 
clocksource. The RGMD status bit reports on this changeover. When RGSL is set to a 0, the microcontroller delays 
software execution until after the 65,536 clock crystal startup time. RGSL is only cleared by a power-on reset and is 
not altered by other forms of reset.
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Precision Voltage Monitor
A precision bandgap reference and other analog circuits monitor the state of the power supply during power-up and power-down tran-
sitions. This obviates the need for external circuits to perform these functions that other microcontroller systems would require. The
bandgap reference provides a precise voltage to compare with VCC. When VCC begins to drop, the power monitor compares it to its
reference. This enables the analog circuits to detect when VCC passes through predetermined thresholds, VPFW and VRST. These are
specified in the product data sheet.


Early-Warning Power-Fail Interrupt
The precision voltage reference has the ability to generate a power-fail interrupt and/or reset in response to a low-supply voltage. When
VCC reaches the VPFW threshold, the microcontroller can generate a power-fail interrupt. This early warning of supply voltage failure
allows the system time to save critical parameters in nonvolatile memory and put external functions in a safe state.


The power-fail interrupt is optional and is enabled using the enable power-fail warning interrupt (EPFI) bit at WDCON.5. If enabled, VCC
dropping below VPFW causes the device to vector to address 33h. The power-fail interrupt status bit, PFI (WDCON.4), is set anytime
VCC transitions below VPFW. This flag is not cleared when VCC is above VPFW, and software should clear it immediately after reading
it. As long as the condition exists, PFI is immediately set again by hardware.


A typical application of the PFI is to place the device into a “safe mode” when a power loss appears imminent. When the interrupt
occurs, the code vectors to location 33h. At this time, software can disable the interrupt, save any critical data, clear PFI, and then con-
tinually poll the status of the power supply through the PFI flag. As long as PFI is set, power is still below VPFW. If power returns to the
proper level, PFI is not set once cleared by software. This indicates a safe operating condition. If power continues to fall, a power-fail
reset is invoked automatically.


Power-Fail Reset
The power-fail reset automatically invokes a reset when VCC drops below VRST. This halts device operation and places all outputs in
their reset state. This state continues to be held until VCC drops below the voltage necessary to power the port pins. Because VRST.
is lower than VPFW, the microcontroller has the option to use the power-fail interrupt to place the device into a “safe” state before the
device halts operation with a power-fail reset. The power-fail reset function cannot be disabled.


VCC


VPFW


VRST


VSS


INTERRUPT
SERVICE ROUTINE


INTERNAL RESET


XTAL1


tPOR


tCSU


Figure 7-1. Power Cycle Operaton 
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Power-On Reset
When VCC is applied to a system, the device holds itself in reset until power is within tolerance and stable. The internal bandgap ref-
erence provides a highly accurate and stable means of detecting power-supply levels. It requires no external circuits to accomplish
this. As power rises, the processor stays in a reset state until VCC > VRST. As VCC rises above VRST, internal analog circuits detect


this and activate the on-chip crystal oscillator. On-chip hardware then counts 65536 oscillator clocks. During this count, VCC must
remain above VRST. or the process restarts. If an off-chip clock source is used, clock counting still begins once VCC > VRST. This count
period is used to make certain that power is within tolerance and that the oscillator has time to stabilize. This provides a very controlled
and predictable startup condition.


Once the 65536 count period has elapsed, the reset condition is removed automatically, and software execution begins at the reset
vector location of 0000h. Software is able to detect the power-on reset condition using the power-on reset (POR) flag. POR is located
at WDCON.6. This bit is high to indicate that a power-on reset has occurred. It should then be cleared by software.


The complete power cycle operation is shown in Figure 7-1. Note that the interrupt threshold is fixed, but the interrupt itself is option-
al. Reset thresholds are also fixed and the reset operation is transparent. It requires no external components and no action by software
to control reset operation.


Bandgap Select
The bandgap is normally disabled automatically upon entering stop mode to provide the lowest power state. Since the bandgap is
inactive, there can be no power-fail interrupt and no power-fail reset, similar to a traditional 8051.


If the use of the power-fail features is desired in stop mode, the BGS bit (EXIF, 91h) can be used. When set to a logic 1 by software,
the bandgap reference and associated power monitor circuits remain active in stop mode. The price of this feature is higher power-
supply current requirements. In stop mode with the bandgap reference disabled (default), the processor draws approximately 10µA.
With the bandgap enabled, it draws approximately 75µA. 


BGS allows the user to decide whether the control circuitry and its associated power consumption are needed. If the application is
such that power does not fail while in stop, or if it does not matter that power fails, the BGS should be set to 0 (default). If power can
fail at any time and cause problems, the BGS should be set to 1.


Watchdog Wake-Up From Idle
The watchdog wake-up is more of an application than a feature. It allows a system to enter the idle mode for power savings, then to
wake up periodically to sample the external world. Idle mode is a low-power state described below. Any of the programmable timers
can perform this function, but the watchdog allows a much longer period to be selected. At 33MHz, the maximum watchdog timeout
is over 2s. This contrasts with 23.8ms using the 16-bit timers. Software that uses the watchdog as a wake-up alarm should enable only
the watchdog interrupt and not the reset. Note that the watchdog cannot be used to wake the system while in stop mode since no
clocks are running. Stop mode is described in the Power Management Summary section below.


POWER SAVING
The ultra-high-speed flash microcontroller is implemented using full CMOS circuitry for low-power operation. It is fully static, so the
clock speed can be run down to DC. Like other CMOS, the power consumption is also a function of operating frequency. Although the
microcontroller is designed for maximum performance, it also provides improved power versus work relationships compared with stan-
dard 8051 devices. These topics are discussed in detail in the following pages.


Clock Divide Control
The programmable clock divide control bits CD1 and CD0 (PMR, C4h) provide the processor with the ability to adapt to different crys-
tals and also to slow the system clocks, providing lower power operation when required. An on-chip crystal multiplier allows the ultra-
high-speed flash microcontroller to operate at two or four times the crystal frequency by setting the 4X/2X bit and is enabled by set-
ting the CTM bit to a logic 1. An additional circuit provides a clock source at divide-by-1024. When used with a 10MHz crystal, for
example, the processor executes machine cycle in times ranging from 25ns (divide-by-0.25) to 102.4µs (divide-by-1024) and main-
tains a highly accurate, serial port baud rate while allowing the use of more cost-effective, lower-frequency crystals. Although the clock
divide control bits can be written at any time, certain hardware features have been provided to enhance the use of these clock con-
trols to guarantee proper serial port operation, and also to allow for a high-speed response to an external interrupt. The 01b setting of
CD1 and CD0 is reserved  and has the same effect as the setting of 10b, which forces the system clock into a divide-by-1 mode. The
ultra-high-speed flash microcontroller defaults to divide-by-1 clock mode on all forms of reset.


When programmed to the divide-by-1024 mode, and the switchback bit (PMR.5: SWB) is also set, the system forces the clock divide
control bits to reset automatically to the divide-by-1 mode whenever the system has detected externally enabled interrupts.
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The oscillator divide ratios of 0.25, 0.5 and 1 are also used to provide standard baud rate generation for the serial ports through a
forced divide-by-12 input clocks (TxMH,TxM = 00b, x = 1, 2, or 3) to the timers. When in divide-by-1024 mode, in order to allow a quick
response to incoming data on a serial port, the system utilizes the switchback mode to automatically revert to divide-by-1 mode when-
ever a start bit is detected. This automatic switchback is only enabled during divide-by-1024 mode and all other clock modes are unaf-
fected by interrupts and serial port activity. See power management mode for more details.


Use of the divide-by-0.25 or 0.5 option through the clock divide control bits requires that the crystal multiplier be enabled and the spe-
cific system clock multiply value be established by the 4X/2X bit in the PMR register. The multiplier is enabled by the CTM (PMR.4) bit
but cannot be automatically selected until a startup delay has been established through the CKRY bit in the status register. The 4X/2X
bit can only be altered when the CTM bit is cleared to a logic 0. This prevents the system from changing the multiplier until the system
has moved back to the divide-by-1 mode and the multiplier has been disabled through the CTM bit. The CTM bit can only be altered
when the CD1 and CD0 bits are set to divide-by-1 mode and the RGMD bit is cleared to 0. Setting the CTM to a logic 1 from a previ-
ous logic 0 automatically clears the CKRY bit in the status register and starts the multiplier startup timeout in the multiplier startup
counter. During the multiplier startup period, the CKRY bit remains cleared and the CD1 and CD0 clock controls cannot be set to 00b.
The CTM bit is cleared to a logic 0 on all resets. Figure 7-2 (System Clock Sources) gives a simplified description of the generation of
the system clocks. Specifics of hardware restrictions associated with the use of the 4X/2X, CTM, CKRY, CD1, and CD0 bits are out-
lined in the SFR description. 


The microcontroller provides two modes (other than operating) that allow power conservation. They are similar, but have different mer-
its and drawbacks. These modes are idle and stop. In the original 8051, the stop mode is called power-down. These modes are invoked
in the same manner as the original 8051 series.


Idle Mode
Idle mode suspends all CPU processing by holding the program counter in a static state. No program values are fetched and no pro-
cessing occurs. This saves considerable power versus full operation. The virtue of idle mode is that it uses half the power of the oper-
ating state, yet reacts instantly to any interrupt conditions. All clocks remain active so the timers, watchdog, serial port, and power mon-
itor functions are all working. Since all clocks are running, the CPU can exit the idle state using any of the interrupt sources.


4X/2X
CTM


Crystal
Oscillator


Divide-by-1024


Ring
Oscillator


Clock
Multiplier


CD0
CD1


Selector
Ring


Enable


MUX System
Clock


Figure 7-2. System Clock Sources
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Software can invoke the idle mode by setting the IDLE bit in the PCON register at location 87h. The bit is located at PCON.0. The
instruction that executes this step is the last instruction prior to freezing the program counter. Once in idle, all resources are preserved.
There are two ways to exit the idle mode. First, any interrupt (that is enabled) will cause an exit. This results in a jump to the appropri-
ate interrupt vector. The IDLE bit in the PCON register is cleared automatically. Upon returning from this vector using the RETI instruc-
tion, the next address is the one immediately after the instruction that invoked the idle state.


The idle mode can also be removed using a reset. Any of the three reset sources can do this. On receiving the reset stimulus, the CPU
is placed in a reset state and the idle condition cleared. When the reset stimulus is removed, software begins execution as for any
reset. Since all clocks are active, there is no delay after the reset stimulus is removed. Note that if enabled, the watchdog timer con-
tinues to run during idle and must be supported.


Stop Mode
Stop mode is the lowest power state available. This is achieved by stopping all on-chip clocks, resulting in a fully static condition. No
processing is possible, timers are stopped, and no serial communication is possible. Software can invoke stop mode by setting the
STOP bit in the PCON register at location 87h. The bit is located at PCON.1. Processor operation halts on the instruction that sets the
STOP bit. The internal amplifier that excites the external crystal is disabled, halting crystal oscillation in stop mode. Stop mode takes
precedence if application code attempts to set both the STOP and IDLE bits. However, doing this is not suggested. Table 7-1 shows
the state of the processor pins in idle and stop modes.


Stop mode can be exited in two ways. First, like the 8052 microcontrollers, a nonclocked interrupt such as the external interrupts or
the power-fail interrupt can be used. Clocked interrupts, such as the watchdog timer, internal timers, and serial ports do not operate
in stop mode. Note that the bandgap reference must be enabled in order to use the power-fail interrupt to exit stop mode, which
increases stop mode current. Processor operation resumes with the fetching of the interrupt vector associated with the interrupt that
caused the exit from stop mode. When the interrupt service routine is complete, an RETI returns the program to the instruction imme-
diately following the one that invoked the stop mode.


A second method of exiting stop mode is with a reset. The watchdog timer reset is not available as a reset source because no timers
are running in stop mode. An external reset by the RST pin unconditionally exits the device from stop mode. If the BGS bit is set, the
device provides a reset while in stop mode if VCC should drop below the VRST level. If the BGS bit is 0, then a dip in power below
VRST does not cause a reset. For example, if VCC drops to a level of VRST -0.5V, then returns to the full level, no reset is generated.
For this reason, use of the bandgap reference is recommended if a brownout condition is possible in stop mode. If power fails com-
pletely (VCC = 0V), then a power-on reset is still performed when VCC is reapplied, regardless of the state of the BGS bit. Processor
operation resumes execution from address 0000h like any other reset.


Ring Oscillator Wake-Up From Stop
A typical low-power application is to keep the processor in stop mode most of the time. Periodically, the system wakes up (using an
external interrupt), takes a reading of some condition, and then returns to sleep. The duration of full-power operation is as short as pos-
sible. One disadvantage to this method is that the clock must be restarted prior to performing a meaningful operation. This startup peri-
od is a waste of time and power since no work can be performed. The ultra-high-speed flash microcontroller provides an alternative.


DEVICE EXECUTION MODE ALE PSEN P0 P1 P2 P3
Internal Idle or stop 1 1 Port data2 Port data2 Port data2 Port data2


External nonpage Idle 1 1 Latched1 Port data2 Latched3 Port data2


External page mode 1 Idle 1 1 Latched1 Port data2 Latched5 Port data2


External page mode 2 Idle 1 1 Latched5 Port data2 Latched1 Port data2


External (any) Stop 1 1 Port data 2 Port data2 Port data4 Port data2


Table 7-1. Pin States in Power-Saving Modes 


1Port exhibits opcode following instruction that sets the idle bit.
2Port reflects data stored in corresponding port SFR. Port 0 functions as an open-drain output in this mode.
3Port exhibits address MSB of opcode following instruction that sets the idle bit.
4Port reflects data stored in corresponding port SFR. In this mode, the port uses weak pullups. 
5Port exhibits address LSB of opcode following instruction that sets the idle bit.
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If the ring select (RGSL) is enabled, the microcontroller can exit stop mode running from an internal ring oscillator. Upon receipt of an
interrupt, this oscillator can start instantaneously, allowing software execution to begin immediately while the oscillator is stabilizing.
Ring oscillator execution cannot be used to support accurate baud-rate generation or precise timer/counter operations. Once 65,536
clock cycles have been detected, the CPU automatically switches to the normal oscillator as its clock source. However, if the required
interrupt response is very short, the software can reenter stop mode before the crystal is even stable. In this case, stop mode can be
invoked and both oscillators are stopped.


Speed Reduction
The ultra-high-speed flash microcontroller is a fully CMOS 8051-compatible device. It can use significantly less power than other 8051
versions, because it is more efficient. As an average, software runs 10 times faster on the ultra-high-speed flash microcontroller than
on other 8051 derivatives. Thus, the same job can be accomplished by slowing down the crystal by a factor of 10. For example, an
existing 8051 design that runs at 12MHz can run at approximately 1.2MHz on the ultra-high-speed flash microcontroller. At this reduced
speed, the ultra-high-speed microcontroller has lower power consumption than an 8051, yet performs the same job.


Using the 10X factor, Table 7-2 shows the approximate speed at which the ultra-high-speed flash microcontroller can accomplish the
same work as an 8051. The exact improvement varies depending on the actual instruction mix. Available crystal speeds must also be
considered.  Refer to Section 14 for information on instruction timing.


Power Management Modes
Power consumption in CMOS microcontrollers is a function of operating frequency. The power management mode (PMM) feature allows
software to dynamically match operating frequency and current consumption with the need for processing power. Instead of the default
one clock per machine cycle, PMM utilizes 1024 clocks per cycle to conserve power.


Several special features have been added to enhance the function of the PMM. The switchback feature allows the device to almost
instantaneously return to divide-by-1 mode upon detection of an enabled external interrupt or the receipt of a falling edge on a serial
port receiver pin. The advantages of this become apparent when one calculates the increased interrupt service time of a device oper-
ating in PMM. In addition, a device operating in PMM would normally be unable to sample an incoming serial transmission to proper-
ly receive it. The switchback feature, explained below, allows a device to return to divide-by-4 operation in time to receive incoming
serial port data and process interrupts with no loss in performance.


A status register (STATUS;C5h) prevents the device from accidentally reducing the clock rate during the servicing of an external inter-
rupt or serial port activity. This register can be interrogated to determine whether an interrupt is in progress, or if serial port activity is
occurring. Based on this information the software can delay or reject a planned change in the clock divider rate.


In addition, the ultra-high-speed flash microcontroller has the capability to operate from the internal ring oscillator during normal oper-
ation, not only during the crystal warmup period. Table 7-3 summarizes the new control bits associated with the power management
features.


ORIGINAL 8051
CRYSTAL SPEED (MHz)


MIPS ULTRA-HIGH-SPEED FLASH MICROCONTROLLER
CRYSTAL SPEED (MHz)


16 1.3 1.6
20 1.6 2.0
24 2.0 2.4
33 2.7 3.3
40 3.3 4.0


Table 7-2. Crystal vs. MIPS Comparison
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Power Management Mode Timing
The power management mode reduces power consumption by internally dividing the clock signal to the device, causing it to operate
at a reduced speed. When PMM is invoked, the external crystal continues to operate at full speed. The difference is that the device
uses 1024 external clocks to generate each system clock cycle as opposed to one clock per internal system clock cycle in the default
state. Relative timing relationships of all signals when the device is operating in PMM remains the same as the one cycle timing. Note
that all internal functions, on-board timers (including serial port baud-rate generation), watchdog timer, and software timing loops also
runs at the reduced speed. Most applications do not find it necessary to attend to this much detail, but the information is provided for
calculating critical timings. Figure 7-2 demonstrates the internal timing relationships during PMM.


PMM is entered and exited by setting the clock rate divider bits (PMR.7-6). In addition, it is possible use the switchback feature to effect
a return to the divide-by-1 mode from the power management mode. This allows both hardware and software to cause an exit from
PMM. Entry to or exit from PMM must be done through the divide-by-1 mode (CD1:0 = 10b). This means that to switch from divide-by-
1024 to the crystal multiplier 4X mode or vice versa, one must first switch back to divide-by-1 mode. Attempts to execute an illegal
speed change are ignored, and the bits remain unchanged. It is the responsibility of the software to test for serial port activity before
attempting to change speed, as a modification of the clock divider bits during a serial port operation corrupts the data.


BIT NAME LOCATION FUNCTION RESET
STATE


READ/WRITE ACCESS


CD1, CD0 PMR.7–6


Clock divider control
CD1 CD0 osc cycles per system clock cycle
  0 0 Crystal multiplier
  0 1 Reserved
  1 0 1 (reset default)
  1 1 1024 (PMM)


10


Write: 10 anytime;
00, 01, and 11 only when


previously in 10 state.
Unrestricted read.


SWB PMR.5


Switchback enable
0 = Interrupts and serial port activity will not affect clock
divider control bits
1 = Enabled interrupts and serial port activity will cause a
switchback


0 Unrestricted


PIS2:PIS0 STATUS.7:5


Priority Interrupt Status
101 = Level 4 interrupt (power fail) in progress
100 = Level 3 interrupt in progress
011 = Level 2 interrupt in progress
010 = Level 1 interrupt in progress
001 = Level 0 interrupt in progress
000 = No interrupt in progress


0 Read only


SPTA1 STATUS.3
Serial port 1 transmitter activity status
0 = Serial port 1 transmitter inactive
1 = Serial port 1 transmitter active


0 Read only


SPRA1 STATUS.2
Serial port 1 receiver activity status
0 = Serial port 1 receiver inactive
1 = Serial port 1 receiver active


0 Read only


SPTA0 STATUS.1
Serial port 0 transmitter activity status
0 = Serial port 0 transmitter inactive
1 = Serial port 0 transmitter active


0 Read only


SPRA0 STATUS.0
Serial port 0 receiver activity status
0 = Serial port 0 receiver inactive
1 = Serial port 0 receiver active


0 Read only


Table 7-3. Power Management and Status Bit Summary 







Ultra-High-Speed Flash
Microcontroller User’s Guide


87 _____________________________________________________________________________________________


PMM and Peripheral Functions
Timers 0, 1, and 2 default on reset to a 12 clock per cycle operation to remain compatible with the original 8051 timing. The timers can
be individually configured to run at the fastest instruction cycle timing (divide-by-1) or to a system clock divide-by-4 input by setting
the relevant bits in the clock control register (CKCON;8Eh). Because the timers derive their time base from the internal clock, timers 0,
1, and 2 operate at reduced clock rates during PMM. This also affects the operation of the serial ports in PMM. In general, it is not pos-
sible to generate standard baud rates while in PMM, and the user is advised to avoid PMM, or use the switchback feature, if serial port
operation is desired. Table 7-4 shows the effect of the PMM clock divider option on timer and serial port operation.


SWITCHBACK
The switchback feature solves one of the most vexing problems faced by power-conscious systems. Many applications are unable to
use the stop and idle modes because they require constant computation. Traditionally, system designers could not reduce the oper-
ating speed below that required to process the fastest event. This meant that system architects would be forced to operate their sys-
tems at the highest rate of speed, even when it was not required. The switchback feature allows a system to operate at a relatively slow
speed and burst to a faster mode when required by an external event. When this feature is enabled by setting the switchback enable
bit (SWB), (PMR.5), a qualified interrupt, serial port reception, or transmission causes the device to return to the default divide-by-1
mode. A qualified interrupt is defined as an interrupt that has occurred and been acknowledged. This means that an interrupt must be
enabled and also not blocked by a higher priority interrupt. After the event is complete, software can manually return the device to
PMM. The following sources can trigger a switchback:


• External interrupt 0/1/2/3/4/5


• Serial start bit detected, serial port 0/1


• Transmit buffer loaded, serial port 0/1


INTERNAL
SYSTEM


CLOCK
(PMM)


MINIMUM INSTRUCTION CYCLE


EXTERNAL
CLOCK


1024 CLOCKS


Figure 7-3. Internal Timing Relationships in PMM
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Table 7-4. Effect of PMM Clock Mode on Timer, Serial Operation
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• Watchdog timer reset


• Power-on reset


• External reset


In the case of a serial port-initiated switchback, the switchback is not generated by the associated interrupt. This is because a device
operating in PMM is not able to correctly receive a byte of data to generate an interrupt. Instead, a switchback is generated by a ser-
ial port reception on the falling edge associated with the start bit, if the associated receiver enable bit (SCON0.4 or SCON1.4) is set.
For serial port transmissions, a switchback is generated when the serial port buffer (SBUF0;99h or SBUF1;C1h) is loaded. This ensures
the device is operating in divide-by-1 mode when the data is transmitted, and eliminates the need for a write to the CD1, CD0 bits to
exit PMM before transmitting. The switchback feature is unaffected by the state of the serial port interrupt flags (RI_0, TI_0, RI_1, TI_1).


The timing of the switchback is dependent on the source. Interrupt-initiated switchbacks occur at the start of the first clock cycle fol-
lowing the event initiating the switchback. In PMM, each internal clock cycle is 1024 external clock cycles. If the current instruction in
progress is a write to the IE, IP, EIE, or EIP registers, interrupt processing is delayed until the completion of the following instruction.
Serial transmit-initiated switchbacks occur at the start of the instruction following the MOV that loads SBUF0 or SBUF1. Serial recep-
tion-initiated switchbacks occur during the cycle in which the falling edge was detected. A few points must be considered when using
a serial port reception to generate a switchback. Under normal circumstances, noise on the line or an aborted transmission causes the
serial port to time out and the data to be ignored. This presents a problem if the switchback is used, however, because a switchback
would occur without indication to the system. If PMM and serial port switchback functions are used in a noisy environment, the user is
advised to periodically check if the device has accidentally exited PMM.


A similar problem can occur if multiprocessor communication protocols are used in conjunction with PMM. The ultra-high-speed flash
microcontroller family supports both the use of the SM2 flag (SCON0.5 or SCON1.5), and the slave address-recognition registers
(SADDR0;A9h, SADDR1;AAh, SADEN0;B9h, SADEN1;BAh) for multiprocessor communications. The problem is that an invalid address,
which should be ignored by a particular processor, still generates a switchback. As a result, it is not recommended to use a multi-
processor communication scheme in conjunction with PMM. If the system power considerations allow for an occasional erroneous
switchback, a polling scheme can be used to place the device back into PMM.


CLOCK SOURCE SELECTION
The ultra-high-speed flash microcontroller family supports three clock sources for operation. As with most microcontrollers, the device
can be clocked from an external crystal using the on-board crystal amplifier, or a clock source can be supplied by an external oscil-
lator. In addition, some members of the family incorporate an on-board ring oscillator to provide a quick resumption from stop mode.
The ring oscillator is a low power digital oscillator internal to the microcontroller. When enabled, it provides an approximately 10MHz
clock source for device operation without external components. The ring oscillator is not as stable as an external crystal, and software
should refrain from performing timing-dependent operations, including serial port activity, while operating from the ring oscillator.


The ring oscillator provides many advantages to the designers of microcontroller-based systems. One is that it allows Dallas
Semiconductor microcontrollers to perform a fast resume from stop mode, eliminating the crystal warmup delay when restarting the
device. The microcontroller must begin operation following a power-on reset from an external clock source, either an external crystal
or oscillator. The control and status bits which support the new and/or enhanced features are shown in Table 7-5.


BIT NAME LOCATION FUNCTION RESET WRITE ACCESS


RGMD EXIF.2
Ring Oscillator Mode Status.
1 = Ring oscillator is current clock source,
0 = Crystal or external clock is current clock source.


0 None


RGSL EXIF.1


Ring Oscillator Select, Stop Mode.
1 = Ring oscillator will be the clock source when
resuming from stop mode,
0 = Crystal or external clock will be the clock
source when resuming from stop mode
Note: Upon completion of crystal warm up period,
the device will switch to the crystal.


— Unrestricted


Table 7-5. Clock Control and Status Bit Summary
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RING OSCILLATOR RESUME FROM STOP
To achieve the minimum power consumption during periods of processor inactivity, software can place the device into stop mode. Such
systems typically resume operation using an external interrupt, perform some activity, and then return to stop mode. Traditional designs
that rely upon an external crystal as the clock source must incur the startup delay of the crystal when resuming from stop mode. This
is a waste of time and power, as no work can be performed until the crystal has stabilized.


Although the ring oscillator provides an approximately 10MHz clock source for device operation, it is not as stable as an external crys-
tal. As a result, high-accuracy timing operations should be avoided while running from the ring oscillator. This includes using the timers
for pulse measurement, and the use of the serial ports in asynchronous modes (1, 2, 3). Serial ports operating in mode 0 are unaf-
fected by the stability of the clock source as a separate synchronizing clock is generated.


If the ring oscillator select bit RGSL, (EXIF.1) is set, the device resumes operation immediately using the internal ring oscillator as the
clock source. The device continues to run from the ring oscillator until the crystal warmup period of 65,536 clock cycles (measured
from the external source) has completed. At this time, the device switches to clock source active before it enters stop mode and con-
tinues operation. This allows software execution to begin immediately upon resuming from stop mode. The current clock source is indi-
cated by the ring oscillator mode bit, RGMD (EXIF.2). In stop mode, enabled interrupts become true edge triggered interrupts, com-
pared with the sampled edge detection used during normal operation. This means that external interrupts are more sensitive to noise
in stop mode than during normal operation. Applications should be carefully designed to ensure that noise will not cause an erroneous
exit from stop mode.


SECTION 8: RESET CONDITIONS
The condition that causes the microcontroller to vector to address 0000h is a reset. This can happen internally or external to the micro-
controller. The reset condition puts the microcontroller in a known state following a course of events not anticipated by the designer.
The circuit could be subjected to numerous conditions, such as power brownout, noise due to lightning strike, or corrupted code.


RESET SOURCES
The microcontroller can enter a reset condition if invoked in one of five ways:


• Power-on/power-fail reset


• Watchdog timer reset


• Oscillator-fail detect reset


• Internal system reset


• External reset


The reset state is the same, regardless of the source of the reset. When in reset, the oscillator is running, but no program execution is
allowed. When the reset source is external, the user must remove the reset stimulus to continue operation. When power is applied to
the device, the power-on delay removes the stimulus automatically.


Power-On/Power-Fail Reset
The ultra-high-speed flash microcontroller incorporates an internal voltage reference, which holds the device in power-on reset while
VCC is out of tolerance. Once VCC has risen above the threshold, the device restarts the external crystal oscillator and counts 65,536
clock cycles before program execution begins at location 0000h. The power monitor invokes a reset state when VCC drops below the
threshold condition. The condition remains in effect while power is below the minimum voltage level. When power returns above the
reset threshold, a full power-on reset is performed. This mechanism provides a controlled and predictable startup condition.


The processor exits the reset condition automatically once VCC meets the minimum voltage requirement. This helps the system main-
tain reliable operation by only permitting processor operation when voltage is in a known good state. Software can determine that a
power-on reset has occurred by checking the power-on reset flag (POR) in the WDCON register. Software should clear the POR bit
after it is read.
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Watchdog Timer Reset
The ultra-high-speed flash microcontroller incorporates a safety feature to prevent corrupted software from controlling the CPU. This
feature is called the watchdog timer. It is a free-running timer with a programmable interval. The watchdog supervises the processor
operation by requiring software to clear the timer before an overflow occurs. If the timer is enabled and software fails to clear it before
this interval expires, the ultra-high-speed flash microcontroller is placed into a reset state. The reset state maintains for 13 clock cycles.
Once the reset is removed, the processor resumes execution at address 0000h. Software can determine if a reset is caused by a watch-
dog timeout by checking the watchdog timer reset flag (WTRF) in the WDCON register. This flag is cleared by software only.


Oscillator Fail-Detect Reset
Oscillator fail-detect circuitry monitors the on-chip oscillator activity. When enabled, this circuit causes a reset if the oscillator frequen-
cy falls below ~20kHz, and holds the chip in reset until the oscillator frequency rises back above ~20kHz. The circuitry is enabled by
setting the OFDE (PCON.4) bit to a logic 1. The OFDE bit can be cleared by software or by the occurrence of a power-fail reset. A reset
caused by an oscillator failure sets the OFDF (PCON.5) flag bit to a logic 1. This flag can be cleared by software or by a power-on
reset. The oscillator fail-detect circuitry utilizes the internal ring oscillator to clock the chip into the reset state and maintain the reset
state while the oscillator is below the minimum frequency. Note, however, that the circuitry does not force a reset when the oscillator is
purposely stopped when software invokes stop mode.


External Reset
If the RST input is asserted to logic 1, the device is forced into a reset state. An external reset is accomplished by holding the RST pin
high at least four clock cycles while the oscillator is running. Once the reset state is invoked, it is maintained as long as RST is assert-
ed at logic 1. When the RST is removed, the processor exits the reset state within four clock cycles and begins execution at address
0000h.


If an RST is applied while the processor is in the stop mode, the RST causes the oscillator to begin running and forces the program
counter to 0000h. The reset delay is 65,536 clock cycles to allow the oscillator to stabilize.


The RST pin is a bidirectional I/O. If a reset is caused by a power fail reset, a watchdog timer reset, an oscillator fail detect reset, or
an internal system reset, a positive output level is also generated at the RST pin. This reset level is asserted as long as an internal reset
is asserted. The drive capability of this I/O port may be insufficient if the RST pin is connected to a RC reset circuit. Connecting the
RST pin to a capacitor would not affect the internal reset condition.


Determining The Cause Of a Reset
During the debugging process, it might be necessary to isolate the cause of a device reset. Because resets are initiated by a limited
number of sources, it is relatively easy to determine their source by interrogating the flag bits associated with the reset sources. The
table below lists the reset sources and flag bits. Although no flag bits are associated with the internal system reset generated by issu-
ing a system reset or complement bank-select flash command, it is unlikely that these would occur unintentionally, given that the flash
command bits (FCNTL.3-0) require a timed-access write. 


Reset Source Flag Associations


RESET SOURCE FLAG BIT
Power-on reset POR – WDCON.6
Watchdog reset WTRF – WDCON.2
Oscillator fail-detect reset OFDF – PCON.5
Internal system reset None
External reset None
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SECTION 9: INTERRUPTS
The ultra-high-speed microcontroller family improves upon the traditional 8051 architecture by utilizing a five-priority interrupt system.
The five priority levels, from highest priority to lowest, are 4, 3, 2, 1, and 0. The power-fail interrupt, when enabled, always receives the
highest priority (level 4), while other interrupt sources can be configured to level 3, 2, 1, or 0. Each source has independent priority
bits, flag(s), interrupt vector, and enable. In addition, interrupts can be globally enabled (or disabled). The interrupt system is com-
patible with the original 8051 family, having all of the original interrupts available. A summary of all interrupt sources is provided in the
table below. 


INTERRUPT OVERVIEW
An interrupt allows the software to react to unscheduled or asynchronous events. When an interrupt occurs, the CPU is expected to
“service” the interrupt. This service takes the form of an interrupt service routine (ISR). The ISR resides at a predetermined address,
as shown in Table 9-1. When the interrupt occurs, the CPU vectors to this address and runs code created to service the interrupt. The
CPU stays in an interrupt service state until the return from interrupt instruction (RETI) is executed at completion of the ISR. When an
RETI is performed, the processorl returns to the instruction that would have been next when the interrupt occurred. Once an ISR has
begun, it can be interrupted only by a higher priority interrupt.


INTERRUPT
INTERRUPT


VECTOR
NATURAL


ORDER
FLAG ENABLE


PRIORITY
CONTROL


Power-fail 33h 0 (highest) PFI (WDCON.4) EPFI (WDCON.5) N/A


External interrupt 0 03h  1 IE0 (TCON.1)** EX0 (IE.0)
MPX0 (IP1.0)
LPX0 (IP0.0)


Timer 0 overflow 0Bh 2 TF0 (TCON.5)* ET0 (IE.1)
MPT0 (IP1.1)
LPT0 (IP0.1)


External interrupt 1 13h 3 IE1 (TCON.3)** EX1 (IE.2)
MPX1 (IP1.2)
LPX1 (IP0.2)


Timer 1 overflow 1Bh 4 TF1 (TCON.7)* ET1 (IE.3)
MPT1 (IP1.3)
LPT1 (IP0.3)


Serial port 0 23h 5
RI_0 (SCON0.0),
TI_0 (SCON0.1)


ES0 (IE.4)
MPS0 (IP1.4)
LPS0 (IP0.4)


Timer 2 overflow 2Bh 6
TF2 (T2CON.7)
EXF2(T2CON.6)


ET2 (IE.5)
MPT2 (IP1.5)
LPT2 (IP0.5)


Serial port 1 3Bh 7
RI_1 (SCON1.0),
TI_1 (SCON1.1)


ES1 (IE.6)
MPS1 (IP1.6)
LPS1 (IP0.6)


External interrupt 2 43h 8 IE2 (EXIF.4) EX2 (EIE.0)
MPX2 (EIP1.0)
LPX2 (EIP0.0)


External interrupt 3 4Bh 9 IE3 (EXIF.5) EX3 (EIE.1)
MPX3 (EIP1.1)
LPX3 (EIP0.1)


External interrupt 4 53h 10 IE4 (EXIF.6) EX4 (EIE.2)
MPX4 (EIP1.2)
LPX4 (EIP0.2)


External interrupt 5 5Bh 11 IE5 (EXIF.7) EX5 (EIE.3)
MPX5 (EIP1.3)
LPX5 (EIP0.3)


Watchdog interrupt 63h 12 WDIF (WDCON.3) EWDI (EIE.4)
MPWDI (EIP1.4)
LPWDI (EIP0.4)


Table 9-1. Interrupt Summary 


Unless marked, these flags must be cleared manually by software.
*Cleared automatically by hardware when the service routine is vectored to.
**If edge-triggered, cleared automatically by hardware when the service routine is vectored to. If level-triggered, flag follows the state of the pin.
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When an interrupt condition occurs, the processor indicates this by setting a flag bit. This flag bit cannot alone cause an interrupt, and
is set regardless of whether the interrupt is enabled. Most flags must be cleared manually by software. However, IE0 and IE1 are
cleared automatically by hardware upon vectoring to the service routine if the interrupt was edge-triggered. In level-triggered mode,
the IE0 or IE1 flags will follow the state of the pin. Flags TF0 and TF1 are always cleared automatically when the service routine is vec-
tored to. Refer to the individual bit descriptions for more details. 


Each source must be individually enabled in order to generate CPU interrupts. Each interrupt source has an independent enable, as
shown in Table 9-1. In order for the processor to acknowledge the interrupt and vector to the ISR, the enable all bit (IE.7: EA) must be
set to globally enable interrupt sources. Clearing the EA bit to a logic 0 disables all interrupts, regardless of the individual interrupt
enables. The power-fail warning interrupt source is the only exception, requiring only its individual enable bit be set (WDCON.5: EPFI)
to be recognized by the CPU. The EA bit has no effect on the power-fail interrupt.


INTERRUPT SOURCES
The interrupt sources present on the ultra-high-speed microcontroller can broken into several categories: external, timer-based, serial
communication, and power-fail. Each type is described in the following pages. Interrupt sources are evaluated during the final memo-
ry cycle of each instruction to determine whether and which interrupt is serviced. If the interrupt source goes active after this evalua-
tion, it is not considered until the final memory cycle of the next instruction.


External Interrupts
The ultra-high-speed microcontroller has six external interrupt sources. These include the standard two interrupts of the 8051 archi-
tecture and four new sources. The original interrupts are INT0 and INT1. These are active-low and can be programmed to be edge- or
level-sensitive. The detection mode for each source is controlled through TCON register bits IT0 and IT1, respectively. When ITx = 0,
the interrupt is triggered by a logic 0 on the appropriate interrupt pin. The interrupt condition remains in effect as long as the pin is low.
When ITx = 1, the interrupt is pseudo-edge-triggered. This means that the interrupt is activated, if on successive samples the pin is
found to be in a low state, indicating that a falling edge occurred. Since the external interrupts are sampled, the pin driver of an edge-
triggered interrupt should hold both the high and then the low condition for at least two system clock cycles (each) to ensure detec-
tion. This means maximum sampling frequency on any interrupt pin is one-fourth of the system clock frequency.


It is important to note that level-sensitive interrupts are not latched. This is most important if using other interrupts of equal or higher
priority, because the level-sensitive interrupt request may not receive immediate service by the processor. A level-sensitive interrupt
request is missed unless the condition is held until it can be serviced.


The remaining four external interrupts are similar in nature, with two differences. First, the four new interrupts are edge-detect only. They
do not have level-detect modes. Second, INT2 and INT4 are positive-edge sensitive instead of negative-edge sensitive. All associat-
ed bits and flags operate the same and have the same polarity as the original two. A logic 1 indicates the presence of a condition, not
the logic state of the pin.


If the power management mode is utilized, the designer must remember that detection of edge-triggered interrupts is defined in rela-
tion to the system clock (= 1024 oscillator clock cycles). This means that it requires 2048 external clock cycles before detecting that
an edge has just occurred. As a result, the latency for these interrupts is much longer in power management mode.


Timer Interrupts
The ultra-high-speed flash microcontroller incorporates three 16-bit programmable timers, each of which can generate an interrupt,
and a programmable watchdog timer. The three 16-bit programmable timers operate in the same manner as the 80C52. Each timer
has an independent interrupt enable, flag, vector, and priority. The watchdog timer also has its own interrupt enable, flag, and priority.


Timers 0 and 1 set their respective interrupt flags when the timer overflows from a full condition, depending on its mode. This flag is
set regardless of the interrupt enable state. If the interrupt is enabled, this event generates a call to the corresponding interrupt vec-
tor. For timers 0 and 1, the flags are cleared when the processor jumps to the interrupt vector. Thus, these flags are not available for
use by the interrupt service routine (ISR), but are available outside of the ISR and in applications that do not acknowledge the inter-
rupt (i.e., jump to the vector). If the interrupt is not acknowledged, then software must manually clear the flag bit. In addition to having
an interrupt flag for an overflow condition (as is the case for timers 0 and 1), timer 2 has a second interrupt flag (EXF2) that is associ-
ated with detection of a falling edge on the T2EX (P1.1) pin. When timer 2 has been configured in capture mode (CP/RL2 = 1, EXEN2
= 1) or autoreload mode (CP/RL2 = 0, EXEN2 = 1, DCEN = 0), a negative transition on T2EX causes the EXF2 interrupt flag to be set.
For timer 2 interrupts, jumping to the interrupt vector does not clear either of the flags. Instead, software must ascertain which flag
caused the interrupt and clear it manually. Timer 0 and 1 flag bits reside in the TCON register. Timer 2 flag bits reside in the T2CON
register. The interrupt enables and priorities for timers 0, 1, and 2 reside in the IE and IP0, IP1 registers. 
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The watchdog interrupt usually has a different connotation than the timer interrupts. Unless the watchdog is being used as a very long
timer, the interrupt means that the software has failed to reset the timer and may be lost. The watchdog ISR can attempt to determine
the system state or allow the CPU to be reset if the watchdog reset function has been enabled (EWT = 1). Like other sources, the watch-
dog timer has a flag bit, enable bit, priority bits, and its own vector. 


Serial Communication Interrupts
Each UART is capable of generating an interrupt. Each UART has its own interrupt enable, vector, and priority. Each UART interrupt
has two flags (RI, TI) that are used by the ISR to determine whether the interrupt comes from a received word or a transmitted one.
Unlike the timers, the UART flags are not altered when the interrupt is serviced. Software must change them manually.


When a UART finishes the transmission of a word, the TI bit is set and an interrupt is generated (if enabled). Likewise, the UART sets
the RI bit and generates an interrupt when a word is completely received. The CPU is not notified until the word is completely received
or transmitted.


Power-Fail Interrupt
The ultra-high-speed microcontroller has the ability to generate an interrupt when VCC drops below a predetermined level. By com-
paring a fixed ratio of VCC versus an internal reference, the microcontroller can assess when VCC drops below the VPFW level and
cause an interrupt (if enabled). The level of VPFW is provided in the data sheet on DC electrical specifications. The power-fail interrupt
is a level-sensitive condition, and remains in effect as long as VCC remains below VPFW. The power-fail interrupt has the highest pri-
ority level, which cannot be altered by the user. The EPFI bit solely controls the enabling or disabling of the power-fail interrupt source,
and is not subject to the global interrupt enable (EA). The EPFI bit should always be cleared to a logic 0 state if the power-fail interrupt
is not needed. 


Simulated Interrupts
Software can simulate any interrupt source by setting the corresponding flag bit. This forces an interrupt condition that is acknowledged
(if enabled) and is otherwise indistinguishable from the real thing. Thus, an interrupt flag bit should never be set to a logic 1 by soft-
ware inadvertently. Once an interrupt has been acknowledged, software cannot prevent or end the interrupt by clearing its flag. If, how-
ever, software clears an interrupt flag before the interrupt is acknowledged, the interrupt does occur. 


INTERRUPT PRIORITIES
The ultra-high-speed microcontroller has five interrupt priority levels. The five priority levels, from highest priority to lowest, are 4, 3, 2,
1, and 0. 


The power-fail interrupt, when enabled, always receives the highest priority (level 4), while the remaining  interrupt sources can indi-
vidually be programmed to level 3, 2, 1, or 0. The lowest priority (level 0) is the default condition for the other sources. An interrupt
being serviced can only be interrupted by a higher priority interrupt. The power-fail interrupt source, assigned priority level 4, there-
fore, has the ability to interrupt the service routine of any other source. No interrupt source with equal or lesser priority to one current-
ly being serviced can interrupt the service routine. 


If two interrupt sources of equal priority levels are requested simultaneously, natural priority is used to arbitrate. The natural priority is
given in Table 9-1. Note that natural priority is only used to resolve simultaneous requests. Once an interrupt of a given priority is
invoked, only a source that is programmed with a higher priority can intercede.


Interrupt Register Conflicts
During normal operation, there is a small but finite probability that application software might try to read or modify a register associat-
ed with interrupt functions at the same time that the interrupt hardware is modifying the register. In general, these hardware/software
interrupt conflicts are resolved according to the “hardware wins” philosophy: In the event of a conflict, the hardware modification of a
register takes precedence over the software action to ensure that the interrupt event is not missed. 


To assist in prevention of hardware/software conflicts, the interrupt selection process that normally occurs in the final memory cycle of
each instruction is aborted for any instructions that write to the IP0, IP1, EIP0, EIP1, IE, or EIE registers. When the evaluation takes place
in the subsequent instruction, the interrupt source incorporates the new priority and enable values from the previous instruction. If this
situation occurs, it lengthens the interrupt latency by the length of the instruction that modified the register.
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INTERRUPT ACKNOWLEDGE CYCLE
The process of acknowledging an interrupt begins with the setting of the associated flag. For edge-triggered external interrupts and
internal interrupt sources, the interrupt flags are set automatically by hardware. For level-sensitive external interrupts, the flags are actu-
ally under control of the external signal, and the flag rises and falls with the pin level. All interrupt flags are evaluated on the final exe-
cution cycle of each instruction. A priority decoding process is performed among pending and new interrupt sources in order to select
the appropriate interrupt vector address. This decoding process is accomplished in a single memory cycle using combinatorial logic.
Hardware then forces an LCALL to the selected vector address in the following memory cycle, unless blocked by one of the following
conditions:


• An interrupt of equal or greater priority has already been invoked and the RETI instruction has not been issued to terminate it,


• The current cycle is not the final cycle in the execution of the current instruction, or


• The instruction in progress is an RETI or a write to IP0, IP1, EIP0, EIP1, IE, or EIE.
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Figure 9-1. Interrupt Functional Description
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INTERRUPT LATENCY
Interrupt response time is normally between 4 and 18 memory cycles, depending on the state of the microcontroller when the interrupt
occurs. If the microcontroller is performing an ISR with equal or greater priority, interrupt latency increases because the new interrupt
is not invoked. In other cases, the response time depends on the current instruction. The fastest possible response to an interrupt is
four memory cycles. The four memory cycle response time includes one cycle for detecting the interrupt and three cycles to perform
the LCALL that is inherent in the interrupt request.


The maximum response time occurs if the microcontroller is performing a JBC instruction that clears a bit in IE, IP0, EIE, or EIP0, and
then executes a DIV as the next instruction. From the time an interrupt source is activated (not detected), the longest reaction time is
18 memory cycles. This includes one cycle to detect the interrupt, four cycles to finish the JBC, ten cycles to perform the DIV, then
three cycles for the LCALL to the ISR. This maximum response time of eighteen memory cycles assumes that there are no other pend-
ing interrupts of higher priority to be serviced and that the JBC instruction is not preceded and does not jump to any instruction that
aborts the priority decoding process (RETI or writes to IP0, IP1, EIP0, EIP1, IE, or EIE).


SECTION 10: I/O PORTS
The ultra-high-speed flash microcontroller provides 8-bit I/O ports. Each port appears as a special function register that can be
addressed as a byte or 8 individual bit locations. In general, the register and the port pin have identical values, and reading or writing
a port is the same as reading or writing the SFR for the port. The basic I/O driver function and its electrical characteristics are similar
to the drivers used in the DS87C520, with respect to individual port and pin conditions.


Port 0 and port 2 can serve either as general-purpose parallel I/O ports or as the expanded memory bus. Ports 1 and 3 can be used
as general-purpose parallel I/O ports with optional special functions associated with each pin. Enabling the special function for a pin
automatically converts the I/O pin to that function. An optional function of a pin can be turned on and off dynamically to suit the appli-
cation. Using one or more I/O pins of a port as special functions does not affect the remaining port pins. It should be noted that port
0 drivers are open-drain and require external pullups when used as general-purpose I/O ports.
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Figure 10-1. Port 0 Functional Circuitry
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PARALLEL I/O
Each I/O port can be used as a general-purpose, bidirectional parallel I/O port. Data written to the port latch serves to set both the
level and the direction of the data on the pin. The output of the port pin is established by writing to the associated port pin latch. When
logic 0 is written to the port for output, the port is pulled to ground. When logic 1 is written to ports 1, 2, or 3, a strong driver momen-
tarily drives the pin from 0 to 1, and then a weak pullup maintains the 1. A logic 1 written to port 0 causes those pins to go tri-state,
functioning as open-drain outputs. A logic 1 in the port latch also configures the port pin to the input state. Since the pin is either weak-
ly pulled up or in three-state, the pin is the same as the driven logic state. The logic state of the pin itself does not alter the logic value
of the port latch.


PORT 0
This is an open drain, 8-bit, bidirectional, general-purpose I/O port. A reset condition or logic 1, written to the latches of this port, three-
state, the port pins. This condition also serves as an input mode. When used as an I/O port, external pullups are required. As an alter-
nate function, this port can be used as part of the multiplexed address/data bus to access external memory. Both nonpage and page
mode are supported. During the original 8051 expanded bus configuration (nonpage mode), when ALE is high, the LSB of the address
is presented to P0. When ALE is low, the port transitions to a bidirectional data bus. When used in page mode 1, P0 is used as the pri-
mary data bus only. When used in page mode 2, P0 is used for the LSB of the address only. 


The use of port 0 as general-purpose I/O is not recommended if the device is used to access external memory. In this case, the state
of the pins are disturbed during the memory access. In addition, the pullups required to maintain a high state during the use as gen-
eral-purpose I/O interfere with the complementary drivers employed when the device operates as an expanded memory bus.


When port 0 is used as an address bus, the AD0-7 pins provide true drive capability for logic levels 1 and 0. No external pullups are
required. In fact, external pullups degrade the memory interface timing. A two-state system is used on AD0-7. This allows the pin to
be driven hard for a period of time, allowing the greatest possible setup or access time. The pin states are then held in a weak latch
until forced to the next state or overwritten by an external device. This assures a smooth transition between logic states and also allows
a longer hold time. 
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PORT 2
Port 2 is an 8-bit bidirectional I/O port. The reset condition sets the port pins to logic 1. In this state, a weak pullup holds the port pin
high. This condition also serves as an input mode, since any external circuit that writes to the port overcomes the weak pullup. Writing
a logic 0 to the port pin activates a strong pulldown that remains on until a 1 is written or a reset occurs. Writing a logic 1 after the port
has been at 0 causes a strong transition driver to turn on, followed by a weaker sustaining pullup. Once the momentary strong driver
turns off, the pin assumes both the output high and input state. As an alternate function, port 2 can function as the MSB of the address
bus for external memory access during nonpage mode. When used in page mode 1, P2 is used for both LSB and MSB of external
address. When used in page mode 2, P2 is used for the MSB of external address and data.


PORT 1
Port 1 functions as both an 8-bit bidirectional I/O port and an alternate functional interface for timer 2 I/O, external interrupts 2, 3, 4, 5,
and serial port 1. Reset conditions set these port pins to logic 1 and are held high with weak pullups. This condition also serves as an
input mode, since any external circuit that writes to the port overcomes the weak pullup. When a logic 0 is written to any port pin, the
port activates a strong pulldown that remains on until a 1 is written or a reset occurs. Writing a logic 1 after the port has been a 0 caus-
es a strong transition driver to turn on, followed by a weaker sustaining pullup. Once the momentary strong driver turns off, the pin
assumes both the output high and input state.


PORT 3
Port 3 functions as both an 8-bit bidirectional I/O port and an alternate functional interface for external interrupts 0 and 1, serial port 0,
timers 0 and 1 inputs, and external data memory strobes. The reset condition sets all bits to logic 1. In this state, a weak pullup holds
the port high. This condition also serves as an input mode, since any external circuit that writes to the port overcomes the weak pullup.
Writing a logic 0 to any port pin activates a strong pulldown that remains on until a 1 is written or a reset occurs. Writing a logic 1 after
the port has been a 0 causes a strong transition driver to turn on, followed by a weaker sustaining pullup. Once the momentary strong
driver turns off, the pin assumes both the output high and input state.


Alternate Functions of Ports 1 and 3
When any of the pins of ports 1 and 3 is enabled as a special function, the port latch should be programmed to logic 1 to avoid poten-
tial bus contention and ensure proper operation. The drive characteristics of these pins do not change when the pins are used for gen-
eral I/O or as a special function associated with the pin. port 0 and 2 pins, as well as PSEN, ALE, P3.6 and P3.7, incorporate special
circuitry to limit the current consumed by the device.
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The special functions and the associated port pins are listed below:


P1.0 T2 Timer 2 output


P1.1 T2EX Timer 2 capture/reload input


P1.2 RXD1 Serial receive UART1


P1.3 TXD1 Serial transmit UART1


P1.4 INT2 External interrupt 2, rising-edge active


P1.5 INT3 External interrupt 3, falling-edge active


P1.6 INT4 External interrupt 4, rising-edge active


P1.7 INT5 External interrupt 5, falling-edge active


P3.0 RXD0 Serial receive UART0


P3.1 TXD0 Serial transmit UART0


P3.2 INT0 External interrupt 0, falling-edge active


P3.3 INT1 External interrupt 1, falling-edge active


P3.4 T0 Timer 0 input


P3.5 T1 Timer 1 input


P3.6 WR External data memory-write strobe


P3.7 RD External data memory-read strobe


Read-Modify-Write
The normal read instructions associated with the I/O ports read the pin state without regard to the port latches. However, the read-mod-
ify-write instructions read the state of the port latches instead of the port pins. This type of instruction reads the contents of an SFR,
then modifies it in the ALU, and returns it to the original source. The instructions of this type are listed below:


ANL Logical AND


ORL Logical OR


XRL Logical exclusive OR


JBC Branch if bit set and clear bit


CPL Complement bit


INC Increment


DEC Decrement


DJNZ Decrement and branch if not zero


MOV Px.n, C Move carry bit to bit n of port x


CLR Px.n Clear bit n in port x


SETB Px.n Set bit n in port x


Output Functions
The I/O ports appear to be true I/O, but their output characteristics are dependent on the individual port and pin conditions. When soft-
ware writes logic 0 to the port for output, the port is pulled to ground. When software writes logic 1 to the port for output, ports 1, 2, or
3 drive weak pullups (after the strong transition from 0 to 1). Thus, as long as the port is not heavily loaded, true logic values are out-
put. Port 0, having open-drain outputs, three-states when written to logic 1 and hence requires external pullups be present when used
as an output. DC drive capability is provided in the electrical specifications. Note that the DC current available from an I/O port pin is
a function of the permissible voltage drop.


Transition current is available to help move the port pin from logic 0 to logic 1. Since the logic 0 driver is strong, no additional drive
current is needed in the 1 to 0 direction. The transition current is applied when the port latch is changed from logic 0 to logic 1. Writing
logic 1 where a 1 was already in place does not change the strength of the pullup. This transition current is applied for two oscillator
cycles. The absolute current is not guaranteed, but is approximately 2 mA at 5V.
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When serving as an I/O port, the drive varies as follows: for logic 0, the port invokes a strong pulldown; for logic 1, the port invokes a
strong pullup for two oscillator cycles to assist with the logic transition. Then the port reverts to a weak pullup. This weak pullup is main-
tained until the port transitions from logic 1 to logic 0. External circuits can overdrive the weak pullup. This allows the logic 1 output
state to serve as the input state as well.


Substantial DC current is available in both the high and low levels. However, the power dissipation limitations make it inadvisable to heav-
ily load multiple pins. In general, sink and source currents should not exceed 10mA total per port (8 bits) and 25mA total per package.


Input Functions
The input state of the I/O ports is the same as that of the output logic 1. That is, the pin is pulled weakly to logic 1. This logic 1 state is
easily overcome by external components. Thus, after software writes a 1 to the port pin, the port is configured for input. When the port
is read by software, the state of the pin is read. The only exception is the read-modify-write instructions, discussed earlier. If the exter-
nal circuit is driving logic 1, then the pin is logic 1. If the external circuit is driving logic 0, then it overcomes the internal pullup. Thus,
the pin is the same as the driven logic state. Note that the port latch is not altered by a read operation. Therefore, if logic 0 is driven
onto a port pin from an external source, then removed, the pin reverts to the weak pullup, as determined by the internal latch.


SECTION 11: PROGRAMMABLE TIMERS
The ultra-high-speed microcontroller incorporates three 16-bit programmable timers and has a watchdog timer with a programmable
interval. Because the watchdog timer is significantly different from the other timers, it is described separately. The 16-bit timers are
referred to as timers.


The three timers offer the same controls and I/O functions that were available in the 80C32. As mentioned, the actual timing of these func-
tions is user selectable to be compatible with the instruction cycle of the older generation of 8051 family (12 clocks per tick) or the new
generation (1 clock per tick). The timing for each of the three timers can be selected independently and can be changed dynamically. 


In most modes, the timers can be used as either counters of external events or timers. When functioning as a counter, 1 to 0 transi-
tions on a port pin are monitored and counted. When functioning as timers, they effectively count oscillator or system clock cycles. The
time base for the timer function is detailed later in this section. Because an input clock pulse must be sampled high for two system
clock cycles and low for two system clock cycles in order to be recognized, this sets the maximum sampling frequency on any timer
input at one-fourth of the main system clock frequency. 


Since the ultra-high-speed microcontroller timers have a variety of features, the following lists summarize the capabilities:


Timer 0 Timer 1 Timer 2 


13-bit timer/counter 13-bit timer/counter 16-bit timer/counter


16-bit timer/counter 16-bit timer/counter 16-bit timer with capture


8-bit timer w/ autoreload 8-bit timer w/ autoreload 1 6-bit autoreload timer/counter


Two 8-bit timer/counters External control pulse timer/counter    16-bit up/down autoreload


External control pulse timer/counter Baud-rate generator Timer/counter


Baud-rate generator


Timer output clock generator


16-BIT TIMERS
Timers 0 and 1 are nearly identical. Timer 2 has several additional features such as up/down counting, capture values, and an option-
al output pin that make it unique. The following table summarizes the SFR bits that control operation of timers 0, 1, and 2. Detailed bit
descriptions can be found in Section 4. After the table, timers 0 and 1 are described first, followed by a separate description for timer
2. As mentioned above, the time base for each timer can be varied, which is discussed in more detail in the following pages.
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TIMER 0, TIMER 1 MODES
Timers 0 and 1 both have three common operating modes. They are 13-bit timer/counter, 16-bit timer/counter, and 8-bit timer/counter
with autoreload. Timer 0 can additionally be configured to operate as two 8-bit timers. These four modes, controlled by the TMOD reg-
ister, are detailed in the following pages.


MODE 0
Mode 0 configures either timer 0 or timer 1 for operation as a 13-bit timer/counter. As shown in Figure 11-1, setting TMOD register bits
M1, M0 = 00b selects this operating mode for either timer 0 or timer 1.


When using timer 0, TL0 uses only bits 0 through 4. These bits serve as the 5 LSbs of the 13-bit timer. TH0 provides the 8 MSbs of the
13-bit timer. Bit 4 of TL0 is used as a ripple out to TH0 bit 0, thereby completely bypassing bits 5 through 7 of TL0. Once the timer is
started using the TR0 (TCON.4) timer enable, the timer counts as long as GATE (TMOD.3) is 0 or GATE is 1 and pin INT0 is 1. It counts
oscillator or system clock cycles if C/T (TMOD.2) is set to a logic 0 and 1 to 0 transitions on T0 (P3.4) if C/T is set to a 1. When the 13-
bit count reaches 1FFFh (all ones), the next count causes it to roll over to 0000h. The TF0 (TCON.5) flag is set and an interrupt occurs
if enabled. The upper 3 bits of TL0 are indeterminate.


BIT NAMES DESCRIPTION REGISTER LOCATION BIT POSITIONS
GATE Gate control enable for INT0 pin TMOD – 89h TMOD.3
C/T Counter/timer select TMOD – 89h TMOD.2


M1, M0 Timer mode select bits TMOD – 89h TMOD.1,0
TF0 Timer overflow flag TCON – 88h TCON.5
TR0 Timer run control TCON – 88h TCON.4
T0M Input clock select (/4) CKCON – 8Eh CKCON.3


T0MH Input clock high-speed select (/1) CKMOD – 96h CKMOD.3
Timer LSB TL0 – 8Ah


T
IM


E
R


 0


Timer MSB TH0 – 8Ch


GATE Gate control enable for INT1 pin TMOD – 89h TMOD.7
C/T Counter/timer select TMOD – 89h TMOD.6


M1, M0 Timer mode select bits TMOD – 89h TMOD.5,4
TF1 Timer overflow flag TCON – 88h TCON.7
TR1 Timer run control TCON – 88h TCON.6
T1M Input clock select (/4) CKCON – 8Eh CKCON.4


T1MH Input clock high-speed select (/1) CKMOD – 96h CKMOD.4
Timer LSB TL1 – 8Bh


T
IM


E
R


 1


Timer MSB TH1 – 8Dh


TF2 Timer overflow flag T2CON – C8h T2CON.7
EXF2 Timer external flag T2CON – C8h T2CON.6
RCLK Timer 2 receive serial clock enable T2CON – C8h T2CON.5
TCLK Timer 2 transmit serial clock enable T2CON – C8h T2CON.4


EXEN2 External enable for T2EX pin T2CON – C8h T2CON.3
TR2 Timer run control T2CON – C8h T2CON.2
C/T2 Counter/timer select T2CON – C8h T2CON.1


CP/RL2 Capture/reload select T2CON – C8h T2CON.0
T2OE Output enable for T2 pin T2MOD – C9h T2MOD.1
DCEN Down count enable T2MOD – C9h T2MOD.0
T2M Input clock select (/4) CKCON – 8Eh CKCON.5


T2MH Input clock high-speed select (/1) CKMOD – 96h CKMOD.5
Timer LSB TL2 – CCh
Timer MSB TH2 – CDh
Timer capture LSB RCAP2L – CAh


T
IM


E
R


 2


Timer capture MSB RCAP2H – CBh


Table 11-1. Programmable Timers
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Note that when used as a timer, the input clock selection can be affected by the clock divide bits (PMR.7-6), the TxM bit (in the CKCON
register), and the TxMH bit (in the CKMOD register). The time base selection is described in more detail later in this section.


Mode 0 operates identically when timer 1 is used. The same information applies to TL1 and TH1, which form the 13-bit register. TR1
(TCON.6), INT1 (P3.3), T1 (P3.5) and the relevant C/T (TMOD.6), and GATE (TMOD.7) bits have the same functions.


MODE 1
Mode 1 configures the timer for 16-bit operation as either a timer or counter. Figure 11-1 shows that setting the TMOD select bits M1,
M0 = 01b invoke this operating mode. For timer n, all of the TLn and THn registers are used. For example, if timer 1 is configured in
mode 1, then TL1 holds the LSB and TH1 holds the MSB. Rollover occurs when the timer reaches FFFFh. An interrupt also occurs if
enabled and the relevant TFn flag is set. Time-base selection, counter/timer selection, and the gate function operate as described in
mode 0.


MODE 2
This mode configures the timer as an 8-bit timer/counter with automatic reload of the start value. This configuration is shown in Figure
11-2, and is selected when bits M1and M0 of the TCON register are set to 1 and 0, respectively. When configured in mode 2, the timer
uses TLn to count and THn to store the reload value. Software must initialize both TLn and THn with the same starting value for the first
count to be correct. Once the TLn reaches FFh, it is automatically loaded with the value in THn. The THn value remains unchanged
unless modified by software. Mode 2 is commonly used to generate baud rates since it runs without continued software intervention.
As in modes 0 and 1, mode 2 allows counting of either clock cycles or pulses on pin Tn (C/T = 1) when counting is enabled by TRn
and the proper setting of GATE and INTn pins.


MODE 0
  M1, M0 = TMOD.1,
  TMOD.0
  (M1, M0 = TMOD.5,
  TMOD.4)
MODE 1


       INPUT TO TIMER
CLK MODE SYSCLK
DIVIDE-BY-1 OSC / 1
2X
4X OSC / 0.25


OSC / 0.5


DIVIDE-
BY-12


DIVIDE-
BY-4


T0 = P3.4
(T1 = P3.5)


TR0 = TCON.4
(TR1 = TCON.6)


GATE = TMOD.3
(GATE = TMOD.7)


INT0  = P3.2


( INT1  = P3.3)
TF0 =  TCON.5
(TF1 = TCON.7)


TIMER 1 FUNCTIONS
SHOWN IN PARENTHESES ()


INTERRUPT


TL0
(TL1)


0 4 7


00


01


0 7


TH0
(TH1)


CLK


0


1 0


1


T0M = CKCON.3
(T1M = CKCON.4)


C / T  = TMOD.2


(C / T  = TMOD.6)


0


EXTERNAL OSCILLATOR T0MH = CKMOD.3
(T1MH = CKMOD.4)


1


NOTE: FOR POWER-MANAGEMENT MODE (DIVIDE-BY-1024) OPERATION, THE TIMER INPUT CLOCK TO THE TIMER IS
OSC / 1024 IF EITHER TXM = 1 OR TXMH = 1. OTHERWISE, THE TIMER INPUT IS OSC / 3072.


Figure 11-1. Timers/Counters 0 and 1, Modes 0 and 1
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MODE 3
This mode provides an 8-bit timer/counter and a second 8-bit timer as indicated in Figure 11-3. In mode 3, TL0 is an 8-bit timer/counter
controlled by the normal timer 0 bits (TR0 = TCON.4 and TF0 = TCON.5). TL0 can be used to count clock cycles or 1 to 0 transitions
on pin T0, as determined by C/T(TMOD.2). As in the other modes, the GATE function can use INT0 to give external run control of the
timer to an outside signal.
TH0 becomes an independent 8-bit timer in mode 3; however, it can only count clock cycles as shown in Figure 11-2. In this mode,
some of timer 1’s control signals are used to manipulate TH0. That is, TR1 (TCON.6) and TF1 (TCON.7) become the relevant control
and flag bits associated with TH0.


In mode 3, timer 1 stops counting and holds its value. Thus, timer 1 has no practical application while in mode 3.


As mentioned, when timer 0 is in mode 3, it uses some of timer 1’s resources (i.e., TR1 and TF1). Timer 1 can still be used in modes
0, 1, and 2 in this situation, but its flexibility becomes somewhat limited. While it maintains its basic functionality, its inputs and outputs
are no longer available. Therefore, when timer 0 is in mode 3, timer 1 can only count clock cycles, and it does not have an interrupt or
flag. With these limitations, baud-rate generation is its most practical application, but other time-base functions may be achieved by
reading the registers.


TIMER 2 MODES
Like timers 0 and 1, timer 2 is a full-function timer/counter; however, it has several additional capabilities that make it more useful. Timer
2 has independent control registers in T2CON and T2MOD, and is based on count registers TL2 and TH2. It does not offer the 13-bit
or dual 8-bit mode, but instead runs in the 16-bit mode at all times. Also note that while timers 0 and 1 have an 8-bit autoreload mode,
timer 2 provides a 16-bit autoreload mode. This mode uses the timer capture registers to hold the reload values. The modes available
on timer 2 are described in the following pages.


TF0 =  TCON.5
(TF1 = TCON.7)


TIMER 1 FUNCTIONS
SHOWN IN PARENTHESES ()


INTERRUPT


TL0
(TL1)


0 7


0 7TH0
(TH1)


RELOAD


DIVIDE-
BY-12


DIVIDE-
BY-4


0


1 0


0


EXTERNAL OSCILLATOR


1


T0M = CKCON.3
(T1M = CKCON.4)


T0MH = CKMOD.3
(T1MH = CKMOD.4)


T0 = P3.4
(T1 = P3.5)


TR0 = TCON.4
(TR1 = TCON.6)


GATE = TMOD.3
(GATE = TMOD.7)


INT0  = P3.2


( INT1  = P3.3)


1


C / T  = TMOD.2


(C / T  = TMOD.6)


NOTE: FOR POWER-MANAGEMENT MODE (DIVIDE-BY-1024) OPERATION, THE TIMER INPUT CLOCK TO THE TIMER IS
OSC / 1024 IF EITHER TXM = 1 OR TXMH = 1. OTHERWISE, THE TIMER INPUT IS OSC / 3072.


CLK


       INPUT TO TIMER
CLK MODE SYSCLK
DIVIDE-BY-1 OSC / 1
2X
4X OSC / 0.25


OSC / 0.5


Figure 11-2. Timers/Counters 0 and 1, Mode 2
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16-Bit Timer/Counter with Optional Capture
In this mode, timer 2 performs a simple timer or counter function where it behaves similarly to mode 1 of timers 0 and 1, but uses 16
instead of 8 bits. This mode, along with the optional capture mode described later, is illustrated in Figure 11-4. The 16-bit count values
are found in TL2 and TH2 special function registers (addresses 0CCh and 0CDh, respectively). The selection of whether a timer or
counter function is performed is made using bit C/T2 (T2CON.1). When C/T2 is set to a logic 1, timer 2 behaves as a counter where it
counts 1 to 0 transitions at the T2 (P1.0) pin. When C/T2 is set to a logic 0, timer 2 functions as a timer where it counts clock cycles.
Timing or counting is enabled by setting bit TR2 (T2CON.2) to 1, and disabled by setting it to zero. When the counter rolls over from
FFFFh to 0000h, the TF2 flag (T2CON.7) is set and causes an interrupt if timer 2’s interrupt is enabled.


A diagram of timer 2’s capture mode is shown in Figure 11-4. In this mode, the timer performs basically the same 16-bit timer/counter
function described above. However, a 1 to 0 transition on T2EX (pin P1.1) causes the value in timer 2 to be transferred into the cap-
ture registers if enabled by EXEN2 (T2CON.3). The capture registers, RCAP2L and RCAP2H, correspond to TL2 and TH2, respective-
ly. The capture function is enabled by the CP/RL2 (T2CON.0) bit. When this bit is set to logic 1, the timer is in the capture mode just
described. When set to logic 0, the timer is in autoreload mode described later. 


16-Bit Autoreload Timer/Counter
This mode is illustrated in Figure 11-5. When timer 2 reaches an overflow state, i.e., rolls over from FFFFh to 0000, it sets the TF2 flag.
This flag can generate an interrupt if enabled. In addition, the timer restores its starting value and begins timing (or counting) again.
The starting value is preloaded by software into capture registers RCAP2L and RCAP2H. These registers cannot be used for capture
functions while also performing autoreload, so these modes are mutually exclusive. Autoreload is invoked by the CP/RL2 (T2CON.0)
bit. When set to a logic 0, the timer is in autoreload mode. When CP/RL2 is set to a logic 1, the timer is in capture mode described
above. If the C/T2 bit (T2CON.1) is a logic 0, the timer’s input clock is selectable as a function of the external oscillator or the system
clock. Otherwise, pulses on pin T2 (P1.0) are counted when C/T2 = 1. As in other modes, counting or timing is enabled or disabled
with TR2 (T2CON.2).
When in autoreload mode, timer 2 can also be forced to reload with the T2EX (P1.1) pin. A 1 to 0 transition forces a reload if enabled by
the EXEN2 (T2CON.3) bit. If EXEN2 is set to a logic 1, then a 1 to 0 transition on T2EX causes a reload. Otherwise, the T2EX pin is ignored.


T0 = P3.4


TR0 = TCON.4


GATE = TMOD.3


TL00 7


0 7TH0


0


1


TR1 = TCON.6


TF0 =  TCON.5 INTERRUPT


TF1 =  TCON.7


C / T  = TMOD.2


INT0  = P3.2


CLK


INTERRUPT


DIVIDE-
BY-12


DIVIDE-
BY-4


0


1


0


EXTERNAL OSCILLATOR


1


T0M = CKCON.3


T0MH = CKMOD.3


       INPUT TO TIMER
CLK MODE SYSCLK
DIVIDE-BY-1 OSC / 1
2X
4X OSC / 0.25


OSC / 0.5


NOTE: FOR POWER-MANAGEMENT MODE (DIVIDE-BY-1024) OPERATION, THE TIMER INPUT CLOCK TO THE TIMER IS
OSC / 1024 IF EITHER TXM = 1 OR TXMH = 1. OTHERWISE, THE TIMER INPUT IS OSC / 3072.


Figure 11-3. Timer/Counter 0, Mode 3 
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T2 = P1.0
TR2 = T2CON.2


EXEN2 = T2CON.3
EXF2 =


T2CON.6


CAPTURE TIMER 2
INTERRUPT


0


1


TL2
0 7


TH2
8 15


TF2 =
T2CON.7


0 7 8 15
RCAP2L RCAP2H


T2EX = P1.1


C / T2 = T2CON.1


CLK


SYSCLK
OSC / 1


OSC / 0.25


DIVIDE-
BY-12


DIVIDE-
BY-4


0


1


0


EXTERNAL OSCILLATOR


1


T2M = CKCON.5


T2MH = CKMOD.5


       INPUT TO TIMER
CLK MODE
DIVIDE-BY-1
2X
4X


NOTE: FOR POWER-MANAGEMENT MODE (DIVIDE-BY-1024) OPERATION, THE TIMER INPUT CLOCK TO THE TIMER IS
OSC / 1024 IF EITHER TXM = 1 OR TXMH = 1. OTHERWISE, THE TIMER INPUT IS OSC / 3072.


OSC / 0.5


Figure 11-4. Timer/Counter 2 with Optional Capture (CP/RL2 = 1) 


T2 = P1.0


TR2 = T2CON.2


EXEN2 = T2CON.3
EXF2 =


T2CON.6


TIMER 2
INTERRUPT


1


T2M = CKCON.5


TL2
0 7


TH2
8 15


TF2 =
T2CON.7


0 7 8 15
RCAP2L RCAP2H


T2EX = P1.1


0


DIVIDE-
BY-12


DIVIDE-
BY-4


0


1


0


EXTERNAL OSCILLATOR


1


T2MH = CKMOD.5


C / T2 = T2CON.1


CLK


SYSCLK
OSC / 1


OSC / 0.25


       INPUT TO TIMER
CLK MODE
DIVIDE-BY-1
2X
4X


OSC / 0.5


NOTE: FOR POWER-MANAGEMENT MODE (DIVIDE-BY-1024) OPERATION, THE TIMER INPUT CLOCK TO THE TIMER IS
OSC / 1024 IF EITHER TXM = 1 OR TXMH = 1. OTHERWISE, THE TIMER INPUT IS OSC / 3072.


Figure 11-5. Timer/Counter 2 Autoreload Mode (CP/RL2 = 0, DCEN = 0) 
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Up/Down-Count Autoreload Timer/Counter
The up/down autoreload counter option is selected by the DCEN (T2MOD.0) bit, and is illustrated in Figure 11-6. When DCEN
(T2MOD.0) is set to a logic 1, timer 2 counts up or down as controlled by the state of pin T2EX (P1.1). T2EX causes upward counting
when a logic 1 is applied and down counting when a logic 0 is applied. When DCEN = 0, timer 2 only counts up.


When an upward counting overflow occurs, the value in RCAP2L and RCAP2H loads into TL2 and TH2. In the down-count direction,
an underflow occurs when TL2 and TH2 match the values in RCAP2L and RCAP2H, respectively. When an underflow occurs, FFFFh
is loaded into TL2 and TH2 and counting continues.


Note that, in this mode, the overflow/underflow output of the timer is provided to an edge-detection circuit as well as to the TF2 bit
(T2CON.7). This edge-detection circuit toggles the EXF2 bit (T2CON.6) on every overflow or underflow. Therefore, the EXF2 bit behaves
as a 17th bit of the counter, and may be used as such.


Baud-Rate Generator
Timer 2 can be used to generate baud rates for serial port 0 in serial mode 1 or 3. Baud-rate generator mode is invoked by setting
either the RCLK or TCLK bit in the T2CON register to a logic 1, as illustrated in Figure 11-7. In this mode, the timer continues to func-
tion in autoreload mode, but instead of setting the interrupt flag TF2 (T2CON.7) and potentially causing an interrupt, the overflow gen-
erates the shift clock for the serial port function. As in normal autoreload mode, an overflow causes RCAP2L and RCAP2H to be trans-
ferred into T2L and T2H, respectively. Note that, when RCLK or TCLK is set to 1, timer 2 is forced into 16-bit autoreload mode, regard-
less of the CP/RL2 bit.
As explained above, the timer itself cannot set the TF2 interrupt flag and, therefore, cannot generate an interrupt. However, if EXEN2
(T2CON.3) is set to 1, a 1 to 0 transition on the T2EX (P1.1) pin causes the EXF2 (T2CON.6) interrupt flag to be set. If enabled, this
causes a timer 2 interrupt to occur. Therefore, in this mode, the T2EX pin may be used as an additional external interrupt, if desired.


T2 = P1.0


TR2 = T2CON.2
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T2M = CKCON.5


RCAP2L R AP2H


0FFH 0FFH
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TL2 TH2
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0 7 8 15


T2EX = P1.1


(UP-COUNTING RELOAD VALUE)


TF2 =
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EXTERNAL OSCILLATOR
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OSC / 1024 IF EITHER TXM = 1 OR TXMH = 1. OTHERWISE, THE TIMER INPUT IS OSC / 3072.
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Figure 11-6. Timer/Counter 2 Autoreload Mode (DCEN = 1) 
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Another feature of the baud-rate generator mode is that the crystal-derived time base for the timer is the crystal frequency divided by
2. No other crystal-divider selection is possible unless operating in power-management mode. If a different time base is desired, bit
C/T2 (T2CON.1) may be set to a 1, sourcing the time base from an external clock source supplied by the user on pin T2 (P1.0). The
RCAP registers may be read, but not modified, while TR2 = 1. Stop the timer (TR2 = 0) to modify these registers.


Timer Output Clock Generator
Timer 2 can also be configured to drive a clock output on port pin P1.0 (T2), as shown in Figure 11-8. To configure timer 2 for this mode,
it must first be set to 16-bit autoreload timer mode (CP/RL2 = 0, C/T2 = 0). Next, the T2OE (T2MOD.1) bit must be set to a logic 1. TR2
(T2CON.2) must also be set to a logic 1 to enable the timer.
This mode produces a 50% duty cycle square-wave output. The frequency of the square wave is given by the formula in Figure 11-7.
Each timer overflow causes an edge transition on the pin, i.e., the state of the pin toggles.


Note that this mode has two somewhat unique features in common with the baud-rate generation mode. First, the time base is the crys-
tal frequency divided by 2, and other than power-management mode operation, no other divider selection is possible. Second, the
timer itself does not generate an interrupt, but, if needed, an additional external interrupt may be caused using T2EX as described
above. Because of the two modes’ similarities, the timer can be used to generate both an external clock and a baud-rate clock simul-
taneously. Once the clock-out mode is established, either TCLK or RCLK is set to 1, and the RCAP2 registers are loaded, the timer
provides a clock to both functions.


Time-Base Selection
The ultra-high-speed microcontroller allows the user to select the time base for each timer independently. In the standard 8051, the
timers count the oscillator divided by 12, which is the standard 8051 machine cycle timing. Following a reset, the timers default to an
oscillator divided-by-12 input clock to remain drop-in compatible with the original 8051. The ultra-high-speed microcontroller timers
can additionally be configured to use the system clock or the system clock divided by 4 for the input clock. These selections, while not
affecting the CPU timing, allow for higher precision timing and faster baud rates. As an example, a user might select both the baud-
rate generator timer and another timer to run at 12 oscillator clocks per timer tick with the third timer running at four system clocks per
tick. This allows one timer to measure higher speed events or to gain better resolution. 
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Figure 11-7. Timer/Counter 2 Baud-Rate Generator Mode 
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The input clock selection is independent for each timer and the default is 12 oscillator clocks per timer tick. The control bits for the
time-base selection (TxM, TxMH) are located in the clock control register (CKCON;8Eh) and the clock-mode register (CKMOD;96h).
The TxM and TxMH bits for each of the timers enable input clock selections of the system clock divided by 4 and the system clock
divided by 1, respectively. When TxMH is set to a logic 1, the associated TxM bit for that timer is ignored. Note that, when operating
in the default system clock mode, the system clock is the same frequency as the oscillator clock. System clock mode selection is con-
trolled by the CD1, CD0 bits of the PMR register. See the PMR register description and the CPU timing section for more information on
how to modify the system clock. As described earlier, timer 2 does, however, automatically switch to two oscillator clocks per tick when
configured for baud-rate generation or clock-output mode. When the time base is derived from an external source (i.e., the T0, T1, or
T2 pins), the timer operates at the frequency of the external source and is not affected by the setting of the TxM or TxMH bits. The only
limitation is that the external source frequency can be no faster than one-fourth of the main system clock frequency. Use of power man-
agement-mode changes the input clock to the timers in a way that does not exactly follow any of the guidelines set forth to this point.
Tables 11-2 and 11-3 show the resulting timer input clock for the various system clock modes and timer control bit setting. Table 11-2
pertains only to timer 2 in the baud-rate generation or clock-output mode.


EXF2 =
T2CON.6


DIVIDE-
BY-2


T2EX = P1.1


EXEN2 = T2CON.3


RCAP2L RCAP2H


0 15
TL2 TH2


0 7 8 15T2 = P1.0


7 8


C/T2 = T2CON.1 = 0 TR2 =
T2CON.2


T2OE = T2MOD.1


TIMER 2
INTERRUPT


    OSC INPUT TO TIMER
CLK MODE TIMER INPUT
DIVIDE-BY-1 OSC / 2
2X OSC / 2
4X OSC / 2
PMM ( / 1024) OSC / 2048


T2 FREQUENCY OUT = TIMER CLOCK INPUT / (2 x (65536—RCAP2H, RCAP2L))


Figure 11-8. Timer/Counter 2 Clock Out Mode Time–Base Selection


TIMERS 0, 1, 2
INPUT CLOCK FREQUENCYSYSTEM CLOCK MODE PMR REGISTER BITS


4X/2X, CD1, CD0
TxMH,TxM = 00 TxMH,TxM = 01 TxMH,TxM = 1x


Crystal multiply mode 4X 100 OSC / 12 OSC / 1 OSC / 0.25
Crystal multiply mode 2X 000 OSC / 12 OSC / 2 OSC / 0.5


Divide-by-1 (default) X01, X10 OSC / 12 OSC / 4 OSC / 1
Power-management mode


 (divide-by-1024) X11 OSC / 3072 OSC / 1024 OSC / 1024


Table 11-2. Timers 0, 1, 2 Input Clock Frequency
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WATCHDOG TIMER
The watchdog timer reset provides CPU monitoring by requiring software to clear the timer before the user-selected interval expires. If
the timer is not reset, the CPU can be reset by the watchdog. The watchdog function is optional and is described below. 


The watchdog timer is a user-programmable clock counter that can serve as a time-base generator, an event timer, or a system super-
visor. As can be seen in Figure 11-9, the timer is driven by the main system clock that is supplied to a series of dividers. The divider
output is selectable, and determines the interval between timeouts. When the timeout is reached, an interrupt flag is set, and if enabled,
a reset occurs. The interrupt flag causes an interrupt to occur if its individual enable bit is set and the global interrupt enable is set.
The reset and interrupt are completely discrete functions that may be acknowledged or ignored, together or separately for various
applications.


The watchdog timer reset function works as follows. After initializing the correct timeout interval (discussed later), software first restarts
the watchdog using RWT (WDCON.0) and then enables, if desired, the reset function by setting the enable watchdog timer reset (EWT
= WDCON.1) bit. Any time prior to reaching its user-selected terminal value, software can set the reset watchdog timer (RWT =
WDCON.0) bit. If the watchdog timer is reset (RWT bit written to a logic 1) before the timeout period expires, the timer starts over.
Hardware automatically clears the RWT after software sets it.


DIVIDE-BY-
217


DIVIDE-BY-
23


DIVIDE-BY-
23


DIVIDE-BY-
23


RWT (WDCON.0)
(RESET WATCHDOG)


WD1 (CKCON.7)


WD0 (CKCON.6)


TIMEOUT


XTAL1


XTAL2


SYSTEM CLOCK
MODE CONTROL


TIMEOUT
SELECTOR


WDIF
(WDCON.3)


EWDI (EIE.4)
(ENABLE WATCHDOG TIMER)


WATCHDOG
INTERRUPT


RESET


WTRF
(WDCON.2)


512 SYSCLK
DELAY


EWT (WDCON.1)
(ENABLE WATCHDOG TIMER)


217 220 223 226


     SYSCLK OUTPUT
CLK MODE SYSCLK
DIVIDE-BY-1 OSC / 1
2X
4X OSC / 0.25


OSC / 0.5


PMM OSC / 1024


Figure 11-9. Watchdog Timer 


SYSTEM CLOCK MODE PMR REGISTER BITS
4X/2X, CD1, CD0


TIMER 2
BAUD-RATE GENERATION/CLOCK OUTPUT MODE


INPUT CLOCK FREQUENCY (TxMH, TxM = xx)


Crystal multiply mode 4X 100 OSC / 2
Crystal multiply mode 2X 000 OSC / 2


Divide-by-1 (default) X01, X10 OSC / 2


Power management mode
(divide-by-1024)


X11 OSC / 2048


Table 11-3. Timer 2 Baud-Rate Generation/Clock Output Mode
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If the timeout is reached without RWT being set, hardware generates a watchdog interrupt if the interrupt source has been enabled. If
no further action is taken to prevent a watchdog reset in the 512 system clock cycles following the timeout, hardware has the ability to
reset the CPU if EWT = 1. When the reset occurs, the watchdog timer reset flag (WTRF = WDCON.2) is automatically set to indicate
the cause of the reset; however, software must clear this bit manually.


The watchdog timer is a free-running timer. When used as a simple timer with both the reset and interrupt functions disabled (EWT =
0 and EWDI = 0), the timer continues to set the watchdog interrupt flag each time the timer completes the selected timer interval as
programmed by WD1 (CKCON.7) and WD0 (CKCON.6). Restarting the timer using the RWT (WDCON.0) bit allows software to use the
timer in a polled timeout mode. The WDIF bit is cleared by software or any reset.


The watchdog interrupt is also available for applications that do not need a true watchdog reset, but a very long timer. The interrupt is
enabled using the enable watchdog timer interrupt (EWDI = EIE.4) bit. When the timeout occurs, the watchdog timer sets the WDIF bit
(WDCON.3), and an interrupt occurs if the global interrupt enable (EA = IE.7) is set. Note that WDIF is set 512 clocks before a poten-
tial watchdog reset. The watchdog interrupt flag indicates the source of the interrupt, and must be cleared by software.


Using the watchdog interrupt during software development can allow the user to select ideal watchdog reset locations. Code is first
developed without enabling the watchdog interrupt or reset functions. Once the program is complete, the watchdog interrupt function
is enabled to identify the required locations in code to set the RWT (WDCON.0) bit. Incrementally adding instructions to reset the watch-
dog timer prior to each address location (identified by the watchdog interrupt) allows the code to eventually run without receiving a
watchdog interrupt. At this point, the watchdog timer reset can be enabled without the potential of generating unwanted resets. At the
same time, the watchdog interrupt may also be disabled. Proper use of the watchdog interrupt with the watchdog reset allows inter-
rupt software to survey the system for errant conditions.


When using the watchdog timer as a system monitor, the watchdog reset function should be used. If the interrupt function were used,
the purpose of the watchdog would be defeated. For example, assume the system is executing errant code prior to the watchdog inter-
rupt. The interrupt would temporarily force the system back into control by vectoring the CPU to the interrupt service routine. Restarting
the watchdog and exiting by an RETI or RET would return the processor to the lost position prior to the interrupt. By using the watch-
dog reset function, the processor is restarted from the beginning of the program and, therefore, placed into a known state.


The watchdog timeout selection is made using bits WD1 (CKCON.7) and WD0 (CKCON.6). The watchdog has four timeout selections
based on the system clock frequency, as shown in the figure. Since the timeout is a function of the system clock, the actual timeout
interval is dependent on both the crystal frequency and the system clock mode. Shown in Table 11-4 is a summary of the selectable
watchdog timeout intervals for the various system clock modes and WD1:0 control bit settings. The watchdog reset, if enabled, is
always scheduled to occur 512 system clocks following the timeout. Watchdog-generated resets last for 13 oscillator cycles.


As discussed above, the watchdog timer has several SFR bits that contribute to its operation. It can be enabled to function as either
a reset source, interrupt source, software polled timer, or any combination of the three. Both the reset and the interrupt have status
flags. The watchdog also has a bit that restarts the timer. Table 11-5 shows the watchdog timer-related bits.  Detailed bit descriptions
can be found in Section 4.


WATCHDOG TIMEOUT
(IN NUMBER OF OSCILLATOR CLOCKS)SYSTEM CLOCK MODE PMR REGISTER BITS


4X/2X, CD1, CD0
WD1:0 = 00b WD1:0 = 01b WD1:0 = 10b WD1:0 = 11b


Crystal multiply mode 4X 100 215 218 221 224


Crystal multiply mode 2X 000 216 219 222 225


Divide-by-1 (default) X01, X10 217 220 223 226


Power management mode
(divide-by-1024) X11 227 230 233 236


Table 11-4. Watchdog Timeout Intervals
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SECTION 12: SERIAL I/O
The ultra-high-speed microcontroller provides two fully independent UARTs (serial ports) with framing-error detection and automatic
address recognition. The two UARTs can be operated simultaneously in identical or different modes and communication speeds. In
this documentation, all descriptions apply to both UARTs, unless stated otherwise.


Each serial port is capable of both synchronous and asynchronous modes. In the synchronous mode, the microcontroller generates
the clock and operates the UART in a half-duplex mode. In the asynchronous mode, full-duplex operation is available. Receive data is
buffered in a holding register. This allows the UART to receive an incoming word before software has read the previous value. Each
UART has an associated control register (SCON0, SCON1) and each has a transmit/receive register (SBUF0, SBUF1). The SFR loca-
tions are: SCON0, 98h; SBUF0, 99h; SCON1, C0h; SBUF1, C1h. The SBUF location provides access to both transmit and receive reg-
isters. Reads are directed to the receive buffer and writes to the transmit buffer automatically.


SERIAL MODE SUMMARY
Each port provides four operating modes. These offer different communication protocols and baud rates.


The four serial operating modes and max baud rate for each are shown in Table 12-1, followed by a brief summary of each mode.
Detailed descriptions of the modes are provided later in this section. In addition, provisions for use of the serial ports in conjunction
with the crystal multiplier and power-management mode are discussed later in this section. 


MODE 0
Mode 0 provides synchronous communication with external devices. It is commonly used to communicate with serial peripherals. Serial
I/O occurs on the RXD pin. The shift clock is provided on the TXD pin. Note that, whether transmitting or receiving, the serial clock is
generated by the ultra-high-speed microcontroller. Thus, any device on the serial port in mode 0 must accept the microcontroller as
the master.


When not using power-management mode, the baud rate in mode 0 is the system clock frequency divided by either 12 or 4, as select-
ed by the SM2 bit for the associated UART. When set to a logic 0, the serial port runs at a divide-by-12. When set to a logic 1, the ser-
ial port runs at a divide-by-4. The SM2 bit for serial port 0 is located at SCON0.5 and the SM2 bit for serial port 1 is located at SCON1.5.
With the exception of the additional new divide-by-4 selection (supported by SM2), mode 0 operation is identical to the 80C32.


BIT NAMES DESCRIPTION REGISTER LOCATION BIT POSITIONS
EWT Enable watchdog timer reset WDCON – D8h WDCON.1
RWT Reset watchdog timer WDCON – D8h WDCON.0


WD1,WD0 Watchdog interval control bits 1, 0 CKCON – 8Eh CKCON.7,6
WTRF Watchdog timer reset flag WDCON – D8h WDCON.2
EWDI Enable watchdog timer interrupt EIE – E8h EIE.4
WDIF Watchdog interrupt flag WDCON – D8h WDCON.3


Table 11-5. Watchdog Timer-Related Bits


MODE SYNC/
ASYNC


BAUD CLOCK† START/STOP DATA BITS 9TH BIT
FUNCTION


MAX BAUD RATE
SYSCLK = 33MHz


0 Sync 4 or 12 tCLK None 8 None 8,250,000
1 Async Timer 1 or 2* 1 start, 1 stop 8 None 2,062,500
2 Async 32 or 64 tCLK 1 start, 1 stop 9 0, 1, parity 1,031,250
3 Async Timer 1 or 2* 1 start, 1 stop 9 0, 1, parity 2,062,500


Table 12-1. Serial I/O Modes and Max Baud Rates


†Use of the crystal multiplier or power-management mode affects the baud clock.
*Timer 2 available for serial port 0 only.
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MODE 1
This mode provides standard full-duplex asynchronous communication. A total of 10 bits are transmitted including 1 start bit, 8 data
bits, and 1 stop bit. The received stop bit is stored in bit location RB8 of the relevant SCON register.


In mode 1, the baud rate is a function of timer overflow. This makes the baud rate programmable by the user. One difference that exists
between the two UARTs, with respect to mode 1 configuration, is that serial port 1 can use only timer 1, whereas serial port 0 can use
either timer 1 or 2 to generate baud rates. If both serial ports use the same timer, they run at the same baud rate, or one can run twice
as fast as the other (when baud-rate doubler bits, PCON.7 and WDCON.7, are configured differently). If the two UARTs use different
timers, the baud-rate configurations, in relation to one another, are not as restrictive. Baud rates are discussed in more detail later. Mode
1 operation is identical to the standard 80C32 when timers 1 or 2 use the default oscillator divide-by-12 as an input clock.


MODE 2
This mode is an asynchronous mode that transmits a total of 11 bits. These include 1 start bit, 9 data bits (the ninth data bit being pro-
grammable), and 1 stop bit. The ninth bit is determined by the value in TB8 (SCON0.3 or SCON1.3) for transmission. When the ninth
bit is received, it is stored in RB8 (SCON0.2 or SCON1.2). The ninth bit can be a parity value by moving the P bit (PSW.0) to TB8.


When not using the power-management mode, the baud rate for mode 2 is a function only of the oscillator frequency. It is either the
oscillator input divided by 32 or 64 as programmed by the SMOD doubler bit for the associated UART. The SMOD_0 baud-rate dou-
bler bit for serial port 0 is located at PCON.7, and the SMOD_1 baud-rate doubler bit for serial port 1 is located at WDCON.7. Mode 2
operation is identical to the standard 80C32.


MODE 3
This mode has the same functionality as mode 2, but generates baud rates like mode 1. That is, this mode transmits 11 bits, but gen-
erates baud rates through the timers. Like mode 1, either timer 1 or 2 can be used for serial port 0 and timer 1 can be used for serial
port 1. Mode 3 operation is identical to the standard 80C32 when timers 1 or 2 use the default oscillator divide-by-12 as an input clock.


SERIAL PORT INITIALIZATION
In order to use the UART function(s), the serial port must be initialized. This involves selecting the mode and time base, then initializ-
ing the baud-rate generator, if necessary. Serial communication is then available. Once the baud-rate generator is running, the UART
can receive data.


In mode 0, the high-speed microcontroller provides the clock. Serial reception is initiated by setting the RI bit to a logic 0 and REN to
a logic 1. This generates a clock on the TXD pin and a shift in the 8 bits on the RXD pin. In the other modes, setting the REN bit to a
logic 1 allows serial reception, but the external device must actually initiate it by sending a start bit. In any mode, serial transmission
is initiated by writing to either the SBUF0 or SBUF1 location.


Most of the serial port controls are provided by the SCON0 and SCON1 registers. For convenience, the Table 12-2 is provided, which
summarizes the SFRs controlling serial port operation. Detailed bit descriptions can be found in Section 4.
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BAUD RATES
Each mode has a baud-rate generator associated with it. This generator is generally the same for each UART. Several of the baud-rate
generation techniques have options that are independent for the two UARTs. The following baud-rate descriptions are separated by
mode.


Mode 0
Mode 0 is synchronous, so the shift clock output frequency is the baud rate. Table 12-3 summarizes baud-rate generation as a func-
tion of the external oscillator frequency.


The default case is divide-by-12. The user can select the shift clock frequency using the SM2 bit in the associated SCON register. For
serial port 0, the SM2_0 bit is SCON0.5. For serial port 1, the SM2_0 bit is SCON1.5. 


When SM2 is set to a logic 0, the baud rate is fixed at a divide-by-12 of the system clock frequency, unless power-management mode
is invoked. When operating in power-management mode, with the SM2 bit clear ( = 0), the serial port clock frequency is the oscillator
frequency divided by 3072. 


When SM2 is set to a logic 1, the baud rate is generated using the system clock frequency divided by 4, unless power-management
mode is invoked. When power-management mode is used with the SM2 bit set ( = 1), the serial port clock frequency tracks the sys-
tem clock frequency. Note that this use of SM2 differs from a standard 80C32. In that device, SM2 had no valid use when the UART
was in mode 0. Since it was generally set to a zero, for the divide-by-12, there is no compatibility problem.


BIT NAMES DESCRIPTION REGISTER LOCATION BIT POSITIONS
SM0/FE_0 Serial mode select 0 or framing error SCON0 – 98h SCON0.7


SM1_0 Serial mode select 1 SCON0 – 98h SCON0.6
SM2_0 Serial mode select 2 SCON0 – 98h SCON0.5
REN_0 Receive enable SCON0 – 98h SCON0.4
TB8_0 9th transmit data bit SCON0 – 98h SCON0.3
RB8_0 9th receive data bit SCON0 – 98h SCON0.2
TI_0 Transmit interrupt flag SCON0 – 98h SCON0.1
RI_0 Receive interrupt flag SCON0 – 98h SCON0.0


SMOD_0 Baud-rate doubler bit PCON – 87h PCON.7
RCLK Timer 2 serial receive clock enable T2CON – C8h T2CON.5
TCLK Timer 2 serial transmit clock enable T2CON – C8h T2CON.4


Serial data buffer SBUF0 – 99h
Slave address SADDR0 – A9h


S
E


R
IA


L
 P


O
R


T
 0


Slave address mask enable SADEN0 – B9h


SM0/FE_1 Serial mode select 0 or framing error SCON1 – C0h SCON1.7
SM1_1 Serial mode select 1 SCON1 – C0h SCON1.6
SM2_1 Serial mode select 2 SCON1 – C0h SCON1.5
REN_1 Receive enable SCON1 – C0h SCON1.4
TB8_1 9th transmit data bit SCON1 – C0h SCON1.3
RB8_1 9th receive data bit SCON1 – C0h SCON1.2
TI_1 Transmit interrupt flag SCON1 – C0h SCON1.1
RI_1 Receive interrupt flag SCON1 – C0h SCON1.0


SMOD_1 Baud-rate doubler bit WDCON – D8h WDCON.7
Serial data buffer SBUF1 – C1h
Slave address SADDR1 – AAh


S
E


R
IA


L
 P


O
R


T
 1


Slave address mask enable SADEN1 – BAh


SMOD0 Enable framing error detection PCON – 87h PCON.6


Table 12-2. SFR Serial Port Operation Control
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Mode 2
In this asynchronous mode, baud rates are derived directly from the oscillator input. The following table summarizes baud-rate gener-
ation as a function of the external oscillator frequency. This mode works identically to the original 8051 family.


The default case is divide-by-64. The user can effectively double the serial port clock frequency by setting the SMOD bit to a logic 1
for the associated UART. For serial port 0, the SMOD_0 bit is PCON.7. This is the original location in the 8051 family. For serial port 1,
the SMOD_1 bit is WDCON.7. When operating in the power management mode (CD1:0 = 11b), the serial port clock frequency is the
oscillator frequency divided by 16384 when the SMOD bit is a logic 0 and twice that frequency (OSC/8192) when the SMOD doubler
bit is a logic 1. SMOD bits default to a logic 0 on all resets.


Mode 1 or 3
These asynchronous modes are commonly used for communication with PCs, modems, and other similar interfaces. The baud rates
and bit timing are generated using either timer 1 or timer 2. The respective timer is placed in autoreload mode. When the timer reach-
es its rollover condition (FFFFh - timer 2 or FFh - timer 1), a clock is sent to the baud-rate circuit. The baud-rate circuit generates the
exact baud rate by further dividing the clock by 16 or 32 (depending upon the UART baud-rate doubler bit).


For serial port 0, either timer 1 or 2 can be used to generate baud rates. For serial port 1, only timer 1 can be used as the baud-rate
generator. If operated in mode 1 or 3, the two UARTs may both use timer 1 for baud-rate generation, if desired.


Using Timer 1 for Baud-Rate Generation
To use timer 1 as the baud-rate generator, it is commonly put into the 8-bit autoreload mode. In this way, the CPU is not involved in
baud-rate generation. Note that the timer interrupt should not be enabled. In the 8-bit autoreload mode (timer 1, mode 2), the reload
value is stored in TH1. Thus, the combination of timer 1 input clock frequency and TH1 determine the baud rate. 


The timer 1 input clock, relative to the external crystal clock, can be altered in two ways: 1) changing the system clock, or 2) chang-
ing the timer input clock divide ratio. Modifying the system clock is accomplished using the clock divide bits (CD1:0) found in the PMR
special function register. This procedure is discussed in Section 5. The timer 1 input clock divide ratio is configurable using the T1M
(CKCON.4) and T1MH (CKMOD.4) register bits. Setting the T1MH bit to a logic 1 results in the system clock being used to clock timer
1.  When T1MH is clear ( = 0), setting the T1M bit to a logic 1 provides the system clock divided by 4 input to timer 1. When both T1M
and T1MH are logic 0, the Timer 1 input clock is fixed at the oscillator frequency divided by 12. When using power-management mode,
setting either T1MH or T1M to a logic 1 results in the system clock (OSC/1024) being used as the input clock to timer 1. While, if both
bits are clear ( = 0) in power-management mode, the system clock divided by 3 (OSC/3072) are provided to timer 1. The following
table summarizes the relationship between the external crystal frequency and the timer 1 input clock for the various configurations.


MODE 0
SERIAL PORT CLOCK FREQUENCYSYSTEM CLOCK MODE PMR REGISTER BITS


4X/2X, CD1, CD0
SM2 = 0 SM2 = 1


Crystal multiply mode 4X 100 OSC / 3 OSC / 1
Crystal multiply mode 2X 000 OSC / 6 OSC / 2


Divide-by-1 (default) X01, X10 OSC / 12 OSC / 4
Power-management mode (/1024) X11 OSC / 3072 OSC / 1024


Table 12-3. Mode 0 Serial Port Clock Frequency


MODE 2
SERIAL PORT CLOCK FREQUENCYSYSTEM CLOCK MODE PMR REGISTER BITS


4X/2X, CD1, CD0
SMOD = 0 SMOD = 1


Crystal multiply mode 4X 100 OSC / 64 OSC / 32
Crystal multiply mode 2X 000 OSC / 64 OSC / 32


Divide-by-1 (default) X01, X10 OSC / 64 OSC / 32
Power-management mode (/1024) X11 OSC / 16384 OSC / 8192


Table 12-4. Mode 2 Serial Port Clock Frequency
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Using timer 1 in the 8-bit autoreload mode, serial port baud rates for mode 1 or 3 can be calculated using the formula below. 


Timer 1 input clock frequency can be found in the previous table, SMOD_x is the logic state of the baud-rate doubler bit for the asso-
ciated UART, and TH1 is the user assigned timer 1 reload value.  


Often, users already know what baud rate is desired and only need to calculate the timer reload value. An equation to calculate the
timer reload value, TH1, is as follows:


Note that the 8-bit, autoreload mode for timer 1 is the one most commonly used for serial port applications, but that it can actually be configured in any mode, even as a
counter.


Using Timer 2 for Baud-Rate Generation
To use timer 2 as baud-rate generator for serial port 0, the timer is configured in autoreload mode. Then, either the TCLK or RCLK bit
(or both) are set to a logic 1. TCLK = 1 selects timer 2 as the baud-rate generator for the transmitter and RCLK = 1 selects timer 2 for
the receiver. Thus, serial port 0 can have the transmitter and receiver operating at different baud rates by choosing timer 1 for one data
direction and timer 2 for the other. RCLK and TCLK reside in T2CON.4 and TCON.5, respectively.


Although the timer 2 input clock can be configured similarly to timer 1, it must be placed into a baud-rate generator mode in order to
be used by serial port 0. Setting either RCLK or TCLK to a logic 1 selects timer 2 for baud-rate generation. When this is done, the timer
2 input clock becomes fixed to the oscillator frequency divided by 2. This is compatible with the 80C32. The only exception is when
timer 2 is used for baud-rate generation within power-management mode. For PMM, the system clock (OSC/1024) is used as the input
clock for timer 2. The timer 2 interrupt is automatically disabled when either RCLK or TCLK is set. Also, the TF2 (TCON.7) flag is not
set on a timer rollover. The manual reload pin, T2EX (P1.1), does not cause a reload either. Table 12-6 illustrates this relationship.


TH1 = 256 -
32 x baud rate


2SMOD_x  x timer 1 input clock frequency


Timer 1 input clock frequency
Modes 1, 3 baud rate  =


32
x


2SMOD_x


(256 - TH1)


Timer 1 rollover
frequency


Number of serial bits / 
Number of timer 1 rollovers


TIMER 1
INPUT CLOCK FREQUENCYSYSTEM CLOCK MODE PMR REGISTER BITS


4X/2X, CD1, CD0
T1MH,T1M = 00 T1MH,T1M = 01 T1MH,T1M = 1X


Crystal multiply mode 4X 100 OSC / 12 OSC / 1 OSC / 0.25
Crystal multiply mode 2X 000 OSC / 12 OSC / 2 OSC / 0.5


Divide-by-1 (default) X01, X10 OSC / 12 OSC / 4 OSC / 1
Power-management mode (/1024) X11 OSC / 3072 OSC / 1024 OSC / 1024


Table 12-5. Timer 1 Input Clock Frequency


SYSTEM CLOCK MODE PMR REGISTER BITS
4X/2X, CD1, CD0


TIMER 2 INPUT CLOCK FREQUENCY
BAUD-RATE GENERATOR MODE


(RCLK OR TCLK = 1)


Crystal multiply mode 4X 100 OSC / 2
Crystal multiply mode 2X 000 OSC / 2


Divide-by-1 (default) X01, X10 OSC / 2
Power-management mode (/1024) X11 OSC / 1024


Table 12-6. Timer 2 Baud-Rate Generation
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When using timer 2 to generate baud rates, the formula is as follows. Note that the reload value is a 16-bit number, as compared with
timer 1, which uses only 8 bits. A second equation is provided so that the timer 2 reload value can be calculated for a given baud rate. 


Timer 2 input clock frequency can be found in Table 12-6, and RCAP2H, RCAP2L is the user assigned timer 2 reload value.


SERIAL I/O DESCRIPTION
A detailed description and block diagram of each serial mode is given below. Note that the baud clock input (to the serial I/O control
block) corresponding to the power-management mode has been omitted from each of the block diagrams. Reference the tables ear-
lier in this section for power-management mode baud clock rates. A description of framing-error detection and multiprocessor com-
munication follows this section.


Mode 0
Mode 0 is used to communicate in synchronous, half-duplex format with devices that accept the ultra-high-speed microcontroller as a
master. Figure 12-1 shows a functional block diagram and basic timing of this mode. As can be seen, there is one bidirectional data
line (RXD) and one shift clock line (TXD) used for communication. The shift clock is used to shift data into and out of the microcon-
troller and the remote device. Mode 0 requires that the microcontroller is the master, because the microcontroller generates the serial
shift clocks for both directions. As described above, the shift clock can be selected to be either divide by 12 or divide by 4 of the sys-
tem clock (not oscillator) as determined by the SM2 (SCON0.5 or SCON1.5) bit.


The RXD signal is used for both transmission and reception. TXD provides the shift clock. Data bits enter and exit least-significant bit
(LSb) first. The baud rate is equal to the shift clock frequency. The relevant UART begins transmitting when any instruction writes to
SBUF0 or SBUF1 (address 99h or C1h). The internal shift register then begins to shift data out. The clock is activated and transfers
data until the 8-bit value is complete. Data is presented just prior to the falling edge of the shift clock (TXD) so that an external device
can latch the data using the rising edge.


The UART begins to receive data when the REN bit in the SCON register (SCON0.4 or SCON1.4) is set to a logic 1 and the RI bit
(SCON0.0 or SCON1.0) is set to a logic 0. This condition tells the UART that there is data to be shifted in. The shift clock (TXD) acti-
vates, and the UART latches incoming data on the rising edge. The external device should therefore present data on the falling edge.
This process continues until 8 bits have been received. The RI bit is automatically set to a logic 1 immediately following the last rising
edge of the shift clock on TXD. This causes reception to stop until the SBUF has been read, and the RI bit cleared. When RI is cleared,
another byte can be shifted in. 


  RCAP2H, RCAP2L = 65536  – 
Timer 2 input clock frequency


16  x  baud rate 


1               Timer 2 input clock frequency


16    (65536–RCAP2H,RCAP2L)
✕


Timer 2 rollover
frequency


Number of serial bits /
Number of timer 2 rollovers


 Modes 1, 3 baud rate  =
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Figure 12-1. Serial Port Mode 0 
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Mode 1
Mode 1 is asynchronous and full duplex, using a total of 10 bits. The 10 bits consist of a start bit (logic 0), 8 data bits, and 1 stop bit
(logic 1) as illustrated in Figure 12-2. The data is transferred LSb first. As described above, the baud rates for mode 1 are generated
by either a divide-by-16 of timer 1 rollover, a divide-by-16 of the timer 2 rollover, or a divide-by-32 of timer 1 rollover. The UART begins
transmission after the first rollover of the divide-by-16 counter following a software write to SBUF. Transmission takes place on the TXD
pin. It begins by the start bit being placed on the pin. Data is then shifted out onto the pin, LSb first. The stop bit follows. The TI bit is
set by hardware after the stop bit is placed on the pin. All bits are shifted out at the rate determined by the baud-rate generator.


Once the baud-rate generator is active, reception can begin at any time. The REN bit (SCON0.4 or SCON1.4) must be set to a logic 1
to allow reception. The falling edge of a start bit on the RXD pin begins the reception process. Data is shifted in at the selected baud
rate. At the middle of the stop bit time, certain conditions must be met to load SBUF with the received data:


• RI must = 0, and either


• If SM2 = 0, the state of the stop bit does not matter, or


• If SM2 = 1, the state of the stop bit must = 1.


If these conditions are true, then SBUF (hex address 99h or C1h) is loaded with the received byte, the RB8 bit (SCON0.2 or SCON1.2)
is loaded with the stop bit, and the RI bit (SCON0.0 or SCON1.0) is set. If these conditions are false, then the received data is lost
(SBUF and RB8 not loaded) and RI is not set. Regardless of the receive word status, after the middle of the stop bit time, the receiver
goes back to looking for a 1 to 0 transition on the RXD pin.


Each data bit received is sampled on the 7th, 8th, and 9th clock used by the divide-by-16 counter. Using majority voting, two equal
samples out of the three determine the logic level for each received bit. If the start bit was determined to be invalid ( = 1), then the
receiver goes back to looking for a 1 to 0 transition on the RXD pin in order to start the reception of data.


Mode 2
Mode 2 uses a total of 11 bits in asynchronous full-duplex communication, as illustrated in Figure 12-3. The 11 bits consist of 1 start
bit (a logic 0), 8 data bits, 1 programmable 9th bit, and one stop bit (a logic 1). Like mode 1, the transmissions occur on the TXD sig-
nal pin and receptions on RXD. For transmission purposes, the 9th bit can be stuffed as a logic 0 or 1. A common use is to put the par-
ity bit in this location. The 9th bit is transferred from the TB8 bit position in the SCON register (SCON0.3 or SCON1.3) during the write
to SBUF. Baud rates are generated as a fixed function of the crystal frequency, as described earlier in this section. Like mode 1, mode
2’s transmission begins after the first rollover of the divide-by-16 counter following a software write to SBUF. It begins by the start bit
being placed on the TXD pin. The data is then shifted out onto the pin LSb first, followed by the 9th bit, and finally the stop bit. The TI
bit (SCON0.1 or SCON1.1) is set when the stop bit is placed on the pin.


Reception begins when a falling edge is detected as part of the incoming start bit on the RXD pin. The RXD pin is then sampled accord-
ing to the baud-rate speed. The 9th bit is placed in the RB8 bit location in SCON (SCON0.2 or SCON1.2). When a stop bit has been
received, the data value is transferred to the SBUF receive register (hex address 99 or C1). The RI bit (SCON0.0 or SCON1.0) is set to
indicate that a byte has been received. At this time, the UART can receive another byte.


Once the baud-rate generator is active, reception can begin at any time. The REN bit (SCON0.4 or SCON1.4) must be set to a logic 1
to allow reception. The falling edge of a start bit on the RXD pin begins the reception process. Data must be shifted in at the selected
baud rate. At the middle of the 9th bit time, certain conditions must be met to load SBUF with the received data.


• RI must = 0, and either


• If SM2 = 0, the state of the 9th bit does not matter, or


• If SM2 = 1, the state of the 9th bit must = 1.


If these conditions are true, then SBUF is loaded with the received byte, RB8 is loaded with the 9th bit, and RI is set. If these condi-
tions are false, then the received data is lost (SBUF and RB8 not loaded) and RI is set. Regardless of the receive word status, after the
middle of the stop bit time, the receiver goes back to looking for a 1 to 0 transition on RXD.


Data is sampled in a similar fashion to mode 1 with the majority voting on three consecutive samples. Mode 2 uses the sample divide-
by-16 counter with either the oscillator divided by 2 or 4.







Ultra-High-Speed Flash
Microcontroller User’s Guide


119 ____________________________________________________________________________________________


SBUF


DIVIDE-
BY-2


D
7LO


A
D


C
LO


C
K


TRANSMIT SHIFT REGISTER


S0
P3.1


LATCH
TXD
PIN


RECEIVE DATA BUFFER WRRD


C
LO


C
K


RECEIVE SHIFT REGISTER


SI


READ
SERIAL


BUFFERBAUD
CLOCK


LOAD
SERIAL
BUFFER


LOAD


IN
T


S


S
E


R
IA


L
 I/


O
C


O
N


T
R


O
L


SHIFT


T1
FLAG =


SCONx.1


RXD
PIN


SERIAL
INTERRUPT


LDSBUF
RDSBUF


S
T


O
P


S
T


A
R


T


1 0


S
T


O
P


S
T


A
R


T


RB8 =
SCONx.2


R1
FLAG =


SCONx.0


DIVIDE-
BY-16


BIT
DETECTION


DATA BUS


SBUF


RESET


DIVIDE-
BY-16


SMOD_0 =
PCON.7
OR
SMOD_1 =
WDCON.7


D
6


D
5


D
4


D
3


D
2


D
1


D
0


D
7


D
5


D
4


D
3


D
2


D
1


D
0


D
6


TIMER 2
OVERFLOWTIMER 1


OVERFLOW
A


V
A


IL
A


B
LE


 T
O


 S
E


R
IA


L
P


O
R


T
 0


 O
N


LY


10


10


10


TCLK =
T2CON.4


RCLK =
T2CON.5


RECEIVE TIMING


BIT DETECTOR
SAMPLING


SHIFT


RI


RXD
D0 D1 D2 D3 D4 D5 D6 D7 STOPSTART


TRANSMIT TIMING


LDSBUF


SHIFT


TI


TXD
D0 D1 D2 D3 D4 D5 D6 D7 STOPSTART


Figure 12-2. Serial Port Mode 1 







Ultra-High-Speed Flash
Microcontroller User’s Guide


____________________________________________________________________________________________ 120


SBUF


DIVIDE-
BY-2


D
7LO


A
D


C
LO


C
K


TRANSMIT SHIFT REGISTER


S0
P3.1


LATCH
TXD
PIN


RECEIVE DATA BUFFER WRRD


C
LO


C
K


RECEIVE SHIFT REGISTER


SI


READ
SERIAL


BUFFERSHIFT
CLOCK


LOAD
SERIAL
BUFFER


LOAD


IN
T


S


S
E


R
IA


L
 I/


O
C


O
N


T
R


O
L


SHIFT


T1
FLAG =


SCONx.1


RXD
PIN


SERIAL
INTERRUPT


LDSBUF
RDSBUF


S
T


O
P


S
T


A
R


T


1 0


S
T


O
P


S
T


A
R


T


RB8 =
SCONx.2


R1
FLAG =


SCONx.0


DIVIDE-
BY-16


BIT
DETECTION


DATA BUS


SBUF


RESET


DIVIDE-
BY-16


SMOD_0 =
PCON.7
OR
SMOD_1 =
WDCON.7


D
6


D
5


D
4


D
3


D
2


D
1


D
0


D
7


D
5


D
4


D
3


D
2


D
1


D
0


D
6


OSC/2 =
CRYSTAL/2


10


D
8


TB8 =
SCONx.3


D
8


TRANSMIT TIMING


LDSBUF


SHIFT


RECEIVE TIMING


BIT DETECTOR
SAMPLING


SHIFT


TI


RI


TXD
D0 D1 D2 D3 D4 D5 D6 D7 STOPSTART


RXD
D0 D1 D2 D3 D4 D5 D6 D7START STOP


TB8


RB8


Figure 12-3. Serial Port Mode 2 







Ultra-High-Speed Flash
Microcontroller User’s Guide


121 ____________________________________________________________________________________________


Mode 3
Mode 3 has the same operation as mode 2, except for the baud-rate source. As shown in Figure 12-4, mode 3 can use timer 1 or 2 for
serial port 0 and timer 1 for serial port 1. The bit shifting and protocol are the same.
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FRAMING ERROR DETECTION
A framing error occurs when a valid stop bit is not detected. This results in the possible improper reception of the serial word. The
UART can detect a framing error and notify the software. Typical causes of framing errors are noise and contention. The framing error
condition is reported in the SCON register for the corresponding UART.


The framing error bit, FE, is located in SCON0.7 or SCON1.7. Note that this bit normally serves as SM0 and is described as SM0/FE_0
or SM0/FE_1 in the register description. Framing error information is made accessible by the SMOD0 framing error detection enable
bit located at PCON.6. When SMOD0 is set to a logic 1, the framing error information is shown in SM0/FE (SCON0.7 or SCON1.7).
When SMOD0 is set to a logic 0, the SM0 function is accessible. The information for bits SM0 and FE is actually stored in different reg-
isters. Changing SMOD0 only modifies which register is accessed; not the contents of either.


The FE bit is set to a 1 when a framing error occurs. It must be cleared by software. Note that the SMOD0 state must be 1 while read-
ing or writing the FE bit. Also note that receiving a properly framed serial word does not clear the FE bit. This must be done in software.


MULTIPROCESSOR COMMUNICATION
The multiprocessor communication mode makes special use of the 9th data bit in modes 2 and 3. In the original 8051, the 9th bit was
restricted to a 0 or 1 condition, but had no special purpose. In the 80C32 and the ultra-high-speed microcontroller, it can be used to
signify that the incoming byte is an address. This allows the processor to be interrupted only if the correct address appears. If the mul-
tiprocessor mode has been enabled, the receive interrupt (signaled by the RI bit) only occurs when a recognized address is received.


When a serial word is received with the 9th bit set and the appropriate SM2 = 1, the byte is assumed to be an address. The address
is compared to an internally stored address. If it matches, a receive interrupt occurs. The internal address is derived from the contents
of two registers. The first register specifies an absolute address. This is the user-specified address of the device. The second register
is a bit-masking register that tells the comparator which address bit(s) to actually use in the comparison. This allows broadcast trans-
missions that reach groups of microcontrollers or all microcontrollers on a serial port. The user defines this protocol.


There are two special function registers that support multiprocessor communication for each UART. These are independent, so that dif-
ferent addresses can be used in each. The registers are SADDR0 or SADDR1 (hex address A9h or AAh) and SADEN0 or SADEN1 (hex
address B9h or BAh). The SADDR register specifies the individual processor’s address. The SADEN identifies address bits that should
be ignored in matching addresses.


Software writes an 8-bit address to the SADDR register. This is the microcontroller’s individual address. Any bit in SADEN that contains
a logic 0 causes the corresponding bit in SADDR to be ignored in comparison. Thus, logic 0 bits in SADEN create “don’t care” bit states
for address comparisons.


When an address is received, each address bit that is not masked by a “don’t care” is compared to the SADDR. The microcontroller
interrupts on any address that matches this comparison. Any address that meets this comparison is called a given address.  


The following example shows how one address can be directed to an individual processor, or two out of three:


Micro 1
SADDR 11110000
SADEN 11111010
–––––––––––––––––––––––––
Given 11110x0x
Micro 2
SADDR 11110001
SADEN 11111001
–––––––––––––––––––––––––
Given 11110xx1
Micro 3
SADDR 11110010
SADEN 11111010
–––––––––––––––––––––––––
Given 11110x1x


Note that an address of 11110000 reaches only microcontroller 1. An address of 11110001 reaches both microcontroller 1 and micro-
controller 2. An address of 11110010 reaches only microcontroller 3.
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The microcontroller also matches on any address that corresponds to the broadcast address. This is the logical OR of the SADDR and
SADEN registers, with any zeros defined as don’t cares. In most cases, the broadcast address is FFh.


The multiprocessor communication is always enabled. However, the SADEN registers default to 00h, which means all address bits are
“don’t care,” so all match. Thus, if no multiprocessor communication is used, these registers can be ignored.


SECTION 13: TIMED-ACCESS PROTECTION
The ultra-high-speed microcontroller uses a protection feature called timed access to prevent accidental writes to critical SFR bits.
These bits could cause a system failure or prevent the watchdog timer from doing its job if improperly written. The timed access
involves opening a timing window during which the protected bit can be modified. If the window is opened correctly, it remains open
long enough to alter one protected register. This section explains which bits are protected, why, and how to use the timed-access fea-
ture.


PROTECTED BITS
Bits that are protected by the timed-access feature are shown below. Only critical function bits unique to the ultra-high-speed micro-
controller are protected, ensuring code compatibility with the original 80C51 or 80C52. A full description of the function of each bit is
provided in Section 4:


WDCON.0 RWT Reset watchdog timer
WDCON.1 EWT Watchdog reset enable
WDCON.3 WDIF Watchdog interrupt flag
WDCON.6 POR Power-on reset flag
EXIF.0 BGS Bandgap select
ACON.5 PAGES0 Page mode select bit 0
ACON.6 PAGES1 Page mode select bit 1
ACON.7 PAGEE Page mode enable
ROMSIZE.0 RMS0 Program memory size select bit 0
ROMSIZE.1 RMS1 Program memory size select bit 1
ROMSIZE.2 RMS2 Program memory size select bit 2
ROMSIZE.3 RMS3 Program RAM enable
FCNTL.0 FC0 Flash command bit 0
FCNTL.1 FC1 Flash command bit 1
FCNTL.2 FC2 Flash command bit 2
FCNTL.3 FC3 Flash command bit 3


PROTECTION SCHEME
Each bit mentioned above is protected against an accidental write by requiring the software to perform a procedure before writing the
bit. Timed access requires the software to write two specific values to the timed-access register during two consecutive instruction
cycles. The values AAh, then 55h, must be written in consecutive instructions to the TA register at SFR location C7h. If the writes are
performed correctly, the write-access window opens for three memory cycles. During this window, the software may modify a protect-
ed bit. The suggested code to open a timed-access window is:


MOV 0C7h, #0AAh
MOV 0C7h, #55h


The procedure to modify a timed-access-protected bit begins by writing the value AAh to the timed-access register (TA;C7h). The value
55h must then be written to the timed-access register within three memory cycles of writing AAh. This opens a three memory-cycle win-
dow, after the write of 55h, during which any timed-access protected bits may be modified. Failure to complete any of the required
steps also requires the procedure to begin again, starting with the write of AAh to the timed-access register. Attempts to modify timed-
access-protected bits after the window has closed are ignored. This is regardless of whether any bits were modified. Figure 13-1 illus-
trates a number of examples of correct and incorrect use of the timed-access procedure.
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VALID TIMED-ACCESS PROCEDURES
Three Memory Cycles Three Memory Cycles Three Memory Cycles
MOV 0C7h, #0AAh MOV 0C7h, #55h SETB EWT


Three Memory Cycles Three Memory Cycles One Memory Cycle Two Memory Cycles
MOV 0C7h, #0AAh MOV 0C7h, #55h NOP SETB EWT


Three Memory Cycles Three Memory Cycles Three Memory Cycles
MOV 0C7h, #0AAh MOV 0C7h, #55h MOV WDCON, #02h


INVALID TIMED-ACCESS PROCEDURES
Three Memory Cycles One Memory Cycle Three Memory Cycles Two Memory Cycles
MOV 0C7h, #0AAh NOP MOV 0C7h, #55H SETB EWT
*Second write to TA register does not occur within 3 cycles of first write.


Three Memory Cycles Three Memory Cycles One Memory Cycle Three Memory Cycles
MOV 0C7h, #0AAh MOV 0C7h, #55H NOP MOV WDCON, #02h
*Modification of protected bit did not occur with 3 cycles of second write to TA register.


Three Memory Cycles Three Memory Cycles Two Memory Cycles Two Memory Cycles
MOV 0C7h, #0AAh MOV 0C7h, #55h SETB EWT SETB EWT
*Modification of second protected bit did not complete within 3 cycles of second write to
TA register.


Figure 13-1. Timed-Access Examples


TIMED-ACCESS PROTECTS WATCHDOG
Any microcontroller-based system can be faced with environmental conditions that are beyond its designed abilities. These include
external signal transients due to component failure, fluctuating power conditions, massive electrostatic discharge (ESD), and other
unexpected system events. When a microcontroller is exposed to such conditions, program execution can become corrupted. The
ultra-high-speed microcontroller incorporates a watchdog timer that can initiate a reset to recover from these conditions. The primary
function of the timed-access feature is to protect against accidental disabling of the watchdog timer by an “out-of-control” device. This
allows the watchdog timer to reset the system in the event of program execution failure.


The following hypothetical example demonstrates how a single bit change can corrupt program execution. The timed-access proce-
dure protects against an accidental write to the EWT bit by the errant code, allowing the watchdog timer reset function to reset the
device. While this is a purely fictitious example, it illustrates how the watchdog timer and timed-access feature allow the ultra-high-
speed microcontroller to minimize the effect of accidental code corruption. Note: Timed access is not optional and must be support-
ed if the protected bits are used. This example helps explain the category of problem that the timed access prevents.


EXAMPLE: A TRANSIENT CAUSES THE WATCHDOG TO BE DISABLED:


TABLE_READ:
C2D2 90 0A 00 MOV DPTR, 0A00H ;LOAD TABLE POINTER
C2D5 79 FF MOV R1, #0FFH ;LOAD COUNTER
C2D7 78 90 MOV R0, #90H ;DESTINATION POINTER


LOOP:
C2D9 E0 MOVX A, @DPTR ;READ DATA BYTE
C2DA F6 MOV @R0, A ;STORE IT IN RAM
C2DB 06 INC R0 ;NEXT TABLE LOCATION
C2DC A3 INC DPTR ;NEXT DATA VALUE
C2DD D9 C2 D9 DJNZ R1, LOOP ;NEXT BYTE OR DONE ?
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A transient occurs while the op code is being fetched for the first instruction. The transient causes 1 bit of the op code in the first instruc-
tion to be read as a 0 instead of 1. The resulting program is what the microcontroller would actually execute:


TABLE_READ: 
C2D2 80 0A 00 SJMP 0BH ;RELATIVE JUMP BY 10 LOCATIONS
C2D5 79 FF MOV R1, #0FFH ;LOAD COUNTER
C2D7 78 90 MOV R0, #90H ;DESTINATION POINTER


LOOP:
C2D9 E0 MOVX A, @DPTR ;READ DATA BYTE
C2DA F6 MOV @R0, A ;STORE IT IN RAM
C2DB 06 INC R0 ;NEXT TABLE LOCATION
C2DC A3 INC DPTR ;NEXT DATA VALUE
C2DD D9 C2 D9 DJNZ R1, LOOP ;NEXT BYTE OR DONE ?


The resulting jump is to address C2DE. This is not even a real op code, but would be treated as such. The resulting fetch is the value
C2 D9. This is the op code for CLR D9h. The bit-addressable location D9h corresponds to the EWT. If the timed-access procedure did
not prevent it, this errant instruction would disable the watchdog. Note that the program execution is completely lost now. Real op
codes are being replaced by operands, data, and garbage. In the ultra-high-speed microcontroller, the watchdog  recovers from this
state as soon as it times out, since it could not have been disabled in this way.


In the ultra-high-speed microcontroller it is very hard to contrive a situation that accidentally disables the watchdog. Note, the timed
access prevents accidentally writing a bit. It can not prevent accidentally calling the correct code that writes a bit. This is much more
unlikely, however.


SECTION 14: INSTRUCTION SET DETAILS
Details of flags modified by each instruction are located in Section 4.


INSTRUCTION CODE
MNEMONIC D7 D6 D5 D4 D3 D2 D1 D0 HEX BYTE CYCLE EXPLANATION


ADD A, Rn 0 0 1 0 1 n2 n1 n0 28-2F 1 1 (A) = (A) + (Rn)


ADD A, direct
0
a7


0
a6


1
a5


0
a4


0
a3


1
a2


0
a1


1
a0


25
Byte 2


2 2 (A) = (A) + (direct)


ADD A, @Ri 0 0 1 0 0 1 1 i 26-27 1 2 (A) = (A) + ((Ri))


ADD A, #data
0
d7


0
d6


1
d5


0
d4


0
d3


1
d2


0
d1


0
d0


24
Byte 2


2 2 (A) = (A) + #data


ADDC A, Rn 0 0 1 1 1 n2 n1 n0 38-3F 1 1 (A) = (A) + (C) + (Rn)
ADDC A,
direct


0
a7


0
a6


1
a5


1
a4


0
a3


1
a2


0
a1


1
a0


35
Byte 2


2 2 (A) = (A) + (C) + (direct)


ADDC A, @Ri 0 0 1 1 0 1 1 i 36-37 1 2 (A) = (A) + (C) + ((Ri))


ADDC A,#data
0
d7


0
d6


1
d5


1
d4


0
d3


1
d2


0
d1


0
d0


34
Byte 2


2 2 (A) = (A) + (C) + #data


SUBB A, Rn 1 0 0 1 1 n2 n1 n0 98-9F 1 1 (A) = (A) - (C) - (Rn)


SUBB A, direct
1
a7


0
a6


0
a5


1
a4


0
a3


1
a2


0
a1


1
a0


95
Byte 2


2 2 (A) = (A) - (C) - (direct)


SUBB A, @Ri 1 0 0 1 0 1 1 i 96-97 1 2 (A) = (A) - (C) - ((Ri))


SUBB A, #data
1
d7


0
d6


0
d5


1
d4


0
d3


1
d2


0
d1


0
d0


94
Byte 2


2 2 (A) = (A) - (C) - #data


INC A 0 0 0 0 0 1 0 0 04 1 1 (A) = (A) + 1
INC Rn 0 0 0 0 1 n2 n1 n0 08-0F 1 1 (Rn) = (Rn) + 1


INC direct
0
a7


0
a6


0
a5


0
a4


0
a3


1
a2


0
a1


1
a0


05
Byte 2


2 2* (direct) = (direct) + 1


INC @Ri 0 0 0 0 0 1 1 i 06-07 1 2 ((Ri)) = ((Ri)) + 1
INC DPTR 1 0 1 0 0 0 1 1 A3 1 1 (DPTR) = (DPTR) + 1
DEC A 0 0 0 1 0 1 0 0 14 1 1 (A) = (A) - 1
DEC Rn 0 0 0 1 1 n2 n1 n0 18-1F 1 1 (Rn) = (Rn) - 1


DEC direct
0
a7


0
a6


0
a5


1
a4


0
a3


1
a2


0
a1


1
a0


15
Byte 2


2 2* (direct) = (direct) -1


DEC @Ri 0 0 0 1 0 1 1 i 16-17 1 2 ((Ri)) = ((Ri)) - 1


MUL AB 1 0 1 0 0 1 0 0 A4 1 9 (B15–8 ), (A7–0 ) = (A) x (B)


DIV AB 1 0 0 0 0 1 0 0 84 1 10 (B15–8 ), (A7–0 ) = (A) / (B)


A
R


IT
H


M
E


T
IC


 O
P


E
R


A
T


IO
N
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MNEMONIC D7 D6 D5 D4 D3 D2 D1 D0 HEX BYTE CYCLE EXPLANATION


A
R


IT
H


M
E


T
IC


 O
P


E
R


DA A
1 1 0 1 0 1 0 0 D4 1 2


Contents of accumulator are BCD,
IF [[(A3-0 ) > 9] OR
[(AC) = 1]] THEN
(A3-0 ) = (A3-0 ) + 6
AND
IF [[(A7-4 ) > 9] OR
[(C) = 1]] THEN
(A7-4 ) = (A7-4 ) + 6


ANL A, Rn 0 1 0 1 1 n2 n1 n0 58-5F 1 1 (A) = (A) AND (Rn)


ANL A, direct
0
a7


1
a6


0
a5


1
a4


0
a3


1
a2


0
a1


i
a0


55
Byte 2


2 2 (A) = (A) AND (direct)


ANL A, @Ri 0 1 0 1 0 1 1 i 56-57 1 2 (A) = (A) AND ((Ri))


ANL A, #data
0
d7


1
d6


0
d5


1
d4


0
d3


1
d2


0
d1


0
d0


54
Byte 2


2 2 (A) = (A) AND #data


ANL direct, A
0
a7


1
a6


0
a5


1
a4


0
a3


0
a2


1
a1


0
a0


52
Byte 2


2 2*
(direct) =
(direct) AND A


ANL direct,
#data


0
a7
d7


1
a6
d6


0
a5
d5


1
a4
d4


0
a3
d3


0
a2
d2


1
a1
d1


1
a0
d0


53
Byte 2
Byte 3


3 3
(direct) =
(direct) AND #data


ORL A, Rn 0 1 0 0 1 n2 n1 n0 48-4F 1 1 (A) = (A) OR (Rn)


ORL A, direct
0
a7


1
a6


0
a5


0
a4


0
a3


1
a2


1
a1


I
a0


45
Byte 2


2 2
(A) =
(A) OR (direct)


ORL A, @Ri 0 1 0 0 0 1 1 i 46-47 1 2 (A) = (A) OR ((Ri))


ORL A, #data
0
d7


1
d6


0
d5


0
d4


0
d3


1
d2


0
d1


0
d0


44
Byte 2


2 2 (A) = (A) OR #data


ORL direct, A 0 1 0 0 0 0 1 0
42


Byte 2
2 2*


(direct) =
(direct) OR (A)


ORL direct, #data
0
a7
d7


1
a6
d6


0
a5
d5


0
a4
d4


0
a3
d3


0
a2
d2


1
a1
d1


1
a0
d0


43
Byte 2
Byte 3


3 3
(direct) =
(direct) OR #data


XRL A, Rn 0 1 1 0 1 n2 n1 n0 68-6F 1 1 (A) = (A) XOR (Rn)


XRL A, direct
0
a7


1
a6


1
a5


0
a4


0
a3


1
a2


0
a1


1
a0


65
Byte 2


2 2
(A) =
(A) XOR (direct)


XRL A, @ Ri 0 1 1 0 0 1 1 i 66-67 1 2 (A) = (A) XOR ((Ri))


XRL A, #data 0 1 1 0 0 1 0 0
64


Byte 2
2 2


(direct) =
(A) XOR #data


XRL direct, A 0 1 1 0 0 0 1 0
62


Byte 2
2 2*


(direct) =
(direct) XOR (A)


XRL direct,
#data


0
a7
d7


1
a6
d6


1
a5
d5


0
a4
d4


0
a3
d3


0
a2
d2


1
a1d1


1
a0
d0


63
Byte 2
Byte 3


3 3
(direct) =
(direct) XOR #data


CLR A 1 1 1 0 0 1 0 0 E4 1 1 (A) = 0


L
O


G
IC


A
L


 O
P


E
R


A
T


IO
N


CPL A 1 1 1 1 0 1 0 0 F4 1 1 (A) = (A)
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INSTRUCTION CODE
MNEMONIC D7 D6 D5 D4 D3 D2 D1 D0 HEX BYTE CYCLE EXPLANATION
RL A


0 0 1 0 0 0 1 1 23 1 1


The contents of the accumulator are
rotated left by 1 bit.


RLC A
0 0 1 1 0 0 1 1 33 1 1


Rotated left through the carry
by 1 bit.


RR A 0 0 0 0 0 0 1 1 03 1 1


The contents of the accumulator are
rotated right by 1 bit.


RRC A 0 0 0 1 0 0 1 1 13 1 1


Rotated right through the carry
by 1 bit.


L
O


G
IC


A
L


 O
P


E
R


A
T


IO
N


SWAP A 1 1 0 0 0 1 0 0 C4 1 1 (A3-0 ) _ (A7-4 )
MOV A, Rn 1 1 1 0 1 n2 n1 n0 E8-EF 1 1 (A) = (Rn)


MOV A, direct
1
a7


1
a6


1
a5


0
a5


0
a3


1
a2


0
a1


1
a0


E5
Byte 2


2 2 (A) = (direct)


MOV A, @Ri 1 1 1 0 0 1 1 i E6-E7 1 2 (A) = ((Ri))


MOV A, #data
0
d7


1
d6


1
d5


1
d4


0
d3


1
d2


0
d1


0
d0


74
Byte 2


2 2 (A) = #data


MOV Rn, A 1 1 1 1 1 n2 n1 n0 F8-FF 1 1 (Rn) = (A)
MOV Rn,
direct


1
a7


0
a6


1
a5


0
a5


1
a3


n2
a2


n1
a1


n0
a0


A8-AF
Byte 2


2 2 (Rn) = (direct)


MOV Rn,
#data


0
d7


1
d6


1
d5


1
d4


1
d3


n2
d2


n1
d1


n0
d0


78-7F
Byte 2


2 2 (Rn) = #data


MOV direct, A
1
a7


1
a6


1
a5


1
a4


0
a3


1
a2


0
a1


1
a0


F5
Byte 2


2 2* (direct) = (A)


MOV direct,
Rn


1
a7


0
a6


0
a5


0
a4


1
a3


n2
a2


n1
a1


n0
a0


88-8F
Byte 2


2 2* (direct) = (Rn)


MOVdirect1,
direct2


1
a7
a7


0
a6
a6


0
a5
a5


0
a4
a4


0
a3
a3


1
a2
a2


0
a1
a1


1
a0
a0


85
Byte 2
Byte 3


3 3*
(direct1) = (direct2)
(source)
(destination)


D
A


T
A


 T
R


A
N


S
F


E
R


MOV direct,
@Ri


1
a7


0
a6


0
a5


0
a4


0
a3


1
a2


1
a1


i
a0


86-87
Byte 2


2 2* (direct) = ((Ri))


A7 A6 A5 A4 A3 A2 A1 A0


A7 A6 A5 A4 A3 A2 A1 A0C


A7 A6 A5 A4 A3 A2 A0 A1


A7 A6 A5 A4 A3 A2 A0 A1C







Ultra-High-Speed Flash
Microcontroller User’s Guide


____________________________________________________________________________________________ 128
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MNEMONIC D7 D6 D5 D4 D3 D2 D1 D0 HEX BYTE CYCLE EXPLANATION


MOV direct, 
#data 


0
a7
d7


1
a6
d6


1
a5
d5


1
a4
d4


0
a3
d3


1
a2
d2


0
a1
d1


1
a0
d0


75
Byte 2 
Byte 3 


3 3 (direct) = #data 


MOV @Ri, A 1 1 1 1 0 1 1 i F6-F7 1 1 ((Ri)) = A 
MOV @Ri, 
direct 


1
a7


0
a6


1
a5


0
a4


0
a3


1
a2


1
a1


i
a0


A6-A7 
Byte 2 


2 2 ((Ri)) = (direct) 


MOV @Ri, 
#data 


0
d7


1
d6


1
d5


1
d4


0
d3


1
d2


1
d1


i
d0


76-77 
Byte 2 


2 2 ((Ri)) = #data 


MOV DPTR, 
#data16 


1
d7
d7


0
d6
d6


0
d5
d5


1
d4
d4


0
d3
d3


0
d2
d2


0
d1
d1


0
d0
d0


90
Byte 2 
Byte 3 


3 3 
(DPTR) = #data15-0
(DPH) = #data15-8
(DPL) = #data7-0


MOVC A, @A + 
DPTR 


1 0 0 1 0 0 1 1 93 1 3 (A) = ((A) + (DPTR)) 


MOVC A, @A + PC 1 0 0 0 0 0 1 1 83 1 3 (A) = ((A) + (PC)) 
MOVX A, @Ri 1 1 1 0 0 0 1 i E2-E3 1 2 (A) = ((Ri)) 
MOVX 
@DPTR 


1 1 1 0 0 0 0 0 E0 1 2 (A) = ((DPTR)) 


MOVX @Ri, A 1 1 1 1 0 0 1 i F2-F3 1 2 ((Ri)) = (A) 
MOVX 
@DPTR,A 


1 1 1 1 0 0 0 0 F0 1 2 ((DPTR)) = (A) 


PUSH direct  
1
a7


1
a6


0
a5


0
a4


0
a3


0
a2


0
a1


0
a0


C0 
Byte 2 


2 2 
(SP) = (SP) + 1 
((SP)) = (direct) 


POP direct 
1
a7


1
a6


0
a5


1
a4


0
a3


0
a2


0
a1


0
a0


D0 
Byte 2 


2 2* 
(direct) = ((SP)) 
(SP) = (SP) - 1 


XCH A, Rn 1 1 0 0 1 n2 n1 n0 C8-CF 1 2 (A) ⇄ (Rn) 


XCH A, direct 
1
a7


1
a6


0
a5


0
a4


0
a3


1
a2


0
a1


1
a0


C5 
Byte 2 


2 3 (A) ⇄ (direct) 


XCH A, @Ri 1 1 0 0 0 1 1 i C6-C7 1 3 (A) ⇄ ((Ri)) 


D
A


T
A


 T
R


A
N


S
F


E
R


 


XCHD A, @Ri 1 1 0 1 0 1 1 i D6-D7 1 3 (A3-0) ⇄ ((Ri3-0 )) 


INSTRUCTION CODE
MNEMONIC D7 D6 D5 D4 D3 D2 D1 D0 HEX BYTE CYCLE EXPLANATION


CLR C 1 1 0 0 0 0 1 1 C3 1 1 (C) = 0 


CLR bit 
1
b7


1
b6


0
b5


0
b4


0
b3


0
b2


1
b1


0
b0


C2 
Byte 2 


2 2* (bit) = 0 


SETB C 1 1 0 1 0 0 1 1 D3 1 1 (C) = 1 


SETB bit 
1
b7


1
b6


0
b5


1
b4


0
b3


0
b2


1
b1


0
b0


D2 
Byte 2 


2 2* (bit) = 1 


CPL C 1 0 1 1 0 0 1 1 B3 1 1 (C) = (C)


CPL bit 
1
b7


0
b6


1
b5


1
b4


0
b3


0
b2


1
b1


0
b0


B2 
Byte 2 


2 2* (bit) = (bit)


ANL C, bit 
1
b7


0
b6


0
b5


0
b4


0
b3


0
b2


1
b1


0
b0


82
Byte 2 


2 2 (C) = (C) AND (bit) 


ANL C, bit
1
b7


0
b6


1
b5


1
b4


0
b3


0
b2


0
b1


0
b0


B0 
Byte 2 


2 2 (C) = (C) AND (bit)


ORL C, bit 
0
b7


1
b6


1
b5


1
b4


0
b3


0
b2


1
b1


0
b0


72
Byte 2 


2 2 (C) = (C) OR (bit) 


ORL C, bit
1
b7


0
b6


1
b5


0
b4


0
b3


0
b2


0
b1


0
b0


A0 
Byte 2 


2 2 (C) = (C) OR (bit)


MOV C, bit 
1
b7


0
b6


1
b5


0
b4


0
b3


0
b2


1
b1


0
b0


A2 
Byte 2 


2 2 (C) = (bit) 


B
O


O
L


E
A


N
 V


A
R


IA
B


L
E


 M
A


N
IP


U
L


A
T


IO
N


MOV bit, C 
1
b7


0
b6


0
b5


1
b4


0
b3


0
b2


1
b1


0
b0


92
Byte 2 


2 2 (bit) = (C) 
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MNEMONIC D7 D6 D5 D4 D3 D2 D1 D0 HEX BYTE CYCLE EXPLANATION


ACALL addr 11 
a10 
a7


a9
a6


a8
a5


1
a8


0
a3


0
a2


0
a1


1
a0


Byte 1 
Byte 2 


2 2 


(PC) = (PC) + 2 
(SP) = (SP) + 1 
((SP)) = (PC7-0 ) 
(SP) = (SP) + 1 
((SP)) = (PC15-8 ) 
(PC) = page address 


LCALL addr 16 


0
a15 
a7


0
a14 
a6


0
a13 
a5


1
a12
a5


0
a11
a3


0
a10
a2


1
a9
a1


0
a8
a0


12
Byte 2 
Byte 3 


3 3 


(PC) = (PC) + 3 
(SP) = (SP) + 1 
((SP)) = (PC7-0 ) 
(SP) = (SP) + 1 
((SP)) = (PC15-8 ) 
(PC) = addr15-0


RET 0 0 1 0 0 0 1 0 22 1 3 


(PC15-8 ) = ((SP)) 
(SP) = (SP) - 1 
(PC7-0 ) = ((SP)) 
(SP) = (SP) - 1 


RETI 0 0 1 1 0 0 1 0 32 1 3 


(PC15-8 ) = ((SP)) 
(SP) = (SP) - 1 
(PC7-0 ) = ((SP)) 
(SP) = (SP) - 1 


AJMP addr 11 
a10 
a7


a9
a6


a8
a5


0
a4


0
a3


0
a2


0
a1


1
a0


Byte 1 
Byte 2 


2 2 
(PC) = (PC) + 2 
(PC10-0 ) = page address 


LJMP addr 16 
0


a15 
a7


0
a14 
a6


0
a13 
a5


0
a12
a4


0
a11
a3


0
a10
a2


1
a9
a1


0
a8
a0


02
Byte 2 
Byte 3 


3 3 (PC) = addr15-0 


SJMP rel 
1
r7


0
r6


0
r5


0
r4


0
r3


0
r2


0
r1


0
r0


80
Byte 2 


2 3 
(PC) = (PC) + 2 
(PC) = (PC) + rel 


JMP @A + 
DPTR 


0 1 1 1 0 0 1 1 73 1 3 (PC) = (A) + (DPTR) 


JZ rel 
0
r7


1
r6


1
r5


0
r4


0
r3


0
r2


0
r1


0
r0


60
Byte 2 


2 3 
(PC) = (PC) + 2 
IF (A) = 0 THEN 
(PC) = (PC) + rel 


P
R


O
G


R
A


M
 B


R
A


N
C


H
IN


G


JNZ rel 
0
r7


1
r6


1
r5


1
r4


0
r3


0
r2


0
r1


0
r0


70
Byte 2 


2 3 
(PC) = (PC) + 2 
IF (A)  0 THEN 
(PC) = (PC) + rel 
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MNEMONIC D7 D6 D5 D4 D3 D2 D1 D0 HEX BYTE CYCLE EXPLANATION


JC rel 
0
r7


1
r6


0
r5


0
r4


0
r3


0
r2


0
r1


0
r0


40
Byte 2 


2 3 
(PC) = (PC) + 2 
IF (C) = 1 THEN 
(PC) = (PC) + rel 


JNC rel 
0
r7


1
r6


0
r5


1
r4


0
r3


0
r2


0
r1


0
r0


50
Byte 2 


2 3 
(PC) = (PC) + 2 
IF (C)  0 THEN 
(PC) = (PC) + rel 


JB bit, rel 
0
b7
r7


0
b6
r6


1
b5
r5


0
b4
r4


0
b3
r3


0
b2
r2


0
b1
r1


0
b0
r0


20
Byte 2 
Byte 3 


3 4 
(PC) = (PC) + 3 
IF (bit) = 1 THEN 
(PC) = (PC) + rel 


JNB bit, rel 
0
b7
r7


0
b6
r6


1
b5
r5


1
b4
r4


0
b3
r3


0
b2
r2


0
b1
r1


0
b0
r0


30
Byte 2 
Byte 3 


3 4 
(PC) = (PC) + 3 
IF (bit) = 0 THEN 
(PC) = (PC) + rel 


JBC bit, rel 
0
b7
r7


0
b6
r6


0
b5
r5


1
b4
r4


0
b3
r3


0
b2
r2


0
b1
r1


0
b0
r0


10
Byte 2 
Byte 3 


3 4* 


(PC) = (PC) + 3 
IF (bit) = 1 THEN 
(bit) = 0 and (PC) = 
(PC) + rel 


CJNE A, direct, rel 
0
a7
r7


1
a6
r6


0
a5
r5


1
a4
r4


0
a3
r3


0
a2
r2


0
a1
r1


0
a0
r0


B5 
Byte 2 
Byte 3 


3 5 


(PC) = (PC) + 3 
IF (direct) < (A) 
THEN (PC) = (PC) 
+ rel and (C) = 0 
OR 
IF (direct) > (A) 
THEN (PC) = (PC) 
+ rel and (C) = 1 


CJNE A, #data, rel 
1
d7
r7


0
d6
r6


1
d5
r5


1
d4
r4


0
d3
r3


1
d2
r2


0
d1
r1


0
d0
r0


B4 
Byte 2 
Byte 3 


3 4 


(PC) = (PC) + 3 
IF #data < (A) 
THEN (PC) = (PC) 
+ rel and (C) = 0 
OR 
IF #data > (A) 
THEN (PC) = (PC) 
+ rel and (C) = 1 


CJNE Rn, 
#data, rel 


1
d7
r7


0
d6
r6


1
d5
r5


1
d4
r4


1
d3
r3


n2
d2
r2


n1
d1
r1


n0
d0
r0


B8-BF 
Byte 2 
Byte 3 


3 4 


(PC) = (PC) + 3 
IF #data < (Rn) 
THEN (PC) = (PC) 
+ rel and (C) = 0 
OR 
IF #data > (Rn) 
THEN (PC) = (PC) 
+ rel and (C) = 1 


CJNE @Ri, 
#data, rel 


1
d7
r7


0
d6
r6


1
d5
r5


1
d4
r4


0
d3
r3


1
d2
r2


1
d1
r1


i
d0
r0


B6-B7 
Byte 2 
Byte 3 


3 5 


(PC) = (PC) + 3 
IF #data < ((Ri)) 
THEN (PC) = (PC) 
+ rel and (C) = 0 
OR 
IF #data > ((Ri)) 
THEN (PC) = (PC) 
+ rel and (C) = 1 


DJNZ Rn, rel 
1
r7


1
r6


0
a5
r5


1
r4


1
r3


n2
r2


n1
r1


n0
r0


D8-Df 
Byte 2 


3 4 


(PC) = (PC) + 2 
(Rn) = (Rn) - 1 
IF (Rn)  0 THEN 
(PC) = (PC) + rel 


DJNZ direct, rel 
1
a7
r7


1
a6
r6


1
d5
r5


1
a4
r4


0
a3
r3


1
a2
r2


0
a1
r1


1
a0
r0


D5 
Byte 2 
Byte 3 


3 5 


(PC) = (PC) + 3 
(direct) = (direct) - 1 
IF (direct)  0 THEN 
(PC) = (PC) + rel 


P
R


O
G


R
A


M
 B


R
A


N
C


H
IN


G
 


NOP 0 0 0 0 0 0 0 0 00 1 1 (PC) = (PC) + 1 


* Note: One additional clock cycle is required if the PSW, SP, DPS, IE, EIE, IP0, IP1, EIP0, or EIP1 register is accessed by certain direct
addressing instructions marked with an *. Additionally, the JBC bit instruction requires one additional clock cycle to clear a bit if the
jump is actually taken.
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SECTION 15: PROGRAM LOADING 
The ultra-high-speed flash microcontroller family can perform program loading or reloading in a number of ways. First, ROM loader
mode can be invoked to create a serial communication channel, which permits in-system program/erase of the internal and external
program memory. Secondly, parallel programming mode allows programming and erasure of the internal flash memory using industry-
standard EPROM or flash parallel programmers. 


ROM LOADER MODE
The ultra-high-speed flash microcontroller defaults to the normal operating (nonloader) mode without external hardware. ROM loader
mode can be invoked at any time, as described later in this section. Once the loader session is complete, the device  performs a hard-
ware reset and begin operation. This is identical to an external reset, except that the ROM loader during the loader session  may mod-
ify locations in scratchpad RAM in order to execute properly. The Table 15-1 shows which areas of scratchpad RAM are guaranteed
preserved and which ones are of indeterminate state after exiting the loader.


Table 15-1. Preserved and Indeterminate Scratchpad Memory


The guaranteed preserved locations are areas in scratchpad RAM that are not changed by the ROM loader. The indeterminate area
contains various stacks and buffers used by the loader, and a given byte in this area may or may not be modified by the loader. As
such, the user should not rely on the loader preserving any data in this area. 


It should also be noted that the loader, upon being invoked, clears the EWT bit (WDCON.1) so that the watchdog timer is prevented
from generating an internal reset during the loader session.


Invoking the ROM Loader Mode 
The ROM loader mode is invoked by simultaneously applying a logic 1 to the RST pin, a logic 0 to the EA pin, and driving the PSEN
pin to a logic 0 level. If power were to cycle while the required input stimuli were present, the loader would be invoked on power-up.
When the ROM loader mode is invoked, the device awaits an incoming <CR> character (0Dh) on serial port 0 at a baud rate that can
be detected by the autobaud routine. The autobaud routine is described later in this section. The autobaud routine receives and trans-
mits data only on serial port 0, ignoring activity on serial port 1. Upon successful baud-rate detection, the ROM loader transmits a ban-
ner similar to the one shown below, signaling to the host that loader mode has successfully been invoked. The banner is followed by
a “>” prompt, which indicates the device is ready to receive a command. The command set recognizable by the ROM loader is also
detailed later in this section. The flow of these conditions is shown in Figure 15-1. Application Note 3262: In-System Programming with
8051-Based Microcontrollers contains more information on the use of the ROM loader as well as tips on debugging potential problems.


Exiting the Loader
To exit ROM loader mode, first float the PSEN signal, and then float or drive the RST pin low. The RST pin has an internal pulldown. The
PSEN signal is an output and drives itself high. When the loader stimulus is removed, the processor performs a hardware reset and
begin execution at location 0000h. Note that both of these conditions must occur, or the loader is exited. The flow of these conditions
is shown in Figure 15-1.


Serial Program Load Operation
Program loading through a serial port is a convenient method of loading application software into the flash memory or external mem-
ory. Communication is performed over a standard, asynchronous serial communications port using a terminal emulator program with
8-N-1 (8 data bits, no parity, 1 stop bit) protocol settings. A typical application would use a simple RS-232 serial interface to in-system
program the device as part of a final production procedure.


The hardware configuration for the serial program load operation is illustrated in Figure 15-2. A variety of crystals can be used to pro-
duce standard baud rates. The ROM is designed to operate across a 3-wire interface from a standard UART. The receive, transmit,
and ground wires are all that are necessary to establish communication with the device. 


The ROM implements an easy-to-use command line interface, which allows an Intel hex file to be loaded and read back from the
device. Intel hex is the standard format output by 8051 cross-assemblers.


TYPE
ULTRA-HIGH-SPEED FLASH


MICROCONTROLLER
SCRATCHPAD MEMORY


Guaranteed Preserved 80h–FFh
Indeterminate 00h–7Fh
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PROGRAM EXECUTION


INTERNAL MEMORY DISABLED EA\ =0


INTERNAL MEMORY ENABLED EA\ =1


1


RST = 1


EA = 0


PSEN = 0


POWER-ON
RESET


AUTOBAUD ROUTINE
AWAITING <CR> CHARACTER ON RXD OF SERIAL PORT 0


SERIAL COMMUNICATION WITH THE ROM LOADER CAN
PROCEED AS ESTABLISHED ON SERIAL PORT 0


DEVICE IN RESET
(INTERNAL MEMORY DISABLED)


DEVICE IN RESET
(INTERNAL MEMORY ENABLED)


N


N


N


N Y


Y


Y


Y


Y


N


PSEN
TOGGLED 0


Figure 15-1. Invoking and Exiting the Loader on the Ultra-High-Speed Flash Microcontroller
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AUTOBAUD-RATE DETECTION
The ROM loader can automatically detect, within certain limits, the external baud rate and configure itself to that speed. The loader
controls serial port 0 in mode 1 (asynchronous, 1 start bit, 8 data bits, no parity, 1 stop bit, full duplex), using timer 1 in 8-bit autore-
load mode with the serial port 0 doubler bit (PCON.7) set.  For these settings, an equation to calculate possible baud rates is provid-
ed as a function of crystal frequency and timer reload value. Table 15-1 shows baud rates generated using the equation: 


**  Timer reload values attempted by the loader: FF, FE, FD, FC, FB, FA, F8, F6, F5, F4, F3, F0, EC, EA, E8, E6, E0, DD, D8, D4, D0,
CC, C0, BA, B0, A8, A0, 98, 80, 60, 40


When communicating with a PC COM port having a standard 8250/16450 UART, attempt to match the loader baud rate and PC COM
port baud rate within 3% in order to maintain a reliable communication channel. If baud rates cannot be matched exactly, it is suggest-
ed configuring the loader to the faster baud rate to avoid the possibility of overflowing the microcontroller serial input buffer. 


COMMAND LINE INTERFACE
The ROM loader uses an easy-to-use command line interface that responds to alphabetic commands that are summarized in 
Table 15-3. A detailed description of each command can be found in the following pages.


192 x (256-Timer Reload)


Crystal Frequency
ROM Loader_Baud rate =


TO PC


ROIN


TD


HC/AC125


TOOUT
RD


R1IN


DTR


ROOUT


VCC


TOIN


R1OUT


DS232A


ULTRA-HIGH-SPEED
FLASH


MICROCONTROLLER


T1OUT


RXDO


TXDO


RST


EA


PSEN


T1IN


Figure 15-2. Serial Load Hardware Configuration 







Ultra-High-Speed Flash
Microcontroller User’s Guide


____________________________________________________________________________________________ 134


CRYSTAL FREQUENCY (MHz) TIMER
RELOAD


LOADER
BAUD RATE


ERROR (%) PC UART
BAUD RATE


PC UART
RELOAD


32.0000 F6 16667 -1.3 16457 7
F3 12821 -0.2 12800 9
EC 8333 -1.3 8229 14


29.4912 FC 38400 0.0 38400 3
F8 19200 0.0 19200 6
F4 12800 0.0 12800 9


24.5760 F6 12800 0.0 12800 9
F5 11636 -1.0 11520 10
F4 10667 -1.8 10473 11


24.0000 F3 9615 -0.2 9600 12
F0 7812 -1.7 7680 15
E6 4808 -0.2 4800 24


22.1184 FF 115200 0.0 115200 1
FE 57600 0.0 57600 2
FD 38400 0.0 38400 3


20.0000 F8 13021 -1.7 12800 9
F0 6510 -1.7 6400 18
E8 4340 -1.7 4267 27


16.0000 FB 16667 -1.3 16457 7
F6 8333 -1.3 8229 14
F4 6944 -2.4 6776 17


11.0592 FF 57600 0.0 57600 2
FE 28800 0.0 28800 4
FD 19200 0.0 19200 6


1.84320 FF 9600 0.0 9600 12
FE 4800 0.0 4800 24
FD 3200 0.0 3200 36


Table 15-2. ROM Loader Baud Rates vs. Crystal Frequency 


Note: Only a few possible timer reload/PC UART reload values are shown per crystal frequency. This table, by no means, is an exhaustive list of acceptable configurations
for each crystal frequency, nor should it be considered a list of the allowable crystal frequencies. 


Table 15-3. Alphabetic Commands
COMMAND FUNCTION


B Self-CFC of internal ROM code.
C CRC-16 of flash memory range (inhibited if either LB2 or LB3 set).


CX CRC-16 of external RAM range.
D Dump Intel hex from internal flash memory range.


DX Dump Intel hex from external RAM range.
K Klear-Erase entire flash memory range.
L Load flash memory (Oh–3FFFh).


LB Load flash memory blindly (Oh–3FFFh)—no verify or precheck.
LE Load encryption vector (0–3Fh).
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Table 15-3. Alphabetic Commands (continued)


Selected commands require arguments and some commands have optional arguments. In all cases, arguments are expected to be
hexadecimal numbers. In addition, an ASCII control-C character (^C) causes the ROM loader to terminate any function currently being
executed and display the command line prompt. An incoming break character (defined as a received null character (00h) with the stop
bit = 0) causes the ROM loader to be restarted and the baud rate redetermined.


COMMAND LINE SYNTAX
Single-letter ASCII characters are recognized as commands by the ROM loader. Arguments are represented by hexadecimal numbers.
A hexadecimal number is any sequence of hexadecimal characters. A hexadecimal character may be a digit, 0 through 9, or one of
the letters A through F. A byte is always the right-most two digits of a hexadecimal number. An address is always the right-most four
digits of a hexadecimal number. 


The C, CX, D, and DX commands allow optional addresses to be entered. The syntax [begin-address [end-address]] is used to con-
vey the following meanings:


• No arguments: Begin-address is set to 0 and end-address is set to the range.


• One argument: Begin-address is set to the argument and end-address is set to the range.


• Two arguments: Begin-address is set to the first argument and end-address is set to the second argument. This second 
address must not exceed the address value specified by the range.


In the second and third bullets above, an error message is generated if the end address is less than the begin address, either implic-
itly or explicitly. Error messages are transmitted as soon as errors are detected. All messages are preceded by the two characters E:,
and followed by a mnemonic description.


Commands are not processed until an entire command line is entered and terminated with a <CR>. No command line may be greater
than 17 bytes. Since a command line is not processed until a <CR> is entered, the <delete> character can be used to make edits.
Lines longer than 17 characters return an error message and no action is taken for that command line.


Only legal characters are echoed back by the loader. The legal characters are: 0123456789, <:>, <space>, ABCDE-
FGHIJKLMNOPQRSTUVWXYZ, and <delete>. Backspaces (<BS>) are converted to delete characters. The horizontal tab character is
converted to space. Lowercase alphabetic characters are converted to uppercase alphabetic.


The <delete> character is executed as a <BS> <space> <BS> when possible in command mode. This causes the character to be
overprinted on a hard-copy device. The <CR> character generates a <CR> <LF> pair.


BYTE CONVERSION ADDRESS CONVERSION


A → 0AH
AB → 0ABH
ABC → 0BCH
ABCD → 0CDH


A → 000AH
AB → 00ABH
ABC → 0ABCH
ABCD → 0ABCDH
ABCDE → 0BCDEH


COMMAND FUNCTION
LX Load external RAM (Oh–FFFFh).
R Read configuration.
V Verify flash memory against incoming hex.


VE Verify encryption vector against incoming hex.
VX Verify external RAM against incoming hex.
W Write register(s)
^C Reset loader.
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COMMAND SUMMARIES
B


Return the CRC-16 (cyclic redundancy check) of the internal ROM code. This self-CRC computation should always return 0000h.


C [begin-address [end-address]]


Return the CRC-16 (cyclic redundancy check) of the flash memory. This computation is performed over the range unless option-
al start and end addresses are given. The CRC-16 algorithm is commonly used in data communications. A blank device will return 
the following checksum values: DS89C420/430: B001; DS89C440: 4040; DS89C450: 4400.


CX [begin-address [end-address]]


Return the CRC-16 (cyclic redundancy check) of the external RAM. This computation is performed over the range unless option-
al start and end addresses are given. The CRC-16 algorithm is commonly used in data communications.


D [begin-address [end-address]]


Dump flash memory in Intel hex format. An optional address range may be specified. Each record contains up to 32 data bytes.
The last line printed is the end-of-data record.


DX [begin-address [end-address]]


Dump external memory in Intel hex format. This command functions in the same manner as the D command with the exception 
of the target memory being external.


K 


Perform an erasure of the entire flash memory range, including security block, and bank-select bit. This command does not reset
the OCR to FFh. As a result, the watchdog timer power-on reset default bit cannot be set to 1 if previously cleared. If the watchdog
timer power-on reset default bit has been cleared and needs to be reset to 1, use the erase option control register command in either 
in-application or parallel programming mode.


L


Load standard ASCII Intel hex formatted data into flash memory. No lock bits may be set when attempting to load the internal flash
program memory. Only record types 00 and 01 are processed. Each record of the file is treated the same way. All characters are
discarded before the header character <:> is read. The rest of the record, defined by the length byte, is then processed. All char-
acters following the record checksum and prior to the next <:> are discarded. Control returns to the command prompt after an 
Intel end record is encountered. Prior to programming each byte, the loader performs a preread of that flash memory location to
assess whether the new hex value can be written. After programming each byte, the loader reads the flash memory location again
to verify proper programming. The processing of each record is confirmed by an ACK/NAK response. New records should not be
transmitted until the ACK/NAK byte associated with the previous record has been received.


The ACK/NAK responses from the ROM loader are as follows:


A–Invalid address in Intel Hex record: Intel Hex record contains an address that exceeds the maximum internal flash memory or
encryption vector address (3Fh).


F–Flash controller error: An error was detected within the flash memory of the target device. Contact Dallas Semiconductor if the 
device responds with repeated error messages of this type. 


G–Good record: Record was received and programmed without error.


H–Invalid Intel Hex record format: Intel Hex record contains a nonhex character. 


L–Invalid Intel Hex record length: Intel Hex record length exceeds allowable length [20 bytes (type 0); 0 bytes (type 1 EOF)].


P–Failure to write 1s to 0s during programming: Target flash memory was not erased prior to loading, or is programming a byte
more than once. Be sure to use the ROM loader K command before attempting to load new software. Also be sure that the Intel
Hex file does not reference more than one byte at the same location.


R–Invalid Intel Hex record type: ROM loader only accepts Intel Hex record types 00 and 01 in standard Intel Hex format; make
sure the assembler/compiler is not configured for Intel Extended Hex or HEX-386 format.


S–Invalid checksum in Intel Hex record: Intel Hex record contains a checksum that does not correspond to its hex record. This
error is caused by manual edits to the Intel Hex file or a compiler error. 


V–Verify Error: Target flash memory does not match expected value. Erase memory and reprogram. 
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LB


Load blind of internal flash memory—Loads standard Intel hex-formatted data into internal flash memory. This command functions
in the same manner as the L command, except that the preprogramming assessment and postprogramming verification of the
flash memory are not executed by the loader. When using this command, the P and V NAK responses are not returned by the 
loader. All other ACK/NAK responses are still generated by the loader.


LE


Load encryption vector—Loads standard Intel hex-formatted data into flash security block. This command functions in the same 
manner as the L command, except that it operates on the flash security block (0–3Fh). 


LX


Load external memory—Loads standard Intel hex-formatted data into external memory. This command functions similar to the L
command, except that it operates on the external memory (0–FFFFh) and can write without restriction to any address location in
the range. If an external page mode or MOVX stretch cycle different from the default setting is desired, the ACON or CKCON reg-
isters should be modified prior to execution of the LX command. 


R


Read—Displays the values of the lock bits, option control register, address control register, clock control register, power manage-
ment register, Ports 0, 1, 2, 3, and the flash control register in the following format. Although displayed, the FCNTC register is not
used in the DS89C420.


LB:XX OCR:XX ACON:XX CKCON:XX P0:XX P1:XX P2:XX P3:XX FCNTL:XX


V


Verify current contents of flash memory vs. the received Intel hex. This command operates similar to the load command, except 
that it does not write to the flash memory; it compares the data byte(s) in the flash memory to the byte(s) in the data stream. The 
same ACK/NAK response scheme is used during verify operations as is used for load operations. 


VE


Verify encryption vector—Verifies current contents of the flash security block vs. the received Intel hex. This command works in the
same manner as the V command, but operates on the flash security block (0–3Fh).


VX


Verify external memory—Verifies current contents of external memory versus the received Intel hex. This command works in the 
same manner as the ‘V’ command, but operates on external memory (0–FFFFh).


W [LB | OCR | ACON | CKCON | P0 | P1 | P2 | P3] byte


Writes byte to the requested register. Valid entries for LB are 1 (enable LB1), 3 (enable LB1, LB2), and 7 (enable LB1, LB2, LB3).
ACON register writes modify only bits 7, 6, 5. CKCON register writes modify only bits 2,1, 0. PMR register writes modify only bit 0.
P3 register writes modify only P3.7–P3.2 (P3.1 and P3.0 are not altered).


^C


Interrupt whatever is going on, clear all the buffers, put up a prompt, and wait for the next command. Anything in the type-ahead
buffer is removed. All output is stopped.


ERROR MESSAGES
E:ARGREQ


An argument or arguments are required for this command.


E:BADCMD


An invalid command letter was entered.


E:BADREG


This message is printed if a register other than OCR, ACON, CKCON, PMR, P0, P1, P2, or P3 is used as the argument for the W command.
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E:BADVAL


The requested value cannot be programmed into the OCR register because it contains 1’s in bit position(s) where 0’s have already
been programmed.


E:EXTARG


Extra data was encountered on the command line when it was not needed. Reenter the command.


E:ILLOPT


The optional parameters given were in error. If the start address is greater than the end address, either implicitly or explicitly, then an
error is printed. The range bit implicitly determines the maximum range.


E:LOCK BITS ENABLED


The requested operation cannot be performed due to the current lock bit settings.


E:LOCK BITS ALREADY SET


The requested lock bit setting cannot be programmed because a higher order lock bit has already been programmed.


E:NOTHEX


A nonhexadecimal character was found when expecting a hexadecimal character.


E:VALUE MUST BE 1, 3 OR 7


A value other than 1, 3, or 7 was entered when trying to write the lock bits.


PARALLEL PROGRAMMING MODE
The microcontroller also supports a parallel programming mode such as that used by commercial device programmers. This mode is
of little utility in normal applications, and is only used by commercial device programmers. For information on this mode, contact our
technical support department at micro.support@dalsemi.com.


Early revisions of the DS89C420 (Revision A) used a unique parallel programming algorithm that differed from that used by later revi-
sions of all members of the ultra-high-speed flash microcontroller family. Users who have difficulty programming DS89C420 devices
using commercial device programmers should contact the vendor to ensure they have the latest software.


USER CODE IN-APPLICATION PROGRAMMING MODE
The data sheet contains the most comprehensive information relating to the in-application programming mode. Additional supporting
information can be found in the SFR definitions of FCNTL (D5h) and FDATA (F6h) of this user’s guide. In-application prpgramming mode
is not supported on the DS89C420.
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INTEL HEX FILE FORMAT
Assemblers that are 8051-compatible produce an absolute output file in Intel hex format. These files are composed of a series of
records. Records in an Intel hex file have the following format:


<header><hex information><record terminator>


The specific record elements are detailed as follows:


: II aaaa tt dddddd ... dd xx


where:


: Indicates a record beginning


II Indicates the record length


aaaa Indicates the 16-bit load address


tt Indicates the record type


dd Indicates hex data


xx Indicates the checksum = (two’s complement (II+aa+a+tt+dd+dd+...dd)


Record type 00 indicates a data record and type 01 indicates an end record. An end record appears as :00 00000 01 FF. These are
the only valid record types for a NIL hex file. Spaces are provided for clarity.


The following is a short Intel hex file. The data bytes begin at 01 and count up to 2F. Notice the record’s length, beginning address,
and record type at the start of each line and the checksum at the end:


:200000000102030405060708090A0B0C0D0E0F101112131415161718191A1B1C1D1E1F20D0
:0F0020002122232425262728292A2B2C2D2E2F79
:00000001FF
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Encuentra pruebas de vida y traelas a la 
Tierra...


¡Para análisis!


El robot que traiga a la Tierra más organismos vivos 


en buenas condiciones será el ganador .
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1.Ámbito
Las siguientes  reglas de juego se aplican a todas las clasificaciones nacionales y a la final de la Edición 
2008 del campeonato de robots autónomos  Eurobotopen.  


Eurobotopen es un concurso de robótica amateur abierto a equipos de gente joven de todo el mundo, 
organizados en equipos. Estos equipos puden estar formados de estudiantes bien como parte de sus 
estudios bien en clubes independientes u organizaciones no lucrativas. Un equipo está compuesto de 
dos o más participantes activos. Los miembros del equipo pueden tener hasta 30 años. Cada equipo 
puede tener un supervisor al cual no se le aplica el límite de edad anterior.


El concurso pretende llamar la atención del gran público hacia la robótica y promover la práctica de 
actividades  científicas  entre  la  gente  joven.  Eurobotopen está  concebido  para  desarrollarse  en  un 
espíritu deportivo y amistoso.


Más que un campeonato de ingeniería para jóvenes o una competición, Eurobotopen es un pretexto 
amistoso para liberar la imaginación técnica, intercambiar y compartir ideas, “know-how”, pistas y 
conocimiento  técnico  respecto  a  un  objetivo  común.  La  creatividad  y  la  multidisciplinaridad  son 
necesarias.  Eurobotopen   valora  el  juego  limpio,  la  solidaridad,  la  creatividad  y  el  compartir 
conocimiento técnico, ya sea a través de realizaciones técnicas o gestión de proyectos.


La participación en este concurso implica la total asunción de las reglas y sus interpretaciones, que 
serán  responsabilidad  del  Comité  de  Arbitraje  a  lo  largo  del  año  y  de  los  árbitros  durante  el 
campeonato. Las decisiones de los árbitros son definitivas y no pueden ser cuestionadas a menos que 
exista  un acuerdo expreso entre todas las partes implicadas. 


Eurobotopen tiene lugar en Europa, pero esta abierta a equipos de otros continentes. Los países que 
presenten más de tres equipos deben organizar una clasificación nacional para seleccionar tres equipos 
de  entre  ellos.  La  selección  habitualmente  incluirá  a  los  dos  mejores  equipos  (en  términos  de 
puntuación durante la competición), pero se deja a cada comité nacional la posibilidad de establecer 
una forma alternativa a la competición para seleccionar a su último equipo. Por ejemplo: el tercer 
equipo puede ser elegido por un jurado debido a otras cualidades valoradas en la competición, como: 
mejor concepto, creatividad, juego limpio,etc ... 


Los equipos seleccionados en las copas nacionales de robots de Alemania, Argelia, Austria, Bélgica, 
España, Francia, Italia, Reino Unido, República Checa, Rumanía, Rusia, Serbia, Suiza, y cualquier otra 
nueva  selección  nacida  en  2008,  se  encontrarán  con  sus  competidores  (equipos  multinacionales  y 
equipos  de paises  sin clasificaciones  nacionales)  en Mayo de 2008, desde el miércoles  21 hasta el 
domingo 25, en la ciudad de Heidelberg (Alemania) para participar en la final Eurobotopen .
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Eurobotopen nació en 1998, en el despertar de  la Copa de Francia de Robótica, siguiendo la constitución 
de  una  competición  similar  en  Suiza.  Hoy,  para  adecuarnos  a  la  expansión  internacional  del 
campeonato  y  mantener  el  espíritu  originario  de  intercambio  y  cooperación  que  existe  entre  los 
diferentes organizadores, se han constituido todos ellos en una Asociación Europea.


La  Asociación,  oficialmente  nacida  en  Mayo  de  2004  se  llamó  Eurobot.  Se  pueden  encontrar  sus 
estatutos  en  nuestro  sitio  web  (www.eurobot.org).  Todas  las  personas  a  título  individual  y 
organizaciones  que  compartan  nuestros  valores  son  muy  bienvenidos,  ya  sea  para  apoyarnos 
financieramente, o para unirse a nosotros como voluntarios en los diferentes grupos de la organización.


Debemos  recordar  que  la  mayoría  de  las  competiciones  a  nivel  nacional  están  abiertas  a  la 
participación de equipos extranjeros, si bien en la medida de sus recursos, y por supuesto también 
equipos multinacionales son bienvenidos. Es más,  muchos equipos organizan sus propias competiciones 
amistosas. 


Eurobotopen y las clasificaciones nacionales están preparadas con pasión a lo largo del año por personas 
de múltiples nacionalidades, voluntarios la mayoría de ellos, que creen en los valores educativos de 
esta experiencia y que son mucahs veces antiguos participantes.


¡Bienvenidos!


¡Y que tengáis una feliz aventura!
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2.Reglas básicas


2.1.Prólogo
Las  siguientes  reglas  son  aplicables  al  concurso  de robots  autónomos  Eurobotopen 2008  .  Todas  las 
clasificaciones  nacionales  deben  ajustarse  a  estas  reglas.  Si  tu  comité  organizador  nacional  desea 
modificar alguna parte de las reglas , tiene que ser validado por el Comité Ejecutivo de Eurobot. De 
cualquier modo, cualquiera de las reglas que sean definidas a nivel nacional, para que los equipos y 
robots puedan ser clasificados y participen en la final, tienen que respetar las reglas presentadas en 
este documento. Además hen de tener en mente que durante la final de Eurobot sólo se aplicarán las 
reglas presentadas aquí. 


2.2.Tema de la presente edición
Este año, los robots están buscando pruebas de vida en el planeta Marte. Las muestras de roca que 
potencialmente contienen organismos vivos, son representadas por rocas azules o rojas. Para poder 
traerlas a salvo a la tierra, tienen que mantenerse guardadas a la misma temperatura fría que el lugar 
donde fueron recogidas. Así que hay dos tipos de contenedores: dos contenedores refrigerados donde 
las  muestras  no  necesitan  nada  más  para  ser  conservadas,  y  un  contenedor  estándar  donde  las 
muestras necesitan ser empaquetadas con hielo, representado por bolas blancas.


Sólo está permitido un robot por equipo en el partido. Los partidos implican a dos equipos y duran 90 
segundos.


Cada equipo tiene asociado un color, rojo o azul. Cada equipo tienen una zona de salida coloreada 
según su color, localizada en cada una de las esquinas traseras de la mesa. Las zonas de exploración 
donde los robots pueden recolectar muestras y hielo están representadas por dispensadores de bolas 
verticales y horizontales.


Cada  robot  tiene  que  recolectar  muestras  que  potencialmente  contienen  organismos  vivos  y,  o 
dispararlas dentro del contenedor refrigerado (localizado en alto) o depositarlas dentro del contenedor 
estándar. El contenedor estándar está localizado a lo largo del borde delantero de la mesa, teniendo 
cada equipo asignado una mitad del contenedor como su zona de gol. Después, el robot tiene que 
volver y encontrar más muestras. Como las muestras depositadas en el contenedor estándar tienen que 
estar conservadas en hielo, si una bola roja que representa una muestra está situada entre dos bolas 
blancas que representan hielo, el robot obtendrá puntos adicionales de bonificación.


¡Los robots inteligentes también se pueden mover, insertar y/o recoger muestras o hielo de dentro del 
contenedor estándar para mejorar su puntuación!
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2.3.Arbitraje
Cada partido será supervisado por dos árbitros. En las finales, al menos uno de los dos árbitros será de 
un país diferente al de cualquiera de los equipos compitiendo.


Los árbitros están destinados  a interpretar y aplicar las reglas durante la competición y durante la fase 
de homologación. Pero también están ahí para ayudar a los equipos, por ejemplo aclarando puntos. Así 
que se anima a los equipos a que contacten con los árbitros para preguntarles sobre las reglas o el 
proceso de la competición.


3.Área  de  juego  y  definición  de 
elementos


3.1.Generalidades
Una referencia de las piezas y los productos usados para hacer los componentes del juego está en un 
apéndice al final de este documento.


3.1.1.Tolerancias
 Los organizadores se encargan de construir la zona de juego con la mayor exactitud posible. Pero se 
permiten las siguientes tolerancias en el proceso de fabricación:


•         2% con respecto a la construcción del terreno de juego,


•         5% con respecto a la construcción de los elementos de juego,


•        10% con respecto a las marcas de la pintura.


No se aceptarán protestas con respecto a variaciones en la fabricación que se encuentren dentro de 
estos márgenes.


Los equipos quedan advertidos de que el acabado final de la pintura puede variar de un campo de 
juego a otro y que puede degradarse durante la competición.


En caso de descubrir problemas con las reglas, la definición del campo y de los elementos de juego 
podrían  ser  modificados  durante  el  año.  Se  recomienda  enérgicamente  a  los  equipos  consultar 
regularmente   nuestro  sitio  web  http://www.eurobot.org/ en  la  sección  de  ‘FAQ’  por  si  hay 
enmiendas, y para seguir las discusiones y la información en el foro www.planete-sciences.org/forum.
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Nota importante: las tolerancias comentadas anteriormente se aplican solamente al campo y a otros 
componentes del juego. No se aplican a los robots y las balizas para la localización hechos por los 
participantes, a los que se les requiereque respeten las limitaciones descritas más adelante en este 
documento.


3.2. El área de juego
EL  campo  de  juego  tiene  2100mm de ancho y  3000mm de largo,  más  las  áreas  exteriores:  los 
contenedores refrigerados y el contenedor estándar. Estas áreas son consideradas como parte del área 
de juego. El área de juego está pintada de gris amarillento. 


El contenedor estándar está localizado a lo largo de la cara frontal del campo de juego. Está hecha de 
dos secciones inclinadas, cuyos extremos más exteriores están al nivel de la mesa.


Los contenedores refrigerados están localizados en el extremo frontal de los lados cortos de la mesa. 
Están representados por cestas rectangulares.


Hay 5 dispensadores de bolas, representando las zonas de prospección de muestras y de hielo. Están 
situados cerca de las áreas de salida de los robots a lo largo de los bordes trasero y laterales de la 
mesa.


Hay cuatro dispensadores de bolas verticales:


• uno relleno de bolas azules y otro relleno de bolas blancas, en el mismo lado que la zona de 
salida del equipo azul.


• Uno relleno de bolas rojas y otro relleno de bolas blancas, en el mismo lado que la zona de 
salida del equipo rojo.


Hay un dispensador horizontal:


• relleno de bolas mezcladas (azules y rojas), localizado a lo largo del borde trasero de la 
mesa, a la mitad de la distancia entre las dos zonas de salida. Este dispensador mezclado es 
horizontal y requiere una acción manual para liberar las bolas que contiene.


–
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3.3.Zonas de salida
Las zonas de salida están en las esquinas traseras del tablero. Cada zona de salida es un cuadrado de 
500mm. de lado pintado del color de cada equipo respectivamente (rojo o azul). Al principio de cada 
partido, los robots deben ser colocados en estas zonas y tocando ambos bordes del tablero.


3.4.Bordes
El borde de la mesa tiene 75 mm de alto (sobre el nivel del tablero) y 22 mm de grosor. El borde que 
separa el contenedor estándar de la parte principal de la mesa tiene 20 mm de alto (sobre el nivel del 
tablero) y 22 mm de grosor. El bored de delante de los contenedores refrigerados tiene 350 mm de 
alto y 22 mm de grosor.


La mitad del borde trasero está pintada de rojo, en la parte opuesta a la zona de salida roja, y la otra 
mitad está pintada de azul. Los bordes laterales están también pintados del color de la zona de salida 
situada en el extremo opuesto del tablero. 


Las caras interior  (por  ejemplo,  la  zona de evolución de los robots)  y superior  de los bordes que 
separan el contenedor estándar de la mesa están pintadas la mitad azul y la mitad roja para indicar la 
zona dedicada a cada equipo. La distribución de colores se ajusta a  la misma lógica que el resto de los 
bordes, por lo que la parte asignada a un robot es aquella situada más lejos de su zona de salida. 
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3.5.Soportes para balizas
En cada una de las esquinas traseras del tablero están instalados soportes para balizas. Otros dos están 
en el medio de cada uno de los lados cortos. Dos soportes para balizas están situados a cada uno de los 
lados de los contenedores refrigerados. Los mástiles de los soportes están pintados de negro.


A cada equipo le está permitido usar cuatro soportes para balizas, localizados:


• en el medio del lado corto de su zona de salida, 


• en la esquina trasera del lado opuesto a su zona de  salida,


• a cada uno de los lados del contenedor refrigerado que está en el lado opuesto a su zona de 
salida.


Los soportes para balizas son plataformas cuadradas de 80 mm de lado situadas a  350 mm sobre el 
nivel del tablerol. La plataforma está cubierta de Velcro (cara rugosa).


3.6.Muestras, hielo y zonas de prospección
Hay 45 bolas, de tres tipos: 13 azules (muestras), 13 rojas (muestras) y 19 blancas (hielo).


3.6.1.Muestras y hielo.
Estos elementos de juego, son bolas de floorball (unihockey). Estas bolas vienen en tres colores: rojas 
para el equipo rojo, azules para el equipo azul, y blancas para los dos equipos. El diámetro de la bola 
mide 72mm. Especificaciones detalladas de estas bolas se suministran en el apartado “Especificaciones 
de las bolas” más adelante.


Al principio del partido, las 45 bolas están distribuidas sobre la mesa y en los dispensadores de bolas 
como sigue a continuación: 


• 13 bolas sobre la mesa: 9 blancas, 2 azules y 2 rojas.


• 20 bolas en los dispensadores verticales:


o 5 blancas en el dispensador localizado en el lado corto de la mesa cerca de la zona de 
salida roja,


o 5 blancas en el dispensador localizado en el lado corto de la mesa cerca de la zona de 
salida azul,


o 5 azules en el dispensador localizado en la parte trasera de la mesa cerca del área de 
salida azul,
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o 5 rojas en el dispensador localizado en la parte trasera de la mesa cerca del área de 
salida roja,


• 12 bolas en el dispensador horizontal: 6 azules y 6 rojas.


3.6.2.Zonas de prospección
Hay dos tipos de zonas de prospección:


• la  zona  de  prospección  de  muestras  (en  el  dispensador  horizontal,  dentro  de  dos 
dispensadores verticales, y la parte central de la mesa).


• La zona congelada rellena de hielo (en dos dispensadores verticales y sobre la mesa)


3.6.2.1.Dispensadores verticales


Los dispensadores verticales están diseñados de tal manera que cuando una bolaes extraída de su parte 
inferior, la siguiente bola (si hay) se moverá y ocupará su lugar. Sólo una bola puede cogerse cada vez. 


Su diseño es un semi-cilindro cuya cara trasera 
está hecha de una chapa de plexiglás de 5 mm 
de grosor,  y la cara delantera está hecha con 
una lámina curvada de plástico transparente. La 
chapa trasera tiene  300 mm de alto y  85 mm 
de ancho. La lámina curvada de plástico tiene 
300 mm de alto y 225 mm de ancho.


En  la  parte  alta  y  la  parte  baja  de  los 
dispensadores  verticales  hay  unas  cintas 
adhesivas reflectantes pegadas, como se ilustra 
en el dibujo de la derecha.


El borde inferior de la lámina curvada lleva un cepillo suave, como los que se ponen en la parte baja de 
las puertas (ver foto a continuación), para sujetar en su sitio la bola a recoger. El cepillo tiene entre 
20 y 22 mm de alto.
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Los dispensadores  verticales  situados  en los laterales  del  tablero están a 750 mm de las esquinas 
traseras. Los dispensadores verticales situados en la parte trasera del tablero están a 700 mm de las 
esquinas  traseras.  Los  dispensadores  están  sujetos  al  tablero  por  sus  chapas  traseras,  estando  su 
extremo inferior (sin incluir el cepillo) a  75 mm sobre el niveldel tablero. 


3.6.2.2.Dispensador horizontal


El dispensador horizontal está situado en el medio del borde trasero, a media distancia entre las zonas 
de salida.


La apertura de este dispensador se activa pulsando uno de los botones situados en cada uno de sus 
extremos. Estos botones de activación son unas chapas cuadradas de  60x60 mm, las cuales deben 
presionarse  al  menos  1  cm (10  mm)  para  garantizar  la  activación.  Si  hay  activación,  la  puerta 
delantera se abre  hacia  abajo liberando todas las bolas  contenidas  en el  dispensador,  las cuales 
rodarán hacia la mesa.
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3.6.3.Distribución de muestras y hielo sobre el tablero


Hay 20 posiciones de colocación de muestras de roca/tierra y hielo sobre el tablero, como se indica en 
el diagrama: 4 posiciones preestablecidas y 16 posiciones aleatorias. Las posiciones preestablecidas 
están indicadas con cruces negras, con el color de la bola que etará colocada ahí. Las otras posiciones 
son aleatorias. Antes del partido, una carta sorteada aleatoriamente será usada por los árbitros para 
detreminar los colores de las bolas que se colocarán en estas posiciones aleatorias.
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3.7.Los contenedores


3.7.1.El contenedor estándar
Este contenedor figura como un canalón en cuesta situado fuera de la zona donde se desenvuelven los 
robots,  a lo largo de la  cara frontal  del  tablero,  de cara a la audiencia.  Está compuesto  por dos 
pendientes. En las esquinas del tablero, la parte inferior del contenedor estándar está al nivel de la 
superficie del tablero, descendiendo desde ahí. En el punto de unión de ambas pendientes, a mitad de 
camino entre los extremos, la parte inferior está 80 mm por debajo del nivel del tablero. Las cuestas 
están  pintadas  de gris  amarillento,  como el  resto del  tablero.  Hay cinta deslizante (tipo TEFLÓN) 
pegada en cada cara por donde las bolas ruedan, para facilitar el deslizamiento y evitar atascos. 


Una  pequeña  pieza  rectangular  de  plástico  semi-rígido,  que  mide  40 x 30 mm,  está  enganchada 
verticalmente en el borde interior, en la unión de las dos pendientes. La pieza es transparente. Separa 
las partes roja y azul. Esta pieza evita que las bolas rueden hacia abajo por la pendiente, impidiendo 
así que entren por sí mismas en el otro campo, pero al ser flexibles, las deja pasar al otro lado cuando 
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es empujada por un robot. Esta pieza de plástico delimita las dos áreas (roja y azul) y en qué área 
están las bolas.


La  parte  exterior  del  contenedor  estándar  está  cerrada  por  una  chapa  de  plexiglas,  para  que  la 
audiencia pueda ver las muestras y el hielo recolectados. La parte superior de esta chapa de plexiglás 
está a 80 mm sobre el nivel del tablero a lo largo de todo el contenedor. 


3.7.2.Los contenedores refrigerados ( zonas seguras)
Los contenedores refrigerados están situados en los extremos delanteros de los lados más cortos del 
tablero.  Están representados por cestas cuya apertura es desde 350 mm a 700 mm en altura desde el 
nivel del tablero. La parte trasera, el receptáculo, tiene 500 mm de largo, 250 mm de ancho y 180 
mm de alto. La parte verde en el dibujo que hay a continuación está hecha de red tensada.


Una cinta adhesiva reflectante vertical está colocada en el punto medio del ancho de la apretura de la 
cesta, extendiéndose desde 75mm sobre el nivel del tablero hasta la apertura.
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Cada  equipo  tiene  su  propio  contenedor  refrigerado  (localizado  opuesto  a  las  zonas  de  salida) 
reservado  sólo  para  las  muestras  de  roca  y  tierra  correctas.  Cualquier  otro  material  implica  la 
reducción de la puntuación.


4.Los Robots


4.1.Generalidades
    Sólo está permitido un robot por equipo para participar en un partido.


Un  robot  es  una  máquina  totalmente  autónoma.  Transportará  su  propia  fuente  de  energía,  los 
actuadores y sistemas de control.


     Un robot solo puede comunicarse con las balizas de localización (ver el apartado Balizas más abajo).
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Durante  un  encuentro  no  se  permite  ninguna  acción  de  control  remoto:  el  robot  se  mueve 
estrictamente por sus propios medios.


4.1.1.Visibilidad
El comité de árbitros anima a los equipos a hacer las partes internas de su robot visibles. 


Dos áreas de 100 mm x 70 mm deben estar disponibles en el robot para la colocación de pegatinas 
(número del  equipo y logos de los patrocinadores del  evento,  impresas  por  los organizadores.  Las 
pegatinas se colocarán en dos lugares diferentes del robot.


4.2.Limitaciones y cuestiones de seguridad 


4.2.1.Transportar o lanzar las bolas
Se permite a los robots transportar 5 bolas como máximo.


Esto significa que 5 bolas como máximo pueden ser subidas a bordo o controladas por los aparatos del 
robot o elementos estructurales (como un tridente o una pala de escavadora) en todo momento. Se 
considera que un robot controla una bola si el robot diréctamente e intencionadamente influye en su 
trayectoria y la mueve. Si el robot necesita coger otra bola con cinco ya dentro, debe liberar primero 
una de las cinco bolas que lleva, y luego coger la nueva bola.


Se permite a los robots que lancen bolas. Pero no se ler permite lanzar o poner bolas fuera del tablero 
o tirárselas al otro robot.


4.2.2.Uso de sopladores o sistemas de aspiración
No se permite el uso de sopladores para mover bolas por el terreno o para sacarlas de las zonas de 
puntuación. Sólo pueden ser usados para lanzar bolas como sistemas balísticos.


Se permite el uso de sistemas de aspiración para recoger y transportar bolas.


4.2.3.Juego limpio
El objetivo es compartir un buen rato y jugar cuantos encuentros sea posible. Por lo tanto cualquier 
acción que no esté en la línea del espíritu expuesto en este documento o sea prejudicial  para el 
desarrollo del juego será penalizada. El objetivo del juego nunca será evitar que el otro robot juegue.


Con este espíritu, los equipos no deberán seguir estrategias como, por ejemplo, las siguientes:


• bloquear el acceso del robot oponente a un elemento o área del campo de juego
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• diseñar el robot deliberadamente (color, forma) para confundir al robot oponente. No se puede 
utilizar  en  el  robot  ninguno  de  los  colores  mencionados  en  este  documento,  usados  para 
elementos del terreno de juego o accesorios (bolas,...)


• que el robot cause daño intencionado al robot oponente, a la zona de juego o a cualquier 
elemento del juego


• usar elementos de sujección (ventosas,...). En cualquiermomento durante el partido, la fuerza 
necesaria para mover el robot no puede exceder su propio peso


• guardarse  las  bolas  del  equipo  oponente  o  esconder  las  bolas  del  equipo  oponente  en  el 
contenedor refrigerado del propio equipo.De manera más general, evitar que el robot oponente 
acceda a sus propios elementos de juego.


4.2.4.Seguridad
Los robots no deben tener ningún elemento sobresaliente o afilado que pueda causar daño o pueda ser 
peligroso.


Está prohibido el uso de productos líquidos, corrosivos, materiales pirotécnicos o seres vivos.


Todos los sistemas instalados en el robot deben respetar las normativas y requisitos establecidos por 
las leyes nacionales y europeas. En concreto, los sistemas utilizados deben cumplir con las regulaciones 
relacionadas con la seguridad y no deben poner en peligro a los participantes o al público ni durante los 
partidos ni en la zona de participantes (‘backstage’). 


Como  regla  general,  cualquier  dispositivo  o  sistema  considerado  potencialmente  peligroso  por  los 
árbitros será rechazado y deberá ser eliminado del robot antes de la competición o será descalificado.


Estos puntos serán comprobados durante la fase de homologación de la competición,antes de que se 
permita al robot participar en los partidos.


4.3. Equipamiento obligatorio
Todos los robots deben incluir los sistemas que se enumeran a continuación o no serán homologados 
para competir.


4.3.1.Cordón de arranque
El dispositivo de arranque debe estar fácilmente accesible en el robot. Debe ser disparado tirando de 
un cordón de al menos 500mm de longitud. Este cordón debe no permanecer sujeto al robot después 
de que se haya iniciado su funcionamiento. Cualquier otro sistema (control remoto, interruptor de 
arranque manual, etc.) no será aprobado.
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4.3.2.Botón de parada de emergencia
El robot debe incluir un botón de parada de emergencia de al menos 20mm de diámetro pintado de 
rojo (por ejemplo una seta de seguridad). El robot debe incluir un botón de parada de emergencia de 
al menos 20mm de diámetro pintado de rojo (por ejemplo una seta de seguridad). Éste debe ir situado 
en la parte superior del robot, en un lugar claramente visible y en una zona en la que no sea peligroso 
su accionamiento y que sea directamente accesible por los árbitros en cualquier momento durante el 
encuentro. Se debe poder accionar el botón con un simple movimiento hacia abajo (como un golpe con 
la palma de la mano o el puño)


Presionar el botón de emergencia debe dar como resultado la desconexión automática de todos los 
actuadores del robot dejándoles sin fuerza (ni frenados activamente ni con energía).


4.3.3. Apagado automático
Cada robot debe incorporar un sistema que pare al robot automáticamente al final de los 90 segundos 
que dura el encuentro. “Parar” implica la desconexión completa de todos los actuadores, incluidos sus 
elementos internos. Los robots que se muevan tras la finalización del encuentro serán penalizados o 
descalificados.


4.3.4. Sistema para evitar obstáculos
Se requiere que los equipos participantes equipen a sus robots con sistemas para evitar obstáculos. Se 
pretende con este sistema evitar colisiones y daños entre robots durante los encuentros. 


El robot debe ser capaz de evitar al menos un obstáculo modelado como un cilindro de 300 mm de alto, 
200 mm de diámetro y que pesa entre 2 kg y 3 kg. Este falso robot tendrá un soporte para baliza, en 
caso de que el equipo utilice un sistema para localizar al oponente basado en balizas. 


4.4.Dimensiones del Robot 
Se  permite  a  los  equipos  diseñar  su  robot  con  mecanismos  desplegables,  pero  su  despliegue  está 
permitido solamente después de la señal de inicio del partido.


El perímetro de los robots está definido como el envoltorio convexo que fija la proyección vertical del 
robot al suelo.


El perímetro del robot en su configuración inicial no debe exceder de 1200 mm.


El perímetro del robot en una configuración totalmente desplegada no debe exceder  1400 mm en 
ningún momento del partido.


El perímetro de las bolas controladas por el robot npo está limitado por estas dimensiones.


21/40







Eurobotopen 2008


Misión a Marte


Reglas 2008


La altura del  robot no debe sobrepasar los  350 mm, excluyendo el mástil  del  soporte de balizas, 
posibles equipos de sensores contenidos dentro de la proyección del mástil, el envoltorio del mástil  
(ver balizas más adelante) y posiblemente el botón de parada de emergencia.


Cualquier  otros  sistemas,  incluyendo  sistemas  obligatorios,  deben  estar  incluidos  dentro  de  las 
dimensiones especificadas anteriormente.


Todas las partes del robot han de estar físicamente conectadas; por lo que el robot no puede dejar 
parte de sí mismo en el área de juego.


Se adevierte a los equipos que aunque se permita algo de tolerancia con respecto a la máxima altura 
permitida para el botón de emergencia, esta no debe representar ningún tipo de molestia al sistema de 
balizas del oponente . En caso de protesta, el equipo será pealizado, y se le requerirá que modifique el 
robot acordemente antes de que se le permita volver a participar en la competición.Los robots no 
tienen limitaciones en las dimensiones con respecto a desplagarse por debajo del nivel del tablero.


Cualquier  otro  sistema,  incluyendo  sistemas  obligatorios,  deben  estar  incluidos  dentro  de  las 
dimensiones especificadas anteriormente.


Todas las partes del robot han de estar físicamente conectadas; por lo que el robot no puede dejar 
parte de sí mismo en el área de juego.


22/40


 


 


 


Posición inicial


Configuración desplegada


<= 1200 mm


<= 1400 mm


    


  







Eurobotopen 2008


Misión a Marte


Reglas 2008


Nota  Importante :  Como se ha observado que todos los año algunos robots está por encima de las  
dimensiones permitidas ya que hecen los diseños demasiado cerca de los límites, se avisa a los equipos  
enérgicamente  que dejen algo de “margen de seguridad”,  y permanezcan algunos milímetros  por  
debajo de los límites mencionados para no llevarse ninguna “mala sorpresa” en la homologación.


4.5.Fuentes de energía


Las fuentes de energía permitidas incluyen muelles, gas presurizado , paneles solares (ten en cuenta 
que la competición se lleva a cabo en un recinto interior), todo tipo de baterías comerciales y “power 
cells”.


Las fuentes de energía prohibidas incluyen todo tipo de motores de combustión, motores de cohetes, 
pilas de hidrógeno, o cualquier otro tipo inflamable o pirotécnico, seres vivos y fuentes de energía 
radioactiva de cualquier tipo.


Si tienes dudas sobre tu fuente de energía no habitual, pregunta al comité de árbitros con suficiente 
antelación.


Respecto  a  las  baterías,  se  requiere que se  usen  sólo  con electrolito  sólido  para  evitar  cualquier 
problema con líquidos corrosivos.


Se recomienda enérgicamente a los equipos que posean varios juegos de baterías y que diseñen el 
robot de manera que las baterías sean rápidamente accesibles para su sustitución. Se recuerda a los 
equipos que tengan baterías recargadas de repuesto disponibles todo el tiempo. 


Los equipos deberán ser capaces de poder jugar dos partidos sucesivamente. Ten en cuenta que esto 
incluye el tiempo de “set-up” necesario, cuando el robot está encendido y esperando a empezar, pero 
el partido no ha comenzado todavía. 


4.6. Sistemas de control
Los  equipos  pueden  utilizar  cualquier  tipo  de  sistema  de  control  del  robot  (analógico, 
microprocesadores, micro-controladores, ordenadores, lógica programable, etc.).


Todos estos sistemas deben estar totalmente integrados dentro del robot.


El sistema de control debe permitir que el robot juegue un encuentro en representación de cualquier 
color. 


El sistema de control debe permitir que el robot pase la fase de homologación.
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4.7.Apoyo a la localización del robot mediante balizas


Se recomienda enérgicamente a los equipos que coloquen en el robot un soporte para acomodar la 
baliza de localización del equipo oponente.


Si se desea, el soporte para la baliza puede ser desmontable, para que pueda ser usado sólo si el 
oponente lo necesita. En este caso el diseño debe permitir que pueda montarse el soporte rápidamente 
antes de cada partido.


Finalmente, un equipo puede elegir no poner un soporte para baliza en el robot. En ese caso, si el 
oponente tiene una baliza y quiere usarla durante el partido, el equipo será descalificado por no tener 
dicho soporte.


El soporte para baliza debe en todo momento cumplir con las siguientes restricciones:


• Ser una superficie cuadrada de 80 x 80mm, situada 430mm sobre el nivel del terreno de juego. 
La estructura que soporte esta plataforma debe permanecer contenida dentro de la proyección 
vertical de dicha plataforma. Este mástil no puede albergar ninguna parte del robot excepto 
sensores. El mástil  debe ser lo suficientemente rígido y robusto para soportar la baliza del 
oponente en una configuración estable. El equipo es responsable de la robustez del mástil.


• La superficie de la plataforma del soporte debe estar completamente cubierta de Velcro (cara 
rugosa).


• El soporte ha de estar próximo al centro de la planta del robot. Estando el robot sin desplegar, 
la distancia entre el soporte y la máxima extensión del robot por un lado deberá no ser menor 
que el 50% de la distancia equivalente por el lado opuesto.


4.8.Poster técnico
Se requiere a cada equipo la presentación de un póster técnico durante la fase de homologación.


El  póster  debe  presentar  información  relacionada  con  el  diseño  del  robot  (dibujos,  referencias 
técnicas, especificaciones de diseño, etc.). Debe tener por lo menos un tamaño DIN A1, e idealmente 
debería estar impreso. El póster tiene como finalidad el intercambio y la comunicación entre equipos. 


Se debería hacer esfuerzos en hacer un póster entendible para un público no técnico. Idealmente 
debería contener dibujos y diagramas para ayudar a explicar los conceptos.


El póster debe incluir también:


• el nombre del equipo


• los nombres de los miembros del equipo
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• la nacionalidad del equipo


El  póster  estará  expuesto  en el  área  destinada  al  equipo  durante  la  competición  (pit)  .  Se  debe 
entregar una versión en inglés. Opcionalmente se puede entregar otras versiones en otros idiomas 
también.


El póster se entregará en formato PDF a la organización de Eurobot. La resolución elegida en el PDF 
debe  garantizar  que  todos  los  textos  permanezcan  legibles.  El  tamaño  de  archivo  del  PDF  debe 
permanecer por debajo de 25MB.


El equipo explícitamente confiere a la organización de Eurobot todos los derechos del póster, en parte 
o en su totalidad, para lo que se desee. En particular, pero sin estar limitado a ello, la organización de 
Eurobot publicará el póster en su sitio web, y puede usarlo con propósitos publicitarios. El equipo ha de 
responsabilizarse de asegurar que tiene los derechos de todos los gráficos y textos usados en su póster.


La versión en PDF del póster puede ser enviada antes vía tu Comité Organizador Nacional, o puede ser 
entregada en dos CD-ROM o memoria USB en la competición, durante la homologación de tu robot. 


En general, Eurobot incita a los equipos a que se comuniquen en torno a de sus proyectos en Internet, 
el foro, etc.


5.Balizas


5.1.Generalidades 
No está permitido que las balizas  obstruyan al  robot  oponente. Si  hay alguna duda sobre si  estas 
dificultan deliberadamente el desarrollo del partido, el equipo no estará autorizado a usarlas.


Hay cuatro soportes para balizas situados en cada uno de los lados cortos  del campo de juego: uno en 
la esquina trasera, uno en el centro, y los otras dos a cada lado del contenedor refrigerado esquina 
(ver dibujo en el apéndice). Son negros y están situados a una altura de  350mm sobre el nivel del 
tablero. 


La parte de debajo de las balizas está cubierta de Velcro (parte suave) para poder sujetarlas sobre su 
soporte.


Las balizas (para localización del robot o las fijas) deberán permanecer sobre su soporte a lo largo de 
todo el partido.


El uso de balizas es opcional. 


Todos los estándares de seguridad aplicables a los robots son también aplicables a las balizas. 
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Todas las dimensiones en milímetros


350 430 510


Baliza fija 
80x80x160 mm


Baliza para la localización del robot
          80x80x80 mm Mástil


(área sólo para sensores)


5.2.Balizas para la localización de los robots
Una baliza de localización puede ser fijada sobre el otro robot para su localización. Esta baliza será 
fijada en el soporte habilitado para este propósito en el robot oponente.


Sólo se permite una baliza de localización por equipo.


El tamaño máximo para una baliza de localización de robot es un cubo de 80mm de lado.


Los elementos que compongan una baliza deberán ser útiles. El árbitro puede pedir al equipo que abra 
la caja de la baliza para posibles inspecciones y verificaciones si fuera necesario.


La parte superior de la baliza de localización deberá estar cubierta de Velcro y poder soportar el 
módulo de señalización (flag) que identifica el color del robot que lo lleva.


5.3.Balizas fijas
Cada equipo puede usar  un máximo de tres  balizas  para ser colocadas en los soportes  habilitados 
alrededor del campo de juego.


Un equipo puede colocar sus balizas en el soporte que está en la mitad de su área de salida y en los 2 
soportes situados en el otro lado del área de juego, en los dos extremos.
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Todas  las  balizas  del  mismo lado  pueden estar  unidas  por  un  cable.  Este  cable  opcional  no debe 
dificultar el desarrollo del partido y ha de poderse instalar dentro de los 3 minutos de preparación 
previos al partido sin molestar al equipo opuesto.


Estas balizas deben contenerse en una base cuadrada de 80 x 80 mm y pueden tener hasta 160 mm de 
alto.


5.4.Señales de comunicación
Para evitar interferencias entre los equipos, es recomendable codificar las señales de comunicación. Es 
altamente recomendado que los equipos que utilicen elementos infrarrojos tengan en cuenta la fuerte 
luz ambiental utilizada durante la competición. Además, esta iluminación podría variar dependiendo 
del momento y de la zona durante la competición.


Se advierte también de que durante la competición los encargados del concurso utilizan dispositivos de 
alta frecuencia.


Ninguna protesta a causa de problemas de interferencias será tomada en consideración. Las balizas 
deben ser  capaces  de soportar  las condiciones  que pueden variar  dependiendo del  momento y su 
localización en la competición.


6.Desarrollo del partido


6.1.Identificación del robot
Para  cada  partido,  se  colocará  a  los  robots  una  marca  de  un  color,  en  forma  de  un  módulo  de 
señalización (flag): azul o rojo. El propósito de esta marca es ayudar al público a asociar a un robot con 
su equipo en cualquier momento.


La masa del modulo de señalización es despreciable. Se coloca directamente sobre el soporte para 
baliza del robot, o directamente sobre el robot. Si el robot no proporciona un soporte para baliza, 
debe proporcionar en la parte superior del robot una superficie cuadrada de  8Ox8Omm  cubierta de 
Velcro (cara rugosa) para colocar el módulo de señalización (flag).


6.2.Procedimiento de comienzo de juego
• Un color (rojo o azul) y, por lo tanto, un lado del campo de juego son asignados a un equipo 


antes de cada partido.
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• Sólo dos personas del equipo pueden acceder a la zona de juego para la preparación del robot.


• Ambos equipos tienen 3 minutos para poner sus robots en las zonas de salida, prepararlo y 
colocar las balizas.


• Los robots se colocan en el tablero, completamente dentro de sus zonas de salida, y tocando 
los dos bordes del tablero adyacentes a la zona de salida.


• Después de 3 minutos de preparación, no se permite ninguna intervención ni transmisión de 
información externa en el robot. 


• Cuando ambos equipos y los árbitros indican que están preparados, un árbitro determinará las 
posiciones aleatorias para las bolas sobre la mesa. Esto se lleva a cabo sacando una de las 
cartas de un montón aleatoriamente. Cada carta indica una manera diferente de colocar los 
elementos. Las cartas están disponibles en PDF en el sitio web de Eurobot. Mientras dure este 
proceso los equipos no tienen derecho de tocar su robot ni a comunicarse con él.


• El árbitro pregunta a los participantes si tienen alguna puntualización respecto a la colocación 
de todos los elementos de juego. Ninguna objeción al respecto será admitida después de este 
momento.


• Cuando el  árbitro da la  señal  de salida el robot  es activado por uno de los miembros del 
equipo. El robot deberá entonces actuar por su cuenta de manera totalmente autónoma.


• Cualquier  equipo  que  no  siga  estrictamente  el  protocolo  de  comienzo  de  juego  (salida 
anticipada o retrasada), será penalizado con una salida falsa. Se hará un nuevo comienzo de 
partido con una disposición aleatoria nueva para los elementos de juego.


Cualquier equipo que no siga estrictamente el protocolo de comienzo de juego (salida anticipada o 
retrasada),  será  penalizado  con  una  salida  falsa.  Se  hará  un  nuevo  comienzo  de  partido  con  una 
disposición aleatoria nueva para los elementos de juego.


6.3.Desarrollo del partido
Los  robots  tienen  90 segundos para conseguir  el  mayor  número posible  de puntos.  Esto  debe ser 
llevado a cabo de manera totalmente autónoma.


Está prohibido quitar basura de las papeleras.


Los miembros del equipo no están autorizados a tocar de manera alguna ni los robots, ni el campo de 
juego ni  ninguno de los elementos  de juego durante un partido. Cualquier  acción realizada sin  el 
consentimiento de los árbitros  llevará al  equipo a su descalificación en el partido en cuestión.  El 
equipo pierde entonces todos los puntos que pueda haber conseguido durante dicho partido.


Si el robot deja el campo de juego, no puede volver a ser puesto en él. El partido no se vuelve a jugar 
y se permite al otro robot finalizar el partido normalmente.
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Un robot que empuja deliberadamente a su oponente fuera del terreno de juego queda descalificado.


Al final del partido los robots deben detenerse (detener cualquier tipo de actuación) ellos mismos. Si el 
robot no se para sólo, un árbitro pulsará el botón de emergencia para parar el robot.


Los árbitros contarán los puntos sin tocar los robots. Entonces anunciarán la puntuación.


Los miembros de los equipos están autorizados a tocar los robots y abandonar el juego sólo con el 
consentimiento explícito de los árbitros después de un común acuerdo sobre la puntuación anunciada. 
Deben asegurarse que no se ha quedado ningún elemento de juego dentro del robot


6.4.Cálculo de la puntuación


6.4.1.Puntos
Se cuentan los puntos cuando el partido ha finalizado.


Después del partido, las muestras y bloques de hielo en los contenedores se cuentan como sigue:


Por recolectar hielo dentro de la parte correcta del contenedor estándar:


• 1 bola de hielo en la parte roja del contenedor estándar = 1 punto para el robot rojo.


• 1 bola de hielo en la parte azul del contenedor estándar = 1 punto para el robot azul.


Por recolectar el tipo correcto de muestras de roca y tierra:


• 1 muestra roja en cualquier parte del contenedor estándar = 2 puntos para el robot rojo


• 1 muestra roja en el contenedor refrigerado rojo = 2 puntos para el robot rojo


• 1 muestra azul en cualquier parte del contenedor estándar = 2 puntos para el robot azul


• 1 muestra azul en el contenedor refrigerado azul = 2 puntos para el robot azul


• material incorrecto (muestra del oponente o hielo) en el contenedor refrigerado = -1 punto.


6.4.2.Puntos de bonificación
Para recompensar muestras conservadas en las mejores condiciones en el contenedor estándar, las 
muestras  que  se  sitúen  entre  dos  bolas  de  hielo  puntuarán  3  puntos  de  bonificación  al  robot 
correspondiente (una muestra roja al robot rojo y una muestra azul al robot azul)
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6.4.3.Eliminaciones


Un equipo será eliminado debido a:


• Que no haya llegado a tiempo a la zona de espera previa al partido (‘backstage’);


• Que tarde más de 3 minutos en prepararse en la zona de juego;


• Que su robot no haya abandonado por completo la zona de salida;


• Que su robot no tenga un soporte para baliza móvil, cuando su oponente necesite y pida uno.


6.4.4.Penalizaciones
Una penalización va asociada a la retirada de puntos del total obtenido por el equipo al final  del 
partido. Cualquier robot cuyas acciones no sean acordes al espíritu de las reglas puede ser penalizado 
por los árbitros. Por ejemplo, los árbitros pueden asignar una penalización en los siguientes casos:


• Cuando un robot colisiona con su oponente violentamente


• Cuando un robot es considerado peligroso con respecto al campo, al público o al oponente


• Cuando un robot impide deliberadamente que su oponente tenga acceso a un elemento de 
juego


• Si el sistema automático de parada falla 


• Si un robot tira intencionadamente o sistemáticamente residuos fuera del tablero 


• Si un robot se guarda las bolas del equipo oponente


• Si un robot pone las bolas del equipo oponente en su propio contenedor refrigerado


• Aquellos robots que muestren despliegues o acciones distintos a los aprobados anteriormente 
por los árbitros, o cualquier acción deliberada que no esé en la línea de estas reglas.


Penalizaciones adicionales pueden ser aplicadas silos árbitros las consideran justificadas. Por  ejemplo, 
si a un equipo se le ha avisado sobre un punto negativo respecto a una acción durante un partido, y se 
advierte la misma acción en partidos siguientes, se le aplicará una penalización. 


El sistema usado para la puntuación conlleva el registro de dichos avisos, para que los árbitros sepan de 
los eventos asociados a un equipo en partidos anteriores y los tengan en cuenta debidamente. 


Debe tenerse en cuenta que son posibles  las  puntuaciones totales  negativas si  las  penalizaciones 
exceden el número de puntos obtenidos durante el partido.
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6.4.5.Puntos de partido
Se calcula el total preliminar de los puntos con los puntos obtenidos con las bolas y las penalizaciones. 
Después se podrán añadir más puntos, basándose en las siguientes reglas:


• 4 puntos por una victoria


• 2 puntos por un empate


• 1 punto por una derrota


• O puntos por una eliminación


Una puntuación de 0/0 se considera como doble empate. Por ello cada equipo consigue sólo 1 
punto de partido.


6.4.6.Descalificaciones
Los árbitros pueden descalificar a un equipo en la competición: 


• Cuando el robot realiza las mismas acciones penalizadas sistemáticamente 


• Por un comportamiento inaceptable del equipo.


7.Fases de la competición


7.1.Homologación
Para poder participar en la competición un robot debe ser previamente homologado. La homologación 
es obligatoria. Por motivos de logística, y por ser equitativos, existe un límite de tiempo para pasar la 
homologación. Todos los equipos deben pasar la homologación antes del tiempo límite. Los robots que 
no pasen la homologación no pueden participar en el concurso.


7.1.1. Examen físico y entrevista al equipo
El árbitro examina el robot y entrevista al equipo para comprobar los siguientes puntos:


• Que el robot cumple con las reglas (el robot debe ser capaz de demostrar todas sus posibles 
acciones y configuraciones de despliegue para ayudar con la verificación).


• Que el equipo proporciona un fichero técnico de los sistemas usados por el robot (lasers, …).
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• Que el equipo proporciona un póster técnico.


• Que el equipo entiende el espíritu y las reglas de la competición.


• Que el botón de emergencia de parada funciona, y todos los actuadores se paran cuando es 
pulsado. 


7.1.2.Pruebas prácticas
Además, el robot ha de pasar dos pruebas:


1. En las mismas condiciones que en la competición y sin oponente: 


o El robot debe ser capaz de abandonar la zona de salida. 


o El robot debe ser capaz de ganar un partido (obtener al menos un punto, sin oponente) 
en menos de 90 segundos.


o El sistema de apagado del robot funciona correctamente.


2. El sistema para evitar obstáculos del robot funciona correctamente: 


El sistema deberá ser capaz de evitar con éxito un obstáculo inerte y estático (un robot falso 
hecho de un cilindro de 300mm de alto y 200mm de diámetro, que pesa entre 2kg y 3kg) 
localizado a una distancia aleatorio en frente el robot sobre el tablero. Este robot falso porta 
un soporte para balizas, de manera que es posible colocar una baliza sobre él.  


7.1.3.Modificaciones posteriores a la homologación
Es obligatorio mantener a los árbitros informados de cualquier modificación importante (funcionalidad, 
tamaño,  etc.)  hecha  después  de  la  homologación.  Los  árbitros  comprobarán  las  modificaciones  y 
rehomologarán al robot. 


Las acciones durante el partido que no hayan sido demostradas durante la homologación pueden llevar 
a penalizaciones e incluso a la descalificación.


Los  árbitros  pueden  pedir  a  un  robot  que  vuelva  a  someterse  a  una  homologación  en  cualquier 
momento de la competición, , si albergan alguna duda sobre su cumplimiento de las normas.


7.2.Ronda de clasificación
El formato de las competiciones nacionales puede diferir del formato descrito a continuación. Eurobot 
anima a los comités organizadores nacionales a planear su competición nacional de manera que se 
permita a los equipos jugar muchos partidos. Cuantos más partidos más diversion, y resultados más 
claros. 
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Los organizadores de Eurobot intentarán organizar al menos cinco encuentros para cada equipo durante 
la ronda clasificatoria. Los resultados de la ronda clasificatoria decidirán que equipos pasan a la ronda 
final.


Cuando las rondas clasificatorias terminan, se clasifican los equipos usando los puntos obtenidos. Los 
equipos  que  tengan  la  misma  cantidad  de  puntos  se  ordenan  comparando  los  puntos  acumulados 
durante los partidos sin contar los puntos de bonificación. 


En caso de empates, los organizadores pueden requerir partidos extra. Se sortearán parejas de equipos 
con la misma posición, y se jugarán los partidos resultantes con eliminación directa. En caso de un 
número impar de equipos, un partido aleatorio adicional será jugado, con las mismas bases.


7.3.Ronda final
En  Eurobot  los  16  primeros  equipos  de  la  ronda  de  clasificación  pasan  a  la  ronda  final.  En  la 
competición  nacional  la  ronda  final  puede ser  más  pequeña,  dependiendo del  número de  equipos 
registrados.


Durante la fase final, los encuentros son de eliminación. Los encuentros de la ronda final se organizan 
según se muestra en el diagrama inferior.


En  el  caso  de  doble  derrota,  empate  o  doble  descalificación  el  encuentro  se  vuelve  a  jugar 
inmediatamente. Si el segundo encuentro termina también en doble derrota, empate o descalificación 
se decidirá el ganador mediante la posición al final de las rondas clasificatorias.


El partido final se juega hasta que haya dos sets con ganador.


33/40







Eurobotopen 2008


Misión a Marte


Reglas 2008


34/40


 


                  1 contra  16 
 


Cuartos de Final Semifinal Final 


8 contra  9 


5 contra  12 


4 contra  13 


3 contra  14 


6 contra  11 


7 contra  10 


2 contra  15 


. . . . . . . . . . 


. . . . . . . . . . 


. . . . . . . . . . 


. . . . . . . . . . 


. . . . . . . . . . 


. . . . . . . . . . 


. . . . . . . . . 
Final 3rd puesto 


. . . . . . . . . 







Eurobotopen 2008


Misión a Marte


Reglas 2008


8.Apéndices


8.1.Dibujo del área de juego 
Las dimensiones están en mm y están sujetas alas tolerancias previamente definidas .


 Planta
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Alzado frontal


Alzado frontal (área de gol)


 


Pieza de plástico
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Alzado posterior


Perfil


8.2.Cinta adhesiva reflectante
Cinta formada por adhesivo retro-reflectante de 0,2mm de grosor y 25mm de ancho, de color blanco . 
Para saber de un proovedor de cinta reflectante por favor contacta con tu comité organizador nacional 
o con la asociación de Eurobot si eres un equipo independiente :  referee@eurobot.org .
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8.3.Referencias de la pintura
Elemento Color Tipo  de 


pintura 
Referencia


Campo de juego Gris amarillento Acrílico, mate RAL 7034


Área  de  salida  azul,  borde 
azul 


Azul (señalización) Acrílico, mate RAL 5005


Área  de  salida  roja,  borde 
rojo, 


Rojo (tráfico) Acrílico, mate RAL 3020


8.4.Epecificaciones de las bolas
El diámetro de las bolas mide 72 mm. El diámetro del agujero es 10 mm. El peso aproximado de las 
bolas es de 23 grams. 


Para saber el proovedor de bolas contacta con tu comité organizador nacional o con la asociación de 
Eurobot si eres un equipo independiente : referee@eurobot.org .
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8.5.Seguridad
Debajo encontrarás una lista de normas de seguridad. Esta lista no es exhaustiva. Las decisiones de los 
árbitros son definitivas en lo que es peligroso y lo que no lo es.


Uno de los objetivos de diseño del robot ha de ser desarollar sistemas seguros para la gente, tanto 
durante la competición como durante las fases de construcción y pruebas de tu proyecto. Es esto por lo 
que debemos  asegurarnos  de que tus  sistemas  cumplen con  las  reglas  aplicables  para  dispositivos 
técnicos.


8.5.1.Voltaje a bordo
Todos los robots han de cumplir los estándares legales aplicables a “bajo voltaje”. Por ello, el voltaje 
interior del robot no debe exceder 48 v. 


Se ha de entender como voltaje interno al potencial de cualquier parte del robot al que se tenga 
acceso directo con o sin el chasis. El acceso directo incluye a todos los elementos aislados por los 
equipos usando cinta aislante, tubo termoretráctil, o cualquier otro proceso no industrial.


Se  permiten potenciales  mayores  de 48V,  pero  sólo  dentro  de dispositivos  cerrados  como láseres, 
retroalimentación de displays LCD, ... y sólo si estos elementos no se han modificado.


Cualquier elemento del robot que no cumpla estas reglas tendrá que ser extraido del robot para que 
pueda tener una oportunidad de homologarse.


8.5.2.Sistemas de aire comprimido
Todos los sistemas de presión deben cumplir con las leyes aplicables. En Francia esto debe estar en 
acuerdo con las normas del “Conseil Général des Mines” (Comité francés de seguridad y aprobación).


Decreto 63 del 18 de Enero de 1943 y orden Ministerial del 25 de Julio de 1943 (legislación francesa):


• Presión máxima: 4 Bares 


•Presión máxima x Producto Volumen de tanque: 80 bar.litro


Se puede encontrar más información en http://www.industrie.gouv.fr/sdsi/ (para Francia). 


8.5.3.Láser
Sólo se tendrán en cuenta a partir de ahora consideraciones basadas en clases de láseres, y los equipos 
que usen láser tendrán que mostrar un distintivo que indique la clase de su equipamiento, o las hojas 
características del componente del láser. Si no se entrega esta documentación, el robot no podrá ser 
homologado.
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Basándose en la clasificación oficial, los láseres están clasificados como sigue:


• clase 1 : estos láseres serán aceptados sin condiciones.


• clase 2 : estos láseres serán aceptados si, y sólo si, 


• el láser va instalado en una torreta giratoria que gira a una velocida nunca inferior a 1 
revolución por minuto. Sin rotación, el láser ha de ser apagado.


• el recorrido del punto del punto luminoso del láser nunca cruza la posición de los ojos, 
tanto del público como de la gente alrededor de la mesa, intencionadamente o no.


• cualquier otra clase (3A, 3B and 4) está estrictamente prohibida.


Los equipos que no cumplan estas reglas (po ejemplo entregando documentación incorrecta) serán 
responsables ante la justicia en caso de que haya cualquier daño que pueda resultar  a raiz  de su 
sistema. 


8.5.4.Luces potentes
En caso de que se emplee una fuente de luz de gran intensidad, hay que tener en cuenta que dicha luz 
podría ser dañina para el ojo humano en caso de iluminación directa. Recuerda que algunos LEDs muy 
potentes pueden exceder los límites anteriores. 
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Gearboxes 
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gear 


MVR 737/30/26
MVSF 742/26
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Nema Gearboxes 
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Gear motor 


MR 615 30 Q 


 
12/24 Vdc 22 W ø 37x34


 
 


 
 


Type 
 


Ratio 
 


L 
mm


* R.P.M. no 
load 


min-1


* R.P.M. S 
1 


min-1


S1 
Torque 
Nm


* R.P.M. 
S2 


min-1


S2 
Torque 
Nm


Max 
Torque 
Nm


I 
max 
A


615 30Q 1/4 4 93 1150 980 0,12 860 0,21 0,68 5.4


615 30Q 
1/16


16 101 315 260 0,51 221 0,88 3,1 5.4


615 30Q 
1/64


64 110 79 65 1,45 58 2,35 8,6 5.4


615 30Q 
1/256


256 118 21 17,3 4,02 15 6,7 10 2.1


615 30Q 
1/1024


1024 127 5,27 4,5 12 4.5 12 12 1


Length "L" of the gearmotor as a funtion of reduction and outlet 
number of revolution with the standard motor 737 
22 output W 5000 Rpm loadness, 12/24 Vdc. Outlet shaft is 
supported by two coupled screened bearings. 
The motor and the reduction gear are both plated for corrosion 
strength. The motor has an electrical suppressor system 
for the CE standard. 
* The speed rotation can change of ± 10%. 
The S1 load test was made using a 1 A corrent in the air with an 
increase of temperature of 70° C. 
The S2 load test was made using a 1,7 A corrent in the air with a 
timing 5` ON 5` OFF with an increase of temperature 
of 80° C max. The starting corrent is 5.4 A and cannot be 


mantained for more than 2". 
Max forces which may act on the outlet shaft: Axial 20 kg, Radial 30 kg on the extremity of outlet shaft. 
Possibility to apply other motor types Ø 40 with different voltage and RPM and encoder.  
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Optical encoder monoditectional with 50 pulse every turn or bidirectional with 25 


pulse every turn built for our motor type 615, 742. 


 


Power 6-24 Vdc. 


 


Output open collector max 30 Vdc. 


 


The motor 615 turn CCW connecting positive voltage to M1. The encoder is sold 


only assembled with our motors  


The motor turn CW or CCW depending the output 1 or 2 go up before. 


 


If not provided in the control card, it is necessary to connect a pull up resistance between each output and the positive power supply. 


The value of this resistance is calculated as 1/10 of the card input impedance and in any case must not be lower than 1 KOhm. 


It is possible to have other output configurations. 


 


For further informations please contact our technical department  
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LMD18200
3A, 55V H-Bridge
General Description
The LMD18200 is a 3A H-Bridge designed for motion control
applications. The device is built using a multi-technology pro-
cess which combines bipolar and CMOS control circuitry
with DMOS power devices on the same monolithic structure.
Ideal for driving DC and stepper motors; the LMD18200 ac-
commodates peak output currents up to 6A. An innovative
circuit which facilitates low-loss sensing of the output current
has been implemented.


Features
n Delivers up to 3A continuous output
n Operates at supply voltages up to 55V
n Low RDS(ON) typically 0.3Ω per switch
n TTL and CMOS compatible inputs


n No “shoot-through” current
n Thermal warning flag output at 145˚C
n Thermal shutdown (outputs off) at 170˚C
n Internal clamp diodes
n Shorted load protection
n Internal charge pump with external bootstrap capability


Applications
n DC and stepper motor drives
n Position and velocity servomechanisms
n Factory automation robots
n Numerically controlled machinery
n Computer printers and plotters


Functional Diagram


DS010568-1


FIGURE 1. Functional Block Diagram of LMD18200
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Connection Diagrams and Ordering Information


DS010568-2


11-Lead TO-220 Package
Top View


Order Number LMD18200T
See NS Package TA11B


DS010568-25


24-Lead Dual-in-Line Package
Top View


Order Number LMD18200-2D-QV
5962-9232501VXA
LMD18200-2D/883
5962-9232501MXA


See NS Package DA24B


LM
D


18
20


0


www.national.com 2







Absolute Maximum Ratings (Note 1)


If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.


Total Supply Voltage (VS, Pin 6) 60V
Voltage at Pins 3, 4, 5, 8 and 9 12V
Voltage at Bootstrap Pins


(Pins 1 and 11) VOUT +16V
Peak Output Current (200 ms) 6A
Continuous Output Current (Note 2) 3A
Power Dissipation (Note 3) 25W


Power Dissipation (TA = 25˚C, Free Air) 3W
Junction Temperature, TJ(max) 150˚C
ESD Susceptibility (Note 4) 1500V
Storage Temperature, TSTG −40˚C to +150˚C
Lead Temperature (Soldering, 10 sec.) 300˚C


Operating Ratings (Note 1)


Junction Temperature, TJ −40˚C to +125˚C
VS Supply Voltage +12V to +55V


Electrical Characteristics (Note 5)
The following specifications apply for VS = 42V, unless otherwise specified. Boldface limits apply over the entire operating
temperature range, −40˚C ≤ TJ ≤ +125˚C, all other limits are for TA = TJ = 25˚C.


Symbol Parameter Conditions Typ Limit Units


RDS(ON) Switch ON Resistance Output Current = 3A (Note 6) 0.33 0.4/0.6 Ω (max)


RDS(ON) Switch ON Resistance Output Current = 6A (Note 6) 0.33 0.4/0.6 Ω (max)


VCLAMP Clamp Diode Forward Drop Clamp Current = 3A (Note 6) 1.2 1.5 V (max)


VIL Logic Low Input Voltage Pins 3, 4, 5 −0.1 V (min)


0.8 V (max)


IIL Logic Low Input Current VIN = −0.1V, Pins = 3, 4, 5 −10 µA (max)


VIH Logic High Input Voltage Pins 3, 4, 5 2 V (min)


12 V (max)


IIH Logic High Input Current VIN = 12V, Pins = 3, 4, 5 10 µA (max)


Current Sense Output IOUT = 1A (Note 8) 377 325/300 µA (min)


425/450 µA (max)


Current Sense Linearity 1A ≤ IOUT ≤ 3A (Note 7) ±6 ±9 %


Undervoltage Lockout Outputs turn OFF 9 V (min)


11 V (max)


TJW Warning Flag Temperature Pin 9 ≤ 0.8V, IL = 2 mA 145 ˚C


VF(ON) Flag Output Saturation Voltage TJ = TJW, IL = 2 mA 0.15 V


IF(OFF) Flag Output Leakage VF = 12V 0.2 10 µA (max)


TJSD Shutdown Temperature Outputs Turn OFF 170 ˚C


IS Quiescent Supply Current All Logic Inputs Low 13 25 mA (max)


tDon Output Turn-On Delay Time Sourcing Outputs, IOUT = 3A 300 ns


Sinking Outputs, IOUT = 3A 300 ns


ton Output Turn-On Switching Time Bootstrap Capacitor = 10 nF


Sourcing Outputs, IOUT = 3A 100 ns


Sinking Outputs, IOUT = 3A 80 ns


tDoff Output Turn-Off Delay Times Sourcing Outputs, IOUT = 3A 200 ns


Sinking Outputs, IOUT = 3A 200 ns


toff Output Turn-Off Switching Times Bootstrap Capacitor = 10 nF


Sourcing Outputs, IOUT = 3A 75 ns


Sinking Outputs, IOUT = 3A 70 ns


tpw Minimum Input Pulse Width Pins 3, 4 and 5 1 µs


tcpr Charge Pump Rise Time No Bootstrap Capacitor 20 µs
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Electrical Characteristics Notes
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when op-
erating the device beyond its rated operating conditions.


Note 2: See Application Information for details regarding current limiting.


Note 3: The maximum power dissipation must be derated at elevated temperatures and is a function of TJ(max), θJA, and TA. The maximum allowable power dis-
sipation at any temperature is PD(max) = (TJ(max) − TA)/θJA, or the number given in the Absolute Ratings, whichever is lower. The typical thermal resistance from junc-
tion to case (θJC) is 1.0˚C/W and from junction to ambient (θJA) is 30˚C/W. For guaranteed operation TJ(max) = 125˚C.


Note 4: Human-body model, 100 pF discharged through a 1.5 kΩ resistor. Except Bootstrap pins (pins 1 and 11) which are protected to 1000V of ESD.


Note 5: All limits are 100% production tested at 25˚C. Temperature extreme limits are guaranteed via correlation using accepted SQC (Statistical Quality Control)
methods. All limits are used to calculate AOQL, (Average Outgoing Quality Level).


Note 6: Output currents are pulsed (tW < 2 ms, Duty Cycle < 5%).


Note 7: Regulation is calculated relative to the current sense output value with a 1A load.


Note 8: Selections for tighter tolerance are available. Contact factory.


Typical Performance Characteristics


VSAT vs Flag Current


DS010568-16


RDS(ON) vs Temperature


DS010568-17


RDS(ON) vs
Supply Voltage


DS010568-18


Supply Current vs
Supply Voltage


DS010568-19


Supply Current vs
Frequency (V S = 42V)


DS010568-20


Supply Current vs
Temperature (V S = 42V)


DS010568-21


Current Sense Output
vs Load Current


DS010568-22


Current Sense
Operating Region


DS010568-23
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Test Circuit


Switching Time Definitions


Pinout Description (See Connection Diagram)


Pin 1, BOOTSTRAP 1 Input: Bootstrap capacitor pin for half
H-bridge number 1. The recommended capacitor (10 nF) is
connected between pins 1 and 2.


Pin 2, OUTPUT 1: Half H-bridge number 1 output.


Pin 3, DIRECTION Input: See Table 1. This input controls
the direction of current flow between OUTPUT 1 and OUT-
PUT 2 (pins 2 and 10) and, therefore, the direction of rotation
of a motor load.


Pin 4, BRAKE Input: See Table 1. This input is used to
brake a motor by effectively shorting its terminals. When
braking is desired, this input is taken to a logic high level and


it is also necessary to apply logic high to PWM input, pin 5.
The drivers that short the motor are determined by the logic
level at the DIRECTION input (Pin 3): with Pin 3 logic high,
both current sourcing output transistors are ON; with Pin 3
logic low, both current sinking output transistors are ON. All
output transistors can be turned OFF by applying a logic high
to Pin 4 and a logic low to PWM input Pin 5; in this case only
a small bias current (approximately −1.5 mA) exists at each
output pin.


Pin 5, PWM Input: See Table 1. How this input (and DIREC-
TION input, Pin 3) is used is determined by the format of the
PWM Signal.


DS010568-8


DS010568-9
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Pinout Description
(See Connection Diagram) (Continued)


Pin 6, VS Power Supply


Pin 7, GROUND Connection: This pin is the ground return,
and is internally connected to the mounting tab.


Pin 8, CURRENT SENSE Output: This pin provides the
sourcing current sensing output signal, which is typically
377 µA/A.


Pin 9, THERMAL FLAG Output: This pin provides the ther-
mal warning flag output signal. Pin 9 becomes active-low at
145˚C (junction temperature). However the chip will not shut
itself down until 170˚C is reached at the junction.


Pin 10, OUTPUT 2: Half H-bridge number 2 output.


Pin 11, BOOTSTRAP 2 Input: Bootstrap capacitor pin for
Half H-bridge number 2. The recommended capacitor
(10 nF) is connected between pins 10 and 11.


TABLE 1. Logic Truth Table


PWM Dir Brake Active Output Drivers


H H L Source 1, Sink 2


H L L Sink 1, Source 2


L X L Source 1, Source 2


H H H Source 1, Source 2


H L H Sink 1, Sink 2


L X H NONE


Application Information


TYPES OF PWM SIGNALS


The LMD18200 readily interfaces with different forms of
PWM signals. Use of the part with two of the more popular
forms of PWM is described in the following paragraphs.


Simple, locked anti-phase PWM consists of a single, vari-
able duty-cycle signal in which is encoded both direction and
amplitude information (see Figure 2). A 50% duty-cycle
PWM signal represents zero drive, since the net value of
voltage (integrated over one period) delivered to the load is
zero. For the LMD18200, the PWM signal drives the direc-
tion input (pin 3) and the PWM input (pin 5) is tied to logic
high.


Sign/magnitude PWM consists of separate direction (sign)
and amplitude (magnitude) signals (see Figure 3). The (ab-
solute) magnitude signal is duty-cycle modulated, and the
absence of a pulse signal (a continuous logic low level) rep-
resents zero drive. Current delivered to the load is propor-
tional to pulse width. For the LMD18200, the DIRECTION in-
put (pin 3) is driven by the sign signal and the PWM input
(pin 5) is driven by the magnitude signal.


SIGNAL TRANSITION REQUIREMENTS


To ensure proper internal logic performance, it is good prac-
tice to avoid aligning the falling and rising edges of input sig-
nals. A delay of at least 1 µsec should be incorporated be-
tween transitions of the Direction, Brake, and/or PWM input
signals. A conservative approach is be sure there is at least
500ns delay between the end of the first transition and the
beginning of the second transition. See Figure 4.


DS010568-4


FIGURE 2. Locked Anti-Phase PWM Control


DS010568-5


FIGURE 3. Sign/Magnitude PWM Control
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LM2596
SIMPLE SWITCHER® Power Converter 150 kHz
3A Step-Down Voltage Regulator
General Description
The LM2596 series of regulators are monolithic integrated
circuits that provide all the active functions for a step-down
(buck) switching regulator, capable of driving a 3A load with
excellent line and load regulation. These devices are avail-
able in fixed output voltages of 3.3V, 5V, 12V, and an adjust-
able output version.


Requiring a minimum number of external components, these
regulators are simple to use and include internal frequency
compensation†, and a fixed-frequency oscillator.


The LM2596 series operates at a switching frequency of
150 kHz thus allowing smaller sized filter components than
what would be needed with lower frequency switching regu-
lators. Available in a standard 5-lead TO-220 package with
several different lead bend options, and a 5-lead TO-263
surface mount package.


A standard series of inductors are available from several
different manufacturers optimized for use with the LM2596
series. This feature greatly simplifies the design of
switch-mode power supplies.


Other features include a guaranteed ±4% tolerance on out-
put voltage under specified input voltage and output load
conditions, and ±15% on the oscillator frequency. External
shutdown is included, featuring typically 80 µA standby cur-
rent. Self protection features include a two stage frequency
reducing current limit for the output switch and an over
temperature shutdown for complete protection under fault
conditions.


Features
n 3.3V, 5V, 12V, and adjustable output versions
n Adjustable version output voltage range, 1.2V to 37V


±4% max over line and load conditions
n Available in TO-220 and TO-263 packages
n Guaranteed 3A output load current
n Input voltage range up to 40V
n Requires only 4 external components
n Excellent line and load regulation specifications
n 150 kHz fixed frequency internal oscillator
n TTL shutdown capability
n Low power standby mode, IQ typically 80 µA
n High efficiency
n Uses readily available standard inductors
n Thermal shutdown and current limit protection


Applications
n Simple high-efficiency step-down (buck) regulator
n On-card switching regulators
n Positive to negative converter
Note: †Patent Number 5,382,918.


Typical Application (Fixed Output Voltage
Versions)


01258301


SIMPLE SWITCHER® and Switchers Made Simple ® are registered trademarks of National Semiconductor Corporation.


May 2002
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Connection Diagrams and Ordering Information
Bent and Staggered Leads, Through Hole


Package
5-Lead TO-220 (T)


Surface Mount Package
5-Lead TO-263 (S)


01258302


Order Number LM2596T-3.3, LM2596T-5.0,
LM2596T-12 or LM2596T-ADJ


See NS Package Number T05D


01258303


Order Number LM2596S-3.3, LM2596S-5.0,
LM2596S-12 or LM2596S-ADJ


See NS Package Number TS5B
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Absolute Maximum Ratings (Note 1)


If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.


Maximum Supply Voltage 45V


ON /OFF Pin Input Voltage −0.3 ≤ V ≤ +25V


Feedback Pin Voltage −0.3 ≤ V ≤+25V


Output Voltage to Ground


(Steady State) −1V


Power Dissipation Internally limited


Storage Temperature Range −65˚C to +150˚C


ESD Susceptibility


Human Body Model (Note 2) 2 kV


Lead Temperature


S Package


Vapor Phase (60 sec.) +215˚C


Infrared (10 sec.) +245˚C


T Package (Soldering, 10 sec.) +260˚C


Maximum Junction Temperature +150˚C


Operating Conditions
Temperature Range −40˚C ≤ TJ ≤ +125˚C


Supply Voltage 4.5V to 40V


LM2596-3.3
Electrical Characteristics
Specifications with standard type face are for TJ = 25˚C, and those with boldface type apply over full Operating Tempera-
ture Range


Symbol Parameter Conditions


LM2596-3.3
Units


(Limits)
Typ


(Note 3)
Limit


(Note 4)


SYSTEM PARAMETERS (Note 5) Test Circuit Figure 1


VOUT Output Voltage 4.75V ≤ VIN ≤ 40V, 0.2A ≤ ILOAD ≤ 3A 3.3 V


3.168/3.135 V(min)


3.432/3.465 V(max)


η Efficiency VIN = 12V, ILOAD = 3A 73 %


LM2596-5.0
Electrical Characteristics
Specifications with standard type face are for TJ = 25˚C, and those with boldface type apply over full Operating Tempera-
ture Range


Symbol Parameter Conditions


LM2596-5.0
Units


(Limits)
Typ


(Note 3)
Limit


(Note 4)


SYSTEM PARAMETERS (Note 5) Test Circuit Figure 1


VOUT Output Voltage 7V ≤ VIN ≤ 40V, 0.2A ≤ ILOAD ≤ 3A 5.0 V


4.800/4.750 V(min)


5.200/5.250 V(max)


η Efficiency VIN = 12V, ILOAD = 3A 80 %


LM2596-12
Electrical Characteristics
Specifications with standard type face are for TJ = 25˚C, and those with boldface type apply over full Operating Tempera-
ture Range


Symbol Parameter Conditions


LM2596-12
Units


(Limits)
Typ


(Note 3)
Limit


(Note 4)


SYSTEM PARAMETERS (Note 5) Test Circuit Figure 1


VOUT Output Voltage 15V ≤ VIN ≤ 40V, 0.2A ≤ ILOAD ≤ 3A 12.0 V


11.52/11.40 V(min)


12.48/12.60 V(max)


η Efficiency VIN = 25V, ILOAD = 3A 90 %
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LM2596-ADJ
Electrical Characteristics
Specifications with standard type face are for TJ = 25˚C, and those with boldface type apply over full Operating Tempera-
ture Range


Symbol Parameter Conditions


LM2596-ADJ
Units


(Limits)
Typ


(Note 3)
Limit


(Note 4)


SYSTEM PARAMETERS (Note 5) Test Circuit Figure 1


VFB Feedback Voltage 4.5V ≤ VIN ≤ 40V, 0.2A ≤ ILOAD ≤ 3A 1.230 V


VOUT programmed for 3V. Circuit of Figure 1 1.193/1.180 V(min)


1.267/1.280 V(max)


η Efficiency VIN = 12V, VOUT = 3V, ILOAD = 3A 73 %


All Output Voltage Versions
Electrical Characteristics
Specifications with standard type face are for TJ = 25˚C, and those with boldface type apply over full Operating Tempera-
ture Range . Unless otherwise specified, VIN = 12V for the 3.3V, 5V, and Adjustable version and VIN = 24V for the 12V ver-
sion. ILOAD = 500 mA


Symbol Parameter Conditions


LM2596-XX
Units


(Limits)
Typ


(Note 3)
Limit


(Note 4)


DEVICE PARAMETERS


Ib Feedback Bias Current Adjustable Version Only, VFB = 1.3V 10 nA


50/100 nA (max)


fO Oscillator Frequency (Note 6) 150 kHz


127/110 kHz(min)


173/173 kHz(max)


VSAT Saturation Voltage IOUT = 3A (Notes 7, 8) 1.16 V


1.4/1.5 V(max)


DC Max Duty Cycle (ON) (Note 8) 100 %


Min Duty Cycle (OFF) (Note 9) 0


ICL Current Limit Peak Current (Notes 7, 8) 4.5 A


3.6/3.4 A(min)


6.9/7.5 A(max)


IL Output Leakage Current Output = 0V (Notes 7, 9) 50 µA(max)


Output = −1V (Note 10) 2 mA


30 mA(max)


IQ Quiescent Current (Note 9) 5 mA


10 mA(max)


ISTBY Standby Quiescent Current ON/OFF pin = 5V (OFF) (Note 10) 80 µA


200/250 µA(max)


θJC Thermal Resistance TO-220 or TO-263 Package, Junction to Case 2 ˚C/W


θJA TO-220 Package, Junction to Ambient (Note 11) 50 ˚C/W


θJA TO-263 Package, Junction to Ambient (Note 12) 50 ˚C/W


θJA TO-263 Package, Junction to Ambient (Note 13) 30 ˚C/W


θJA TO-263 Package, Junction to Ambient (Note 14) 20 ˚C/W


ON/OFF CONTROL Test Circuit Figure 1


ON /OFF Pin Logic Input 1.3 V


VIH Threshold Voltage Low (Regulator ON) 0.6 V(max)


VIL High (Regulator OFF) 2.0 V(min)
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Test Circuit and Layout Guidelines (Continued)


As in any switching regulator, layout is very important. Rap-
idly switching currents associated with wiring inductance can
generate voltage transients which can cause problems. For
minimal inductance and ground loops, the wires indicated by
heavy lines should be wide printed circuit traces and
should be kept as short as possible. For best results,
external components should be located as close to the
switcher lC as possible using ground plane construction or
single point grounding.


If open core inductors are used, special care must be
taken as to the location and positioning of this type of induc-
tor. Allowing the inductor flux to intersect sensitive feedback,
lC groundpath and COUT wiring can cause problems.


When using the adjustable version, special care must be
taken as to the location of the feedback resistors and the
associated wiring. Physically locate both resistors near the
IC, and route the wiring away from the inductor, especially an
open core type of inductor. (See application section for more
information.)


Adjustable Output Voltage Versions


01258323


where VREF = 1.23V


Select R1 to be approximately 1 kΩ, use a 1% resistor for best stability.


CIN — 470 µF, 50V, Aluminum Electrolytic Nichicon “PL Series”


COUT — 220 µF, 35V Aluminum Electrolytic, Nichicon “PL Series”


D1 — 5A, 40V Schottky Rectifier, 1N5825


L1 — 68 µH, L38


R1 — 1 kΩ, 1%


CFF — See Application Information Section


FIGURE 1. Standard Test Circuits and Layout Guides
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LM2596 Series Buck Regulator Design Procedure (Adjustable Output)


PROCEDURE (Adjustable Output Voltage Version) EXAMPLE (Adjustable Output Voltage Version)


Given:


VOUT = Regulated Output Voltage


VIN(max) = Maximum Input Voltage


ILOAD(max) = Maximum Load Current


F = Switching Frequency (Fixed at a nominal 150 kHz).


Given:


VOUT = 20V


VIN(max) = 28V


ILOAD(max) = 3A


F = Switching Frequency (Fixed at a nominal 150 kHz).


1. Programming Output Voltage (Selecting R1 and R2, as
shown in Figure 1 )


Use the following formula to select the appropriate resistor
values.


Select a value for R1 between 240Ω and 1.5 kΩ. The lower
resistor values minimize noise pickup in the sensitive feed-
back pin. (For the lowest temperature coefficient and the best
stability with time, use 1% metal film resistors.)


1. Programming Output Voltage (Selecting R1 and R2, as
shown in Figure 1 )


Select R1 to be 1 kΩ, 1%. Solve for R2.


R2 = 1k (16.26 − 1) = 15.26k, closest 1% value is 15.4 kΩ.


R2 = 15.4 kΩ.


2. Inductor Selection (L1)


A. Calculate the inductor Volt • microsecond constant E • T (V
• µs), from the following formula:


where VSAT = internal switch saturation voltage = 1.16V


and VD = diode forward voltage drop = 0.5V


B. Use the E • T value from the previous formula and match it
with the E • T number on the vertical axis of the Inductor Value
Selection Guide shown in Figure 7.


C. on the horizontal axis, select the maximum load current.


D. Identify the inductance region intersected by the E • T value
and the Maximum Load Current value. Each region is identi-
fied by an inductance value and an inductor code (LXX).


E. Select an appropriate inductor from the four manufacturer’s
part numbers listed in Figure 8.


2. Inductor Selection (L1)


A. Calculate the inductor Volt • microsecond constant


(E • T),


B. E • T = 34.2 (V • µs)


C. ILOAD(max) = 3A


D. From the inductor value selection guide shown in Figure 7,
the inductance region intersected by the 34 (V • µs) horizontal
line and the 3A vertical line is 47 µH, and the inductor code is
L39.


E. From the table in Figure 8, locate line L39, and select an
inductor part number from the list of manufacturers part num-
bers.
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LM2596 Series Buck Regulator Design Procedure (Adjustable Output)
(Continued)


PROCEDURE (Adjustable Output Voltage Version) EXAMPLE (Adjustable Output Voltage Version)


3. Output Capacitor Selection (C OUT)


A. In the majority of applications, low ESR electrolytic or solid
tantalum capacitors between 82 µF and 820 µF provide the
best results. This capacitor should be located close to the IC
using short capacitor leads and short copper traces. Do not
use capacitors larger than 820 µF. For additional informa-
tion, see section on output capacitors in application in-
formation section.


B. To simplify the capacitor selection procedure, refer to the
quick design table shown in Figure 3. This table contains
different output voltages, and lists various output capacitors
that will provide the best design solutions.


C. The capacitor voltage rating should be at least 1.5 times
greater than the output voltage, and often much higher voltage
ratings are needed to satisfy the low ESR requirements
needed for low output ripple voltage.


3. Output Capacitor SeIection (C OUT)


A. See section on COUT in Application Information section.


B. From the quick design table shown in Figure 3, locate the
output voltage column. From that column, locate the output
voltage closest to the output voltage in your application. In this
example, select the 24V line. Under the output capacitor sec-
tion, select a capacitor from the list of through hole electrolytic
or surface mount tantalum types from four different capacitor
manufacturers. It is recommended that both the manufactur-
ers and the manufacturers series that are listed in the table be
used.


In this example, through hole aluminum electrolytic capacitors
from several different manufacturers are available.


220 µF/35V Panasonic HFQ Series


150 µF/35V Nichicon PL Series


C. For a 20V output, a capacitor rating of at least 30V or more
is needed. In this example, either a 35V or 50V capacitor
would work. A 35V rating was chosen, although a 50V rating
could also be used if a lower output ripple voltage is needed.


Other manufacturers or other types of capacitors may also be
used, provided the capacitor specifications (especially the 100
kHz ESR) closely match the types listed in the table. Refer to
the capacitor manufacturers data sheet for this information.


4. Feedforward Capacitor (C FF) (See Figure 1)


For output voltages greater than approximately 10V, an addi-
tional capacitor is required. The compensation capacitor is
typically between 100 pF and 33 nF, and is wired in parallel
with the output voltage setting resistor, R2. It provides addi-
tional stability for high output voltages, low input-output volt-
ages, and/or very low ESR output capacitors, such as solid
tantalum capacitors.


This capacitor type can be ceramic, plastic, silver mica, etc.
(Because of the unstable characteristics of ceramic capacitors
made with Z5U material, they are not recommended.)


4. Feedforward Capacitor (C FF)


The table shown in Figure 3 contains feed forward capacitor
values for various output voltages. In this example, a 560 pF
capacitor is needed.
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LM2596 Series Buck Regulator Design Procedure (Adjustable Output)
(Continued)


PROCEDURE (Adjustable Output Voltage Version) EXAMPLE (Adjustable Output Voltage Version)


5. Catch Diode Selection (D1)


A. The catch diode current rating must be at least 1.3 times
greater than the maximum load current. Also, if the power
supply design must withstand a continuous output short, the
diode should have a current rating equal to the maximum
current limit of the LM2596. The most stressful condition for
this diode is an overload or shorted output condition.


B. The reverse voltage rating of the diode should be at least
1.25 times the maximum input voltage.


C. This diode must be fast (short reverse recovery time) and
must be located close to the LM2596 using short leads and
short printed circuit traces. Because of their fast switching
speed and low forward voltage drop, Schottky diodes provide
the best performance and efficiency, and should be the first
choice, especially in low output voltage applications. Ultra-fast
recovery, or High-Efficiency rectifiers are also a good choice,
but some types with an abrupt turn-off characteristic may
cause instability or EMl problems. Ultra-fast recovery diodes
typically have reverse recovery times of 50 ns or less. Recti-
fiers such as the 1N4001 series are much too slow and should
not be used.


5. Catch Diode Selection (D1)


A. Refer to the table shown in Figure 11. Schottky diodes
provide the best performance, and in this example a 5A, 40V,
1N5825 Schottky diode would be a good choice. The 5A diode
rating is more than adequate and will not be overstressed
even for a shorted output.


6. Input Capacitor (C IN)


A low ESR aluminum or tantalum bypass capacitor is needed
between the input pin and ground to prevent large voltage
transients from appearing at the input. In addition, the RMS
current rating of the input capacitor should be selected to be at
least 1⁄2 the DC load current. The capacitor manufacturers
data sheet must be checked to assure that this current rating
is not exceeded. The curve shown in Figure 13 shows typical
RMS current ratings for several different aluminum electrolytic
capacitor values.


This capacitor should be located close to the IC using short
leads and the voltage rating should be approximately 1.5
times the maximum input voltage.


If solid tantalum input capacitors are used, it is recomended
that they be surge current tested by the manufacturer.


Use caution when using a high dielectric constant ceramic
capacitor for input bypassing, because it may cause severe
ringing at the VIN pin.


For additional information, see section on input capaci-
tors in application information section.


6. Input Capacitor (C IN)


The important parameters for the Input capacitor are the input
voltage rating and the RMS current rating. With a nominal
input voltage of 28V, an aluminum electrolytic aluminum elec-
trolytic capacitor with a voltage rating greater than 42V (1.5 x
VIN) would be needed. Since the the next higher capacitor
voltage rating is 50V, a 50V capacitor should be used. The
capacitor voltage rating of (1.5 x VIN) is a conservative guide-
line, and can be modified somewhat if desired.


The RMS current rating requirement for the input capacitor of
a buck regulator is approximately 1⁄2 the DC load current. In
this example, with a 3A load, a capacitor with a RMS current
rating of at least 1.5A is needed.


The curves shown in Figure 13 can be used to select an
appropriate input capacitor. From the curves, locate the 50V
line and note which capacitor values have RMS current ratings
greater than 1.5A. Either a 470 µF or 680 µF, 50V capacitor
could be used.


For a through hole design, a 680 µF/50V electrolytic capacitor
(Panasonic HFQ series or Nichicon PL series or equivalent)
would be adequate. Other types or other manufacturers ca-
pacitors can be used provided the RMS ripple current ratings
are adequate.


For surface mount designs, solid tantalum capacitors can be
used, but caution must be exercised with regard to the capaci-
tor surge current rting (see Application Information or input
capacitors in this data sheet). The TPS series available from
AVX, and the 593D series from Sprague are both surge cur-
rent tested.


To further simplify the buck regulator design procedure, Na-
tional Semiconductor is making available computer design
software to be used with the Simple Switcher line ot switching
regulators. Switchers Made Simple (version 4.3 or later) is
available on a 31⁄2" diskette for IBM compatible computers.
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LM2596 Series Buck Regulator Design Procedure (Adjustable Output)


LM2596 Series Buck Regulator Design Procedure


INDUCTOR VALUE SELECTION GUIDES (For Continuous Mode Operation)


Output
Voltage


(V)


Through Hole Output Capacitor Surface Mount Output Capacitor


Panasonic Nichicon PL Feedforward AVX TPS Sprague Feedforward


HFQ Series Series Capacitor Series 595D Series Capacitor


(µF/V) (µF/V) (µF/V) (µF/V)


2 820/35 820/35 33 nF 330/6.3 470/4 33 nF


4 560/35 470/35 10 nF 330/6.3 390/6.3 10 nF


6 470/25 470/25 3.3 nF 220/10 330/10 3.3 nF


9 330/25 330/25 1.5 nF 100/16 180/16 1.5 nF


1 2 330/25 330/25 1 nF 100/16 180/16 1 nF


1 5 220/35 220/35 680 pF 68/20 120/20 680 pF


2 4 220/35 150/35 560 pF 33/25 33/25 220 pF


2 8 100/50 100/50 390 pF 10/35 15/50 220 pF


FIGURE 3. Output Capacitor and Feedforward Capacitor Selection Table


01258324


FIGURE 4. LM2596-3.3


01258325


FIGURE 5. LM2596-5.0


01258326


FIGURE 6. LM2596-12


01258327


FIGURE 7. LM2596-ADJ
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LM2596 Series Buck Regulator Design Procedure (Continued)


Inductance
(µH)


Current
(A)


Schott Renco Pulse Engineering Coilcraft


Through Surface Through Surface Through Surface Surface


Hole Mount Hole Mount Hole Mount Mount


L15 22 0.99 67148350 67148460 RL-1284-22-43 RL1500-22 PE-53815 PE-53815-S DO3308-223


L21 68 0.99 67144070 67144450 RL-5471-5 RL1500-68 PE-53821 PE-53821-S DO3316-683


L22 47 1.17 67144080 67144460 RL-5471-6 — PE-53822 PE-53822-S DO3316-473


L23 33 1.40 67144090 67144470 RL-5471-7 — PE-53823 PE-53823-S DO3316-333


L24 22 1.70 67148370 67148480 RL-1283-22-43 — PE-53824 PE-53825-S DO3316-223


L25 15 2.10 67148380 67148490 RL-1283-15-43 — PE-53825 PE-53824-S DO3316-153


L26 330 0.80 67144100 67144480 RL-5471-1 — PE-53826 PE-53826-S DO5022P-334


L27 220 1.00 67144110 67144490 RL-5471-2 — PE-53827 PE-53827-S DO5022P-224


L28 150 1.20 67144120 67144500 RL-5471-3 — PE-53828 PE-53828-S DO5022P-154


L29 100 1.47 67144130 67144510 RL-5471-4 — PE-53829 PE-53829-S DO5022P-104


L30 68 1.78 67144140 67144520 RL-5471-5 — PE-53830 PE-53830-S DO5022P-683


L31 47 2.20 67144150 67144530 RL-5471-6 — PE-53831 PE-53831-S DO5022P-473


L32 33 2.50 67144160 67144540 RL-5471-7 — PE-53932 PE-53932-S DO5022P-333


L33 22 3.10 67148390 67148500 RL-1283-22-43 — PE-53933 PE-53933-S DO5022P-223


L34 15 3.40 67148400 67148790 RL-1283-15-43 — PE-53934 PE-53934-S DO5022P-153


L35 220 1.70 67144170 — RL-5473-1 — PE-53935 PE-53935-S —


L36 150 2.10 67144180 — RL-5473-4 — PE-54036 PE-54036-S —


L37 100 2.50 67144190 — RL-5472-1 — PE-54037 PE-54037-S —


L38 68 3.10 67144200 — RL-5472-2 — PE-54038 PE-54038-S —


L39 47 3.50 67144210 — RL-5472-3 — PE-54039 PE-54039-S —


L40 33 3.50 67144220 67148290 RL-5472-4 — PE-54040 PE-54040-S —


L41 22 3.50 67144230 67148300 RL-5472-5 — PE-54041 PE-54041-S —


L42 150 2.70 67148410 — RL-5473-4 — PE-54042 PE-54042-S —


L43 100 3.40 67144240 — RL-5473-2 — PE-54043 —


L44 68 3.40 67144250 — RL-5473-3 — PE-54044 —


FIGURE 8. Inductor Manufacturers Part Numbers


Coilcraft Inc. Phone (800) 322-2645


FAX (708) 639-1469


Coilcraft Inc., Europe Phone +11 1236 730 595


FAX +44 1236 730 627


Pulse Engineering Inc. Phone (619) 674-8100


FAX (619) 674-8262


Pulse Engineering Inc., Phone +353 93 24 107


Europe FAX +353 93 24 459


Renco Electronics Inc. Phone (800) 645-5828


FAX (516) 586-5562


Schott Corp. Phone (612) 475-1173


FAX (612) 475-1786


FIGURE 9. Inductor Manufacturers Phone Numbers
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LM2596 Series Buck Regulator Design Procedure (Continued)


Nichicon Corp. Phone (708) 843-7500


FAX (708) 843-2798


Panasonic Phone (714) 373-7857


FAX (714) 373-7102


AVX Corp. Phone (803) 448-9411


FAX (803) 448-1943


Sprague/Vishay Phone (207) 324-4140


FAX (207) 324-7223


FIGURE 10. Capacitor Manufacturers Phone Numbers


VR 3A Diodes 4A–6A Diodes


Surface Mount Through Hole Surface Mount Through Hole


Schottky Ultra Fast Schottky Ultra Fast Schottky Ultra Fast Schottky Ultra Fast


Recovery Recovery Recovery Recovery


20V All of
these
diodes


are
rated to
at least


50V.


1N5820 All of
these
diodes


are
rated to
at least


50V.


All of
these
diodes


are
rated to
at least


50V.


SR502 All of
these
diodes


are
rated to
at least


50V.


SK32 SR302 1N5823


MBR320 SB520


30V 30WQ03 1N5821


SK33 MBR330 50WQ03 SR503


31DQ03 1N5824


1N5822 SB530


40V SK34 SR304 50WQ04 SR504


MBRS340 MBR340 1N5825


30WQ04 MURS320 31DQ04 MUR320 MURS620 SB540 MUR620


50V SK35 30WF10 SR305 50WF10 HER601


or MBRS360 MBR350 50WQ05 SB550


More 30WQ05 31DQ05 50SQ080


FIGURE 11. Diode Selection Table
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1 of 48 REV: 111003


Note: Some revisions of this device may incorporate deviations from published specifications known as errata. Multiple revisions of any device 
may be simultaneously available through various sales channels. For information about device errata, click here: www.maxim-ic.com/errata.


GENERAL DESCRIPTION 
The DS89C430, DS89C440, and DS89C450 offer the 
highest performance available in 8051-compatible 
microcontrollers. They feature newly designed 
processor cores that execute instructions up to 12 
times faster than the original 8051 at the same 
crystal speed. Typical applications will experience a 
speed improvement up to 10x. At 1 million 
instructions per second (MIPS) per megahertz, the 
microcontrollers achieve 33 MIPS performance from 
a maximum 33MHz clock rate. 


The Ultra-High-Speed Flash Microcontroller User’s Guide should 
be used in conjunction with this data sheet. Download it at  
www.maxim-ic.com/microcontrollers.


APPLICATIONS 
Data Logging Vending 


Automotive Test Equipment Motor Control 


Magstripe Reader/Scanner Consumer Electronics 


Gaming Equipment Telephones 


HVAC Programmable Logic 
Controllers Uninterruptible Power   


Supplies Building Security and 
Door Access Control Building Energy Control and 


Management Industrial Control and 
Automation White Goods (Washers, 


Microwaves, etc.) 


ORDERING INFORMATION


PART 
FLASH 


MEMORY SIZE 
PIN-PACKAGE 


DS89C430-MNL 16kB x 8 40 PDIP 


DS89C430-QNL 16kB x 8 44 PLCC 


DS89C430-ENL 16kB x 8 44 TQFP 


DS89C440-MNL 32kB x 8 40 PDIP 


DS89C440-QNL 32kB x 8 44 PLCC 


DS89C440-ENL 32kB x 8 44 TQFP 


DS89C450-MNL 64kB x 8 40 PDIP 


DS89C450-QNL 64kB x 8 44 PLCC 


DS89C450-ENL 64kB x 8 44 TQFP 


Complete Selector Guide appears at end of data sheet. 
Pin Configurations appear at end of data sheet.


FEATURES 
�� High-Speed 8051 Architecture 


One Clock-Per-Machine Cycle 
DC to 33MHz Operation 
Single Cycle Instruction in 30ns 
Optional Variable Length MOVX to Access 


Fast/Slow Peripherals 
Dual Data Pointers with Automatic 


Increment/Decrement and Toggle Select 
Supports Four Paged Memory-Access Modes


�� On-Chip Memory 
16kB/32kB/64kB Flash Memory 
In-Application Programmable 
In-System Programmable Through Serial Port 
1kB SRAM for MOVX 


�� 80C52 Compatible 
8051 Pin and Instruction Set Compatible 
Four Bidirectional, 8-Bit I/O Ports 
Three 16-Bit Timer Counters
256 Bytes Scratchpad RAM 


�� Power-Management Mode 
Programmable Clock Divider 
Automatic Hardware and Software Exit 


�� ROMSIZE Feature 
Selects Internal Program Memory Size from  


0 to 64kB 
Allows Access to Entire External Memory Map 
Dynamically Adjustable by Software 


�� Peripheral Features 
Two Full-Duplex Serial Ports 
Programmable Watchdog Timer 
13 Interrupt Sources (Six External) 
Five Levels of Interrupt Priority 
Power-Fail Reset 
Early Warning Power-Fail Interrupt 
Electromagnetic Interference (EMI) Reduction 


DS89C430/DS89C440/DS89C450
Ultra-High-Speed Flash Microcontrollers


www.maxim-ic.com 
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ABSOLUTE MAXIMUM RATINGS 


Voltage Range on Any Pin Relative to Ground -0.3V to (VCC + 0.5V) 
Voltage Range on VCC Relative to Ground -0.3V to +6.0V 
Ambient Temperature Range (under bias) -40°C to +85°C 
Storage Temperature Range -55°C to +125°C 
Soldering Temperature See IPC/JEDEC J-STD-020A
 
Stresses beyond those listed under �Absolute Maximum Ratings� may cause permanent damage to the device. These are stress ratings only, 
and functional operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is 
not implied. Exposure to the absolute maximum rating conditions for extended periods may affect device reliability. 
 


DC ELECTRICAL CHARACTERISTICS 


(VCC = 4.5V to 5.5V, TO = -40°C to +85°C.) (Note 1) 


PARAMETER SYMBOL MIN TYP MAX UNITS 


Supply Voltage (Notes 2, 3) VCC 4.5 5.0 5.5 V 


Power-Fail Warning (Notes 2, 4) VPFW 4.2 4.375 4.6 V 


Reset Trip Point (Min Operating Voltage) (Notes 2, 3, 4) VRST 3.95 4.125 4.35 V 


Supply Current, Active Mode (Note 5) ICC  75 110 �A 


Supply Current, Idle Mode at 33MHz (Note 6) IIDLE  40 50 �A 


Supply Current, Stop Mode, Bandgap Disabled (Note 7) ISTOP  1 100 �A 


Supply Current, Stop Mode, Bandgap Enabled (Note 7) ISPBG  150 300 �A 


Input Low Level (Note 2) VIL -0.3  +0.8 V 


Input High Level (Note 2) VIH 2.0  VCC + 0.3 V 


Input High Level XTAL and RST (Note 2) VIH2 3.5  VCC + 0.3 V 


Output Low Voltage, Port 1 and 3 at IOL = 1.6mA (Note 2) VOL1  0.15 0.45 V 


Output Low Voltage, Port 0 and 2, ALE, PSEN at IOL = 3.2mA 


(Note 2) 
VOL2  0.15 0.45 V 


Output High Voltage, Port 1, 2, and 3, at IOH = -50�A 


(Notes 2, 8) 
VOH1 2.4   V 


Output High Voltage, Port 1, 2, and 3 at IOH = -1.5mA (Notes 2, 9) VOH2 2.4   V 


Output High Voltage, Port 0, 1, 2, ALE, PSEN, RD, WR in Bus 


Mode at IOH = -8mA (Notes 2, 10)  
VOH3 2.4   V 


Output High Voltage, RST at IOL = -0.4mA (Note 2, 11) VOH4 2.4   V 


Input Low Current, Port 1, 2, and 3 at 0.4V IIL -50   �A 


Transition Current from 1 to 0, Port 1, 2, and 3 at 2V (Note 12) ITL -650   �A 


Input Leakage Current, Port 0 in I/O Mode and EA (Note 13) IL -10  +10 �A 


Input Current, Port 0 in Bus Mode (Note 14) IL -300  +300 �A 


RST Pulldown Resistance (Note 13) RRST 50 120 200 k� 
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PIN DESCRIPTION 


PIN 


PDIP PLCC TQFP 
NAME FUNCTION 


40 12, 44 6, 38 VCC +5V 


20 
1, 22, 23, 


34 
16, 17, 28, 


39 
GND Logic Ground 


9 10 4 RST 


External Reset. The RST input pin is bidirectional and contains a Schmitt Trigger to 
recognize external active-high reset inputs. The pin also employs an internal pulldown 
resistor to allow for a combination of wire-ORed external reset sources. An RC is not 
required for power-up, as the device provides this function internally. 


19 21 15 XTAL1 


18 20 14 XTAL2 


Crystal Oscillators. These pins provide support for fundamental-mode parallel-resonant 
AT-cut crystals. XTAL1 also acts as an input if there is an external clock source in place of 
a crystal. XTAL2 serves as the output of the crystal amplifier. 


29 32 26 PSEN 


Program Store Enable. This signal is commonly connected to optional external program 


memory as a chip enable. PSEN provides an active-low pulse and is driven high when 


external program memory is not being accessed. In one-cycle page mode 1, PSEN 
remains low for consecutive page hits.  


30 33 27 ALE/PROG 


Address Latch Enable. This signal functions as a clock to latch the external address LSB 
from the multiplexed address/data bus on Port 0. This signal is commonly connected to the 
latch enable of an external 373-family transparent latch. In default mode, ALE has a pulse 
width of 1.5 XTAL1 cycles and a period of four XTAL1 cycles. In page mode, the ALE 
pulse width is altered according to the page mode selection. In traditional 8051 mode, ALE 
is high when using the EMI reduction mode and during a reset condition. ALE can be 
enabled by writing ALEON = 1 (PMR.2). Note that ALE operates independently of ALEON 


during external memory accesses. As an alternate mode, this pin (PROG) is used to 
execute the parallel program function. 


39 43 37 P0.0 (AD0) 


38 42 36 P0.1 (AD1) 


37 41 35 P0.2 (AD2) 


36 40 34 P0.3 (AD3) 


35 39 33 P0.4 (AD4) 


34 38 32 P0.5 (AD5) 


33 37 31 P0.6 (AD6) 


32 36 30 P0.7 (AD7) 


Port 0 (AD0�AD7), I/O. Port 0 is an open-drain, 8-bit, bidirectional I/O port. As an 
alternate function, Port 0 can function as the multiplexed address/data bus to access off-
chip memory. During the time when ALE is high, the LSB of a memory address is 
presented. When ALE falls to logic 0, the port transitions to a bidirectional data bus. This 
bus is used to read external program memory and read/write external RAM or peripherals. 
When used as a memory bus, the port provides weak pullups for logic 1 outputs. The reset 
condition of port 0 is tri-state. Pullup resistors are required only when using port 0 as an 
I/O port. 
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PIN DESCRIPTION (continued) 


PIN 


PDIP PLCC TQFP 
NAME FUNCTION 


1 2 40 P1.0 


2 3 41 P1.1 


3 4 42 P1.2 


4 5 43 P1.3 


5 6 44 P1.4 


6 7 1 P1.5 


7 8 2 P1.6 


8 9 3 P1.7 


Port 1, I/O. Port 1 functions as both an 8-bit, bidirectional I/O port and an alternate 
functional interface for timer 2 I/O, new external interrupts, and new serial port 1. The 
reset condition of port 1 is with all bits at logic 1. In this state, a weak pullup holds the port 
high. This condition also serves as an input state, since any external circuit that writes to 
the port overcomes the weak pullup. When software writes a 0 to any port pin, the 
DS89C430/DS89C440/DS89C450 activate a strong pulldown that remains on until either 
a 1 is written or a reset occurs. Writing a 1 after the port has been at 0 causes a strong 
transition driver to turn on, followed by a weaker sustaining pullup. Once the momentary 
strong driver turns off, the port again becomes the output high (and input) state. The 
alternate functions of port 1 are as follows: 


PORT ALTERNATE FUNCTION 


P1.0 T2 External I/O for Timer/Counter2 


P1.1 T2EX Timer 2 Capture/Reload Trigger 


P1.2 RXD1 Serial Port 1 Receive  


P1.3 TXD1 Serial Port 1 Transmit  


P1.4 INT2 External Interrupt 2 (Positive Edge Detect) 


P1.5 INT3 External Interrupt 3 (Negative Edge Detect) 


P1.6 INT4 External Interrupt 4 (Positive Edge Detect) 


 P1.7 INT5 External Interrupt 5 (Negative Edge Detect) 


21 24 18 P2.0 (A8) 


22 25 19 P2.1 (A9) 


23 26 20 P2.2(A10) 


24 27 21 P2.3(A11) 


25 28 22 P2.4(A12) 


26 29 23 P2.5(A13) 


27 30 24 P2.6(A14) 


28 31 25 P2.7(A15) 


Port 2 (A8�A15), I/O. Port 2 is an 8-bit, bidirectional I/O port. The reset condition of port 2 
is logic high. In this state, a weak pullup holds the port high. This condition also serves as 
an input mode, since any external circuit that writes to the port overcomes the weak 
pullup. When software writes a 0 to any port pin, the DS89C430/DS89C440/DS89C450 
activate a strong pulldown that remains on until either a 1 is written or a reset occurs. 
Writing a 1 after the port has been at 0 causes a strong transition driver to turn on, 
followed by a weaker sustaining pullup. Once the momentary strong driver turns off, the 
port again becomes both the output high and input state. As an alternate function, port 2 
can function as the MSB of the external address bus when reading external program 
memory and read/write external RAM or peripherals. In page mode 1, port 2 provides both 
the MSB and LSB of the external address bus. In page mode 2, it provides the MSB and 
data. 


10 11 5 P3.0 


11 13 7 P3.1 


12 14 8 P3.2 


13 15 9 P3.3 


14 16 10 P3.4 


15 17 11 P3.5 


16 18 12 P3.6 


17 19 13 P3.7 


Port 3, I/O. Port 3 functions as both an 8-bit, bidirectional I/O port and an alternate 


functional interface for external interrupts, serial port 0, timer 0 and 1 inputs, and RD and 


WR strobes. The reset condition of port 3 is with all bits at a logic 1. In this state, a weak 
pullup holds the port high. This condition also serves as an input mode, since any external 
circuit that writes to the port overcomes the weak pullup. When software writes a 0 to any 
port pin, the DS89C430/DS89C440/DS89C450 activate a strong pulldown that remains on 
until either a 1 is written or a reset occurs. Writing a 1 after the port has been at 0 causes 
a strong transition driver to turn on, followed by a weaker sustaining pullup. Once the 
momentary strong driver turns off, the port again becomes both the output high and input 
state. The alternate modes of port 3 are as follows: 


PORT ALTERNATE FUNCTION 


P3.0 RXD0 Serial Port 0 Receive  


P3.1 TXD0 Serial Port 0 Transmit  


P3.2 INT0 External Interrupt 0 


P3.3 INT1 External Interrupt 1 


P3.4 T0 Timer 0 External Input 


P3.5 T1 Timer 1 External Input 


P3.6 WR External Data Memory Write Strobe 


P3.7 RD         External Data Memory Read Strobe 


31 35 29 EA 


External Access. Allows selection of internal or external program memory. Connect to 
ground to force the DS89C430/DS89C440/DS89C450 to use an external memory program 
memory. The internal RAM is still accessible as determined by register settings. Connect 
to VCC to use internal flash memory. 
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PIN CONFIGURATIONS 


REVISION HISTORY 


DATE DESCRIPTION 


111003 New product release. 


6 1 40


18 28 


7 39


17 29


DS89C430 


DS89C440 


DS89C450 


PLCC


33 23


1 1


34 22


44 12


DS89C430 


DS89C440 


DS89C450 


TQFP 


TOP VIEW 


ALE/PROG


P1.0/T2
P1.1/T2EX


P1.2/RXD1
P1.3/TXD1
P1.4/INT2


P1.5/INT3
P1.6/INT4


P1.7/INT5
RST


P3.0/RXD0


P3.1/TXD0
P3.2/INT0


P3.3/INT1
P3.4/T0
P3.5/T1


P3.6/WR
P3.7/RD


XTAL2
XTAL1


VSS


VCC 
P0.0 


P0.1 
P0.2 
P0.3 


P0.4 
P0.5 


P0.6 
P0.7 
EA/VPP 


PSEN 


P2.7 
P2.6 
P2.5 


P2.4 
P2.3 


P2.2 
P2.1 
P2.0 


40
39


38
37
36


35
34


33
32
31
30


29


28
27
26


25
24


23
22
21


1
2


3
4
5


6
7


8
9


10


11
12


13
14
15


16


18
19
20


DS89C430 


DS89C440 


DS89C450


PDIP 
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Placa de potencia 5 Vcc (Top) 
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■ Absolute Maximum Ratings


■ Outline Dimensions (Unit : mm)


General Purpose Type Distance 
Measuring Sensors


1. TVs


2. Personal computers


3. Cars


4. Copiers


■ Features


■ Applications


1. Less influence on the color of reflective objects, reflectivity


2. Line-up of distance output/distance judgement type 


Distance output type (analog voltage) : GP2D12


Detecting distance : 10 to 80cm


Distance judgement type : GP2D15


Judgement distance : 24cm


 (Adjustable within the range of 10 to 80cm)


3. External control circuit is unnecessary


4. Low cost


Parameter Symbol Rating Unit


VCC −0.3 to +7 V


VO −0.3 to Vcc +0.3 V


°C
Topr −10 to +60


−40 to +70
°C


Tstg


Supply voltage


Output terminal voltage
Operating temperature
Storage temperature


(Ta=25°C, Vcc=5V)


R3.75


R3.75
3.75


10.1
14.75


16.34.157.5


φ3.2 hole


φ3.2 hole


6.3
2


8.
4


7.
2


13


2-
1.


5
13


.5


18
.9


+0
.5


−0
.3


37
29.5


★20±0.1★4.5


Light detector side


PWB


Lens case


1.2
3.3


Connector
Made by
J.S.T. MFG,
CO., LTD.
S3B-PH


Light emitter side


1


1 3


2


3


VO
GND
VCC


❈ The dimensions marked ★ are 
described the dimensions of 
lens center position.


❈ Unspecified tolerance : ±0.3mm


Terminal connection


Notice In the absence of confirmation by device specification sheets, SHARP takes no responsibility for any defects that may occur in equipment using any SHARP 
devices shown in catalogs, data books, etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device.


Internet Internet address for Electronic Components Group http://www.sharp.co.jp/ecg/
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Fig.1 Internal Block Diagram Fig.2 Internal Block Diagram


■ Electro-optical Characteristics
Parameter Symbol Conditions MIN. TYP. MAX. Unit


Distance measuring range


Output terminal voltage


Difference of output voltage


∆L
0.4


−
−


2.0


33


Vcc −0.3


−


−


10


0.25
− cm


mA


Distance characteristics of output


VO


VOH


∆VO


VOL


VO


ICC


L=80cm


Output voltage at High


Output voltage at Low


Output change at L=80cm to 10cm


L=80cm


0.55


−
0.6


80


V


V


Average Dissipation current


1.75 2.25


2421 27


50


V


V


cm


(Ta=25°C, VCC=5V)


GP2D12


GP2D15


GP2D12
GP2D15


*1 Using reflective object : White paper  (Made by Kodak Co. Ltd. gray cards R-27 ⋅ white face, reflective ratio ; 90%).
*2 We ship the device after the following adjustment : Output switching distance L=24cm±3cm must be measured by the sensor.
*3 Distance measuring range of the optical sensor system.
*4 Output switching has a hysteresis width. The distance specified by Vo should be the one with which the output L switches to the output H.


*1 *3


*1


*1


*1


*1


*4*2*1


*1


Note)  L : Distance to reflective object.
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Fig.3 Timing Chart


5.0msMAX.(GP2D12)


7.6ms±1.9msTYP.(GP2D15)


38.3ms±9.6ms


VO (Output)


Distance 
measuring 
operation


First measurment Second 
measurment


nth 
measurment


Unstable output First output Second output nth output


VCC 
(Power supply)


■ Recommended Operating Conditions


Parameter Symbol Rating Unit


VCC 4.5 to +5.5 VOperating supply voltage
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Fig.5 Analog Output Voltage vs. Surface 
Illuminance of Reflective Object


Fig.4 Distance Characteristics


Fig.6 Analog Output Voltage vs.Distance to 
Reflective Object
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Fig.7 Analog Output Voltage vs.Ambient 
Temperature


Fig.8 Analog Output Voltage vs.Detection 
Distance
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Application Circuits


NOTICE
●The circuit application examples in this publication are provided to explain representative applications of


SHARP devices and are not intended to guarantee any circuit design or license any intellectual property
rights.  SHARP takes no responsibility for any problems related to any intellectual property right of a
third party resulting from the use of SHARP's devices.


●Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device.
SHARP reserves the right to make changes in the specifications, characteristics, data, materials,
structure, and other contents described herein at any time without notice in order to improve design or
reliability.  Manufacturing locations are also subject to change without notice.


●Observe the following points when using any devices in this publication. SHARP takes no responsibility
for damage caused by improper use of the devices which does not meet the conditions and absolute
maximum ratings to be used specified in the relevant specification sheet nor meet the following
conditions:


(i) The devices in this publication are designed for use in general electronic equipment designs such as:
--- Personal computers
--- Office automation equipment
--- Telecommunication equipment [terminal]
--- Test and measurement equipment
--- Industrial control
--- Audio visual equipment
--- Consumer electronics
(ii)Measures such as fail-safe function and redundant design should be taken to ensure reliability and
safety when SHARP devices are used for or in connection with equipment that requires higher
reliability such as:


--- Transportation control and safety equipment (i.e., aircraft, trains, automobiles, etc.)
--- Traffic signals
--- Gas leakage sensor breakers
--- Alarm equipment
--- Various safety devices, etc.
(iii)SHARP devices shall not be used for or in connection with equipment that requires an extremely
high level of reliability and safety such as:


--- Space applications
--- Telecommunication equipment [trunk lines]
--- Nuclear power control equipment
--- Medical and other life support equipment (e.g., scuba).


●Contact a SHARP representative in advance when intending to use SHARP devices for any "specific"
applications other than those recommended by SHARP or when it is unclear which category mentioned
above controls the intended use.


●If the SHARP devices listed in this publication fall within the scope of strategic products described in the
Foreign Exchange and Foreign Trade Control Law of Japan, it is necessary to obtain approval to export
such SHARP devices.


●This publication is the proprietary product of SHARP and is copyrighted, with all rights reserved. Under
the copyright laws, no part of this publication may be reproduced or transmitted in any form or by any
means, electronic or mechanical, for any purpose, in whole or in part, without the express written
permission of SHARP.  Express  written permission is also required before any use of this publication
may be made by a third party.


●Contact and consult with a SHARP representative if there are any questions about the contents of this
publication.
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Subminiature Basic Switch SS
Subminiature Basic Switch Offers Long
Life of 30,000,000 Operations


A design that combines simplicity and stability by
the use of two split springs ensures a long service
life of 30,000,000 operations.


A variety of models are available, with operating
force ranging from low to high.


Solder, quick-connect terminals (#110) and PCB
terminals are available.


Approval obtained for standards including UL,
CSA, and VDE.


����


Ordering Information
 Model Number Legend


SS-�����


1 2 3 4 5


1. Ratings
10: 10.1 A at 125 VAC


5: 5 A at 125 VAC


01: 0.1 A at 30 VDC


2. Actuator
None: Pin plunger


GL: Hinge lever


GL13: Simulated roller lever


GL2: Hinge roller lever


3. Maximum Operating Force (see note 1)
None: 1.47 N {150 gf}


-F: 0.49 N {50 gf} (0.1 A, 5 A)


-E: 0.25 N {25 gf} (0.1 A)


4. Contact Form
None: SPDT


-2: SPST-NC


-3: SPST-NO


5. Terminals
None: Solder terminals


T: Quick-connect terminals (#110)


D: PCB terminals (see note 2)


Note: 1. These values are for the pin plunger models.


2. The PCB terminals has a right-angle terminal option.
D1: Left-angled terminals
D2: Right-angled terminals


3. When suffix “-T” is placed after the model number, the
model withstands high temperatures (–25°C to 120°C).


 Contact Form


SPDT SPST-NC SPST-NO
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 List of Models
Rating Actuator OF max. Solder  terminals Quick-connect


terminals (#110)
PCB terminals


0.1 A Pin plunger 0.25 N {25 gf} SS-01-E SS-01-ET SS-01-EDp g


0.49 N {50 gf} SS-01-F SS-01-FT SS-01-FD


1.47 N {150 gf} SS-01 SS-01T SS-01D


Hinge lever 0.08 N {8 gf} SS-01GL-E SS-01GL-ET SS-01GL-EDg


0.16 N {16 gf} SS-01GL-F SS-01GL-FT SS-01GL-FD


0.49 N {50 gf} SS-01GL SS-01GLT SS-01GLD


Simulated roller lever 0.08 N {8 gf} SS-01GL13-E SS-01GL13-ET SS-01GL13-ED


0.16 N {16 gf} SS-01GL13-F SS-01GL13-FT SS-01GL13-FD


0.49 N {50 gf} SS-01GL13 SS-01GL13T SS-01GL13D


Hinge roller lever 0.08 N {8 gf} SS-01GL2-E SS-01GL2-ET SS-01GL2-EDg


0.16 N {16 gf} SS-01GL2-F SS-01GL2-FT SS-01GL2-FD


0.49 N {50 gf} SS-01GL2 SS-01GL2T SS-01GL2D


5 A Pin plunger 0.49 N {50 gf} SS-5-F SS-5-FT SS-5-FDp g


1.47 N {150 gf} SS-5 SS-5T SS-5D


Hinge lever 0.16 N {16 gf} SS-5GL-F SS-5GL-FT SS-5GL-FDg


0.49 N {50 gf} SS-5GL SS-5GLT SS-5GLD


Simulated roller lever 0.16 N {16 gf} SS-5GL13-F SS-5GL13-FT SS-5GL13-FD


0.49 N {50 gf} SS-5GL13 SS-5GL13T SS-5GL13D


Hinge roller lever 0.16 N {16 gf} SS-5GL2-F SS-5GL2-FT SS-5GL2-FD


0.49 N {50 gf} SS-5GL2 SS-5GL2T SS-5GL2D


10.1 A Pin plunger 1.47 N {150 gf} SS-10 SS-10T SS-10D


Hinge lever 0.49 N {50 gf} SS-10GL SS-10GLT SS-10GLD


Simulated roller lever 0.49 N {50 gf} SS-10GL13 SS-10GL13T SS-10GL13D


Hinge roller lever 0.49 N {50 gf} SS-10GL2 SS-10GL2T SS-10GL2D


Note: Consult your OMRON sales representative for details on SPST-NO and SPST-NC models.
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Specifications
 Ratings


Item Resistive load


Model Rated voltage


SS-10 250 VAC 10.1 A


SS-5 125 VAC
250 VAC


5 A
3 A


SS-01 125 VAC 0.1 A


30 VDC 0.1 A


Note: The ratings values apply under the following test conditions: 
Ambient temperature: 20±2°C
Ambient humidity: 65±5%
Operating frequency: 30 operations/min


 Switching Capacity per Load (Reference Values)
Voltage SS-10, SS-5 SS-01


Non-inductive load Inductive load Non-inductive load


Resistive load Lamp load Inductive load Motor load Resistive load


NC NO NC NO NC NO NC NO NC NO


125 VAC 5 (10.1) A 
(see note 1)


1.5 A 0.7 A 3 A 2.5 A 1.3 A 0.1 A


250 VAC


( )


3 (10.1) A 
(see note 1)


1 A 0.5 A 2 A 1.5 A 0.8 A ---


8 VDC 5 (10.1) A 
(see note 1)


2 A 5 A 4 A 3 A 0.1 A


14 VDC 5 (10.1) A 
(see note 1)


2 A 4 A 4 A 3 A 0.1 A


30 VDC 4 A 2 A 3 A 3 A 3 A 0.1 A


125 VDC 0.4 A 0.05 A 0.4 A 0.4 A 0.05 A ---


250 VDC 0.2 A 0.03 A 0.2 A 0.2 A 0.03 A ---


Note: 1. Data in parentheses apply to the SS-10 models only.


2. The above values are for the steady-state current.


3. Inductive load has a power factor of 0.4 min. (AC) and a time constant of 7 ms max. (DC).  The inductive load rating of SS-10 is the
same as that of SS-5.


4. Lamp load has an inrush current of 10 times the steady-state current.


5. Motor load has an inrush current of 6 times the steady-state current.


6. If the Switch is used in a DC circuit and is subjected to a surge, connect a surge suppressor across the Switch.
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 Characteristics
Operating speed 0.1 mm to 1 m/s (pin plunger models)


Operating frequency Mechanical: 400 operations/min max.
Electrical: 30 operations/min max.


Insulation resistance 100 MΩ min. (at 500 VDC)


Contact resistance
(initial value)


OF 1.47 N {150 gf}: SS-10, SS-5 models: 30 mΩ max.
SS-01 models: 50 mΩ max.


OF 0.49 N {50 gf}: SS-5 models: 50 mΩ max.
SS-01 models: 100 mΩ max.


OF 0.25 N {25 gf}: SS-01 models: 150 mΩ max.


Dielectric strength 
(see note 2)


1,000 VAC (600 VAC for SS-01 models), 50/60 Hz for 1 min between terminals of the same polarities
1,500 VAC, 50/60 Hz for 1 min between current-carrying metal part and ground, and between each
terminal and non-current-carrying metal part


Vibration resistance
 (see note 3)


Malfunction: 10 to 55 Hz, 1.5-mm double amplitude


Shock resistance
(see note 4)


Destruction: OF 1.47 N {150 gf}: 1,000 m/s2 {approx. 100G} max.
OF 0.25 N {25gf}/0.49 N {50 gf}: 500 m/s2 {approx. 50G} max.


Malfunction: OF 1.47 N {150 gf}: 300 m/s2 {approx. 30G} max.
OF 0.25 N {25 gf}/0.49 N {50 gf}: 200 m/s2 {approx. 20G} max.


Durability (see note 5) Mechanical: 30,000,000 operations min. (60 operations/min) (Refer to the following Engineering Data.)
10,000,000 operations min. (60 operations/min) for SS-10 models


Electrical: 200,000 operations min. (30 operations/min) (Refer to the following Engineering Data.)
50,000 operations min. (30 operations/min) for SS-10 models


Degree of protection IEC IP40


Degree of protection
against electrical shock


Class 1


Proof Tracking Index (PTI) 175


Ambient operating
temperature


–25°C to 85°C (at ambient humidity of 60% max.) (with no icing)


Ambient operating
humidity


85% max. (for 5°C to 35°C)


Weight Approx. 1.6 g (pin plunger models)


Note: 1. The data given above are initial values.


2. The dielectric strength shown in the table indicates a value for models with a Separator.


3. For the pin plunger models, the above values apply for use at both the free position and total travel position. For the lever models,
they apply at the total travel position.


4. Lever-type models: Total travel position (with a contact separation time of 1 ms max.)


5. For testing conditions, contact your OMRON sales representative.


 Approved Standards
Consult your OMRON sales representative for specific models with
standard approvals.


UL1054 (File No. E41515)/CSA C22.2 No. 55 (File
No. LR21642)


Rated voltage SS-10 SS-5 SS-01


125 VAC
250 VAC


---
10.1 A


5 A
3 A


0.1 A
---


30 VDC --- --- 0.1 A


EN61058-1 (File No. 129246 for SS-5, 125256 for
SS-10, VDE approval)


Rated voltage SS-10 SS-5


250 VAC 10 A 5 A


EN61058-1 (File No. J9451450, TÜV Rheinland
approval)


Rated voltage SS-10 SS-5


250 VAC 10 A 5 A


Testing conditions: 5E4 (50,000 operations); T85 (0°C to 85°C).


 Contact Specifications
Item SS-10 SS-5 SS-01


Contact Specification Rivet Crossbar


Material Silver
alloy


Silver Gold alloy


Gap
(standard
value)


0.5 mm 0.25 mm


Inrush
t


NC 20 A max. 1 A max.
current NO 15 A max. 10 A max. 1 A max.


Minimum applicable
load (see note)


160 mA at 5 VDC 1 mA 
at 5 VDC


Note: For more information on the minimum applicable load, 
refer to Using Micro Loads on page 175.
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Engineering Data (Reference Values)
Mechanical Durability (Pin Plunger Models)
SS-5, SS-1, SS-01 Models


Electrical Durability (Pin Plunger Models)
SS-5 Models


Overtravel (mm) Switching current (A)


N
um


be
r 


of
 o


pe
ra


tio
ns


  (
x1


0 
 )3


N
um


be
r 


of
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pe
ra


tio
ns


  (
x1


0 
 )3


40,000


30,000


20,000


10,000


5,000


0.1 0.2 0.3 0.4 0.5 0.6 0.7


Ambient temperature: 20±2°C
Ambient humidity: 65±5%
Without load
Operating frequency: 60 operations/min


5,000


3,000


1,000


500


300


100


50


30


10
0 1 2 3 4 5 6 7


125 VAC


250 VAC


Ambient temperature: 20±2°C
Ambient humidity: 65±5%
Operating frequency: 30 operations/min
cosφ = 1


Dimensions
Note: All units are in millimeters unless otherwise indicated.


 Terminals
Terminal plate thickness is 0.5 mm for all models.


Solder Terminals Quick-connect Terminals (#110) PCB Terminals


Three, 1.6-dia. holes


Three, 1.2 dia. t = 0.5


COM
terminal
(C)


NO terminal
NC terminal


COM terminal (C)


NO terminal
NC terminal


COM
terminal
(C)


NO terminal
NC terminal


2.9


1.6
8.8 7.3


9.5±0.1


19.8


3.3 0.6
7.0


0.5
1.2


3.2


2.9


1.6
8.8 7.3


9.5±0.1


19.8


6.4


3.2


6.4


2.9


1.6
8.8 7.3


9.5±0.1
19.8


10.6


2.8


3.2


7.1


PCB Mounting Dimensions (Reference)


Three, 1.35 to 1.5 dia.


8.8+0.15
–0.05


(1.6)


16.1±0.1


 Mounting Holes
Two, 2.4-dia. mounting holes or
M2.3 screw holes


9.5 ± 0.1







SS SS


173


 Dimensions and Operating Characteristics
Note: 1. All units are in millimeters unless otherwise indicated.


2. The following illustration and drawing are for solder terminal models. Refer to page 172 for details on models with quick-connect
terminals (#110) or PCB terminals.


3. Unless otherwise specified, a tolerance of ±0.4 mm applies to all dimensions.


4. The operating characteristics are for operation in the A direction ( ).


Pin Plunger Models
SS-01(-E, -F)
SS-5(-F)
SS-10


2.35+0.075
–0.05 dia. holes


2.35+0.075
–0.05


Three, 1.6 dia.


10.29.5


7.5


2


PT


OP


6.4
2.9 2.5


1.6
8.8 7.3


5.1
19.8


2.5±0.07 dia.


3.2


6.4


3.2
6.4


9.5±0.1


A


Model SS-01-E SS-01-F
SS-5-F


SS-01
SS-5


SS-10


OF max. 0.25 N {25 gf} 0.49 N {50 gf} 1.47 N {150 gf} 1.47 N {150 gf}


RF min.


{ g }


0.02 N {2 gf}


{ g }


0.04 N {4 gf}


{ g }


0.25 N {25 gf}


{ g }


0.25 N {25 gf}


PT max. 0.5 mm 0.5 mm 0.5 mm 0.6 mm


OT min. 0.5 mm 0.5 mm 0.5 mm 0.4 mm


MD max. 0.1 mm 0.1 mm 0.1 mm 0.12 mm


OP 8.4±0.5 mm


Hinge Lever Models
SS-01GL(-E, -F)
SS-5GL(-F)
SS-10GL


2.35+0.075
–0.05


Three, 1.6 dia.


t = 0.3 
(see note 1)


2.35+0.075
–0.05 dia. holes


6.4


3.2
6.4


3.614.5 (see note 2)


FPOP
10.29.5


2.5±0.07 dia.


2.52.9


8.8 7.3
5.1


Note: 1. Stainless-steel lever


2. Besides the SS-�GL models with a hinge lever length of 14.5, the SS-�GL11 models with a hinge lever length of 18.5, the
SS-�GL111 models with a hinge lever length of 22.6, and the SS-�GL1111 models with a hinge lever length of 37.8 are available.
Contact your OMRON representative for these models


19.8
9.5±0.1


1.6


A


Model SS-01GL-E SS-01GL-F
SS-5GL-F


SS-01GL
SS-5GL


SS-10GL


OF max.


RF i


0.08 N {8 gf}


0 01 N {1 f}


0.16 N {16 gf}


0 02 N {2 f}


0.49 N {50 gf}


0 06 N {6 f}


0.49 N {50 gf}


0 06 N {6 f}RF min. 0.01 N {1 gf} 
(reference value)


0.02 N {2 gf} 0.06 N {6 gf} 0.06 N {6 gf}


OT min. 1.2 mm 1.2 mm 1.2 mm 1.0 mm


MD max. 0.8 mm 0.8 mm 0.8 mm 1.0 mm


FP max. 13.6 mm


OP 8.8±0.8 mm


Note: The values indicated in parentheses are reference values for cases when the installation direction is such that the lever weight is not
applied to the plunger.
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Simulated Roller Lever Models
SS-01GL13(-E, -F)
SS-5GL13(-F)
SS-10GL13


2.35+0.075
–0.05


Three, 1.6 dia.2.35+0.075
–0.05 dia. holes


1.3Rt = 0.3 
(see note)


2.5±0.07 dia.


FPOP
10.29.5


6.4


3.2
6.4


3.6


8.8 7.3
5.1


15.8


2.52.9


Note: Stainless-steel spring lever


19.8
9.5±0.1


1.6


A


Model SS-01GL13-E SS-01GL13-F
SS-5GL13-F


SS-01GL13
SS-5GL13


SS-10GL13


OF max.


RF i


0.08 N {8 gf}


0 01 N {1 f}


0.16 N {16 gf}


0 02 N {2 f}


0.49 N {50 gf}


0 06 N {6 f}


0.49 N {50 gf}


0 06 N {6 f}RF min. 0.01 N {1 gf} 
(reference value)


0.02 N {2 gf} 0.06 N {6 gf} 0.06 N {6 gf}


OT min. 1.2 mm 1.2 mm 1.2 mm 1.0 mm


MD max. 0.8 mm 0.8 mm 0.8 mm 1.0 mm


FP max. 15.5 mm


OP 10.7±0.8 mm


Note: The values indicated in parentheses are reference values for cases when the installation direction is such that the lever weight is not
applied to the plunger.


Hinge Roller Lever Models
SS-01GL2(-E, -F)
SS-5GL2(-F)
SS-10GL2


Three, 1.6 dia.


2.35+0.075
–0.05 dia.


2.35+0.075
–0.05 dia. holes


4.8 dia. × 3.2
(see note 2)


Note: 1. Stainless-steel spring lever


2. Polyacetal resin roller


2.5±0.07 dia.


t = 0.3 
(see note 1)


2.52.9


14.5


FPOP


10.29.5


6.4


8.8 7.3
5.1


19.8


3.2
6.4


9.5±0.1


1.6


A


Model SS-01GL2-E SS-01GL2-F
SS-5GL2-F


SS-01GL2
SS-5GL2


SS-10GL2


OF max.


RF i


0.08 N {8 gf}


0 01 N {1 f}


0.16 N {16 gf}


0 02 N {2 f}


0.49 N {50 gf}


0 06 N {6 f}


0.49 N {50 gf}


0 06 N {6 f}RF min. 0.01 N {1 gf} 
(reference value)


0.02 N {2 gf} 0.06 N {6 gf} 0.06 N {6 gf}


OT min. 1.2 mm 1.2 mm 1.2 mm 1.0 mm


MD max. 0.8 mm 0.8 mm 0.8 mm 1.0 mm


FP max. 19.3 mm


OP 14.5±0.8 mm


Note: The values indicated in parentheses are reference values for cases when the installation direction is such that the lever weight is not
applied to the plunger.
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Precautions
Refer to pages 26 to 31 for common precautions.


 Cautions
Terminal Connection
When soldering the lead wire to the terminal, first insert the lead wire
conductor through the terminal hole and then conduct soldering.


Make sure that the capacity of the soldering iron is 60 W maximum.
Do not take more than 5 s to solder the switch terminal. Improper
soldering involving an excessively high temperature or excessive
soldering time may deteriorate the characteristics of the Switch.


Be sure to apply only the minimum required amount of flux. The
Switch may have contact failures if flux intrudes into the interior of
the Switch.


Use the following lead wires to connect to the solder terminals.


Model Conductor size


SS-5 0.5 to 0.75 mm2


SS-10 0.75 mm2


If the PCB terminal models are soldered in the solder bath, flux will
permeate inside the Switch and cause contact failure. Therefore,
manually solder the PCB terminal.


Wire the quick–connect terminals (#110) with receptacles. Insert
the terminals straight into the receptacles. Do not impose excessive
force on the terminal in the horizontal direction, otherwise the termi-
nal may be deformed or the housing may be damaged.


Insulation Distance
According to EN61058-1, the minimum insulation thickness for this
Switch should be 1.1 mm and minimum clearance distance be-
tween the terminal and mounting plate should be 1.6 mm. If the in-
sulation distance cannot be provided in the product incorporating
the Switch, either use a Switch with insulation barrier or use a Sepa-
rator to ensure sufficient insulation distance.  Refer to Separator on
page 152.


 Correct Use
Mounting
Turn OFF the power supply before mounting or removing the
Switch, wiring, or performing maintenance or inspection. Failure to
do so may result in electric shock or burning.


Use M2.3 mounting screws with plane washers or spring washers to
securely mount the Switch. Tighten the screws to a torque of 0.23 to
0.26 N � m {2.3 to 2.7 kgf � cm}.


Mount the Switch onto a flat surface. Mounting on an uneven sur-
face may cause deformation of the Switch, resulting in faulty opera-
tion or breakage in the housing.


Operating Stroke Setting
Take particular care in setting the operating stroke for the pin plung-
er models. Make sure that the operating stroke is 70% to 100% of
the rated OT distance. Do not operate the actuator exceeding the
OT distance, otherwise the durability of the Switch may be short-
ened.


Using Micro Loads
Using a model for ordinary loads to open or close the contact of a
micro load circuit may result in faulty contact. Use models that oper-
ate in the following range. However, even when using micro load
models within the operating range shown below, if inrush current oc-
curs when the contact is opened or closed, it may increase contact
wear and so decrease durability. Therefore, insert a contact protec-
tion circuit where necessary.


The minimum applicable load is the N-level reference value. This
value indicates the malfunction reference level for the reliability lev-
el of 60% (λ 60). The equation, λ 60 = 0.5�10–6/operations indi-
cates that the estimated malfunction rate is less than 1/2,000,000
operations with a reliability level of 60%.


Operating range
for micro load
models SS-01


Operating
range for
general-load
models
SS-5, SS-10


Current (mA)


V
ol


ta
ge


 (
V


)


Inoperable
range


 Separators
Applicable


Switch
Thickness (mm) Model (see note)


SS, D2S, D2SW 0.18 Separator for SS0.18, ,


0.4 Separator for SS0.4


Separator


Separator for SS�


Note: The material is EAVTC (Epoxide Alkyd Varnished Tetron
Cloth) and its heat-resisting temperature is 130°C.


 Connector
Refer to Terminal Connectors on page 282.


ALL DIMENSIONS SHOWN ARE IN MILLIMETERS.
To convert millimeters into inches, multiply by 0.03937. To convert grams into ounces, multiply by 0.03527.


Cat. No. B032-E1-11C
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 Using Switches
• When switches are actually used, unforeseen accidents may


occur. Before using a switch, perform all possible testing in
advance.


• Unless otherwise specified, ratings and performances given in
this catalog are for standard test conditions (i.e., 15 to 35�C,
25% to 75% humidity, and 86 to 106 kPa atmospheric pressure).
When performing testing in the actual application, always use
the same conditions as will be used in actual usage conditions for
both the load and the operating environment.


• Reference data provided in this catalog represents actual
measurements from production samples in graph form. All
reference data values are nominal.


• All ratings and performance values provided in this catalog are
the results of a single test each rating and performance value
therefore may not be met for composite conditions.


 Selecting Correct Switch
Select an appropriate switch for the operating environment and load
conditions.


• Use the Selection Guide to select a suitable switch for the rated
current, operating load, actuator type, and operating environ-
ment.


• It is not recommended to use a switch for a large current to switch
a micro current, in terms of contact reliability. Select a switch that
is suitable for the current actually being switched.


• Use a sealed switch in environments subject to water, other
liquids and excessive dirt or dust.


 Electrical Conditions
Load
The switching capacity of a switch significantly differs depending on
whether the switch is used to break an alternating current or a direct
current. Be sure to check both the AC and DC ratings of a switch.
The control capacity will drop drastically if it is a DC load. This is be-
cause a DC load, unlike an AC load, has no current zero cross point.
Therefore, if an arc is generated, it may continue for a comparatively
long time. Furthermore, the current direction is always the same,
which results in contact relocation phenomena, and the contacts
hold each other with ease and will not separate if the surfaces of the
contacts are uneven.


If the load is inductive, counter-electromotive voltage will be gener-
ated. The higher the voltage is, the higher the generated energy is,
which increase the abrasion of the contacts and contact relocation
phenomena. Make sure to use a switch within the rated conditions.


If a switch is used for switching both micro and high-capacity loads,
be sure to connect relays suitable to the loads.


The rated loads of a switch are according to the following conditions:


Inductive Load: A load having a minimum power factor of 0.4 (AC) or
a maximum time constant of 7 ms (DC).


Lamp Load: A load having an inrush current ten times the
steady-state current.


Motor Load: A load having an inrush current six times the steady-
state current.


Note: It is important to know the time constant (L/R) of an induc-
tive load in a DC circuit.


Inrush Current


i (Inrush current)


io (Steady-
state current)


I
(A)


t


Application of Switch to Electronic Circuits
The Basic switch may have contact bouncing or chattering in
switching, thus generating noise or pulse signals that may interfere
the operation of electronic circuits or audio equipment. To prevent
this, take the following countermeasures.


• Design the circuits so that they include appropriate CR circuits to
absorb noise or pulse signals.


• Use switches with gold-plated contacts for micro loads, which
are more resistive to environmental conditions.


Switches for Micro Loads
If a switch for a general load is used for switching a micro load, it may
cause contact failures. Be sure to select a switch within the permis-
sible range. Even if a switch for a micro load is used within the per-
missible range, the inrush current of the load may deteriorate the
contacts, thus decreasing the durability of the switch. Therefore, if
necessary, insert a proper contact protective circuit.
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Contact Protective Circuit
Apply a contact protective circuit (surge killer) to extend contact du-
rability, prevent noise, and suppress the generation of carbide or ni-
tric acid due to arc. Be sure to apply the contact protective circuit
properly, otherwise an adverse effect may result. Some typical
examples of contact protective circuit are described in the following
table.


When a switch is used under high humidity, arcs resulting from cer-
tain types of load (e.g., inductive loads) will generate nitrious oxides
and, with mater the nitrious oxides will become nitric acid, which will
corrode internal metal parts and may cause malfunctions. Always
use a contact protective circuit according to information provided in
the following table when using a switch under circuit conditions of
frequent switching and arcing.


The use of a contact protective circuit may delay the response time
of the load.


Typical Examples of Contact Protective Circuits (Surge Killers)


Circuit example Applicable
current


Feature Element selection


AC DC


CR
circuit


Power
supply


Inductive
load


See
note.


Yes Note: When AC is switched, the
load impedance must be low-
er than the C and R imped-
ance.


C: 0.5 to 1 µF per switching current (1 A)
R: 0.5 to 1 Ω per switching voltage (1 V)
The values may change according to the
characteristics of the load.


The capacitor suppresses the spark
discharge of current when the contacts are
open. The resistor limits the inrush current
when the contacts are closed again.
Consider these roles of the capacitor and
resistor and determine the ideal


Inductive
load


P
ow


er
 s


up
pl


y


Yes Yes The operating time will increase if the
load is a relay or solenoid.
It is effective to connect the CR circuit
in parallel to the load when the power
supply voltage is 24 or 48 V and in
parallel to the contacts when the
power supply voltage is 100 to 200 V.


resistor and determine the ideal
capacitance and resistance values from
experimentation.
Use a capacitor with a dielectric strength
between 200 and 300 V. When AC is
switched, make sure that the capacitor has
no polarity. 
If, however, the ability to control arcs
between contacts is a problem for high DC
voltage, it may be more effective to
connect a capacitor and resistor between
the contacts across the load. Check the
results by testing in the actual application.


Diode
method


P
ow


er
 s


up
pl


y


Inductive
load


No Yes Energy stored in the coil is changed
into current by the diode connected in
parallel to the load. Then the current
flowing to the coil is consumed and
Joule heat is generated by the
resistance of the inductive load. The
reset time delay in this method is
longer than that of the CR method.


The diode must withstand a peak inverse
voltage 10 times higher than the circuit
voltage and a forward current as high as or
higher than the load current.


Diode
and
Zener
diode
method P


ow
er


 s
up


pl
y


Inductive
load


No Yes This method will be effective if the
reset time delay caused by the diode
method is too long.


Zener voltage for a Zener diode must be
about 1.2 times higher than the power
source since the load may not work under
some circumstances.


Varistor
method


P
ow


er
 s


up
pl


y


Inductive
load


Yes Yes This method makes use of
constant-voltage characteristic of the
varistor so that no high-voltage is
imposed on the contacts. This method
causes a reset time delay more or
less. It is effective to connect varistor
in parallel to the load when the supply
voltage is 24 to 48 V and in parallel to
the contacts when the supply voltage
is 100 to 200 V.


Select the varistor so that the following
condition is met for the cut voltage Vc. For
AC currents, the value must be multiplied
by √2.


Vc > (Current Voltage x 1.5)


If Vc is set too high, however, the voltage
cut for high voltages will no longer be
effective, diminishing the effect.


Do not apply contact protective circuit as shown below.


This circuit effectively suppresses arcs when
the contacts are OFF. The capacitance will be
charged, however, when the contacts are OFF.
Consequently, when the contacts are ON again,
short-circuited current from the capacitance
may cause contact weld.


LoadPower
supply


Incorrect This circuit effectively suppresses
arcs when the contacts are OFF.
When the contacts are ON again,
however, charge current flows to
the capacitor, which may result in
contact weld.


Load
Power
supply


Incorrect
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 Mechanical Conditions
Operating Stroke Setting
The setting of stroke is very important for a switch to operate with
high reliability.
The chart below shows the relationship among operating force,
stroke, and contact force. To obtain high reliability from a switch, a
switch actuator must be manipulated within an appropriate range of
operating force.
Be sure to pay the utmost attention when mounting a switch.


O
pe


ra
tin


g 
fo


rc
e


C
on


ta
ct


 fo
rc


e


Release


Stroke


StrokeRelease


FP


TTP


Make sure that the operating body is set so that the actuator should
return to the free position when the operating body has moved if a
switch is used to form a normally closed (NC) circuit. If a switch is
used to form a normally open (NO) circuit, the operating body must
move the switch actuator to the distance of 70% to 100% of the rated
overtravel (OT) of the switch.


Operating 
body


PT (Pretravel)


Install a stopper.


FP (Free position)


OP (Operating position)


OT (Overtravel)


TTP
 (Total travel position)


If stroke is set in the vicinity of the operating position (OP) or the re-
leasing position (RP), contact force may become unstable. As a re-
sult, the switch cannot ensure high reliability. Furthermore, the
switch may malfunction due to vibration or shock.


If stroke is set exceeding the total travel position (TTP), the moment
of inertia of the operating body may damage the actuator or the
switch itself, and the stress applied to the moving spring inside the
switch will increase and then, the durability of the switch may be de-
teriorated.


Incorrect Correct


Switching Speed and Frequency
The switching frequency and speed of a switch have a great influ-
ence on the performance of the switch. Pay attention to the follow-
ing.


• If the actuator is operated too slowly, the switching operation
may become unstable, causing contact failures or contact
welding.


• If the actuator is operated too quickly, the switch may be
damaged by shock.


• If the switching frequency is too high, the switching of the
contacts cannot catch up with the operating speed of the
actuator.


• If the operating frequency is extremely low (i.e., once a month or
less frequent), a film may be generated on the surface of the
contacts, which may cause contact failures.


The permissible switching speed and switching frequency of a
switch indicate the operational reliability of the switch. The durability
of a switch is based on operation under specific conditions regard-
ing the switching speed and switching frequency. The durability of a
switch may not meet the durability due to conditions even if the
switch is operated within the permissible switching speed and fre-
quency ranges. Test a switch sample under the actual conditions to
ascertain its durability.


Operating Condition
Do not leave a switch with the actuator depressed for a long time,
otherwise the parts of the switch may soon deteriorate and the
changes of its characteristics operating may result.


Operating Method
The operating method has a great influence on the performance of a
switch. Consider the following before operating a switch.


• Design the operating body (i.e., cam or dog) so that it will operate
the actuator smoothly. If the actuator snaps backwards quickly or
receives shock due to the shape of the operating body, its
durability may be deteriorated.


Snap-back
Shock operation


Incorrect


Correct
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Snap-back


Incorrect


Correct


Shock operation


• Make sure that no improper force is applied to the actuator,
otherwise the actuator may incur local abrasion. As a result, the
actuator may become damaged or its durability may be
deteriorated.


Dog


Roller
Incorrect Correct


Operating
body


Operating
body


: Correct
: Incorrect


• Make sure that the operating body moves in a direction where
the actuator moves. If the actuator is a pin plunger type, make
sure that the operating body presses the pin plunger vertically.


• Operate the actuator of a hinge roller lever or simulated hinge
lever type in the direction shown below.


Incorrect Correct


• Set the angle of the cam or dog (θ) for roller levers and similar
actuators to the range between 30� and 45�. If the angle is too
large, an abnormally large horizontal stress will be applied to the
lever.


• Do not modify the actuator. If the actuator is modified, excessive
external force may be applied to the internal switch mechanism,
characteristics may change, and the switch may stop
functioning.


• If an external actuator is used as an operating object, check the
material and thickness of the lever to make sure that the force
applied to the lever is within the permissible range.


 Mounting
Securing
When mounting a switch, be sure to use the specified mounting
screws and tighten the screws with flat washers or spring washers
securely.


However, the switch housing may incur crack damage if it comes
into contact with the spring washers directly. In that case make sure
that the flat washers come into contact with the switch housing as
shown below. Do not subject the switch to excessive shock or high-
frequency vibrations when mounting (e.g., do not use an impact
driver) as it may cause contacts stick or switch damage.


Screw


Flat washer


Spring washer


Resin


Incorrect Correct


Do not modify the switch in any way, for example, by widening the
mounting holes.


Locking Agent
If glue or locking agent is applied, make sure that it does not stick to
the moving parts or intrude into the inside of the switch, otherwise
the switch may have operating failure or contact failure. Some types
of glue or locking agent may generate gas that has a bad influence
on the switch. Pay the utmost attention when selecting glue or lock-
ing agent.


Wiring
Make sure that the lead wires are connected with no inappropriate
pulling force.


Mounting Location
Be sure not to mount a switch in locations where the switch may be
actuated by mistake.


Maintenance and Inspection
Make sure that a switch is mounted in locations that allow easy
inspection or replacement of the switch.


Mounting Direction
When using a switch with a low operating force mounted with a long
lever, make sure that the switch is mounted in the direction where
the weight of the lever is not applied to the pushbutton directly,
otherwise the switch may have releasing failures.


Terminal Connections
Solder Terminals
When soldering lead wires to a switch, make sure that the tempera-
ture of the iron tip is 380°C maximum. Improper soldering may
cause abnormal heat radiation from the switch and the switch may
burn.


Complete soldering within 5 seconds at 350°C or within 3 seconds
at 380°C. If heat is applied for longer period of time, switch charac-
teristics will be deteriorated, e.g., the case will melt and lead wire
insulation will scorch.


Soldering conditions are even more strict for ultra subminiature
switches. Refer to the Precautions for individual models for details.


Quick-Connect Terminals
Use the specified receptacles to connect to quick-connect termi-
nals. Do not apply excessive force horizontally or vertically to the
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terminals, otherwise the terminal may be deformed or the housing
may be damaged.


Wiring Work
When wiring a switch, check the insulation distance between the
switch and the mounting plate. If the insulation distance is insuffi-
cient, use an insulation guard or separator. Be particularly careful
when mounting a switch to metal.


Use wire sizes suitable for the applied voltage and carrying current.


Do not wire a switch while power is being supplied.


Using Separators
If providing sufficient insulation distance is a problem or there are
metal components or copper wire near a switch, use a switch with
an insulation guard or use a separator (order separately) to provide
sufficient insulation distance.


Separator for SS� Separator for V�


Separator Separator


Separator for Z�


Separator


Soldering Precautions
When soldering by hand, place the terminal horizontal to the
ground, use a soldering iron with a suitable heat capacity and a suit-
able amount of solder, and complete soldering quickly. Prevent flux
from entering a switch by exhausting flux gas with an exhaust fan
and by avoiding the contact of the tip of the soldering iron and the
switch body. Flux gas inside a switch may cause contact failure. Do
not apply any force to the terminal or wire immediately after solder-
ing.


Tip of soldering
iron


Incorrect Correct


When soldering automatically, adjust the amount of solder so that
flux does not float onto the top of PCB. If flux enters the switch, it can
cause contact failure.


 Operation and Storage Environment
Handling
Do not apply oil, grease, or other lubricants to the sliding parts of a
switch. The intrusion of oil, grease, or other lubricants into the inter-
nal part may cause operating failure or contact failure.


Operating Environment
A general switch is not water-resistant. Protect the switch appropri-
ately when using the switch in places with water or oil spray.


Do not use a switch under the condition where vibration or shock is
continuously applied to the switch. If continuous vibration or shock
is applied to a switch, contact failure, malfunction, or decrease in du-
rability may be caused by abrasive powder generated from the inter-
nal parts. If excessive vibration or shock is applied to a switch, the
contacts may malfunction, stick, or be damaged.


Mount a switch in the location where vibration and shock is not ap-
plied to the switch and in the direction where they do not resonate.


Do not use a switch in the atmosphere of corrosive gas, such as
sulfuric gas (H2S or SO2), ammonium gas (NH3), nitric gas (HNO3),
or chlorine gas (Cl2), or in the atmosphere of high temperature and
humidity. Otherwise, contact failure or corrosion damage may re-
sult.


If a switch is used in the atmosphere of silicon gas, arc energy may
attract silicon dioxide (SiO2) to the contacts and contact failure may
result. If there is silicon oil, silicon sealant, a wire covered with sili-
con, or any other silicon-based product near the switch, attach a
contact protective circuit to suppress the arcing of the switch or elim-
inate the source of silicon gas generation. Even for a sealed switch,
it may not be possible to prevent all of the gas from penetrating the
seal rubber, and contact failure may result.


Be sure to use a switch at a temperature and humidity within the
specified ranges. If a switch is exposed to radical temperature chan-
ges or intense heat, the characteristics of the switch may change.
Separate the switch as far as possible from sources of heat to elimi-
nate the influence.


Storage Environment
When storing a switch, consider countermeasures (e.g., storing in a
plastic bag) to prevent discoloration resulting from sulfidization of
terminals (silver-plated). Make sure that the location is free of corro-
sive gas or dust with no high temperature or humidity. It is recom-
mended that a switch be inspected before use if it is stored for three
months or more after the production, depending on the location.
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Switch Trouble and Corrective Action
Type Location


of failure
Failure Possible cause Corrective action


Failures
l t d t


Contact Contact
f il


Dust and dirt on the contacts. Remove the cause of the problem, place
th it h i b l drelated to


electrical
characteristics


failure Water or other liquid has penetrated into a
switch.


p , p
the switch in a box, or use a sealed
switch.


characteristics
Chemical substances have been generated
on the contact surface due to the
atmosphere containing chemical corrosive
gas.


Use a switch having contacts with high
environmental resistivity (such as gold or
alloy contacts).


Chemical substances have been generated
on the contact surface when the switch
switches a very low load.


Solder flux has penetrated into the switch. Review the soldering method or use a
sealed or flux-tight switch.


Silicon gas exists near the switch. Remove the material generating gas, or
adjust contact capacity to prevent
formation of silicon compounds on the
contacts.


Malfunction The contacts are separated from each other
by vibration or shock.


Use a switch having a high contact force
(generally a high OF).


Contact
welding


The load connected to the switch is too high. Switch the load with a high-capacity relay
or magnetic relay or insert a contact
protection circuit.


Insulation
degradation
(b i )


Contacts have been melted and scattered
by arc.


Switch the load with a high-capacity relay
or magnetic relay.deg ada o


(burning) Water has penetrated into the switch
because the switch has been used in an
extremely hot environment.


Remove the cause of the problem, place
the switch in a box, or use a sealed
switch.


Liquid has penetrated into the switch and
been carbonized by arc heat.


Failures
related to
mechanical
h t i ti


Actuator Operating
failure


The sliding part of the actuator has been
damaged because an excessive force was
applied on the actuator.


Make sure that no excessive force is
applied to the actuator, or use an auxiliary
actuator mechanically strong.


characteristics Foreign material like dust, dirt and oil has
penetrated into the switch.


Remove the cause of the problem or place
the switch in a box.


The actuator does not release because the
operating body is too heavy.


Use a switch having a higher OF.


The switch is loosely installed and thus does
not operate even when the actuator is at the
rated OP.


Secure the switch.


Low
d bilit


The shape of the dog or cam is improper. Change the design of the dog or cam.
durability The operating method is improper.


The operating speed is too high.
Review the operating stroke and operating
speed.


Damage A shock has been applied to the actuator. Remove the cause of problem or use a
switch mechanically strong.


The caulked part is not good enough or the
assembled condition is poor.


Replace the switch with a new one.


Deformation or drop-out
Actuator was subjected to an excessive
force and force from an inappropriate
direction.


Review the handling and operating
method.


Mounting
section


Damage Screws have not been inserted straight. Check and correct screw insertion
method.sec o


The mounting screws were tightened with
too much torque.


Tighten the screws with an appropriate
torque.


The mounting pitch is wrong. Correct the pitch.


The switch is not installed on a flat surface. Install the switch on a flat surface.


Terminal Damage An excessive force was applied to the
terminal while being wired.


Do not apply an excessive force.


The plastic part has been deformed by
soldering heat.


Reduce the soldering time or soldering
temperature. (Refer to the information
given under Precautions for that model.)
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D3V/V/VX/D2MV/K/D2RV Common Acces-
sories


Ordering Information
 Actuators (Sold Separately)


Actuators are supplementary components used when operating the
Switch using cams or dogs or when transmitting mechanical move-
ments that are not in alignment with the switch plunger.


The VAL models are suitable for cases where a Switch is operated
by a rotary cam or sliding devices with relatively low operation fre-
quency.


The VAM models are designed to operate in reverse movements
and have high shock and vibration resistance. Since the OT of these
models is rather large, these models can be used for automatic con-
trol or door switches of machining tools.


The VAV models can be used for cases where a small OF is re-
quired.


Note: 1. These Actuators do not include Switches.


2. Switches with the mounting holes shown below can be
used except for special models.


 Separators (Insulation Sheet) (Sold Separately)
Applicable Switches Thickness Model


D3V, V, VX, D2MV, K,
D2RV D2VW


0.18 Separator for V0.18, , , , ,
D2RV, D2VW 0.25 Separator for V0.25


Note: The Separator is made of epoxy alkyd/varnish tetron cloth
and has heat-resistant temperature of 130°C.


Separator for V�


Separator


 Dimensions and Operating Characteristics
Note: 1. All units are in millimeter unless otherwise indicated.


2. Unless otherwise specified, a tolerance of ±0.4 mm applies to all dimensions.


3. For operating characteristics of models not listed above, consult your OMRON sales representative.


4. The operating characteristics are for operation in the A direction ( ).


5. Model numbers are for the Actuator only.


In the case of V-15-1A5


OF max. 2.26 N {230 gf}


RF min.


{ g }


0.49 N {50 gf}


OT min. 0.8 mm


MD max. 0.4 mm


FP max. 17 mm


OP 14.9±0.5 mm


Leaf Spring
VAL (Designed for models of OF 200 gf and greater)


t=0.3, width: 4.7
(Stainless-steel
spring lever)


Two, M3�16
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Connectors
Microswitches for tab-terminals listed in this catalog are compatible with other companies‘ products. The following AMP-made Connectors are
also available. For more details about AMP Connectors, contact one of the addresses listed below.


Tyco Electronics/AMP
• Japan


Phone: 81-44-844-8013


• U.S.A.
Phone: 1-800-522-6752


• Great Britain
Phone: 44-208-954-2356


• Hong Kong
Phone: 852-2735-1628


Receptacles for Quick-connect Terminals


For #110 models For #187 models For #250 models


Positive Lock Connectors
(Connectors with an easy-to-insert, secure lock mechanism.)


For #187, 1 pole
For #187, 3 poles
(Compatible with V and VX
Miniature Basic Switches)


Note: Other companies’ products are listed in this catalog as general user information. We assume no responsibility for the quality or price of
other companies’ products.









