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Preface

Microcontrollers from Philips Semiconductors

Philips Semiconductors supplies a wide range of microcontrollers based on
mainstream architectures. By offering a large variety of product derivatives, Philips
Semiconductors can meet a broad range of specific or unique application
requirements. All of our microcontrollers are based on mainstream architectures to
allow the user to take advantage of existing software and a vast array of third-party
support.

Philips Semiconductors 8-bit microcontrollers are based on the popular 80C51 and
80C49 architectures. We offer most of the industry standard products in these
architectures as well as a large selection of powerful derivative products. These
derivatives offer a wide assortment of features, including: additional memory, A/D,
PWM, additional timers, and many more. Many of the derivative microcontrollers
have an I°C serial interface that allows them to be connected easily to over 70 other
parts, increasing their capabilities even further. The I2C serial bus is covered in
Section 2 of this book. This data book covers the 80C51 standard products and
derivatives that Philips Semiconductors manufactures. The 80C49 products are
covered in a separate book.

Philips Semiconductors 16-bit microcontroller family is based on the powerful
68000 architecture. While these are called 16-bit microcontrollers, the 68000 CPU
core architecture is 32-bit. This offers the user a great deal more processing power,
when the need arises in a design to move from an 8-bit to a 16-bit microcontroller.
Philips Semiconductors 16-bit microcontrollers are software compatible with
existing 68000 code. As with our popular 8-bit microcontrollers, EPROM and OTP
versions of our 16-bit products are available. The 16-bit microcontrollers are also
covered in a separate data book.

Philips Semiconductors is developing a family of 32-bit microcontrollers based on
the SPARC RISC architecture. This family of microcontrollers will offer the ultimate
in processing power for those applications that are computation intensive in an
embedded control environment.

Philips Semiconductors offers uncompromising quality, service, and support with all
of its microcontroller products. For a complete family and the best in microcontroller
products, look to Philips Semiconductors.
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DEFINITIONS
Data Sheet .
N duct Statu

\dentification Product Status Definition
This data sheet contains the design target or goal
Obj F live or In Design ifications for product d ifications may

change in any manner without notice.
This data sheet contains preliminary data and
y data will be i at a later date.
Preliminary Specification Preproduction Product Signetics reserves the right to make changes at any time
without notice In order to improve design and supply the best

possible product.

This data sheet contains Final Specifications. Signetics
Product Specification Full Production reserves the right to make changes at any time without notice

in order to improve design and supply the best possible
product.
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Ordering Information

MICROCONTROLLER PRODUCTS

Example: P8 XCXXX EBPN
-‘ | T——- Signetics Package Code
A = Plastic Leaded Chip Carrier (PLCC)
0 = ROMLESS B = Quad Flat Pack (QFP)
3=ROM FA = Hermetic Cerdip (window)
7 =EPROM/OTP KA = CerQuad (window)
) N = Plastic Dual In-Line
Exceptions:
P80C32 = ROMless Philips Package Code
P80C52 = ROM A = Plastic Leaded Chip Carrier (PLCC)
B = Quad Flat Pack (QFP)
Thi b digit: F = Hermetic Cerdip (window)
Is can be 2 or 3 digits L = Cerquad (window)
P = Plastic Dual in-Line
Temperature
B = 0°C to +70°C
F =-40°C to +85°C
Speed
E = 16MHz
G = 20MHz
Example: SC8 XC XX X Br C $ N 40
0 = ROMLESS A__J Pin Count
3=ROM
7 = EPROM/OTP Package Code
A = Plastic Leaded Chip Carrier (PLCC)
Exceptions: B = Quad Flat Pack (QFP)
SC80C31 = ROMIess FA = Hermetic Cerdip (window)
SC80C51 = ROM KA = CerQuad (window)
N = Plastic Dual In-Line
This can be 2 or 3 digits Speed
B =0.5to 12MHz
C =12MHz
G = 16MHz
L = 20MHz
P =24MHz
Y =33MHz
Temperature
C = Commercial 0°C to +70°C
A =Industrial -40°C to +85°C
Revision (optional)
Example: S 8 X CXXX -1 N 24
L Pin Count
Package Code
A = Plastic Leaded Chip Carrier (PLCC)
B = Quad Flat Pack (QFP)
- F = Ceramic Dual In-Line
S - RoMLESS K = CerQuad
7 - EPROM/OTP N = Plastic Dual In-Line
Speed / Temperature Range
-1 = 12MHz, 0°C to +70°C
-2 = 12MHz, -40°C to +85°C
-3 = 0.5to 12MHz, 0°C to +70°C
-4 = 16MHz, 0°C to +70°C
-5 = 16MHz, -40°C to +85°C
-6 = 12 or 16MHz, -55°C to +85°C
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L]
80C51 microcontroller family features guide

PART NO. MEMORY | COUNTER/| IO SERIAL | EXTERNAL

ROMless | ROM EPROM { ROM | RAM | TIMER PORT | INTERFACES | INTERRUPTS SPECIAL FEATURES

- 83C751 | 87C751 2k 64 1(16-bit) | 2-3/8 12C (Bit) 2 Low-cost 24-pin skinny-DIP

- 83C752 | 87C752 | 2k 64 1(16-bit) | 2-5/8 | I2C (Bit) 2 5-Channel 8-bit A/D, PWM output
8031AH | 8051AH - 4k 128 2 4 UART 2 NMOS
80C31B | 80C51B | 87C51 4k | 128 2 4 UART 2 CMOS
80CL31 | 80CL51 - 4k | 128 2 4 UART 10 Low voltage (1.8V~6V), low power
80CL410 | 83CL410 - 4k 128 2 4 12c 10 Low voltage (1.8V-6V), low power
80C451 | 83C451 | 87C451 4k | 128 2 7 UART 2 Extended I/O, Processor bus interface
80C550 | 83C550 | 87C550 | 4k | 128 2+ 4 UART 2 8-Channel 8-bit A/D

Watchdog
80C851 | 83C851 - 4k | 128 2 4 UART 2 256 Bytes EEPROM, 8051 pin-for-pin
compatible
- 83C852 - 6k | 256 2 2/8 = = Smartcard microcontroller

2k EEPROM (data, code)
Calculation unit for cryptographic

calculations.
8032AH | 8052AH - 8k | 256 3 4 UART 2 NMOS
80C32 80C52 87C52 8k | 256 3 4 UART 2 CMOS
80C575 | 83C575 | 87C575 8k | 256 | 3+PCA + 4 Enhanced 2 4 analog comparators,
Watchdog UART Low Active Reset
80C552 | 83C552 | 87C552 8k 256 3+ 6 UART, I2C 6 8-Channel 10-bit A/D, 2 PWM outputs
Watchdog
80C562 | 83C562 - 8k | 256 3+ 6 UART 6 8-Channel 8-bit A/D, 2 PWM outputs
Watchdog
80C652 | 83C652 | 87C652 | 8k | 256 2 4 UART, I2C 2 8051 pin-for-pin compatible with twice
the memory
- 83C053 - 8k 192 2(16-bit) | 3-4/8 - 3 On-screen display, 9 PWM outputs,
3 software A/D inputs
- 83C054 | 87C054 | 16k | 192 2 (16-bit) 3-4/8 - 3 On-screen display, 9 PWM outputs,
3 software A/D inputs
= 83C654 | 87C654 | 16k | 256 2 4 UART, I2C 2 8051 pin-for-pin compatible with four
times the ROM and twice the RAM
- 83CE654 - 16k | 256 2 4 UART, I2C 2 83C654 with Electromagnetic
. Compatibility inprovements
‘80C592 | 83C592 | 87C592 | 16k | 512 3+ 6 CAN + 6 8-Channel 10-bit A/D,
Watchdog UART 2 PWM outputs, CAN bus interface
80C528 | 83C528 | 87C528 | 32k | 512 3+ 4 UART, I2C 2 The Ultimate Programming Machine
Watchdog (Bit)
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80C51 microcontroller family features guide

SPEED TEMPERATURE °C PACKAGE
PARTNO. [05-12| 12 16 20/24 | 33 |0t070 | 4010 +85 | —55t0+125 | PDIP | CDIP | PLCC | CLCC | QFP | VSO
83/87C751 X | x X X X (4010+125) | 24 | 24 | 28
83/87C752 X | x X X X X 28 | 28 | 28
8031/51 X X (15MHz) X X 40 44
80C31/51/87C51 X | x X X [ x| x X X 40 | 40 | 44 | 44 | 44
80CL31/51 X (32kHz-16MHz) X 40 40
80/83CL410 X (32kHz-16MHz) X 40 40
80/83/87C451 X | X X X X X 64 | 64 | 68 | 68
80/83/87C550 X X X X 40 | 40 | 44 | 44
80/83C851 X X X 40 44 44
83C852 X X
8032/52 X X (15MHz) X X 40 44
80C32/52/87C52 X X X X X 4 | 40 | 44 | 44 | 44
80/83/87C575 X X X X 40 | 40 | 44 | 44 | 44
80/83/87C552 X X X X X 68 | 68 | 80
80/83C562 X X X 68
(-4010+125)
80/83/87C652 X X X X X 40 | 40 | 44 | 44 | 44
(4010 +125)
83C053 X X 42
SDIP
83/87C054 X X 42
SDIP
83/87C654 X X X X X 40 | 40 [ 44 | 44 | 44
(4010 +125)
83CE654 X X X 44
80/83/87C592 X X 68 | 68
(4010 +125)
80/83/87C528 X X X X X 4 | 40 | 44 | 44 | 44
(4010 +125)
NOTE:

All combinations of part type, speed, temperature, and package may not be available.

February 1992
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8051 microcontroller cross-reference guide

INTEL AMD SIEMENS OKI MATRA/HARRIS | PHILIPS SEMICONDUCTORS/
SIGNETICS
NMOS 8039AL MAB8039H/SCN8039H
8049AH MAB8049H/SCN8049H
8040AHL MAB8040H/SCN8040H
8050AH MAB8050H/SCN8050H
8031AH 8031AH SAB 8031A ’ MAB8031AH/SCN8031H
8051AH 8051AH SAB 8051A MAB8051AH/SCN8051H
8032AH SAB 8032A MAB8032AH/SCN8032H
8052AH SAB 8052A MAB8052AH/SCN8052H
CMOs 80C31BH 80C31BH SAB 80C31 MSM80C31 80C31 PCB80C31BH-2/SC80C31BCC
80C31BH-1 80C31-1 PCB80C31BH-3/SC80C31BCG
80C31BH-2 MSM80C31 80C31 /SC80C31BCB
80C51BH 8051BH SAB 80C51 MSM80C51 80C51 PCB80C51BH-2/SC80C51BCC
80C51BH-1 80C51-1 PCB80C51BH-3/SC80C51BCG
80C51BH-2 MSM80C51 80C51 /SC80C51BCB
87C51 87C51 SC87C51CC
87C51-1 SC87C51CG
87C51-2 SC87C51CB
80C32 P80C32EB
80C32-1 P80C32GB
80C52 80C52T2 P80C52EB
80C52-1 P80C52GB
NOTES:

1. Siemens 8032A~16 = 16MHz 8032.
2. AMD 80C52T2 = 80C52 without T2.
3. 80XXAHL = 80XX with low power standby pin; H = HMOS.
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80C51 microcontroller development system support

DEVELOPMENT SYSTEM CONTACTS

Chandler, AZ 85225

COMPANY ADDRESS TELEPHONE

Ashling Microsystems Limited Plassey Technological Park (353) 63-334466
Limerick, Ireland

BSO Tasking 128 Technology Center (617) 894-7800
P.O. Box 9164
Waltham, MA 02254-9164

Ceibo Ltd. 105 Gleason Rd. (617) 863-9927
Lexington, MA 02173
Merkazim Building, Industrial Zone 972-52-555387
P.O. Box 2106
Herzelia 46120, ISRAEL

Nohau Corp. 51 E. Campbell Ave. (408) 866—1820
Campbell, CA 95008

MetaLink Corp. 325 E. Elliot Road, Suite 23 (602) 926-0797

Philips Semiconductors

Corporate Centre
Building BAE-2

P.O. Box 218

5600 MD Eindhoven
The Netherlands

31-40-724223

SIGNUM Systems

171 E. Thousand Oaks Blvd.,
#202
Thousand Oaks, CA 91360

(805) 371-4608

EPROM PROGRAMMING SUPPORT

CONTACTS

Advin Systems

1050-L East Duane Ave.
Sunnyvale, CA 94086
(408) 736-2503

Logical Devices, Inc.

1201 Northwest 65th Place
Ft. Lauderdale, FL 33309
(305) 974-0967

North Valley Products
P.O. Box 32899
San Jose, CA 95152
(408) 929-5345

BP Microsystems

Logical Systems

Strebor Data Communications

10681 Haddington #190 P.O. Box 6184 1008 N. Nob Hill

Houston, TX 77043 Syracuse, NY 13217-6184 American Fork, UT 84003

(800) 225-2102, (713) 461-9430 (315) 478-0722 (801) 756-3605

Data I/O Corp. Needham's Electronics

10525 Willows Road N.E. 4535 Orange Grove Ave.

P.O. Box 97046 Sacramento, CA 95841

Redmond, WA 98073-9746 (916) 924-8037

(206) 867-6899

SOFTWARE SUPPORT CONTACTS
COMPANY ADDRESS TELEPHONE

Franklin Software, Inc. 888 Saratoga Ave. #2 (408) 2968051
San Jose, CA 95129

Archimedes Software, Inc. 2159 Union St. (415) 567-4010
San Francisco, CA 94123

BSO/Tasking Tasking Software BV 31-33-55-85-84 (Telephone)
P.O. Box 899 31-33-55-00-33 (Fax)
3800 AW Amersfoort
The Netherlands
BSO Tasking (617) 894-7800 (Telephone)
128 Technology Center (617) 894-0551 (Fax)
P.O. Box 9164 (710) 324-0760 (Telex)
Waltham, MA 02254-9164 (800) 458-8276 (Toll Free)

NOTE:

For more information on Development Support, see Section 6 of this book.
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Signetics microcontroller bulletin boards

To better serve our customers, Signetics maintains a microcontroller bulletin board. This computer bulletin board system features a
microcontroller newsletter, application and demonstration programs for download, and the ability to send messages to microcontroller application
engineers. The system can be accessed with a modem at 2400, 1200, or 300 baud.

The telephone numbers are:
(800) 451-6644 (in the U.S.)

or
(408) 991-2406

Please call us anytime!

We also have a ROM code bulletin board through which you can submit ROM codes. This is a closed bulletin board for security reasons. To get
an ID, contact your local sales office. The system can be accessed with a 2400, 1200, or 300 baud modem, and is available 24 hours a day.

The telephone number is:

(408) 991-3459
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CMOS and NMOS 8-bit microcontroller family
-~

80C51 FAMILY CMOS

TYPE ROM/ RAM | SPEED | PACKAGE FUNCTIONS REMARKS PROBE METALINK REMARKS
EPROM (MHz) SDs EMULATOR
80C31 0 128 33 UART, 2 timers OM1092 SUI-8051SD OM1092:
80C51 4k ROM 128 33 DIL40, LCC44 + OM1097 Universal
87C51 | 4k EPROM | 128 33 QFP44 (16MHz) probe
OM1095:
Upgrade
unit
80C32 0 256 20 UART, 3 timers OM4111 +
80C52 8k ROM 256 20 OM4110 SUI-8051SD
87C52 | 8k EPROM | 256 20 DIL40, LCC44
QFP44
80C451 0 128 16 UART, 2 timers OoM4123 SMI-83C451SD | OM4124:
83C451 4k ROM 128 16 DIP64/LCC68 | Extended I/O SMI-80C451SD | PLCC to DIL
87C451 | 4k EPROM | 128 16 OM4125:
DIL to PLCC
83C528 | 32kROM | 512 16 DIL40/LCC44 | UART, 3 timers OM4111 + OM4110:
87C528 | 32k EPROM | 512 | 16,20 | (QFP44) Watchdog OM4110 gen. probe
timer OM4111:
Bit 12C probe head
OM4120-S
for max.
speed
83C550 | 4k ROM 128 16 LCC44 UART, 2 timers OMS5055
87C550 | 4k EPROM | 128 16 DiL44 8 8-bit ADC
inputs,
watchdog timer
80C552 0 256 | 16,24 | LCC68/QFP80 | UART, 2 timers OM1092 + | SMI-80C552SD | OM1092:
83C552 8k ROM 256 | 16,24 Timer with OM1095 Universal
87C552 | 8k EPROM | 256 16 compare and probe
capture, 2 PWM OM1095:
outputs, 8 10-bit Upgrade
ADC inputs, unit
Byte
12c
80C562 0 256 16 LCCB8/QFP80 { UART, 2 timers | Use 87C552 | OM1092 + | SMI-80C552SD | OM1092:
83C562 | 8k ROM 256 16 Timer with for OM1095 Universal
compare and development probe
capture, 2 PWM OM1095:
outputs, 8 8-bit Upgrade
| ADC inputs unit
80C575 0 256 16 DIL40, LCC44 | Enhanced 80/83C575
83C575 8k QFP44 UART, PCA, Production:
87C575 | 8k EPROM 4 analog August '92
comparators
80C592 0 512 16 LCC68/QFP80 | 8XC552 + CAN | Samples: OM4110 + OM4110:
83C592 | 16kROM | 512 16 interface Q491 OM4112 gen. probe
87C592 | 16k EPROM | 512 16 No 2C Production: OM4112:
Q192 probe head
OM4120S:
full speed
80C652 0 256 | 16,24 | DIL40/LCC44 | UART, 2 timers OM1092 + | SMI-80C652SD
83C652 | 8k ROM 256 | 16,24 | QFP44 Byte I°C OM1096
87C652 | 8k EPROM | 256 | 16,20
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CMOS and NMOS 8-bit microcontroller family

80C51 FAMILY CMOS (Continued)

TYPE ROM/ RAM | SPEED | PACKAGE FUNCTIONS REMARKS PROBE METALINK REMARKS
EPROM (MHz) SDS EMULATOR
83C654 | 16kROM | 256 | 16,24 | DIL40/LCC44 | UART, 2 timers OM1092 + OM1092:
87C654 | 16k EPROM | 256 | 16,20 | QFP44 Byte I2C OM1096 Universal
probe
OM1095:
Upgrade
unit
83CE654 | 16k ROM | 256 16 QFP44 UART, 2 timers | 83C654 with OM1092 + OM1092:
Byte I2C Electromagnetic | OM1096 Universal
Compatibility probe
improvements OM1095:
Upgrade
unit
83C751 2k ROM 64 16 DIP24 skinny 1 timer OM1094P SMI-80C751SD
- LCcc28 Bit I2C
87C751 | 2k EPROM | 64 16 DIP24 skinny
83C752 | 2k ROM 64 16 DIP28, LCC28 | 1 timer, OM5072 SMI-83C752SD
PWM output,
5 8-bit ADC
inputs,
83C752 | 2k EPROM 64 16 DIP 28, LCC28 | Bit I2C
80C851 0 128 16 DIL40/LCC44 | UART, 2timers | QFP44 OM1092
83C851| 4k ROM 128 16 QFP44 256 byte In devel.
83C852 6k ROM 256 16 2k byte OM4119
EEPROM
smart card
hardware CU
83C053 8k ROM 192 12 DIP42 Shrunk | 2 timers, OM5054
14-bit PWM,
8-6 bit PWM
128 char. OSD
3 4-bit A/D inp.
83C054 | 16k ROM 192 12 DIP42 Shrunk | As 8XC053 OM5054
87C054 | 16k EPROM | 192 12 DIP42 Shrunk
*  The following microcontollers have no external memory access: 8XC751, 8XC752, 8XC053, 87C054, 83C852.
80CLXXX FAMILY CMOS
TYPE ROM RAM | SPEED | PACKAGE FUNCTIONS REMARKS PROBE REMARKS
(MHz) sSDs
85CL001 0 256 16 PLCC84 UART, 2 timers
Byte I°C
85CL000 0 256 16 DiL40 UART, 2 timers OM1079 Piggyback
Byte I2C
83CL410 4k 128 16 DIL40 2 timers OM1079
) VS040 Byte I2C
83CL710 16k 256 16 DiL40 UART, 2 timers | In devel. OM1079
Byte I2C
80CL51 4k 128 16 DIL40 UART, 2 timers OM1079
VS040
83CL580 6k 256 16 VSO056 AD converter, In devel.
QFP64 PWM, UART,
WD
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CMOS and NMOS 8-bit microcontroller family

8051 FAMILY NMOS
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TYPE ROM RAM | SPEED | PACKAGE FUNCTIONS REMARKS PROBE METALINK REMARKS
(MHz) sDs EMULATOR
8051 4k 128 15 DIL40/PLCC44 | UART, 2 timers OM1091 + | SUI-8051SD
8031 0 128 15 DIL40/PLCC44 OM1097
8052 8k 256 15 DIL40/PLCC44 | UART, 3 timers OM4111 + | SUI-8051SD
8032 0 256 15 DIL40/PLCC44 | UART, 3 timers OM4110
8048 FAMILY NMOS
TYPE ROM RAM | SPEED PACKAGE
(MHz)
8048 1k 64 1 DIL40/PLCC44
8035 0 64 1 DIL40/PLCC44
8049 2k 128 1 DIL40/PLCC44
8039 0 128 1 DIL40/PLCC44
8050 4k 256 1 DIL40/PLCC44
8040 0 256 1 DIL40/PLCC44
8048 FAMILY CMOS
TYPE ROM RAM | SPEED | PACKAGE
(MHz)
80C49 2k 128 15 DIL40/PLCC44
80C39 0 128 15 DIL40/PLCC44
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CMOS and NMOS 8-bit microcontroller family

8400 FAMILY CMOS .
TYPE ROM RAM | SPEED | PACKAGE FUNCTIONS REMARKS PROBE REMARKS
(MHz) sSDs
84C21 2k 64 10 DIL28/SO28 20 1/O lines oMm1083
84C41 4k 128 10 DIL28/S0O28 8-bit timer
84C81 8k 256 10 DIL28/SO28 Byte I2C
84C41C 4k 128 12 DiL28/SO28
84C12 1k 64 10 DIL20/S020 13 1/O lines OM1083
84C22 2k 64 10 DIL20/SO20 8-bit timer
84C42 4k 64 10 DIL20/SO20
84C12A 1k 64 16 DIL20/SO20
84C00B 0 256 10 28 pins 20 1/0 lines Piggyback OM1080
8-bit timer
Byte I2C
84C00T [o] 256 10 VSO-56 ROMiess
84C121 1k 64 10 DIL20/SO20 13 1/0 lines OM1073
2 8-bit timers
8 bytes
84C121B 0 64 10 EEPROM Piggyback
84C122 1k 32 10 S020/S024 Controller for
remote control
84C230 2l 64 10 DIL40/VSO40 | 121/0 lines Oom1072
8-bit timer
16*4 LCD drive
84C430 4k 128 10 QFP64 24 1/0 lines OM1072
8-bit timer
Byte I2C
24*4 LCD drive
84C430B 0 128 10 Piggyback for C230
and C430
84C633 6k 256 16 VS056 28 1/0 lines OM1086
8-bit timer
16-bit up/down
counter
16-bit timer
with compare
and capture
16*4 LCD drive
84C633B 0 256 16
84C440 4k 128 10 DIP42 shrunk | RC: 29 I/Olines | I’C, RC OM1074 For emulation of
84C441 4k 128 10 LC: 28 I/Olines | I’C, LC LC versions,
84C640 6k 128 10 8-bittimer |I?C, RC use OM1074 +
84C641 6k 128 10 1 14-bit PWM ,c, LC adapter_3
84C643 6k 128 10 5 6-bit PWM RC
84C644 6k 128 10 3-bit ADC LC
84C840 8k 192 10 OSD 2L-16 1’C, RC
84C841 8k 192 10 ’c, LC
84C843 8k 192 10 RC
84C844 8k 192 10 LC
84C646 6k 192 10 DIP42 shrunk | tbf I’C, RC tbf
84C846 8k 192 10 ’C, RC
84C647 6k 192 10 DIP42 shrunk | tbf ’C, LC tbf
84C847 8k 192 10 ’C, LC
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CMOS and NMOS 8-bit microcontroller family

8400 FAMILY CMOS (Continued)

TYPE ROM RAM | SPEED | PACKAGE FUNCTIONS REMARKS PROBE REMARKS
(MHz2) SDS
84C85 8k 256 10 DIL40/VSO40 |321/0 lines CM1070
8-bit timer
Byte I2C
84C85B 0 256 10 Piggyback for C85
84C853 8k 256 16 DIL40/VSO40 |33 I/O lines OM1081
8-bit timer
16-bit up/down
counter
16-bit timer with
compare and
capture
84C853B 0 256 16 Piggyback for C853
84C270 2k 128 10 DIL40/VSO40 |8 1/Olines OM1077
84C470 4k 128 10 DIL40/VSO40 | 16*8 capture
keyboard matrix
8-bit timer
84C270B 0 128 10 Piggyback for C270
84C470B 0 128 10 470 also Piggyback for C470
handles mech.
keys
84C271 2k 128 10 DIL40 81/Qlines OM1078
16*8 mech.
keyboard matrix
8-bit timer
8400 FAMILY NMOS
TYPE ROM RAM | SPEED | PACKAGE FUNCTIONS REMARKS EMULATOR REMARKS
(MHz2) TOOLS
8411 1k 64 6 DIL28/S0O28 20 I/O lines OM1084
8421 2k 64 6 DIL28/S0O28 8-bit timer
8441 4k 128 6 DIL28/SO28 Byte I2C
8461 6k 128 6 DIL28/SO28
8422 2k 64 6 DIL20 13 1/O lines PM8327/20 + On PMDS
8442 4k 128 6 DiL20 8-bit timer PM8447
Bit I2C
8401B 0 128 6 28-pin Piggyback for 84X1
8401WP 0 128 6 PLCC68 Bond out
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CMOS and NMOS 8-bit microcontroller family

3300 FAMILY CMOS

TYPE ROM |RAM [SPEED | PACKAGE FUNCTIONS REMARKS PROBE REMARKS
(MHz) sDS

3315 1.5k 160 10 DIL28/S0O28 |20 /O lines OM1083
8-bit timer
VDD >1.8V

3343 3k 224 10 DIL28/SO28 | 20 1/O lines OM1083
8-bit timer
VDD >1.8V
Byte I2C

3344 2k 224 3.58 DIL28/S028 |20 1/0O lines OM1071
8-bit timer
DTMF generator

3346 4k 128 10 . DIL28/S0O28 |20 I/O lines OM1076
8-bit timer

Byte I2C

256 bytes EEPROM
VDD <18V

3347 1.5k 64 3.58 DIL20/SO20 | 121/O lines OM1071 +
8-bit timer Adapter_2
DTMF generator

3348 8k 256 10 DIL28/SO28 | 20 I/O lines OM1083
’ 8-bit timer
Byte I2C
VDD <1.8V

3349 4k 224 3.58 DIL28/S0O28 |20 /O lines OM1071
8-bit timer
DTMF generator

3350A 8k 128 3.58 VSO64 30 I/O lines To be developed
8-bit timer

DTMF generator
256 bytes EEPROM

3351A 2k 64 3.58 DIL28/SO28 | 20 I/Olines OM5000
8-bit timer

DTMF generator
128 bytes EEPROM

3352A 6k 128 3.58 DIL28/SO28 |20 1/O lines OMS5000
. 8-bit timer

DTMF generator

128 byte EEPROM

3301B ) Piggyback for 3315, | OM1083
3343, 3348

3344B Piggyback for 3344, | OM1071
3347, 3349

3346B Piggyback for 3346 | OM1076
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CMOS 16-bit microcontroller family
- -~ ... - |

16-BIT CONTROLLERS
TYPE | (EP)ROM | RAM | SPEED FUNCTIONS REMARKS DEVELOPMENT TOOLS
(MHz2)
68070 - - 175 2 DMA channels, MMU, UART, 16-bit OM4160 Microcore
timer, 12C, 68000 bus interface, OM4161 (SBE68070)
16Mb address range TRACE32-ICE68070 (Lauterbach)
OM4222 90C Development
system (planned)
93C101 34k 512 15 Derivative with low power modes Low power
micro-
controller
90C100 - 512 156 UART, I2C, 3 16-bit timers, OM4160/3 Microcore 3
93C100 34k 512 15 80C51 interface, 68000 interface, OM4201WP (SBE90C110)
97C100 32k 512 15 40 1/O lines, 2Mb address range OM4220 90C Development system
(EPROM) TRACE32 - ICE93C110
(Lauterbach)

16-BIT MICROCONTROLLER FAMILY'

PART ROM RAM | EEPROM | 16-BIT | SERIAL DMA COUNTER/ | EXTERNAL | SPEED | PACKAGES SPECIAL
NO. vo 110 CHANNELS | TIMER INTERRUPTS | MHz FEATURES
PORTS
68070 - - - - UART, 2 12 6 10, 12, | PLCC84 | Memory

12C 15, QFP120 | management unit
17.56 68000 bus interface
90C100 - 512 - 2+ 1/2 | UART, - 12 8 15 PLCC84 |80C51 bus interface
’c QFP80 | 68000 bus interface
93C100 34k 512 - 2+ 1/2 | UART, - 12 8 15 PLCC84 | 80C51 bus interface
12C QFP80 | 68000 bus interface
97C100 32k 512 - 2 +1/2 | UART, - 12 8 15 PLCC84 | 80C51 bus interface
EPROM 12’c CLCC84 | 68000 bus interface

QFP80
NOTES:

1. 68000 software compatible.
2. 16-bit timer with two match/count/capture registers.
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Philips 8-bit microcontroller .
demonstration and evaluation boards

12C demonstration board based on 84CXX derivatives (OM4151)
I2C LCD driver demonstration board with 84CXX microcontrolier

12C bus analyzer (with 84CXX)

12C demonstration board based on 80C51 derivatives (SB7COOK)

8051 family demonstration board (OM4238, P8051DB)
8XC552 evaluation board (OM4128)

CAN controller evaluation board (OM4130, PCAN-EVAL)
8XC592 evaluation board (OM4239)

68070 demonstration and evaluation board MicroCore | (OM4160, SM68070)
90C100 family demonstration and evaluation board MicroCore Ill (OM4160/3, SM90C100)

February 1992 Xxii



Signetics

80C51-Based
8-Bit Microcontrollers

Section 1
80C51 Family Overview

CONTENTS
80C51 Family Overview ............. ...t 3
=103 3
BOCET ottt e e e e 3
BOCL ST .t e e 3
L= 4
BOC D2 .ttt e e e 4
BBC05 .ottt e e e e e s 4
B3CLA10 . e e s 4
B304 e e 4
BCE28 ..ttt e s 4
BBCB50 ..t e e e e 4
B35 i e e e 4
B350 ..t e e e 6
B3C57 L.ttt e e 6
70892 ..t e e e 6
B3CB52 ... e 6
BB . e 6
BB 7 e e 6
BB 782 e e e e e e 6
B3O8, i e e 6
B3B8 .. e 6
B0CSTArChitecture .. ...........o oottt e 8
Memory Organization ... ..........ueuuinnnaneeeeniene e 8
ProgramMemory ............ .. i e 8
DataMemory ........c..iiiniiiii i 9
80C51 Family Instruction Set . ........... ..ottt 1
ProgramStatus Word . . ... 1
AddressingModes ... ... .. ... 12
Direct Addressing . ......c.viiiittiiii e e e 12
Indirect Addressing .. ...ttt 12
Register INStructions . ...ttt e 12
Register-Specific Instructions . ...........cooi i 12
Immediate Constants ..............viiiiiiiiii i 12
Indexed Addressing ... ........ouueeniienn i 12
Arithmetic Instructions .............c ittt 12
Logical Instructions . ........ ...t et 13
DataTransfers ..........ooiiiiiiiin i e 13
Internal RAM . . ..o e 13
External RAM . ... .. 14
LookupTables . ..... ... 15
Boolean INstructions . . .. ...ttt e 15
Relative Offset ............ .o 15
JUMP INSIIUCHIONS . .. .. e e 16
CPU TIMING .« oottt e e e e e e e e e e 17
Machine Cycles .. .......coiuiiiinii i 17
INtermupt SIrUCIUrE ... e 18
InterruptEnables . ... ... ... . 18
Interrupt Priorities . ....... ... ..o i 22
Simulating a Third Priority LevelinSoftware . ......................... 22
Hardware Description .. ...... ... .. ... . i 23
Special Function Registers ... ...........ooutiiiiitiiiiii i 24
Accumulator . ... ... e 24
B Register ... e e 24
Program StatusWord . ....... ... 24
Stack PoInter . ... e 24
DataPointer ... ... e 24
POrtS D10 B .. . e 24
Serial DataBuffer . .......... ... 24
Timer Registers Basicto 80C51 .. ... ...ttt 24

Control Register forthe 80C51 .. ..........cviiiiiiriiiiineninnnnn 24



Signetics 80C51-Based 8-Bit Microcontrollers

80C51 Family Overview ‘ SECTION 1

CONTENTS (Continued)

Hardware Description (continued)

Port Structuresand Operation . . ....... ...ttt 24
/0 Configurations ... ... .. ... ... . ..t e 25
Writingtoa Port ... ... ... 25
PortLloadingandinterfacing .............. ... i 26
Read-Modify-Write Feature ........ ... ... .. ... i, 27

Accessing External Memory .. ... e e 28

Timer/Counters . .. ... PPN 28
TimerOand Timer 1 ... ..o o et 28
Mode 0 ... e 28
Mode 1 .. 28
MOGE 2 . 28
Mode B .. 28

Standard Serial Interface . .. ........ ... . e 31
Multiprocessor Communications .................. . it 31
Serial Port Control Register . ...........o ittt 31
Baud Rates . ... 31
Using Timer 1 to GenerateBaudRates . .......................... ... ... 31
More AboutMode 0 ... ... ... .. e 32
More AboutMode 1 .. .. . . i e 33
More About Modes 2and 3 ... .. ... ...ttt e 33

IEITUPES . ..t e 38
Priority Level Structure . . .. ... . ... 38
How Interrupts AreHandled . .. ... .. ... ... o ittt 39
External Interrupts . ......... ... e 40
Response TIMe .. ...ttt e 40

Single-Step Operation ... ...t e e 40

ReSet . .. e e 40

Power-onReset . ... .. e e 41

Power-Saving Modes of Operation .. ..............ciiiiiiuiiiinenenennnnnn 41
CMOS Power ReductionMode ............ ... iiiiiiiininiinnann, 41

Idle Mode . ..o e 41

Power-DownMode .. .......... .. iiiiiiii 42

ONCEMOGE ... e e e 42

The On-Chip Oscillators . ........ ..ottt 43
NMOS VEIsSion . .. .ottt e e i 43
CMOS VEISIONS .. oottt ettt ettt e e e e e e e e 43

Internal TIMING . . ..ottt e e e 44

80CS51 PINDeSCriptions . . . ..ottt e e 44

Programmer’s Guide and Instruction Set . .. ................................ 48

Memory Organization ... ...ttt e 48
ProgramMemoOry . . ...t e 48
Direct and Indirect Address Area . .. .............iiiiiinninienneeennnn 48

80C51 Family Instruction Set .. ... ... ... ...ttt 60

Instruction Definitions ... ......... . . 64

EPROM Products ...ttt e 103

Programmingthe 87C51 ... ... ... .ttt e 103
Encryption Table . . ... ..ot e e 103
LOCK Bit .. vttt e e 103

Program Verification . .......... ... iiiiiin i e 104
Signature Bytes .. .. ...t e 104

EPROMETQSUI . ..ottt et et e e e 105

Programming the 87C751and87C752 . ... .. .oot ittt 105

Program Verification . .............co ittt e 106
87C751and 87C752 SignatureBytes . ........... ... .. ...t 106
Programming Features ................ ..ottt 106
Erasure Characteristics . ............ ...t 106

8031AH/8051AH DataSheet .. .. ......... ..ottt 107

80C31/80C51/87C51DataSheet . . .............. ... ... ..o 116



Signetics 80C51-Based 8-Bit Microcontrollers

80C51 family overview

SECTION 1
80C51 FAMILY

80C51 FAMILY OVERVIEW

The Philips 80C51 family of products is
based on the industry standard for 8-bit high
performance microcontrollers. The
architecture for the family has been optimized
for sequential real time control applications.
The 80C51 family of products are used in a
wide range of applications from those that are
relatively simple to applications in medical
instrumentation and automobile control
systems. All of the devices included in the
family are available in versions that have
either internal ROM, EPROM, or CPU only.
With the exception of the 83C751 and 752
(which are limited to on-board memory) all of
the devices in the family can address up to
64k bytes of both program and data memory.

The 80C51 family of microcontrollers includes
the devices listed in Table 1. The basic
architecture of these devices is shown in
Figure 1.

8051
The 8051 is the original member of the family.
Among the features of the 8051 are:

@ 8-bit CPU optimized for control applications

® Extensive Boolean processing (single-bit
logic) capabilities

® 32 bidirectional and individually
addressable /0 lines

@ 128 bytes of on-chip data RAM
® Two 16-bit timer/counters
® Full duplex UART

® 5-source interrupt structure with 2 priority
levels

® On-chip clock oscillator

® 4k bytes of on-chip program memory

@ 64k bytes program memory address space
® 64k bytes data memory address space

© 40-pin DIP and 44-pin PLCC packages

The 8031 is a CPU only version of the 8051
and differs from the 8051 in that it does not

have on-chip ROM. The 8031 fetches all
instructions from external memory.

80C51

The 80C51 is the CMOS version of the 8051.
Functionally it is fully compatible with the
8051, but being CMOS it draws less current
than its NMOS counterpart.

The ROMless version of the 80C51 is the
80C31. The EPROM version is the 87C51.

80CL51

The 80CL51 is a low power version of the
80C51. Functionally it is fully compatible with
the 80C51 and 8051. The part can be
operated at voltages from 1.8V to 6V and at
oscillator frequencies from DC to 12MHz. The
main benefit of this partis its ability to
significantly reduce the current consumption
in an application when it is operated at
voltages and frequencies that are lower than
those which the 80C51 will operate.

Table 1. 80C51 Family of Microcontrollers
DEVICE ROMless EPROM ROM RAM 16-BIT CIRCUIT

NAME VERSION VERSION BYTES BYTES TIMERS TYPE
8051 8031 - 4k 128 NMOS
80C51 80C31 87C51 4k 128 2 HMOS
80CL51 - - 4k 128 2 SACMOS
8052 8032 - 8k 256 3 NMOS
80C52 80C32 87C52 8k 256 3 CMOS
83C053 - 87C054 8k 192 2 CMOS
83CL410 80CL410 - 4k 128 2 CMOS
83C451 80C451 87C451 4k 128 2 CMOS
83C528 80C528 87C528 32k 512 3+WD CMOS
83C550 80C550 87C550 4k 128 2+ WD CMOS
83C552 80C552 87C552 8k 256 3+WD CMOS
83C562 80C526 - 8k 256 3+WD CMOS
87C575 80C575 87C575 8k 256 3+PCA+WD CMOS
87C592 - 87C592 16k 512 3+WD CMOS
83C652 80C652 87C652 8k 256 2 CMOS
83C654 - 87C654 16k 256 2 CMOS
83C751 - 87C751 2k 64 1 CMOS
83C752 - 87C752 2k 64 1 CMOS
83C851 80C851 - 4k 128 2 CMOs
83C852 - - 6k 256 2 CMOS
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8052

The 8052 is an enhanced version of the
8051. Itis fabricated with NMOS technology,
and is upwards compatible with the 8051. Its
enhancements over the 8051 include:

® 256 bytes of on-chip data RAM

® Three counter/timers

® A 6-source interrupt structure

® 8k bytes of on-chip program memory

® 40-pin DIP and 44-pin PLCC packages

The ROMless version of the 8052 is the
8032.

80C52

The 80C52 is the CMOS version of the 8052.
Functionally it is fully compatible with the
8052, but being CMOS it draws less current
than its NMOS counterpart.

The ROMless version of the 80C52 is the
80C32. The EPROM version is the 87C52.

83C053

The 83C053 is a derivative of the 80C51 that
is intended for use as the central control
mechanism in a television. It provides tuner
functions and has an on-screen display
facility. The main features of the part are:

® 8k ROM (83C053)

® 16k EPROM (87C054)

® 192 bytes RAM

® On-screen display controller
® Three digital video outputs

® Multiplexer/mixer and background intensity
controls

® 128 x 10 display RAM

® 60 x 18 x 14 character generator ROM

® Eight 6-bit PWM

® One 14-bit PWM

® Four high current open-drain port outputs

® Twelve high voltage (+12V) open-drain
outputs :

® Programmable video input and output
polarities
® 42-pin shrink DIP

There is no ROMIess version of the part. The
EPROM version is the 87C054.
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83CL410

The 83CL410 is a derivative of the 80C51
that operates at very low supply levels and
frequency. At lower supply levels and
frequency, the part has dramatically reduced
power dissipation: This part is ideally suited
for low voltage battery operation. The part
has all of the features of an 80C51, except
the full-duplex UART. The additional features
of the 83CL410 are:

© |2C serial interface

©® Warm start from power-down mode

® 32kHz to 20MHz frequency operation (can
be operated to DC with an external
oscillator)

® Power supply range: 1.5 to 6V

This part is socket compatible with the
80C51. The ROMless version is the
80CL410. There is no EPROM version.

83C451
The 83C451 is an extended I/O version of the
80C51 with the following features:
@ Seven 8-bit quasi-bidirectional I/O ports
(PLCC version)
® Six 8-bit and one 4-bit quasi-bidirectional .
1/0 ports (DIP version)
® Mailbox port (port 6) features:
~ Operation as normal quasi-bidirectional
I/0 port
- Four handshake control pins
— Control status register
- Input and output buffer registers making
port 6 suitable for:
direct MPU interface
parallel printer interface

® 64-pin DIP and 68-pin PLCC packages

All other aspects of the 83C451 are identical
to the 80C51. The ROMless version of the
83C451 is the 80C451, and the 87C451 is the
EPROM version.

83C528

This is an extended memory version of the
80C51. Itis socket compatible with the
80C51 and has all of the 80C51 features . -
plus:

® 32k bytes of ROM

© 512 bytes of RAM

© A third 16-bit counter/timer (identical to the
80C52 T2)

© A watchdog timer with separate oscillator
® An |2C serial port .

® Warm start from power-down mode
The ROMless version of the 83C528 is the

80C528, and the EPROM version is the
87C528.

83C550

The 83C550 is a 40-pin derivative of the
80C51 that has an 8 channel, 8-bit A/D
converter. In addition to having all of the
features of an 80C51, the parthas:

® 8 channel, 8-bit A/D
® Watchdog timer
Although the 83C550 is available in a 40-pin

package, it is not socket compatible with the
80C51, because of its analog features.

The ROMless version of the 83C550 is the
80C550 and the EPROM version is the
87C550.

83C552 = .
The 83C552is an extended function 80C51
with the following features:

© 8k bytes of ROM
® 256 bytes RAM _
© 10-bit 8 channel AD

e Counter/timer array with high speed
outputs and capture inputs

® Four counter/timers (including a watchdog
timer)

® Two PWM outputs

® 8051 full duplex UART

 Six 8-bit I/O ports

® |2C serial port

® 68-pin PLCC package ‘

The 83C552 is 100% code compatible with

~ the 80C51. The ROMIess version of the

83C552 is the 80C552 and the EPROM
version is the 87C552.
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Figure 1. 80C51 Family Block Diagram
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83C562

The 83C562 is an 80C51 derivative that is
identical to the 83C552 except that the 12C
interface has been removed and the A/D
converter is 8 bit instead of 10 bit.

The ROMIess version of the 83C562 is the
80C562. There is no EPROM version. For
development and prototyping, the 87C552
can be used.

83C575

The 83C575 is an 80C51 derivative that
contains all of the best derivative features
that are available today. It is fully code
compatible with the 80C51 and has the
following features:

® 8k program memory

® 256 bytes RAM

© 3 16-bit timers

® Programmable counter array
® Watchdog timer

® Oscillator fail detection

® Power fail detection

® Enhanced UART

® Power On flag

® Low active reset

® Port pins asynchronously reset low
® 4 analog comparators

® Port 2 active pull-ups can be disabled for
open drain operation

® 48-bit /O ports
® 40-pin DIP, 44-pin PLCC, 44-pin QFP

The ROMiIess version of the 83C575 is the
80C575 and the EPROM version is the
87C575. The EPROM version is available in
both UV erasable and OTP.

87C592

The 87C592 is a microcontroller that is
functionally fully compatible with the 80C51
and it has a Control Area Network (CAN) bus
interface on-chip. The 87C592 has all of the
features of the 83C552 with the exception of
the I2C serial interface. In addition, the
87C592 has the following:

® CAN bus interface
® 16k EPROM program memory
® 512 bytes RAM

® DMA transfer between the on-chip RAM to
the CAN interface

The 87C592 is available in 68-pin PLCC.
Both UV erasable and OTP versions are
available,
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83C652

The 83C652 is an 80C51 with the following
additions: an 8k ROM, 256 bytes RAM and
12C serial port.

The 83C652 is pin-for-pin compatible with the
80C51 except for minor DC specifications on
the 12C serial port pins. The ROMless version
of the 83C652 is the 80C652 and the
EPROM version is the 87C652.

83C654

This 80C51 derivative is identical to the
83C652 except that it has 16k of program
ROM. Itis pin-for-pin socket compatible with
the 80C51.

There is no ROMless version of this part
because it would be identical to an 80C652.
The EPROM version is the 87C654.

83C751

The 83C751 is a 24-pin derivative of the
80C51, for applications where small size and
cost are of prime consideration. The 83C751
is packaged in a 24-pin “skinny-dip” (.300
wide) and in a 28-pin PLCC package. The
following differences exist between the
83C751 and the 80C51. The 83C751 has:

® 2k bytes ROM

© 64 bytes RAM

® |2C serial port (no UART)

® 19 1/O lines

® Single level interrupt structure

® One counter/timer with 16-bit autoload

® No external memory expandability (data
memory can be expanded using the 12C
serial port and 12C compatible memory
devices)

Note that since there is no external
expandability, the external memory
addressing signals: WR, RD, PSEN, EA, and
ALE are not present. Because of these
differences, the instructions LUMP, LCALL,
and MOVX execute as NOPs in the 83C751.

For all other instructions the 83C751 is 100%
code compatible with the 80C51 and
operates at full 80C51 speed. The EPROM
version of the 83C751 is the 87C751. There
is no ROMless version.

83C752

The 83C752 is a 28-pin derivative of the
80C51 thatis intended for use in automotive,
electro-mechanical, and consumer
applications. The 83C752 contains most of
the features of the 80C51 with the following
differences:

® 2k bytes ROM

® 64 bytes RAM

® Single level interrupt structure

® One 16-bit counter/timer with 16-bit
autoload

® Two 8-bit and one 5-bit bidirectional I/O
ports

® |2C serial interface

©® One PWM with timer, including overflow
interrupt capability

® Five channels of 8-bit A/D

® 28-pin packages, both DIP and PLCC

The 83C752 does not have external memory
expandability. The EPROM version of the
83C752 is the 87C752. There is no ROMless
version.

83C851

This 80C51 derivative has on-chip EEPROM.
Itis socket compatible with the 80C51 and
has all of the features of the 80C51. In
addition to these standard features it has:

® 256 bytes of EEPROM
® EEPROM security mode
@ ROM code protection

The ROMiess version of the partis the
80C851. There is no EPROM version.

83C852

The 83C852 is an 80C51 derivative that has
been developed for Secure Smart Card
applications. The microcontroller has the
same instruction set as the 80C51. It has
been specifically designed for conditional
access and provides the highest level of
software and access security. The features of
the part are as follows:

® 6k ROM program memory

® 256 bytes RAM

o 2k bytes of EEPROM
® Security features

® Two 16-bit timers

® A special calculation unit that speeds up
the execution time of public keys and
secret keys cryptographic algorithms

® Low frequency detect
® Two I/O lines

The 83C852 is a 6-pin microcontroller that is
available in ROM version only.
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Table 2.  80C51 Derivative Comparisons
DEVICE A/D PORTS PWM TIMERS SERIAL PORT
80C51 - 4 - Two standard ' UART
80CL51 - 4 - Two standard UART
80C52 - 4 - Two standard, timer 2 UART
83C053 - 31, 9 Two standard -
83CL410 - 4 - Two standard 1°c
83C451 - 7 - Two standard UART
83C528 - 4 - Two standard, timer 2, watchdog (4 total) UART, I2.C
83C550 8 channel/8-bit 4 - Two standard, watchdog UART
83C552 8 channel/10-bit 6 2 Two standard, timer 2, watchdog (4 total) UART, I2C
83C562 8 channel/8-bit 6 2 Two standard, timer 2, watchdog (4 total) UART
83C575 4 comparators 4 5 Two standard, timer 2, PCA, watchdog UART
87C592 8 channel/10-bit 6 2 Two standart, timer 2, watchdog UART, CAN
83C652 - 4 - Two standard UART, I2C
83C654 - 4 - Two standard UART, I2C
83C751 - 2% - One standard, extended to 16-bit autoload 1’c
83C752 5 channel/8-bit 25, 1 One standard, extended to 16-bit autoload 12c
83C851 - 4 - Two standard UART
83C852 - 2/g - Two standard -
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80C51 ARCHITECTURE

MEMORY ORGANIZATION

All 80C51 devices have separate address
spaces for program and data memory, as
shown in Figures 1 and 2. The logical
separation of program and data memory
allows the data memory to be accessed by
8-bit addresses, which can be quickly stored
and manipulated by an 8-bit CPU.
Nevertheless, 16-bit data memory addresses
can also be generated through the DPTR
register.

Program memory (ROM, EPROM) can only
be read, not written to. There can be up to
64k bytes of program memory. In the 80C51,
the lowest 4k bytes of program are on-chip.
In the ROMless versions, all program
memory is external. The read strobe for
external program memory is the PSEN
(program store enable).

Data Memory (RAM) occupies a separate
address space from Program Memory. In the
80C51, the lowest 128 bytes of data memory
are on-chip. Up to 64k bytes of external RAM
can be addressed in the external Data
Memory space. In the ROMless version, the
lowest 128 bytes are on-chip. The CPU
generates read and write signals, RD and
WR, as needed during external Data Memory
accesses. '

External Program Memory and external Data
Memory may be combined if desired by
applying the RD and PSEN signals to the
inputs of an AND gate and using the output of

the gate as the read strobe to the external
Program/Data memory.

Program Memory

Figure 3 shows a map of the lower part of the
Program Memory. After reset, the CPU
begins execution from location 0000H. As
shown in Figure 3, each interrupt is assigned
a fixed location in Program Memory. The
interrupt causes the CPU to jump to that
location, where it commences execution of
the service routine. External Interrupt 0, for
example, is assigned to location 0003H. If
External Interrupt O is going to be used, its
service routine must begin at location 0003H.
If the interrupt is not going to be used, its
service location is available as general
purpose Program Memory.

The interrupt service locations are spaced at
8-byte intervals: 0003H for External Interrupt
0, 000BH for Timer 0, 0013H for External
Interrupt 1, 001BH for Timer 1, etc. If an
interrupt service routine is short enough (as is
often the case in control applications), it can
reside entirely within that 8-byte interval.
Longer service routines can use a jump
instruction to skip over subsequent interrupt
locations, if other interrupts are in use.

The lowest 4k bytes of Program Memory can
either be in the on-chip ROM or in an external
ROM. This selection is made by strapping the
EA (External Access) pin to either Vg, or
Vss. In the 80C51, if the EA pin is strapped to
Vcc, then the program fetches to addresses
0000H through OFFFH are directed to the
internal ROM. Program fetches to addresses

SECTION 1
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1000H through FFFFH are directed to
external ROM.

If the EA pin is strapped to Vss, then all
program fetches are directed to external
ROM. The ROMiess parts (8031, 80C31,
etc.) must have this pin externally strapped to
Vss to enable them to execute from external
Program Memory.

The read strobe to external ROM, PSEN, is
used for all external program fetches. PSEN
is not activated for internal program fetches.

The hardware configuration for external
program execution is shown in Figure 4. Note
that 16 1/0 lines (Ports 0 and 2) are dedicated
to bus functions during external Program
Memory fetches. Port 0 (PO in Figure 4)
serves as a multiplexed address/data bus. It
emits the low byte of the Program Counter
(PCL) as an address, and then goes into a
float state awaiting the arrival of the code
byte from the Program Memory. During the
time that the low byte of the Program Counter
is valid on Port 0, the signal ALE (Address
Latch Enable) clocks this byte into an
address latch. Meanwhile, Port 2 (P2 in
Figure 4) emits the high byte of the Program
Counter (PCH). Then PSEN strobes the
EPROM and the code byte is read into the
microcontroller.

Program Memory addresses are always 16
bits wide, even though the actual amount of
Program Memory used may be less than 64k
bytes. External program execution sacrifices
two of the 8-bit ports, PO and P2, to the
function of addressing the Program Memory.

External
Interrupts
S
Interrupt 4 128 Timer1  le—— Counter
Control ROM RAM Timer 0 - Inputs
le———
CPU
Bus Serial
Osc Control Four /0 Ports Port
IDI TXD RXD
; ; Po P2 P1 P3
| R——
Address/Data

Figure 1. 80C51 Block Diagram
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Data Memory
(Read/Write)

FFFFH:

N

External

I/L

Figure 2. 80C51 Memory Structure

\l\'\\
( 80C51 EPROM
—_— 0023H
— 001BH
I 8 Bytes
Interrupt _
Locations { 0013H
— 000BH ADDR
N
\ — ™ 0003H <:> P2
PSEN TE
Reset ———» 0000H
Figure 3. 80C51 Program Memory Figure 4. Executing from External Program Memory

Data Memory

The right half of Figure 2 shows the internal
and external Data Memory spaces available
to the 80C51 user. Figure 5 shows a
hardware configuration for accessing up to 2k
bytes of external RAM. The CPU in this case
is executing from internal ROM. Port 0 serves
as a multiplexed address/data bus to the
RAM, and 3 lines of Port 2 are being used to
page the RAM. The CPU generates RD and
WR signals as needed during external RAM
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accesses. There can be up to 64k bytes of
external Data Memory. External Data
Memory addresses can be either 1 or 2 bytes
wide. One-byte addresses are often used in
conjunction with one or more other /O lines
to page the RAM, as shown in Figure 5.

Two-byte addresses can also be used, in
which case the high address byte is emitted
atPort2.

Internal Data Memory is mapped in Figure 6.
The memory space is shown divided into
three blocks, which are generally referred to
as the Lower 128, the Upper 128, and SFR
space.

Internal Data Memory addresses are always
one byte wide, which implies an address
space of only 256 bytes. However, the
addressing modes for internal RAM can in
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fact accommodate 384 bytes, using a simple
trick. Direct addresses higher than 7FH
access one memory space, and indirect
addresses higher than 7FHO access a
"different memory space. Thus Figure 6 shows
the Upper 128 and SFR space occupying the
same block of addresses, 80H through FFH,
although they are physically separate entities.

The Lower 128 bytes of RAM are present in
all 80C51 devices as mapped in Figure 7.
The lowest 32 bytes are grouped into 4 banks
of 8 registers. Program instructions call out
these registers as RO through R7. Two bits in

the Program Status Word (PSW) select which
register bank is in use. This allows more
efficient use of code space, since register
instructions are shorter than instructions that
use direct addressing.

The next 16 bytes above the register banks
form a block of bit-addressable memory
space. The 80C51 instruction set includes a
wide selection of single-bitinstructions, and
the 128 bits in this area can be directly
addressed by these instructions. The bit
addresses in this area are 00H through 7FH.

All of the bytes in the Lower 128 can be
accessed by either direct or indirect
addressing. The Upper 128 (Figure 8) can
only be accessed by indirect addressing.

Figure 9 gives a brief look at the Special
Function Register (SFR) space. SFRs include
the Port latches, timers, peripheral controls,
etc. These registers can only be accessed by
direct addressing. Sixteen addresses in SFR
space are both byte- and bit-addressable.
The bit-addressable SFRs are those whose
address ends in OH or 8H.

Data
FFHr====-=--~-~- FFH
Po "o " A "
<:———> Upper '  bylndirect by Direct
= RAM i o Addressing
80C51 [~ vee ' Only
with :
Internal Latch 80H 80H
oM
R TFH Accessible Ports,
. ALE Lower by Direct
ADDR 128 and indirect Gontol gu,
: [/\r Addressing Special Timer,
[} Function Registers,
P3 P2 1\ Registers Stack Pointer,
A \ AEcclxlulalor
(Etc.)
WR <,‘:> vo Page WE
Bits

T F

Figure 5. Accessing External Data Memory
If the Program Memory Is Internal,
the Other Bits of P2 Are Available as /O

Figure 6. Internal Data Memory

Figure 7. Lower 128 Bytes of Internal RAM

Figure 8. Upper 128 Bytes of Internal RAM.

7FH
Bank 2FH
Select
Bits in Bit-Addressable Space
PSW (Bit Addresses 0-7F)
—+ 20H
Y
1 1FH
18H
17H
10 10H 4 Banks of
. OFH RO-R7
01
08H
o7H Reset Value of
00 Stack Pointer
[} J 80H

FFH

No Bit-Addressabie
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FFH
Register-Mapped Ports
EOH ACC
Addresses that end in OH or
8H are siso
bitadkd "
BOH Port3
- PortPins
AOH Port2 - Accumulator
- PsSw
90H Port1 (Bte)
80H Port0

Figure 9. SFR Space

|CV

PSW7
Carry flag receives carry out
from bit 7 of ALU operands

PSW6

Auxiliary carry flag receives carry out from
bit 3 of addition operands.

PSWs
General purpose status flag

PSW 4

T_ PSWoO

Parity of accumulator set

by hardware to 1 if it contains
an odd number of 1s; otherwise
itisresetto 0.

PSW1
User-definabie flag

PSW2

Overflow flag set by
arithmetic operations

PSW3

Register bank select bit 1

Figure 10.

PSW (Program Status Word) Register in 80C51 Devices

Reglster bank select bit0

80C51 FAMILY INSTRUCTION SET
The 80C51 instruction set is optimized for
8-bit control applications. It provides a variety
of fast addressing modes for accessing the
internal RAM to facilitate byte operations on
small data structures. The instruction set
provides extensive support for one-bit
variables as a separate data type, allowing
direct bit manipulation in control and logic
systems that require Boolean processing.

Program Status Word
The Program Status Word (PSW) contains
several status bits that reflect the current
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state of the CPU. The PSW, shown in

Figure 10, resides in the SFR space. It
contains the Carry bit, the Auxiliary Carry (for
BCD operations), the two register bank select
bits, the Overflow flag, a Parity bit, and two
user-definable status flags.

The Carry bit, other than serving the function
of a Carry bit in arithmetic operations, also
serves as the “Accumulator” for a number of
Boolean operations.

The bits RS0 and RS1 are used to select one
of the four register banks shown in Figure 7.
A number of instructions refer to these RAM

"

locations as RO through R7. The selection of
which of the four is being referred to is made
on the basis of the RSO and RS1 at execution
time.

The Parity bit reflects the number of 1s in the
Accumulator: P = 1 if the Accumulator
contains an odd number of 1s, and P = 0 if
the Accumulator contains an even number of
1s. Thus the number of 1s in the Accumulator
plus P is always even. Two bits in the PSW
are uncommitted and may be used as
general purpose status fiags.
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Addressing Modes
The addressing modes in the 80C51
instruction set are as follows:

Direct Addressing

In direct addressing the operand is specified
by an 8-bit address field in the instruction.
Only internal Data RAM and SFRs can be
directly addressed.

Indirect Addressing

In indirect addressing the instruction specifies
a register which contains the address of the
operand. Both internal and external RAM can
be indirectly addressed.

The address register for 8-bit addresses can
be RO or R1 of the selected bank, or the
Stack Pointer. The address register for 16-bit
addresses can only be the 16-bit “data
pointer” register, DPTR.

Register Instructions

The register banks, containing registers RO
through R7, can be accessed by certain
instructions which carry a 3-bit register
specification within the opcode of the
instruction. Instructions that access the
registers this way are code efficient, since
this mode eliminates an address byte. When
the instruction is executed, one of the eight
registers in the selected bank is accessed.
One of four banks is selected at execution
time by the two bank select bits in the PSW.

Register-Specific Instructions
Some instructions are specific to a certain
_register. For example, some instructions
always operate on the Accumulator, or Data
. Pointer, etc., so no address byte is needed to
point to it. The opcode itself does that.
Instructions that refer to the Accumulator as
A assemble as accumulator specific opcodes.

Immediate Constants
The value of a constant can follow the
opcode in Program Memory. For example,

MOV A, #100

loads the Accumulator with the decimal
number 100. The same number could be
specified in hex digits as 64H.

Indexed Addressing

Only program Memory can be accessed with
indexed addressing, and it can only be read.
This addressing mode is intended for reading
look-up tables in Program Memory A 16-bit
base register (either DPTR or the Program
Counter) points to the base of the table, and
the Accumulator is set up with the table entry
number.

The address of the table entry in Program
Memory is formed by adding the Accumulator
data to the base pointer.

Another type of indexed addressing is used in

_the “case jump” instruction. In this case the

destination address of a jump instruction is
computed as the sum of the base pointer and
the Accumulator data.

Arithmetic Instructions
The menu of arithmetic instructions is listed in
Table 1. The table indicates the addressing
modes that can be used with each instruction
to access the <byte> operand. For example,
the ADD A, <byte> instruction can be written
as:
ADD  a, 7FH (direct addressing)
ADD A, @RO (indirect addressing)
ADD  a, R7 (register addressing)
ADD A, #127 (immediate constant)

The execution times listed in Table 1 assume
a 12MHz clock frequency. All of the arithmetic

instructions execute in 1us except the INC
DPTR instruction, which takes 2us, and the
Multiply and Divide instructions, which take
4ps.

Note that any byte in the internal Data
Memory space can be incremented without
going through the Accumulator.

One of the INC instructions operates on the
16-bit Data Pointer. The Data Pointer is used
to generate 16-bit addresses for external
memory, so being able to increment it in one
16-bit operation is a useful feature.

The MUL AB instruction multiplies the
Accumulator by the data in the B register and
puts the 16-bit product into the concatenated
B and Accumulator registers.

The DIV AB instruction divides the
Accumulator by the data in the B register and
leaves the 8-bit quotient in the Accumulator,
and the 8-bit remainder in the B register.

Oddly enough, DIV AB finds less use in
arithmetic “divide” routines than in radix
conversions and programmable shift
operations. An example of the use of DIV AB
in a radix conversion will be given later. In
shift operations, dividing a number by 2n
shifts its n bits to the right. Using DIV AB to
perform the division completes the shiftin
4us and leaves the B register holding the bits
that were shifted out. The DA A instruction is
for BCD arithmetic operations. In BCD
arithmetic, ADD and ADDC instructions
should always be followed by a DA A
operation, to ensure that the resultis also in
BCD. Note that DA A will not convert a binary
number to BCD. The DA A operation
produces a meaningful result only as the
second step in the addition of two BCD bytes.

Table 1. 80C51 Arithmetic Instructions

MNEMONIC OPERATION ADDRESSING MODES EXECUTION

DIR IND REG IMM TIME (ps)
ADD A <byte> A=A + <byte> X X X X 1
ADDC A,<byte> A=A+ <byte> +C X X X X 1
SUBB A, <byte> A=A-<byte>-C X X X X 1
INCA A=A+1 Accumulator only 1
INC <byte> <byte> = <byte> + 1 X X ‘ X | 1
INC DPTR DPTR=DPTR + 1 Data Pointer only 2
DECA A=A-1 Accumulator only 1
DEC <byte> <byte> = <byte> — 1 X X I X ‘ 1
MUL AB B:A=BxA ACC and B only 4
DIV AB A ":,}gQI’E}B] ACC and B only 4
DAA Decimal Adjust Accumulator only 1
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Logical Instructions

Table 2 shows the list of 80C51 logical
instructions. The instructions that perform
Boolean operations (AND, OR, Exclusive OR,
NOT) on bytes perform the operation on a
bit-by-bit basis. That is, if the Accumulator
contains 00110101B and byte contains
01010011B, then:

ANL A, <byte>

will leave the Accumulator holding
00010001B.

The addressing modes that can be used to
access the <byte> operand are listed in
Table 2.

The ANL A, <byte> instruction may take any
of the forms:

ANL A 7FH (direct addressing)
ANL A @R (indirect addressing)
ANL A RS6 (register addressing)
ANL A, #53H (immediate constant)

All of the logical instructions that are
Accumulator-specific execute in 1us (using a
12MHz clock). The others take 2ps.

Note that Boolean operations can be
performed on any byte in the internal Data
Memory space without going through the
Accumulator. The XRL <byte>, #data
instruction, for example, offers a quick and
easy way to invert port bits, as in XRL P1,
#OFFH.

|f the operation is in response to an interrupt,
not using the Accumulator saves the time and
effort to push it onto the stack in the service
routine.

The Rotate instructions (RL, A, RLC A, etc.)
shift the Accumulator 1 bit to the left or right.
For a left rotation, the MSB rolls into the LSB
position. For a right rotation, the LSB rolls
into the MSB position.

The SWAP A instruction interchanges the
high and low nibbles within the Accumulator.
This is a useful operation in BCD
manipulations. For example, if the
Accumulator contains a binary number which
is known to be less than 100, it can be
quickly converted to BCD by the following
code:

MOVE B,#10
DIV AB
SWAP A
ADD AB

Dividing the number by 10 leaves the tens
digit in the low nibble of the Accumulator, and
the ones digit in the B register. The SWAP
and ADD instructions move the tens digit to
the high nibble of the Accumulator, and the
ones digit to the low nibble.

Data Transfers

Internal RAM
Table 3 shows the menu of instructions that
are available for moving data around within

the internal memory spaces, and the
addressing modes that can be used with
each one. With a 12MHz clock, all of these
instructions execute in either 1 or 2ps.

The MOV <dest>, <src> instruction allows
data to be transferred between any two
internal RAM or SFR locations without going
through the Accumulator. Remember, the
Upper 128 bytes of data RAM can be
accessed only by indirect addressing, and
SFR space only by direct addressing.

Note that in 80C51 devices, the stack resides
in on-chip RAM, and grows upwards. The
PUSH instruction first increments the Stack
Pointer (SP), then copies the byte into the
stack. PUSH and POP use only direct
addressing to identify the byte being saved or
restored, but the stack itself is accessed by
indirect addressing using the SP register.
This means the stack can go into the Upper
128 bytes of RAM, if they are implemented,
but not into SFR space.

The Upper 128 bytes of RAM are not
implemented in the 80C51 nor in its ROMless
or EPROM counterparts. With these devices,
if the SP points to the Upper 128, PUSHed
bytes are lost, and POPed bytes are
indeterminate.

The Data Transfer instructions include a
16-bit MOV that can be used to initialize the
Data Pointer (DPTR) for look-up tables in
Program Memory, or for 16-bit external Data
Memory accesses.

Table 2.  80C51 Logical Instructions
MNEMONIC OPERATION ADDRESSING MODES EXECUTION
DIR IND REG IMM TIME (ps)
ANL A, <byte> A = A.AND. <byte> X X X X 1
ANL <byte>,A <byte> = <byte> AND.A X 1
ANL <byte> #data <byte> = <byte> .AND.#data X 2
ORL A, <byte> A = A.OR.<byte> X X X X 1
ORL <byte>,A <byte> = <byte> .OR.A X 1
ORL <byte>,#data <byte> = <byte> .OR.#data X 2
XRL A, <byte> A = AXOR. <byte> X X X X 1
XRL <byte>,A <byte> = <byte> .XOR.A X 1
XRL <byte>,#data <byte> = <byte> .XOR #data X 2
CRLA A = 00H Accumulator only 1
CPLA A =.NOTA Accumulator only 1
RLA Rotate ACC Left 1 bit Accumulator only 1
RLCA Rotate Left through Carry Accumulator only 1
RRA Rotate ACC Right 1 bit Accumulator only 1
RRC A Rotate Right through Carry Accumulator only 1
SWAP A Swap Nibbles in A Accumulator only 1
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Table 3.  Data Transfer Instructions that Access Internal Data Memory Space
MNEMONIC OPERATION ADDRESSING MODES EXECUTION
DIR IND REG IMM TIME (us)

MOV A,<src> A = <src> . . X X ‘X X 1
MOV <dest>,A <dest>=A X X X ) 1
MOV <dest>,<src> <dest> = <src> . o X X X X 2
MOV DPTR,#data16 DPTR = 16-bit immediate constant X 2
PUSH <src> INC SP:MOV“@SP" <src> X -2
POP <dest> MOV <dest>,“@SP":DEC SP X 2
XCH A,<byte> ACC and <byte> exchange data X X X 1
XCHD A @Ri ACC and @Ri exchange low nibbles X 1

The XCH A, <byte> instruction causes the To right-shift by an odd number of digits, a External RAM

Accumulator and addressed byte to
exchange data. The XCHD A, @Ri
instruction is similar, but only the low nibbles
are involved in the exchange.

To see how XCH and XCHD can be used to
facilitate data manipulations, consider first the
problem of shifting an 8-digit BCD number
two digits to the right. Figure 11 shows how
this can be done using direct MOVs, and for
comparison how it can be done using XCH
instructions. To aid in understanding how the
code works, the contents of the registers that
are holding the BCD number and the content
of the Accumulator are shown alongside each
instruction to indicate their status after the
instruction has been executed.

After the routine has been executed, the
Accumulator contains the two digits that were
shifted out on the right. Doing the routine with
direct MOVs uses 14 code bytes and 9pus of
execution time (assuming a 12MHz clock).
The same operation with XCHs uses only 9
bytes and executes almost twice as fast.

one-digit shift must be executed.

Figure 12 shows a sample of code that will
right-shift a BCD number one digit, using the
XCHD instruction. Again, the contents of the
registers holding the number and of the
Accumulator are shown alongside each
instruction. .

First, pointers R1 and RO are set up to point
to the two bytes containing the last four BCD
digits. Then a loop is executed which leaves
the last byte, location 2EH, holding the last
two digits of the shifted number. The pointers
are decremented, and the loop is repeated for
location 2DH. The CJNE instruction
(Compare and Jump if Not Equal) is a loop
control that will be described later. The loop
executed from LOOP to CJNE for R1 = 2EH,
2DH, 2CH, and 2BH. At that point the digit
that was originally shifted out on the right has
propagated to location 2AH. Since that
location should be left with Os, the lost digit is
moved to the Accumulator.

Table 4 shows a list of the Data Transfer
instructions that access external Data
Memory. Only indirect addressing can be
used. The choice is whether to use a
one-byte address, @RI, where Ri ¢an be
either RO or R1 of the selected register bank,
or a two-byte address, @DPTR. The
disadvantage to using 16-bit addresses if only
a few k bytes of external RAM are involved is
that 16-bit addresses use all 8 bits of Port 2
as address bus. On the other hand, 8-bit
addresses allow one to address a few bytes
of RAM, as shown in Figure 5, without having
to sacrifice all of Port 2. All of these )
instructions execute in 2 ps, with a 12MHz
clock.

Note that in all external Data RAM accesses,
the Accumulator is always either the
destination or source of the data.

The read and write strobes to external RAM
are activated only during the execution of a
MOVX instruction. Normally these signals are
inactive, and in fact if they're not going to be
used at all, their pins are available as extra
/O lines. '

| 2af 28] 2c| 20 | 2| acc | 2a| 28| 2c | 2D | 26| ACC

MOV  A2EH MOV’ Ri1#2EH 00 12 34 56 78] XX

MOV 2EigoH | oo | 13| o | 5 | s | 7 MOV ROxeDH | 00 | 12 | 3¢ 7 | xx

MOV 2DH,2CH 00| 12| 3¢ | 34 | 56| 78 ' '

MOV  2CH,2BH 00| 12| 12| 3¢ | 56| 78 loop for R1 = 2EH:

MOV  2BH,#0 00| oo 12| 34 | 56| 78 LOOP: MOV A@R1 00| 12| 3 | 56 | 78| 78

ing di . XCHD A,@RO 00 | 12| 3 | 58 | 78| 76

A. Using direct MOVs: 14 bytes, 9 us SWAP A 00 12 u 58 I8 &7
MOV @R1,A 00 | 12| 3 | 58 | 67 |67
DEC Rt 00 | 12 | 34 | 58 | 67 |. 67
DEC RO o0l 12| 34| s8 | 671 67

| 2A | 28 2c | 2D 2E | ACC CINE  R1#2AH,LOOP .

CLR A 00| 12| 34 | s6 | 78| o0

XCH  A2BH 00| 00| 34| 56 | 78| 12 loop for R1 = 2DH: 0 | 12| 38 | 45 | 67 | 45

XCH A2CH 00 00 12 56 78 34 loop for R1 = 2CH: 00 18 23 45 67 23

XCH A2DH 00| 00| 12| 34 | 78| 56 o o8 | o1 | 23 | 45 | 67 | 01

XCH A2EH 00 00 12 34 56 78 loop for R1 = 2BH:

B. Using XCHs: 9 bytes, 5 us CLR A 08 o1 23 45 67 00
XCH  A28H 00| o1 | 23 | 45 | 67 | 08

Figure 11. Shifting a BCD Number Two Digits to the Right Figure 12. Shifting a BCD Number One Digit to the Right
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Table 4. 80C51 Data Transfer Instructions that Access External Data Memory Space
ADDRESS MNEMONIC OPERATION EXECUTION
WIDTH TIME (us)
8 bits MOVX A @Ri Read external RAM @Ri 2
8 bits MOVX @Ri,A Write external RAM @ Ri 2
16 bits MOVX A, @DPTR Read external RAM @ DPTR 2
16 bits MOVX @DPTR,A Write external RAM @ DPTR 2
Lookup Tables contains 128 addressable bits, and the SFR C = bit1 .XRL. bit2
Table § shows the two instructions that are space can support up to 128 addressable bits .
available for reading lookup tables in as well. All of the port lines are ) The software to do that could be as follows:
Program Memory. Since these instructions bit-addressable, and each one can be treated MOV C,bit1
access only Program Memory, the lookup as a separate single-bit port. The instructions JNB bit2, OVER
tables can only be read, not updated. that access these bits are not just conditional CPL C

If the table access is to external Program
Memory, then the read strobe is PSEN.

The mnemonic is MOVC for “move constant.”
The first MOVC instruction in Table 5 can
accommodate a table of up to 256 entries
numbered 0 through 255. The number of the
desired entry is loaded into the Accumulator,
and the Data Pointer is set up to point to the
beginning of the table. Then:

MOVC A @A+DPTR

copies the desired table entry into the
Accumulator.

The other MOVC instruction works the same
way, except the Program Counter (PC) is
used as the table base, and the table is
accessed through a subroutine. First the
number of the desired entry is loaded into the
Accumulator, and the subroutine is called:

MOV  AENTRY NUMBER
CALL TABLE :

The subroutine “TABLE” would look like this:

TABLE: MOVC A,@A+PC
RET

The table itself immediately follows the RET
(return) instruction in Program Memory. This
type of table can have up to 255 entries,
numbered 1 through 255. Number 0 cannot
be used, because at the time the MOVC
instruction is executed, the PC contains the
address of the RET instruction. An entry
numbered 0 would be the RET opcode itself.

Boolean Instructions
80C51 devices contain a complete Boolean
(single-bit) processor. The internal RAM

branches, but a complete menu of move, set,
clear, complement, OR, and AND
instructions. These kinds of bit operations are
not easily obtained in other architectures with
any amount of byte-oriented software.

The instruction set for the Boolean processor
is shown in Table 6. All bit accesses are by
direct addressing.

Bit addresses 00H through 7FH are in the
Lower 128, and bit addresses 80H through
FFH are in SFR space.

Note how easily an internal flag can be
moved to a port pin:

MOV  C,FLAG
MOV  P1.0,C

In this example, FLAG is the name of any
addressable bit in the Lower 128 or SFR
space. An I/O line (the LSB of Port 1, in this
case) is set or cleared depending on whether
the flag bitis 1 or 0.

The Carry bit in the PSW is used as the
single-bit Accumulator of the Boolean
processor. Bit instructions that refer to the
Carry bit as C assemble as Carry-specific
instructions (CLR C, etc.). The Carry bit also
has a direct address, since it resides in the
PSW register, which is bit-addressable.

Note that the Boolean instruction set includes
ANL and ORL operations, but not the XRL
(Exclusive OR) operation. An XRL operation
is simple to implement in software. Suppose,
for example, it is required to form the -
Exclusive OR of two bits:

OVER: (continue)

First, bit1 is moved to the Carry. If bit2 = 0,
then C now contains the correct result. That
is, bit1 .XRL. bit2 = bit1 if bit2 = 0. On the
other hand, if bit2 = 1, C now contains the
complement of the correct result. It need only
be inverted (CPL C) to complete the
operation.

This code uses the JNB instruction, one of a
series of bit-test instructions which execute a
jump if the addressed bit is set (JC, JB, JBC)
or if the addressed bit is not set (JNC, JNB).
In the above case, bit2 is being tested, and if
bit2 = 0, the CPL C instruction is jumped
over.

JBC executes the jump if the addressed bit is
set, and also clears the bit. Thus a flag can
be tested and cleared in one operation. All
the PSW bits are directly addressable, so the
Parity bit, or the general purpose flags, for
example, are also available to the bit-test
instructions.

Relative Offset

The destination address for these jumps is
specified to the assembler by a label or by an
actual address in Program memory. However,
the destination address assembles to a
relative offset byte. This is a signed (two's
complement) offset byte which is added to
the PC in two’s complement arithmetic if the
jump is executed. The range of the jump is
therefore ~128 to +127 Program Memory
bytes relative to the first byte following the
instruction.

Table5. 80C51 Lookup Table Read Instructions
MNEMONIC OPERATION EXECUTION TIME (us)
MOVC A,@A+DPTR Read program memory at (A + DPTR) 2
MOVC A,@A+PC Read program memory at (A + PC) 2
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Table 6. 80C51 Boolean Instructions
MNEMONIC OPERATION EXECUTION TIME (us)
ANL C,bit C = C.AND.bit 2
ANL C,/bit C = C.AND..NOT.bit 2
ORL C,bit C = C.OR.bit 2
ORL C,/bit C = C.OR..NOT.bit 2
MOV C,bit C = bit 1
MoV bit,C bit=C 2
CLR [¢] c=0 1
CLR bit bit=0 1
SETB C C=1 1
SETB  bit bit=1 1
CPL c C=.NOT.C - 1
CPL bit bit = .NOT.bit 1
JC rel Jumpif C =1 2
JNC rel Jump ifC =0 2
JB bit,rel Jump if bit = 1 2
JNB bit,rel Jump if bit=0 2
JBC bit,rel Jump if bit = 1; CLR bit 2

Jump Instructions

Table 7 shows the list of unconditional jumps

with execution time for a 12MHz clock.

The table lists a single *JMP addr” instruction,
but in fact there are three SUIMP, LUMP, and
AJMP, which differ in the format of the
destination address. JMP is a generic
mnemonic which can be used if the
programmer does not care which way the
jump is encoded.

The SJUMP instruction encodes the
destination address as a relative offset, as
described above. The instruction is 2 bytes
long, consisting of the opcode and the
relative offset byte. The jump distance is

is 3 bytes long, consisting of the opcode and
two address bytes. The destination address
can be anywhere in the 64k Program Memory
space.

The AJMP instruction encodes the
destination address as an 11-bit constant.
The instruction is 2 bytes long, consisting of
the opcode, which itself contains 3 of the 11
address bits, followed by another byte
containing the low 8 bits of the destination
address. When the instruction is executed,
these 11 bits are simply substituted for the
low 11 bits in the PC. The high 5 bits stay the
same. Hence the destination has to be within
the same 2k block as the instruction following
the AJMP.

address into the correct format for the given
instruction. If the format required by the
instruction will not support the distance to the
specified destination address, a “Destination
out of range” message is written into the List
file.

The JMP @A+DPTR instruction supports
case jumps. The destination address is
computed at execution time as the sum of the
16-bit DPTR register and the Accumulator.
Typically, DPTR is set up with the address of
a jump table. In a 5-way branch, for example,
an integer O through 4 is loaded into the
Accumulator. The code to be executed might
be as follows:

limited to a range of —128 to +127 bytes MOV DPTR,#JUMP TABLE
relative to the instruction following the SUMP.  In all cases the programmer specifies the MOV A,INDEX_NUMBER
. X o destination address to the assembler in the RL A
The LUMP instruction encodes the destination  same way: as a label or as a 16-bit constant. JMP  @A+DPTR
address as a 16-bit constant. The instruction The assembler will put the destination
Table 7.  Unconditional Jumps in 80C51 Devices
MNEMONIC OPERATION EXECUTION TIME (us)
JMP addr Jump to addr 2
JMP @A+DPTR Jumpto A + DPTR 2
CALL  addr Call subroutine at addr 2
RET Return from subroutine 2
RETI Return from interrupt 2
NOP No operation 1
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The RL A instruction converts the index
number (O through 4) to an even number on
the range O through 8, because each entry in
the jump table is 2 bytes long:

JUMP TABLE:
AJMP
AJMP
AJMP

CASEO
CASE 1
CASE 2
AJMP CASE3
AJMP CASE 4

Table 7 shows a single “CALL addr”
instruction, but there are two of them, LCALL
and ACALL, which differ in the format in
which the subroutine address is given to the
CPU. CALL is a generic mnemonic which can
be used if the programmer does not care
which way the address is encoded.

The LCALL instruction uses the 16-bit
address format, and the subroutine can be
anywhere in the 64k Program Memory space.
The ACALL instruction uses the 11-bit format,
and the subroutine must be in the same 2k
block as the instruction following the ACALL.

In any case, the programmer specifies the
subroutine address to the assembler in the
same way: as a label or as a 16-bit constant.
The assembler will put the address into the
correct format for the given instructions.

Subroutines should end with a RET
instruction, which returns execution to the
instruction following the CALL.

RETI is used to return from an interrupt
service routine. The only difference between
RET and RET! is that RETI tells the interrupt
control system that the interrupt in progress is
done. If there is no interrupt in progress at the
time RETI is executed, then the RETI is
functionally identical to RET.

Table 8 shows the list of conditional jumps
available to the 80C51 user. All of these
jumps specify the destination address by the
relative offset method, and so are limited to a
jump distance of —128 to +127 bytes from the
instruction following the conditional jump
instruction. Important to note, however, the
user specifies to the assembler the actual

destination address the same way as the
other jumps: as a label or a 16-bit constant.

There is no Zero bit in the PSW. The JZ and
JNZ instructions test the Accumulator data for
that condition.

The DJNZ instruction (Decrement and Jump
if Not Zero) is for loop control. To execute a
loop N times, load a counter byte with N and
terminate the loop with a DJNZ to the
beginning of the loop, as shown below for N =
10.

MoV COUNTER,#10
LOOP: (begin loop)
°
°
°
(end loop)
DJINZ COUNTER,LOOP
(continue)

The CJNE instruction (Compare and Jump if
Not Equal) can also be used for loop control
as in Figure 12. Two bytes are specified in
the operand field of the instruction. The jump
is executed only if the two bytes are not
equal. In the example of Figure 12, the two
bytes were data in R1 and the constant 2AH.
The initial data in R1 was 2EH. Every time
the loop was executed, R1 was decremented,
and the looping was to continue until the R1
data reached 2AH.

Another application of this instruction is in
“greater than, less than” comparisons. The
two bytes in the operand field are taken as
unsigned integers. If the first is less than the
second, then the Carry bitis set (1). If the first
is greater than or equal to the second, then
the Carry bitis cleared.

CPU Timing

Al 80C51 microcontrollers have an on-chip
oscillator which can be used if desired as the
clock source for the CPU. To use the on-chip
oscillator, connect a crystal or ceramic
resonator between the XTAL1 and XTAL2
pins of the microcontroller, and capacitors to
ground as shown in Figure 13.

Examples of how to drive the clock with an
external oscillator are shown in Figure 14.
Note that in the NMOS devices (8051, etc.)
the signal at the XTAL2 pin actually drives the
internal clock generator. In the CMOS
devices (80C51, etc.), the signal at the
XTAL1 pin drives the internal clock generator.
The internal clock generator defines the
sequence of states that make up the 80C51
machine cycle.

Machine Cycles

A machine cycle consists of a sequence of 6
states, numbered S1 through S6. Each state
time lasts for two oscillator periods. Thus a
machine cycle takes 12 oscillator periods or
1ps if the oscillator frequency is 12MHz.

Each state is divided into a Phase 1 half and
a Phase 2 half. Figure 15 shows that
fetch/execute sequences in states and
phases for various kinds of instructions.
Normally two program fetches are generated
during each machine cycle, even if the
instruction being executed doesn't require it.
If the instruction being executed doesn’t need
more code bytes, the CPU simply ignores the
extra fetch, and the Program Counter is not
incremented.

Execution of a one-cycle instruction
(Figures 15a and 15b) begins during State 1
of the machine cycle, when the opcode is
latched into the Instruction Register. A
second fetch occurs during S4 of the same
machine cycle. Execution is complete at the
end of State 6 of this machine cycle.

The MOVX instructions take two machine
cycles to execute. No program fetch is
generated during the second cycle of a
MOVX instruction. This is the only time
program fetches are skipped. The
fetch/execute sequence for MOVX
instructions is shown in Figure 15d.

The fetch/execute sequences are the same

whether the Program Memory is internal or
external to the chip. Execution times do not

depend on whether the Program Memory is

internal or external.

Table 8.  Conditional Jumps in 80C51 Devices
MNEMONIC OPERATION ADDRESSING MODES EXECUTION
DR [ IND [ REG | MM TIME (us)
JZ rel Jump ifA=0 Accumulator only 2
JINZ rel JumpifA#0 Accumulator only 2
DJNZ <byte>rel Decrement and jump if not zero X X 2
CJINE A <byte>,rel Jump if A # <byte> X X 2
CJUNE <byte> #data,rel Jump if <byte> # #data X X 2
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HMOS or
CMOS
XTAL2
Quartz crystal | l c1
or ceramic
resonator A fa] f—
T c2
’y XTAL1
2 Vs
Figure 13. Using the On-Chip Oscillator
External
XTAL2 clock 1 xTAL2
signal
External
clock XTAL1 XTAL1
signal
L Vs Yss
a. NMOS or CMOS b. NMOS Only

Figure 14. Using an External Clock

XTAL2

XTAL1

Vss

.||_I

c. CMOS Only

Figure 16 shows the signals and timing
involved in program fetches when the
Program Memory is external. If Program
Memory is external, then the Program
Memory read strobe PSEN is normally
activated twice per machine cycle, as shown
in Figure 16a. If an access to external Data
Memory occurs, as shown in Figure 16b, two
PSENS are skipped, because the address
and data bus are being used for the Data
Memory access.

Note that a Data Memory bus cycle takes
twice as much time as a Program Memory
bus cycle. Figure 16 shows the relative timing
of the addresses being emitted at Ports 0 and
2, and of ALE and PSEN. ALE is used to

February 1992

latch the low address byte from PO into the
address latch.

When the CPU is executing from internal
Program Memory, PSEN is not activated, and
program addresses are not emitted. However,
ALE continues to be activated twice per
machine cycle and so itis available as a
clock output signal. Note, however, that one
ALE is skipped during the execution of the
MOVX instruction.

Interrupt Structure

The 80C51 and its ROMless and EPROM
versions have 5 interrupt sources: 2 external
interrupts, 2 timer interrupts, and the serial
port interrupt.

18

What follows is an overview of the interrupt
structure for the device. More detailed
information for specific members of the
80C51 derivative family is provided in later
chapters of this user’s guide.

Interrupt Enables

Each interrupt source can be individually
enabled or disabled by setting or clearing a
bit in the SFR named IE (Interrupt Enable).
This register also contains a global disable
bit, which can be cleared to disable all
interrupts at once. Figure 17 shows the |E
register.
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. Read dneexl

Sll&TSﬁISﬂ'SS[SS

|
a. 1-byte, 1-cycle Instruction, e.g., INC A

[

Read next opcode again.

Read opcode. Read 2nd byte. Read next opcode.

S1|52|SG|54|SSlSG

|
b. 2-byte, 1-cycle lnstructic;n, e.g., ADD A,idata

Read next opcode again.

! ! !
S1|52I53IS4|55|56 SI'S2ISSIS¢|$5|SS

|
c. 1-byte, 2-cycle Instruction, e.g., INC DPTR
|

Read opcode. Read next
opcode (discard)

fetch.

Read opcode.
(MOVX) Read next No fetch.
opcode (discard)

|

|

|

|

I No Read next opcode again.
|

|

: No ALE

—*

Sll&,&,&]SSISﬁ 81'52153,34,55I86

| | ADDR | DATA J |
| |

| Access external memory. |

d. MOVX (1-byte, 2-cycle)

Figure 15. State Sequence in 80C51 Family Devices
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One Machine Cycle One Machine Cycle
IS1|SZ|S$|S4'$5|SS S1 SZISSlSAISS'Sﬁ'

ALE l_ | | I—_ J_
PSEN | E—I |
|
|

RD

P2 pcHout X | pcHow X

DPH out or P2 out X

PCL
out
I
|
PCL out ADDR out PCL out
Valid Valid

b. With a MOVX

Figure 16. Bus Cycles in 80C51 Family Devices Executing from External Program Memory
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(MSB) (LSB) (MSB) (LSB)
IEKleXIES|ET1|EX1IETOIEXO| |XIX|X|PS|PT1|PX1|PTOIPXO|
Symbol Position Function Symbol Position Function
EX IE7 Disables all it upts. If EA= 0, no p P7 Reserved.
will be acknowledged. If EA = 1, each interrupt
source is indivi y enabled or disabled by IP.6 Reserved.
setting or clearing its enable bit. B5 Reserved.
IE6 Reserved. PS P4 Defines the Serial Port interrupt priority level.
ES Reserved. PS = 1 programs it to the higher priority level.
ES IE4 Enables or disables the Serial Port interrupt. If i =
ES = 0, the Serial Port interrupt is disabled. P11 13 ?:?::ﬂﬁﬂ';‘:f":eﬂmﬁp::’m%mﬂ PT1=
ET1 IE3 Enables or disables the Timer 1 Overfiow inter- i
rupt. If ET1 = 0, the Timer 1 interrupt is disabled. PX1 P2 Defines m;:‘;:;'g‘ﬁ“,ggeﬂ?{%'fvh%_
EX1 IE.2 Enabiles or disabi 1. IfEX1 i
h ¥ PTO IP.1 Enables or disables the Timer 0 Interrupt prior-
=0, External Interrupt 1 is disabled. ity level. PTO = 1 programs it to the higher prior-
ity level.
ETO 1E.1 Enables or disables the Timer 0 Overflow inter- fori
_ M " PX0 1P.0 Defines the External Interrupt 0 priority level.
. :kélp:d. If ETO = 0, the Timer 0 interrupt is dis- PXO0 = 1 programs it to the higher priority level.
EXo0 IE0 or di I pt. 0. if EX0
=0, External Interrupt 0 is disabled.
Figure 17. Interrupt Enable (IE) Register Figure 18. Interrupt Priority (IP) Register
High Priority
Interrupt
IE Register 1P Register

Interrupt

—— Polling
/ Sequence

Lo oo oo

TF1 o/

ofo

i o7

oo

|
|
Individual /
Enables \_/ Global

Disable

Figure 19. Interrupt Control System
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Interrupt Priorities

Each interrupt source can also be individually
programmed to one of two priority levels by
setting or clearing a bit in the SFR named IP
(Interrupt Priority). Figure 18 shows the IP
register. A low-priority interrupt can be
interrupted by a high-priority interrupt, but not
by another low-priority interrupt. A
high-priority interrupt can't be interrupted by
any other interrupt source.

If two interrupt requests of different priority
levels are received simultaneously, the
request of higher priority is serviced. If
interrupt requests of the same priority level
are received simultaneously, an internal
polling sequence determines which request is
serviced. Thus within each priority level there
is a second priority structure determined by
the polling sequence. Figure 19 shows how
the |E and IP registers and the polling
sequence work to determine which if any
interrupt will be serviced.

In operation, all the interrupt flags are latched
into the interrupt control system during

State 5 of every machine cycle. The samples
are polled during the following machine cycle.
If the flag for an enabled interrupt is found to
be set (1), the interrupt system generates an
LCALL to the appropriate location in Program
Memory, unless some other condition blocks
the interrupt. Several conditions can block an
interrupt, among them that an interrupt of
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equal or higher priority level is already in
progress. ’

The hardware-generated LCALL causes the
contents of the Program Counter to be
pushed into the stack, and reloads the PC
with the beginning address of the service
routine. As previously noted (Figure 3), the
service routine for each interrupt begins at a
fixed location.

Only the Program Counter is automatically
pushed onto the stack, not the PSW or any
other register. Having only the PC
automatically saved allows the programmer
to decide how much time should be spent
saving other registers. This enhances the
interrupt response time, albeit at the expense
of increasing the programmer’s burden of
responsibility. As a result, many interrupt
functions that are typical in control
applications toggling a port pin for example,
or reloading a timer, or unloading a serial
buffer can often be completed in less time
than it takes other architectures to complete.

Simulating a Third Priority Level in
Software

Some applications require more than two
priority levels that are provided by on-chip
hardware in 80C51 devices. In these cases,
relatively simple software can be written to
produce the same effect as a third priority
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level. First, interrupts that are to have higher
priority than 1 are assigned to priority 1 in the
Interrupt Priority (IP) register. The service
routines for priority 1 interrupts that are
supposed to be interruptable by priority 2
interrupts are written to include the following
code:

PUSH IE
MOV  |E#MASK
CALL LABEL

FRRRERERERSRRRERRRRRERER

(execute service routine)

ERRRRERR AR R AR SRR AR

POP [E
RET
LABEL: RETI

As soon as any priority interrupt is
acknowledged, the Interrupt Enable (IE)
register is redefined so as to disable all but
priority 2 interrupts. Then a CALL to LABEL
executes the RETI instruction, which clears
the priority 1 interrupt-in-progress flip-flop. At
this point any priority 1 interrupt that is
enabled can be serviced, but only priority 2
interrupts are enabled.

POPing IE restores the original enable byte.
Then a normal RET (rather than another
RETI) is used to terminate the service
routine. The additional software adds 10ps
(at 12MHz) to priority 1 interrupts.
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HARDWARE DESCRIPTION ® The Timers/Counters ® Reset
This chapter provides a detailed description R .
of the 80C51 microcontroller (see Figure 1). © The Serial Interface ° Zza‘iiduced Power Modes in CMOS

Included in this description are: ® The Interrupt System

@ The port drivers and how they function both
as ports and, for Ports 0 and 2, in bus
operations

© The EPROM version of the 80C51
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Figure 1. 80C51 Architecture
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Special Function Registers

A Map of the on-chip memory area called the
Special Function Register (SFR) space is
shown in Figure 2.

Note that in the SFRs not all of the addresses
are occupied. Unoccupied addresses are not
implemented on the chip. Read accesses to
these addresses will in general return random
data, and write accesses will have no effect.

User software should not write 1s to these
unimplemented locations, since they may be
used in other 80C51 Family derivative
products to invoke new features. The
functions of the SFRs are described in the
text that follows.

Accumulator

ACC is the Accumulator register. The
mnemonics for Accumulator-Specific
instructions, however, refer to the
Accumulator simply as A.

B Register

The B register is used during multiply and
divide operations. For other instructions it can
be treated as another scratch pad register.

Program StatusWord
The PSW register contains program status
information as detailed in Figure 3.

Stack Pointer
The Stack Pointer register is 8 bits wide. Itis

incremented before data is stored during
PUSH and CALL executions. While the stack
may reside anywhere in on-chip RAM, the
Stack Pointer is initialized to 07H after a
reset. This causes the stack to begin at
locations 08H.

Data Pointer

The Data Pointer (DPTR) consists of a high
byte (DPH) and a low byte (DPL). Its
intended function is to hold a 16-bit address.
1t may be manipulated as a 16-bit register or
as two independent 8-bit registers.

Ports 0to 3 .

PO, P1, P2, and P3 are the SFR latches of
Ports 0, 1, 2, and 3, respectively. Writing a
one to a bit of a port SFR (PO, P1, P2, or P3)
causes the corresponding port output pin to
switch high. Writing a zero causes the port
output pin to switch low. When used as an
input, the external state of a port pin will be
held in the port SFR (i.e., if the external state
of a pin is low, the corresponding port SFR bit
will contain a 0; if itis high, the bit will contain
at)

Serial Data Buffer

The Serial Buffer is actually two separate
registers, a transmit buffer and a receive
buffer. When data is moved to SBUF, it goes
to the transmit buffer and is held for serial
transmission. (Moving a byte to SBUF is what

initiates the transmission.) When data is
moved from SBUF, it comes from the receive
buffer.

Timer Registers Basic to 80C51
Register pairs (THO, TLO), and (TH1, TL1)
are the 16-bit Counting registers for
Timer/Counters 0 and 1, respectively.

Control Register for the 80C51

Special Function Registers IP, IE, TMOD,
TCON, SCON, and PCON contain control
and status bits for the interrupt system, the
Timer/Counters, and the serial port. They are
described in later sections.

Port Structures and Operation
All four ports in the 80C51 are bidirectional.
Each consists of a latch (Special Function
Registers PO through P3), an output driver,
and an input buffer.

The output drivers of Ports 0 and 2, and the
input buffers of Port 0, are used in accesses
to external memory. In this application, Port 0
outputs the low byte of the external memory
address, time-multiplexed with the byte being
written or read.

Port 2 outputs the high byte of the external
memory address when the address is 16 bits
wide. Otherwise, the Port 2 pins continue to
emit the P2 SFR content. '

Figure 2. 80C51 SFR Memory Map

8 Bytes
F8 FF
Fo B F7
E8 EF
E0 ACC &
D8 DF
Do PSW D7
cs CF
co c7
B8 P BF
BO P3 B7
A8 IE AF
A0 P2 A7
98 SCON SBUF oF
80 P1 97
88 TCON TMOD TLO L1 THO TH1 8F
80 PO sP DPL DPH PCON 87
L' Bit Addressable
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(MSB)

Fol leasolovl -
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Sumbal Posit N 1 Siguifi

Figure 3. Program Status Word (PSW) Register

Svmbol Posit N ) Sionifi

cy PSW.7 Carry flag. ov PSW.2 Overflow flag.
AC PSW.6 Auxiliary Carry flag. (For BCD - PSW.1 User-definabie flag.
operations.) PSW.0 Parity flag. Setcleared by hardware
FO PSW.5 Flag 0. (Available to the user for each instruction cydie to indicate an
general purposes.) odd/even numibev of “one’ bits in the
RSt PSW.4 Register bank sefect control bits 1 Accumulator, Le., even parity.
RSO PSW.3 and 0. Set/cleared by software to
determine working register bank NOTE:
(oce Note). The contents of (RS1, RS0) enable the working register
banks as
follows:
(0.0)—Bank 0 (00H-07H)
(0,1)—Bank 1 (08H-OFH)
(1,0)—Bank 2 (10H-17H)
{1,1)—Bank 3 (18H-17H)

All the Port 3 pins are multifunctional. They
are not only port pins, but also serve the
functions of various special features as listed
below:

Port
Pin

P3.0
P3.1
P3.2
P3.3
P3.4
P3.5
P3.6

Alternate Function

RxD (serial input port)

TxD (serial output port)

INTO (external interrupt)

TNTT (external interrupt)

TO (Timer/Counter O external input)
T1 (Timer/Counter 1 external input)
WR (external Data Memory write
strobe)

RD (external Data Memory read
strobe)

P3.7

The alternate functions can only be activated
if the corresponding bit latch in the port SFR
contains a 1. Otherwise the port pin remains
ato.

/0 Configurations

Figure 4 shows a functional diagram of a
typical bit latch and I/0 buffer in each of the
four ports. The bit latch (one bitin the port's
SFR) is represented as a Type D flip-flop,
which will clock in a value from the internal
bus in response to a “write to latch” signal
from the CPU. The level of the port pin itself
is placed on the internal bus in response to a
*read pin” signal from the CPU. Some
instructions that read a port activate the “read
latch” signal, and others activate the “read
pin” signal.

As shown in Figure 4, the output drivers of
Port 0 and 2 are switchable to an internal
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ADDR and ADDR/DATA bus by an internal
CONTROL signal for use in external memory
accesses. During external memory accesses,
the P2 SFR remains unchanged, but the PO
SFR gets 1s written to it.

Also shown in Figure 4 is that if a P3 bit latch
contains a 1, then the output level is
controlled by the signal labeled “alternate
output function.” The actual P3.X pin level is
always available to the pin's alternate input
function, if any.

Ports 1, 2, and 3 have internal pullups, and
Port 0 has open drain outputs. Each I/O line
can be independently used as an input or an
output. (Port 0 and 2 may not be used as
general purpose I/0 when being used as the
ADDR/DATA BUS for external memory during
normal operation.) To be used as an input,
the port bit latch must contain a 1, which
turns off the output driver FET. Then, for
Ports 1, 2, and 3, the pin is pulled high by a
weak internal pullup, and can be pulled low
by an external source.

Port 0 differs in that its internal pullups are
not active during normal port operation. The
pullup FET in the PO output driver (see
Figure 4) is used only when the port is
emitting 1s during external memory
accesses. Otherwise the pullup FET is off.
Consequently PO lines that are being used as
output port lines are open drain. Writing a 1 to
the bit latch leaves both output FETs off, so
the pin floats. In that condition it can be used
as a high-impedance input.
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Because Ports 1, 2, and 3 have fixed internal
pullups, they are sometimes called
“quasi-bidirectional” ports. When configured
as inputs they pull high and will source
current (I, in the data sheets) when
externally pulled low. Port 0, on the other
hand, is considered “true” bidirectional,
because when configured as an input it
floats.

All the port latches in the 80C51 have 1s
written to them by the reset function. If a 0 is
subsequently written to a port latch, it can be
reconfigured as an input by writing a 1 to it.

Writing to a Port

In the execution of an instruction that
changes the value in a port latch, the new
value arrives at the latch during S6P2 of the
final cycle of the instruction. However, port
latches are in fact sampled by their output
buffers only during Phase 1 of an clock
period. (During Phase 2 the output buffer
holds the value it saw during the previous
Phase 1). Consequently, the new value in the
port latch won't actually appear at the output
pin until the next Phase 1, which will be at
S1P1 of the next machine cycle.

If the change requires a 0-to-1 transition in
Port 1, 2, or 3, an additional pullup is turned
on during S1P1 and S1P2 of the cycle in
which the transition occurs. This is done to
increase the transition speed. The extra
pullup can source about 100 times the current
that the normal pullup can. It should be noted
that the internal pullups are field-effect
transistors, not linear resistors. The pullup
arrangements are shown in Figure 5.
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ADDR/Data

c. Port 2 Bit

*See Figure 5 for details of the internal pullup.

Po.X
Pin
Int. Bus Int. Bus
Write to Write to
Latch Mux Latch
Read © Read
Pin Pin
a. Port 0 Bit
ADDR/Data
\/
Read Control cc Read
Intemal Latch
b Pullup*
MUX
Int. Bus A\ <] P2.X Int. Bus
\ - Pin
Write to Write to
Latch ;_Dq Latch
Read Read
Pin Pin

Figure 4. 80C51 Port Bit Latches and I/O Buffers

Internal
Pullup*
P1.X
Pin
b. Port 1 Bit
Alternate
Function Vec
Internal
Puliup*

P3.X
Pin

Alternate
I

Function

d. Port 3 Bit

In the NMOS 8051 part, the fixed part of the
pullup is a depletion mode transistor with the
gate wired to the source. This transistor will
allow the pin to source about 0.25mA when
shorted to ground. In parallel with the fixed
pullup is an enhancement mode transistor,
which is activated during S1 whenever the
port bit does a 0-to-1 transition. During this
interval, if the port pin is shorted to ground,
this extra transistor will allow the pin to
source an additional 30mA.

In the CMOS 80C51, the pullup consists of
three pFETs. It should be noted that an
n-channel FET (nFET) is turned on when a
logical 1 is applied to its gate, and is turned
off when a logical 0 is applied to its gate. A
p-channel FET (pFET) is the opposite: it is on
when its gate sees a 0, and off when its gate
seesal.
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pFET1 in Figure 5 is the transistor that is
turned on for 2 oscillator periods after a 0-to-1
transition in the port latch. While it's on, it
turns on pFET3 (a weak pullup), through the
inverter. This inverter and pPET form a latch
which holds the 1.

Note that if the pin is emitting a 1, a negative
glitch on the pin from some external source
can turn off pFET3, causing the pin to go into
a float state. pFET2 is a very weak pullup
which is on whenever the nFET is off, in
traditional CMOS style. It's only about 1/10
the strength of pFET1. Its functionis to
restore a 1 to the pin in the event the pin had
a 1and lost it to a glitch.

Port Loading and Interfacing

The output buffers of Ports 1, 2, and 3 can
each drive 4 LS TTL inputs. These ports on
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NMOS versions can be driven in a normal
manner by a TTL or NMOS circuit. Both
NMOS and CMOS pins can be driven by
open-collector and open-drain outputs, but
note that 0-to-1 transitions will not be fast.

In the NMOS device, if the pin is driven by an
open-collector output, a 0-to-1 transition will
have to be driven by the relatively weak
depletion mode FET in Figure 5a. In the
CMOS device, an input 0 turns off pullup
pFETS3, leaving only the very weak pullup
pFET2 to drive the transition.

Port 0 output buffers can each drive 8 LS TTL
inputs. They do, however, require external
pullups to drive NMOS inputs, except when
being used as the ADDRESS/DATA bus for
external memory.
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2 Osc. Periods Vee

I ~—~ Enhancement Mode FET
A‘ Depletion Mode FET

(o )

{&Tﬂj

a. NMOS Configuration.

The enhancemem mode transistor is turned on for 2 oscillator periods after Q makes a 1-to-0 transition.

N

Vee

P3

(o)

G

2 Osc. Periods 1'
a > { r]
From Port I%
Latch
Input Data - j i
Read Port Pin

b. CMOS Configuration.

pFET1 is turned on for 2 osclllator periods after Q makes a 1-to-0 transition.
During this time, pFET1 also'turns on pFET3 through the inverter to form a latch which holds the 1. pFET2 is also on.

Figure 5. Ports 1 ‘and 3 NMOS and CMOS Internal Pullup Configurations
Port 2 is similar except that it holds the strong pullup on while emitting 1s that are address bits.

(See Accessing External Memory.)

Read-Modify-Write Feature

INC. .. (increment, e.g., INC P2)
Some instructions that read a port read the DEC (decrement, e.g., DEC P2)
latch and others read the pin. Which ones do DJNZ (decrement and jump if not

which? The instructions that read the latch
rather than the pin are the ones thatread a

zero, e.g., DUNZ P3,LABEL)
MOV,PX.Y,C (move carry bit to bit Y of

value, possibly change it, and then rewrite it Port X)
to the latch. These are called CLRPX.Y (clearbitY of Port X)
“read-modify-write” instructions. The SETPXY (setbitY of Port X)

instructions listed below are read-modify-write
instructions. When the destination operand is
a port, or a port bit, these instructions read
the latch rather than the pin:

Itis not obvious that the last three
instructions in this list are read-modify-write
instructions, but they are. They read the port

g:t Sgg:g ggDeegg : OARTLP? A?) write the new byte back to the latch.
XRL (logical EX-OR, e.g., The reason that read-modify-write

XRL P3,A) instructions are directed to the latch rather
JBC (jump if bit = 1 and clear bit, than the pin is to avoid a possible

e.g., JBC P1.1,LABEL) misinterpretation of the voltage level at the
CPL (complement bit, e.g., pin. For example, a port bit might be used to

CPL P3.0) drive the base of a transistor. When a 1 is
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written to the bit, the transistor is turned on. If
the CPU then reads the same port bit at the
pin rather than the latch, it will read the base
voltage of the transistor and interpretitas a
0. Reading the latch rather than the pin will
return the correct value of 1.

byte, all 8 bits, modify the addressed bit, then
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Accessing External Memory
Accesses to external memory are of two
types: accesses to external Program Memory
and accesses to external Data Memory.
Accesses to external Program Memory use
signal PSEN (program store enable) as the
read strobe. Accesses to external Data
Memory use RD or WR (altemate functions of
P3.7 and P3.6) to strobe the memory.
Fetches from external Program Memory
always use a 16-bit address. Accesses to
external Data Memory can use either a 16-bit
address (MOVX @ DPTR) or an 8-bit
address (MOVX @Ri).

Whenever a 16-bit address is used, the high
byte of the address comes out on Port 2,
where itis held for the duration of the read or
write cycle. Note that the Port 2 drivers use
the strong pullups during the entire time that
they are emitting address bits that are 1s.
This is during the execution of a MOVX
@DPTR instruction. During this time the Port
2 latch (the Special Function Register) does
not have to contain 1s, and the contents of
the Port 2 SFR are not modified. If the
external memory cycle is notimmediately
followed by another external memory cycle,
the undisturbed contents of the Port 2 SFR
will reappear in the next cycle.

If an 8-bit address is being used (MOVX
@Ri), the contents of the Port 2 SFR remain
at the Port 2 pins throughout the external
memory cycle. This will facilitate paging.

In any case, the low byte of the address is
time-multiplexed with the data byte on Port 0.
The ADDR/DATA signals drive both FETs in
the Port 0 output buffers. Thus, in this
application the Port 0 pins are not open-drain
outputs, and do not require external pullups.
ALE (Address Latch Enable) should be used
to capture the address byte into an external
latch. The address byte is valid at the
negative transition of ALE. Then, in a write
cycle, the data byte to be written appears on
Port 0 just before WR is activated, and
remains there until after WR is deactivated. In
aread cycle, the incoming byte is accepted at
Port 0 just before the read strobe is
deactivated.

During any access to external memory, the
CPU writes OFFH to the Port 0 latch (the
Special Function Register), thus obliterating
whatever information the Port 0 SFR may
have been holding.

External Program Memory is accessed under
two conditions: Whenever signal EA is active;
or whenever the program counter (PC)
contains a number that is larger than OFFFH
(in the 80C51).
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This require that the ROMiess versions have
EA wired low to enable the lower 4k program
bytes to be fetched from external memory.

When the CPU is executing out of external
Program Memory, all 8 bits of Port 2 are
dedicated to an output function and may not
be used for general purpose I/O. During
external program fetches they output the high
byte of the PC. During this time the Port 2
drivers use the strong pullups to emit PC bits
that are 1s.

Timer/Counters

The 80C51 has two 16-bit Timer/Counter
registers: Timer 0 and Timer 1. Both can be
configured to operate either as timers or
event counters (see Figure 6).

In the “Timer” function, the register is
incremented every machine cycle. Thus, one
can think of it as counting machine cycles.
Since a machine cycle consists of 12
oscillator periods, the count rate is 1/12 of the
oscillator frequency.

In the “Counter” function, the register is
incremented in response to a 1-to-0 transition
atits corresponding external input pin, TO or
T1. In this function, the external input is
sampled during S5P2 of every machine
cycle.

When the samples show a high in one cycle
and a low in the next cycle, the count is
incremented. The new count value appears in
the register during S3P1 of the cycle
following the one in which the transition was
detected. Since it takes 2 machine cycles (24
oscillator periods) to recognize a 1-to-0
transition, the maximum count rate is 1/24 of
the oscillator frequency. There are no
restrictions on the duty cycle of the external
input signal, but to ensure that a given level is
sampled at least once before it changes, it
should be held for at.least one full cycle. In
addition to the “Timer” or “Counter” selection,
Timer'0 and Timer 1 have four operating
modes from which to select.

Timer 0 and Timer 1

The “Timer” or "Counter” function is selected
by control bits C/T in the Special Function
Register TMOD. These two Timer/Counters
have four operating modes, which are
selected by bit-pairs (M1, MO) in TMOD.
Modes 0, 1, and 2 are the same for both
Timers/Counters. Mode 3 is different. The
four operating modes are described in the
following text. :

Mode 0 .

Putting either Timer into Mode 0 makes it
look like an 8048 Timer, which is-an 8-bit
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Counter with a divide-by-32 prescaler.
Figure 7 shows the Mode O operation as it
applies to Timer 1.

In this mode, the Timer register is configured
as a 13-bit register. As the count rolls over
from all 1s to all Os, it sets the Timer interrupt
flag TF1. The counted input is enabled to the
Timer when TR1 = 1 and either GATE =0 or
TNTT = 1. (Setting GATE = 1 allows the Timer
to be controlled by external input INTT, to
facilitate pulse width measurements). TR1 is
a control bit in the Special Function Register
TCON (Figure 8). GATE is in TMOD.

The 13-bit register consists of all 8 bits of
TH1 and the lower 5 bits of TL1. The upper 3
bits of TL1 are indeterminate and should be
ignored. Setting the run flag (TR1) does not
clear the registers.

Mode 0 operation is the same for the Timer 0
as for Timer 1. Substitute TRO, TF0, and
TNTQO for the corresponding Timer 1 signals in
Figure 7. There are two different GATE bits,
one for Timer 1 (TMOD.7) and one for Timer
0 (TMOD.3).

Mode 1 ‘
Mode 1 is the same as Mode 0, except that
the Timer register is being run with all 16 bits.

Mode 2

Mode 2 configures the Timer register as an
8-bit Counter (TL1) with automatic reload, as
shown in Figure 9. Overflow from TL1 not

“only sets TF1, but also reloads TL1 with the

contents of TH1, which is preset by software.
The reload leaves TH1 unchanged.

Mode 2 operation is the same for
Timer/Counter 0.

Mode 3
Timer 1 in Mode 3 simply holds its count. The
effect is the same as setting TR1 = 0.

Timer 0 in Mode 3 establishes TLO and THO
as two separate counters. The logic for Mode
3 on Timer 0 is shown in Figure 10. TLO uses
the Timer 0 control bits: C/T, GATE, TRO,
INTO, and TFO. THO is locked into a timer
function (counting machine cycles) and takes
over the use of TR1 and TF1 from Timer 1.,
Thus, THO now controls the *Timer 1"
interrupt.

Mode 3 is provided for applications requiring
an extra 8-bit timer on the counter. With
Timer O in Mode 3, an'80C51 can look like it
has three Timer/Counters. When Timer O is in
Mode 3, Timer 1 can be turned on and off by
switching it out of and into its own Mode 3, or
can still be used by the serial port as a baud
rate generator, or in fact, in any application
not requiring an interrupt.
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(MSB) (LsB)
Ieaxelcrrl M1lM0|GaAalC/TlM1IMO]

Timer 1 Timer 0
Gate Gating control when set. Timer/Counter “x” is en- M1 Mo Operating
abled only while “TNTX" pin is high and “TRx" con- wTl gt .
trol pin is set. When cleared Timer “x" is enabled 1] 0 8048 Timer “TLx" serves as 5-bit prescaler.
whenever “TRx" controi bit is set. ° 1 16-bit Timer/Counter “THx" and “TLx" are
cascaded; there is no prescaler.
cT Timer or Counter Selector cleared for Timer opera- " “THx"
tion (input from internal system clock). Set for 1 ° gt:;‘mu’f‘rgiﬁgaﬁ'i mTf“T.'d‘
Counter operation (input from “Tx" input pin). each time it overflows.
1 1 (Timer 0) TLO is an 8-bit Timer/Counter con-
trolied by the standard Timer 0 control bits.
THO is an 8-bit timer only controlled by Tim-
er 1 control bits.
1 1 (Timer 1) Timer/Counter 1 stopped.

Figure 6. Timer/Counter Mode Control (TMOD) Register

Osc. +12
CT=0
< TL1 TH1
o ,4 Bis) | @Bits) |—= TP [—= Interrupt
L S,
Control
T1Pin
TR1
Gate
INTT Pin
Figure 7. Timer/Counter 1 Mode 0: 13-Bit Counter
(MSB) (LSB)
I TF1 I TR l TFO I TRO l IE1 l im I IEO l 1o |
Symbol Position Name and Significance Symbol Position Name and Significance

TF1 TCON.7 Timer 1 overfiow flag. Set by hardware on IE1 TCON.3 Interrupt 1 Edge fiag. Set by hardware when

Timer/Counter overflow. Cleared by hardware i pt edge Clear

when processor vectors to interrupt routine. when interrupt processed.
TR1 TCON.6 Timer 1 Run control bit. Set/cleared by soft- im TCON.2 Interrupt 1 Type control bit. Set/cleared by

ware to turn Timer/Counter on/off. software to specify falling edge/low level trig-
TFO TCON.5  Timer 0 overflow flag. Set by hardwi gered extemal interrupta.

. imer 0 overflow flag. ardware on
Timer/Counter overflow. CIeyared by hardware IE0 TCON.1  Interrupt 0 Edge fiag. Set by hardg;re e':‘he“
when processor vectors to interrupt routine. ptedge ar
Processor vec uptro when interrupt processed.

TRO TCON.4 Timer 0 Run control bit. Sevcleared by soft- IT0 TCON.O Interrupt 0 Type control bit. Set/cleared by

ware to turn Timer/Counter on/off. software to specify falling edge/low level trig-

gered external interrupts.

Figure 8. Timer/Counter Control (TCON) Register
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Osc. +12

'
CMT=1
TO0 Pin Control
TRO
Gate
IRTO Pin
{A THO
11210sc ! (8 Bits)

TL1
_A (8 Bits) TF1 | Interrupt
I Control
T1 Pin
Reload
Gate
TH1
(8 Bits)
TRTO Pin
Figure 9. Timer/Counter 1 Mode 2: 8-Bit Auto-Load
Osc. +12 1121osc
1h2fosc
cT=0 o
}\e o @ Bits) TR | inemupt

Figure 10. Timer/Counter 0 Mode 3: Two 8-Bit Counters

TF1

—> Interrupt
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Standard Serial Interface

The serial portis full duplex, meaning it can
transmit and receive simultaneously. Itis also
receive-buffered, meaning it can commence
reception of a second byte before a
previously received byte has been read from
the register. (However, if the first byte still
hasn't been read by the time reception of the
second byte is complete, one of the bytes will
be lost.) The serial port receive and transmit
registers are both accessed at Special
Function Register SBUF. Writing to SBUF
loads the transmit register, and reading SBUF
accesses a physically separate receive
register.

The serial port can operate in 4 modes:

Mode 0: Serial data enters and exits
through RxD. TxD outputs the shift clock. 8
bits are transmitted/received (LSB first). The
baud rate is fixed at 1/12 the oscillator
frequency.

Mode 1: 10 bits are transmitted (through
TxD) or received (through RxD): a start bit
(0), 8 data bits (LSB first), and a stop bit (1).
On receive, the stop bit goes into RB8 in
Special Function Register SCON. The baud
rate is variable.

Mode 2: 11 bits are transmitted (through
TxD) or received (through RxD): start bit (0),
8 data bits (LSB first), a programmable 9th
data bit, and a stop bit (1). On Transmit, the
9th data bit (TB8 in SCON) can be assigned
the value of 0 or 1. Or, for example, the parity
bit (P, in the PSW) could be moved into TBS.
On receive, the 9th data bit goes into RBS8 in
Special Function Register SCON, while the
stop bit is ignored. The baud rate is
programmable to either 1/32 or 1/64 the
oscillator frequency.

Mode 3: 11 bits are transmitted (through
TxD) or received (through RxD): a start bit
(0), 8 data bits (LSB first), a programmable
9th data bit, and a stop bit (1). In fact, Mode 3
is the same as Mode 2 in all respects except
baud rate. The baud rate in Mode 3 is
variable.
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In all four modes, transmission is initiated by
any instruction that uses SBUF as a
destination register. Reception is initiated in
Mode 0 by the condition Rl = 0 and REN = 1.
Reception is initiated in the other modes by
the incoming start bit if REN = 1.

Multiprocessor Communications

Modes 2 and 3 have a special provision for
multiprocessor communications. In these
modes, 9 data bits are received. The 9th one
goes into RB8. Then comes a stop bit. The
port can be programmed such that when the
stop bit is received, the serial port interrupt
will be activated only if RB8 = 1. This feature
is enabled by setting bit SM2in SCON. A
way to use this feature in multiprocessor
systems is as follows:

When the master processor wants to transmit
a block of data to one of several slaves, it first
sends out an address byte which identifies
the target slave. An address byte differs from
a data byte in that the Sth bitis 1 in an
address byte and 0 in a data byte. With SM2
= 1, no slave will be interrupted by a data
byte. An address byte, however, will interrupt
all slaves, so that each slave can examine
the received byte and see if itis being
addressed. The addressed slave will clear its
SM2 bit and prepare to receive the data bytes
that will be coming. The slaves that weren't
being addressed leave their SM2s set and go
on about their business, ignoring the coming
data bytes.

SM2 has no effect in Mode 0, and in Mode 1
can be used to check the validity of the stop
bit. In a Mode 1 reception, if SM2 =1, the
receive interrupt will not be activated unless a
valid stop bit is received.

Serial Port Control Register

The serial port control and status register is
the Special Function Register SCON, shown
in Figure 11. This register contains not only
the mode selection bits, but also the 9th data
bit for transmit and receive (TB8 and RBS8),
and the serial port interrupt bits (Tl and RI).
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Baud Rates

The baud rate in Mode 0 is fixed: Mode O
Baud Rate = Oscillator Frequency / 12. The
baud rate in Mode 2 depends on the value of
bit SMOD in Special Function Register
PCON. If SMOD = 0 (which is the value on
reset), the baud rate is 1/64 the oscillator
frequency. If SMOD = 1, the baud rate is 1/32
the oscillator frequency.

Mode 2 Baud Rate =
2SMOD

X (Oscillator Frequency)

In the 80C51, the baud rates in Modes 1 and
3 are determined by the Timer 1 overflow
rate.

Using Timer 1 to Generate Baud Rates
When Timer 1 is used as the baud rate
generator, the baud rates in Modes 1 and 3
are determined by the Timer 1 overflow rate
and the value of SMOD as follows:

Mode 1, 3 Baud Rate =
2SMOD

X (Timer 1 Overflow Rate)

The Timer 1 interrupt should be disabled in
this application. The Timer itself can be
configured for either “timer” or “counter”
operation, and in any of its 3 running modes.
In the most typical applications, itis
configured for “timer” operation, in the
auto-reload mode (high nibble of TMOD =
0010B). In that case the baud rate is given by
the formula:

Mode 1, 3 Baud Rate =

2SMOD  Ogcillator Frequency
32 12 x [256— (TH1)]

One can achieve very low baud rates with
Timer 1 by leaving the Timer 1 interrupt
enabled, and configuring the Timer to run as
a 16-bit timer (high nibble of TMOD = 0001B),
and using the Timer 1 interrupt to do a 16-bit
software reload. Figure 12 lists various
commonly used baud rates and how they can
be obtained from Timer 1.
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(MSB) (LsB)
| sMo | SM1 1 sM2 l REN l B8 Lnes I T | RI I
Where SMO, SM1 specify the serial port mode, as follows:
SMO SM1 ' Mode Description Baud Rate TB8 is the 9th data bit that will be transmitted in modes 2
and 3. Set or clear by software as desired.
o M o Shift register fosciiz RB8  inmodes 2 and 3, is the Sth data bit that ived.
B an s was recelv:
o 1 ! B-bit UART variable in mode 1, if SM2 = 0, RBS is the stopbit that was re-
1 0 2 9-bit UART fosc/64 ceived in mode 0, RBS is not used.
or . :
fosc/32 mn is the transmit interrupt flag. Set by hardware at the
1 1 3 9-bit UART variable end of the 8th bit time in mode 0, or at the beginning
- "of the stop bit in the other modes, in any serial trans-
e« SM2 enables the pr ' ion feature in . mission. Must be cleared by software.
modes 2 and 3. In mode 2 or 3, if SM2 is set to 1,, then
RI will not be activated if the received Sth data bit L 'e‘n:“ receive interrupt flag. Set by hardware at the
- i of the 8th bit time in mode 0, or halfway through
(RBS) is 0. In mode 1, if SM2 = 1, then Rl will not be the stop bit time in the other modes, i serial
activated if a valid stop bit was not received. In mode stop bittime In the other modes, in any serial re-
0, SM2 should be 0. ception (except see SM2). Must be cleared by soft-
ware.
e REN enables serial reception. Set by software to enable
reception. Clear by software to disable reception.
Figure 11. Serial Port Control (SCON) Register
Timer 1
Reload
Baud Rate fosc SMOD cT Mode Value
Mode 0 Max: 1.67MHz 20MHz X X X X
Mode 2 Max: 625k 20MHz 1 X X X
Mode 1, 3 Max: 104.2k 20MHz 1 0 2 FFH
19.2k 11.059MHz 1 0 2 FDH
9.6k 11.059MHz 0 0 2 FDH
4.8k 11.059MHz 0 ] 2 FAH
24k 11.059MHz 0 0 2 F4H
1.2k 11.059MHz 0 [} 2 E8H
137.5 11.986M [} 0 2 1DH
110 6MHz 0 0 2 72H
110 12MHz 0 0 1 FEEBH
Figure 12. Timer 1 Generated Commonly Used Baud Rates
More About Mode 0 activation of SEND. deactivate SEND and set T1. Both of these

Serial data enters and exits through RxD.
TxD outputs the shift clock. 8 bits are
transmitted/received: 8 data bits (LSB first).
The baud rate is fixed a 1/12 the oscillator
frequency.

Figure 13 shows a simplified functional
diagram of the serial port in Mode 0, and
associated timing.

Transmission is initiated by any instruction
that uses SBUF as a destination register. The
“write to SBUF” signal at S6P2 also loads a 1
into the 9th position of the transmit shift
register and tells the TX Control block to
commence a transmission. The internal
timing is such that one full machine cycle will
elapse between “write to SBUF” and
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SEND enables the output of the shift register
to the alternate output function line of P3.0
and also enable SHIFT CLOCK to the
alternate output function line of P3.1. SHIFT
CLOCK is low during S3, S4, and S5 of every
machine cycle, and high during S6, S1, and
S2. At S6P2 of every machine cycle in which
SEND is active, the contents of the transmit
shift are shifted to the right one position.

As data bits shift out to the right, zeros come
in from the left. When the MSB of the data
byte is at the output position of the shift
register, then the 1 that was initially loaded
into the 9th position, is just to the left of the
MSB, and all positions to the left of that
contain zeros. This condition flags the TX
Control block to do one last shift and then
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actions occur at S1P1 of the 10th machine
cycle after “write to SBUF.”

Reception is initiated by the condition

REN = 1 and R1 = 0. At S6P2 of the next
machine cycle, the RX Control unit writes the
bits 11111110 to the receive shift register, and
in the next clock phase activates RECEIVE.

RECEIVE enable SHIFT CLOCK to the
alternate output function line of P3.1. SHIFT
CLOCK makes transitions at S3P1 and S6P1
of every machine cycle. At S6P2 of every
machine cycle in which RECEIVE is active,
the contents of the receive shift register are
shifted to the left one position. The value that
comes in from the right is the value that was
sampled at the P3.0 pin at S5P2 of the same
machine cycle.
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As data bits come in from the right, 1s shift
out to the left. When the 0 that was initially
loaded into the rightmost position arrives at
the leftmost position in the shift register, it
flags the RX Control block to do one last shift
and load SBUF. At S1P1 of the 10th machine
cycle after the write to SCON that cleared R,
RECEIVE is cleared as Rl is set.

More About Mode 1

Ten bits are transmitted (through TxD), or
received (through RxD): a start bit (0), 8 data
bits (LSB first), and a stop bit (1). On receive,
the stop bit goes into RB8 in SCON. In the
80C51 the baud rate is determined by the
Timer 1 overflow rate.

Figure 14 shows a simplified functional
diagram of the serial port in Mode 1, and
associated timings for transmit receive.

Transmission is initiated by any instruction
that uses SBUF as a destination register. The
“write to SBUF" signal also loads a 1 into the
Sth bit position of the transmit shift register
and flags the TX Control unit that a
transmission is requested. Transmission
actually commences at S1P1 of the machine
cycle following the next rollover in the
divide-by-16 counter. (Thus, the bit times are
synchronized to the divide-by-16 counter, not
to the “write to SBUF" signal.)

The transmission begins with activation of
SEND which puts the start bit at TxD. One bit
time later, DATA is activated, which enables
the output bit of the transmit shift register to
TxD. The first shift pulse occurs one bit time
after that.

As data bits shift out to the right, zeros are
clocked in from the left. When the MSB of the
data byte is at the output position of the shift
register, then the 1 that was initially loaded
into the 9th position is just to the left of the
MSB, and all positions to the left of that
contain zeros. This condition flags the TX
Control unit to do one last shift and then
deactivfate SEND and set Tl. This occurs at
the 10th divide-by-16 rollover after “write to
SBUF.”

Reception is initiated by a detected 1-t0-0
transition at RxD. For this purpose RxD is
sampled at a rate of 16 times whatever baud
rate has been established. When a transition
is detected, the divide-by-16 counter is
immediately reset, and 1FFH is written into
the input shift register. Resetting the
divide-by-16 counter aligns its rollovers with
the boundaries of the incoming bit times.

The 16 states of the counter divide each bit
time into 16ths. At the 7th, 8th, and 9th
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counter states of each bit time, the bit
detector samples the value of RxD. The value
accepted is the value that was seen in at
least 2 of the 3 samples. This is done for
noise rejection. If the value accepted during
the first bit time is not 0, the receive circuits
are reset and the unit goes back to looking
for another 1-to-0 transition. This is to provide
rejection of false start bits. If the start bit
proves valid, it is shifted into the input shift
register, and reception of the rest of the frame
will proceed. '

As data bits come in from the right, 1s shift
out to the left. When the start bit arrives at the
leftmost position in the shift register (which in
mode 1 is a 9-bit register), it flags the RX
Control block to do one last shift, load SBUF
and RB8, and set RI. The signal to load
SBUF and RB8, and to set RI, will be
generated if, and only if, the following
conditions are met at the time the final shift
pulse is generated.:
1. R1=0, and
2. Either SM2 =0,

or the received stop bit = 1.

If either of these two conditions is not met,
the received frame is irretrievably lost. If both
conditions are met, the stop bit goes into
RB8, the 8 data bits go into SBUF, and Rl is
activated. At this time, whether the above
conditions are met or not, the unit goes back
to looking for a 1-to-0 transition in RxD.

More About Modes 2 and 3

Eleven bits are transmitted (through TxD), or
received (through RxD): a start bit (0), 8 data
bits (LSB first), a programmable Sth data bit,
and a stop bit (1). On transmit, the 9th data
bit (TB8) can be assigned the value of 0 or 1.
On receive, the Sthe data bit goes into RB8 in
SCON. The baud rate is programmable to
either 1/32 or 1/64 the oscillator frequency in
Mode 2. Mode 3 may have a variable baud
rate generated from Timer 1.

Figures 15 and 16 show a functional diagram
of the serial portin Modes 2 and 3. The
receive portion is exactly the same as in
Mode 1. The transmit portion differs from
Mode 1 only in the 9th bit of the transmit shift
register.

Transmission is initiated by any instruction
that uses SBUF as a destination register. The
“write to SBUF" signal also loads TB8 into the
9th bit position of the transmit shift register
and flags the TX Control unit that a
transmission is requested. Transmission
commences at S1P1 of the machine cycle
following the next rollover in the divide-by-16
counter. (Thus, the bit times are synchronized
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to the divide-by-16 counter, not to the “write
to SBUF" signal.)

The transmission begins with activation of
SEND, which puts the start bit at TxD. One
bit time later, DATA is activated, which
enables the output bit of the transmit shift
register to TxD. The first shift pulse occurs
one bit time after that. The first shift clocks a
1 (the stop bit) into the 9th bit position of the
shift register. Thereafter, only zeros are
clocked in. Thus, as data bits shift out to the
right, zeros are clocked in from the left. When
TB8 is at the output position of the shift
register, then the stop bit is just to the left of
TB8, and all positions to the left of that
contain zeros. This condition flags the TX
Control unit to do one last shift and then
deactivate SEND and set Tl. This occurs at
the 11th divide-by-16 rollover after “write to
SUBF."

Reception is initiated by a detected 1-to-0
transition at RxD. For this purpose RxD is
sampled at a rate of 16 times whatever baud
rate has been established. When a transition
is detected, the divide-by-16 counter is
immediately reset, and 1FFH is written to the
input shift register.

At the 7th, 8th, and 9th counter states of each
bit time, the bit detector samples the value of
R-D. The value accepted is the value that
was seen in at least 2 of the 3 samples. If the
value accepted during the first bit time is not
0, the receive circuits are reset and the unit
goes back to looking for another 1-to-0
transition. If the start bit proves valid, it is
shifted into the input shift register, and
reception of the rest of the frame will
proceed.

As data bits come in from the right, 1s shift
out to the left. When the start bit arrives at the
leftmost position in the shift register (which in
Modes 2 and 3 is a 9-bit register), it flags the
RX Control block to do one last shift, load
SBUF and RB8, and set RI.

The signal to load SBUF and RB8, and to set
R, will be generated if, and only if, the
following conditions are met at the time the
final shift pulse is generated.
1. R1=0,and
2. Either SM2=0,

or the received 9th data bit = 1.

If either of these conditions is not met, the
received frame is irretrievably lost, and Rl is
not set. If both conditions are met, the
received 9th data bit goes into RB8, and the
first 8 data bits go into SBUF. One bit time
later, whether the above conditions were met
or not, the unit goes back to looking for a
1-to-0 transition at the RxD input.
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Figure 13. Serial Port Mode 0
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Figure 14. Serial Port Mode 1
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Figure 15. Serial Port Mode 2
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Figure 16. Serial Port Mode 3
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TFo

TF1

Figure 17. 80C51 Interrupt Sources

Interrupt
Sources

Interrupts

The 80C51 provides 5 interrupt sources.
These are shown in Figure 17. The External
Interrupts TNTO and TNTT can each be either
level-activated or transition-activated,
depending on bits ITO and IT1 in Register
TCON. The flags that actually generate these
interrupts are bits 1EO and IE1 in TCON.
When an external interrupt is generated, the
flag that generated it is cleared by the
hardware when the service routine is
vectored to only if the interrupt was
transition-activated. If the interrupt was
level-activated, then the external requesting
source is what controls the request flag,
rather than the on-chip hardware.

The Timer 0 and Timer 1 Interrupts are
generated by TFO and TF1, which are set by
arollover in their respective Timer/Counter
registers (except see Timer 0 in Mode 3).
When a timer interrupt is generated, the flag
that generated itis cleared by the on-chip
hardware when the service routine is
vectored to.

The Serial Port Interrupt is generated by the
logical OR of RI and Tl. Neither of these flags
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is cleared by hardware when the service
routine is vectored to. In fact, the service
routine will normally have to determine
whether it was Rl or Tl that generated the
interrupt, and the bit will have to be cleared in
software.

All of the bits that generate interrupts can be
set or cleared by software, with the same
result as though it had been set or cleared by
hardware. That is, interrupts can be
generated or pending interrupts can be
canceled in software.

Each of these interrupt sources can be

individually enabled or disabled by setting or
clearing a bit in Special Function Register |E
(Figure 18). IE also contains a global disable
bit, EA, which disables all interrupts at once.

Priority Level Structure

Each interrupt source can also be individually
programmed to one of two priority levels by
setting or clearing a bit in Special Function
Register IP (Figure 19). A low-priority
interrupt can itself be interrupted by a
high-priority interrupt, but not by another
low-priority interrupt. A high-priority interrupt
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can't be interrupted by any other interrupt
source.

If two request of different priority levels are
received simultaneously, the request of
higher priority level is serviced. If requests of
the same priority level are received
simultaneously, an internal polling sequence
determines which request is serviced. Thus
within each priority level there is a second
priority structure determined by the polling
sequence as follows:

Source Priority Within Level
1. IEO (highest)

2. TFO L

3. IE1

4. TF

5. RI+TI (lowest)

Note that the “priority within level” structure is
only used to resolve simultaneous requests
of the same priority level. '

The IP register contains a number of
unimplemented bits. IP.7, IP.6, and IP.5 are
reserved in the 80C51. User software should
not write 1s to these positions, since they
may be used in other 8051 Family products.
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(LSB)

I Ps l PT1 | PX!I PTOI PX0 ]

(MSB) (LsB) (MsB)
|EA|X|XIESIET1|5X1|ETOIEXO| ‘XleX
Symbol Position Function Symbol Position
EA 1E7 Disabies all i KEA=0,noi p! - R7
will be acknowledged. If EA = 1, each interrupt
source is i y enabled or disabled - IP6
setting or clearing its enable bit P5
- IE6 Reserved. PS P4
- IES Reserved.
ES IE4 Enables or disables the Serial Port interrupt. If
ES = 0, the Serial Port interrupt is disabled. PT1 IP.3
ET1 IE3 Enables or di: the Timer 10O inter-
rupt. If ET1 = 0, the Timer 1 interrupt is disabled.
PX1 P2
EX1 IE.2 Enab disab I pt.1. If EX1
=0, External Interrupt 1 is disabled.
ETO IE.1 Enables or disables the Timer 0 Overfiow inter- PTO 1P
rupt.. If ETO = 0, the Timer 0 interrupt is dis-
abled.
EX0 IE0 Enab disab I pt. 0. If EXO
=0, External Interrupt 0 is disabied. PX0 IPo
Figure 18. Interrupt Enable Register (IE) Figure 19.

Function

Defines the Serial Port interrupt priority level.
PS =1 programs it to the higher priority level.

Defines theTimer 1 interrupt priority level. PT1
= 1 programs it to the higher priority level.

Defines the External Interrupt 1 priority level.
PX1 =1 programs it to the higher priority level.

bles or di the Timer O I pt prior-
ity level. PTO = 1 programs it to the higher prior-
ity level.

Defines the External Interrupt 0 priority level.
PX0 = 1 programs it to the higher priority level.

Interrupt Priority Register (IP)

How Interrupts Are Handled
The interrupt flags are sampled at S5P2 of
every machine cycle. The samples are polled
during the following machine cycle. If one of
the flags was in a set condition at S5P2 of the
preceding cycle, the polling cycle will find it
and the interrupt system will generate an
LCALL to the appropriate service routine,
provided this hardware-generated LCALL is
not blocked by any of the following
conditions:
1. An interrupt of equal or higher priority
level is already in progress.

2. The current (polling) cycle is not the final
cycle in the execution of the instruction in
progress.

3. The instruction in progress is RETI or any
write to the IE or IP registers.

Any of these three conditions will block the
generation of the LCALL to the interrupt
service routine. Condition 2 ensures that the
instruction in progress will be completed
before vectoring to any service routine.
Condition 3 ensures that if the instruction in
progress is RETI or any access to IE or IP,
then at least one more instruction will be
executed before any interrupt is vectored to.

The polling cycle is repeated with each
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machine cycle, and the values polled are the
values that were present at S5P2 of the
previous machine cycle. Note that if an
interrupt flag is active but not being
responded to for one of the above conditions,
if the flag is not still active when the blocking
condition is removed, the denied interrupt will
not be serviced. In other words, the fact that
the interrupt flag was once active but not
serviced is not remembered. Every polling
cycle is new.

The polling cycle/LCALL sequence is
illustrated in Figure 20.

Note that if an interrupt of higher priority level
goes active prior to S5P2 of the machine
cycle labeled C3 in Figure 20, then in
accordance with the above rules it will be
vectored to during C5 and C6, without any
instruction of the lower priority routine having
been executed.

Thus the processor acknowledges an
interrupt request by executing a
hardware-generated LCALL to the
appropriate servicing routine. In some cases
it also clears the flag that generated the
interrupt, and in other cases it doesn't. It
never clears the Serial Port flag. This has to
be done in the user's software. It clears an
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external interrupt fiag (IEO or IE1) only if it
was transition-activated. The
hardware-generated LCALL pushes the
contents of the Program Counter on to the
stack (but it does not save the PSW) and
reloads the PC with an address that depends
on the source of the interrupt being vectored
to, as shown below:

Source Vector Address
IEO 0003H
TFO 000BH
IE1 0013H
TF1 001BH
RI+TI 0023H

Execution proceeds from that location until
the RETI instruction is encountered. The
RET! instruction informs the processor that
this interrupt routine is no longer in progress,
then pops the top two bytes from the stack
and reloads the Program Counter. Execution
of the interrupted program continues from
where it left off.

Note that a simple RET instruction would also
have returned execution to the interrupted
program, but it would have left the interrupt
control system thinking an interrupt was still
in progress, making future interrupts
impossible.



Signetics 80C51-Based 8-Bit Microcontrollers

80C51 family hardware description

SECTION 1
80C51 FAMILY

......... c1 ——>je+— c2 } c3 | cs | cs
| ssp2 | s |
In In N 1 b)) 1 N |
\\ \ \\
\ ) [\ J ~
T € T Interrupts Long Call to Interrupt Routine
Are Polled Interrupt
Vector Address

Interrupt Interrupt
Goes Latched
Active

This is the fastest possible response when C2 is the final cycle of an instruction other than RETI or an access to IE or IP.

Figure 20. Interrupt Response Timing Diagram

External Interrupts

The external sources can be programmed to
be level-activated or transition-activated by
setting or clearing bit IT1 or ITO in Register
TCON. If ITx = 0, external interrupt x is
triggered by a detected low at the INTx pin. If
ITx = 1, external interrupt x is edge triggered.
In this mode if successive samples of the
INTx pin show a high in one cycle and a low
in the next cycle, interrupt request flag IEx in
TCON is set. Flag bit |IEx then requests the
interrupt.

Since the external interrupt pins are sampled
once each machine cycle, an input high or
low should hold for at least 12 oscillator
periods to ensure sampling. If the external
interrupt is transition-activated, the external
source has to hold the request pin high for at
least one cycle, and then hold it low for at
least one cycle. This is done to ensure that
the transition is seen so that interrupt request
flag IEx will be set. IEx will be automatically
cleared by the CPU when the service routine
is called.

If the external interrupt is level-activated, the
external source has to hold the request active
until the requested interrupt is actually
generated. Then it has to deactivate the
request before the interrupt service routine is
completed, or else another interrupt will be
generated.

Response Time

The TNTO and TNTT levels are inverted and
latched into IEO and IE 1 at S5P2 of every
machine cycle. The values are not actually
polled by the circuitry until the next machine
cycle. If arequest is active and conditions are
right for it to be acknowledged, a hardware
subroutine call to the requested service
routine will be the next instruction to be
executed. The call itself takes two cycles.
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Thus, a minimum of three complete machine
cycles elapse between activation of an
external interrupt request and the beginning
of execution of the first instruction of the
service routine. Figure 20 shows interrupt
response timings.

A longer response time would result if the
request is blocked by one of the 3 previously
listed conditions. If an interrupt of equal or
higher priority level is already in progress, the
additional wait time obviously depends on the
nature of the other interrupt's service routine.
If the instruction in progress is not in its final
cycle, the additional wait time cannot be more
the 3 cycles, since the longest instructions
(MUL and DIV) are only 4 cycles long, and if
the instruction in progress is RETI or an
access to |E or IP, the additional wait time
cannot be more than 5 cycles (a maximum of
one more cycle to complete the instruction in
progress, plus 4 cycles to complete the next
instruction if the instruction is MUL or DIV).

Thus, in a single-interrupt system, the
response time is always more than 3 cycles
and less than 9 cycles.

Single-Step Operation

The 80C51 interrupt structure allows
single-step execution with very little software
overhead. As previously noted, an interrupt
request will not be responded to while an
interrupt of equal priority level is still in
progress, nor will it be responded to after
RET! until at least one other instruction has
been executed. Thus, once an interrupt
routine has been entered, it cannot be
re-entered until at least one instruction of the
interrupted program is executed. One way to
use this feature for single-step operation is to
program one of the external interrupts (e.g.,
INTO) to be level-activated. The service
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routine for the interrupt will terminate with the
following code:

JNB P3.2,$ ;Wait Till TNTO Goes High

JB P3.2,$ ;Wait Till INTO Goes Low
RETI ;Go Back and Execute One
Instruction

Now if the INTO pin, which is also the P3.2
pin, is held normally low, the CPU will go right
into the External Interrupt O routine and stay
there until INTO is pulsed (from low to high to
low). Then it will execute RETI, go back to
the task program, execute one instruction,
and immediately re-enter the External
Interrupt O routine to await the next pulsing of
P3.2. One step of the task program is
executed each time P3.2 is pulsed.

Reset

The reset input is the RST pin, which is the
input to a Schmitt Trigger. A reset is
accomplished by holding the RST pin high for
at least two machine cycles (24 oscillator
periods), while the oscillator is running. The
CPU responds by generating an internal
reset, with the timing shown in Figure 21.

The external reset signal is asynchronous to
the internal clock. The RST pin is sampled
during State 5 Phase 2 of every machine
cycle. The port pins will maintain their current
activities for 19 oscillator periods after a logic
1 has been sampled at the RST pin; that is,
for 19 to 31 oscillator periods after the
external reset signal has been applied to the
RST pin.

The internal reset algorithm writes Os to all
the SFRs except the port latches, the Stack
Pointer, and SBUF. The port latches are
initialized to FFH, the Stack Pointer to 07H,
and SBUF is indeterminate. Table 1 lists the
SFR reset values. The internal RAM is not
affected by reset. On power up the RAM
content is indeterminate.
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Table 1.  80C51 SFR Reset Values
REGISTER RESET VALUE

PC 000H
ACC 00H

B 00H
PSW 00H

SP 07H
DPTR 0000H
PO-P3 FFH

IP XXX00000B
IE 0XX00000B
TMOD O00H
TCON 00H
THO O00H

TLO OO0H

TH1 O0H

TL1 00H
SCON 00H
SBUF Indeterminate
PCON (NMOS) OXXXXXXXB
PCON (CMOS) 0XXX0000B

Power-on Reset

An automatic reset can be obtained when
Ve is turned on by connecting the RST pin
to Vg through a 10Lf capacitor and to Vsg
through an 8.2k resistor, providing the Vo
rise time does not exceed 1 millisecond and
the oscillator start-up time does not exceed
10 milliseconds. This power-on reset circuit is
shown in Figure 22. The CMOS devices do
not require the 8.2k pulldown resistor,
although its presence does no harm.

When power is turned on, the circuit holds
the RST pin high for an amount of time that
depends on the value of the capacitor and the
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rate at which it charges. To ensure a good
reset, the RST pin must be high long enough
to allow the oscillator time to start-up
(normally a few ms) plus two machine cycles.

Note that the port pins will be in a random
state until the oscillator has started and the
internal reset algorithm has written 1s to
them.

With this circuit, reducing V¢ quickly to 0
causes the RST pin voltage to momentarily
fall below OV. However, this voltage is
internally limited, and will not harm the
device.

Power-Saving Modes of
Operation

For applications where power consumption is
critical the CMOS version provides power
reduced modes of operation as a standard
feature. The power down mode in NMOS
devices is no longer a standard feature.

CMOS Power Reduction Mode

CMOS versions have two power reducing
modes, Idle and Power Down. The input
through which backup power is supplied
during these operations is V¢c. Figure 23
shows the internal circuitry which implements
these features. In the Idle modes (IDL = 1),
the oscillator continues to run and the
Interrupt, Serial Port, and Timer blocks
continue to be clocked, but the clock signal is
gated off to the CPU. In Power Down (PD =
1), the oscillator is frozen. The Idle and
Power Down Modes are activated by setting
bits in Special Function Register PCON. The
address of this register is 87H. Figure 24
details its contents.
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In the NMOS devices the PCON register only
contains SMOD. The other four bits are
implemented only in the CMOS devices. User
software should never write 1s to
unimplemented bits, since they may be used
in other 80C51 Family products.

Idle Mode

An instruction that sets PCON.O causes that
to be the last instruction executed before
going into the Idle mode, the intemal clock
signal is gated off to the CPU but not to the
Interrupt, Timer, and Serial Port functions.
The CPU status is preserved in its entirety;
the Stack Pointer, Program Counter, Program
Status Word, Accumulator, and all other
registers maintain their data during Idle. The
port pins hold the logical states they had at
the time Idle was activated. ALE and PSEN
hold at logic high levels.

There are two ways to terminate the Idle.
Activation of any enabled interrupt will cause
PCON.0 to be cleared by hardware,
terminating the Idle mode. The interrupt will
be serviced, and following RETI, the next
instruction to be executed will be the one
following the instruction that put the device
into Idle.

The flag bits GFO and GF1 can be used to
give an indication if an interrupt occurred
during normal operation or during an Idle. For
example, an instruction that activates Idle can
also set one or both flag bits. When Idle is
terminated by an interrupt, the interrupt
service routine can examine the flag bits. The
other way of terminating the Idle mode is with
a hardware reset. Since the clock oscillator is
still running, the hardware reset needs to be
held active for only two machine cycles (24
oscillator periods) to complete the reset.
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Figure 22. Power-On Reset Circuit

Figure 23. Idle and Power Down Hardware

Interrupt,
Serial Port,
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CPU
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‘SMODI - I - I - |GF![GFDI PD l IDLJ

Symbol Position Name and Function
SMOD PCON.7 Double Baud rate bit. When set to a 1 and Timer 1 is used to gen-
erate baud rate, and the Serial Port is used in modes 1, 2, or 3.
- PCON.6 Reserved.
- PCON.5 Reserved.
- PCON.4 Reserved.
GF1 PCON.3 General-purpose flag bit.
GFo PCON.2 General-purpose flag bit
PD PCON.1 Power-Down bit. Setting this bit power-down op
IDL PCON.O Idle mode bit. Setting this bit activates idie mode operation.

If 18 are written to PD and IDL at the same time, PD takes precedence. The reset value of PCON is (0XXX0000). In the NMOS
devices, the PCON register only contains SMOD. The other four bits are implemented only in the CMOS devices. User software
should never write 1s to unimpiemented bits, since they may be used in future products.

Figure 24. Power Control (PCON) Register

The signal at the RST pin clears the IDL bit
directly and asynchronously. At this time the
CPU resumes program execution from where
it left off; that is, at the instruction foilowing
the one that invoked the Idle Mode. As shown
in Figure 21, two or three machine cycles of
program execution may take place before the
internal reset algorithm takes control. On-chip
hardware inhibits access to the internal RAM
during this time, but access to the port pins is
not inhibited. To eliminate the possibility of
unexpected outputs at the port pins, the
instruction following the one that invokes Idle
should not be one that writes to a port pin or
to external Data RAM.

Power-Down Mode

An instruction that sets PCON.1 causes that
to be the last instruction executed before
going into the Power Down mode. In the
Power Down mode, the on-chip oscillator is
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stopped. With the clock frozen, all functions
are stopped, the contents of the on-chip RAM
and Special Function Registers are
maintained. The port pins output the values
held by their respective SFRs. The ALE and
PSEN output are held low.

The only exit from Power Down is a hardware
reset. Reset redefines all the SFRs, but does
not change the on-chip RAM.

In the Power Down mode of operation, Ve
can be reduced to as low as 2V. Care must
be taken, however, to ensure that Vg is not
reduced before the Power Down mode is
invoked, and that V¢ is restored to its
normal operating level, before the Power
Down mode is terminated. The reset that
terminates Power Down also frees the
oscillator. The reset should not be activated
before Vc is restored to its normal operating
level, and must be held active long enough to
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allow the oscillator to restart and stabilize
(normally less than 10ms).

ONCE Mode

The ONCE (“on-circuit emulation”) mode

facilitates testing and debugging of systems

using the device without the device having to

be removed from the circuit. The ONCE

mode is invoked by:

1. Pull ALE low while the device in in reset
and PSEN is high;

2. Hold ALE low as RST is deactivated.

While the device is in the ONCE mode, the
Port 0 pins go into a float state, and the other
port pins and ALE and PSEN are weakly
pulled high. The oscillator circuit remains
active. While the device is in this mode, an
emulator or test CPU can be used to drive
the circuit. Normal operation is restored after
a normal reset is applied.
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The On-Chip Oscillators

NMOS Version

The on-chip oscillator circuitry for the
NMOSmembers of the 80C51 family is a
single stage linear inverter (Figure 25),
intended for use as a crystal-controlled,
positive reactance oscillator (Figure 26). In
this application the crystal is operated in its
fundamental response mode as an inductive
reactance in parallel resonance with
capacitance external to the crystal.

The crystal specifications and capacitance
values (C1 and C2 in Figure 26) are not
critical. 30pF can be used in these positions
at any frequency with good quality crystals. A
ceramic resonator can be used in place of the
crystal in cost-sensitive applications. When a
ceramic resonator is used, C1 and C2 are
normally selected to be of somewhat higher
values, typically, 47pF. The manufacturer of
the ceramic resonator should be consulted for
recommendation on the values of these
capacitors.

To drive the NMOS parts with an external
clock source, apply the external clock signal
to XTAL2, and ground XTAL1, as shown in
Figure 27. A pullup resistor may be used (to
increase noise margin), but is optional if Vou
of the driving gate exceeds the Vi minimum
specification of XTAL.

CMOS Versions

The on-chip oscillator circuitry for the 80C51,
shown in Figure 28, consists of a single stage
linear inverter intended for use as a
crystal-controlled, positive reactance
oscillator in the same manner as the NMOS
parts. However, there are some important
differences.

One difference is that the 80C51 is able to
turn off its oscillator under software control
(by writing a 1 to the PD bit in PCON).
Another difference is that, in the 80C51, the
internal clocking circuitry is driven by the
signal at XTAL1, whereas in the NMOS
versions itis by the signal at XTAL2.

The feedback resistor Ry in Figure 28
consists of paralleled n- and p-channel FETs
controlled by the PD bit, such that Ry is
opened when PD = 1. The diodes D1 and D2,
which act as clamps to V¢ and Vss, are
parasitic to the Ry FETs. The oscillator can be
used with the same external components as
the NMOS versions, as shown in Figure 29.
Typically, C1 = C2 = 30pF when the feedback
element is a quartz crystal, andC1 =C2 =
47pF when a ceramic resonator is used.

To drive the CMOS parts with an external
clock source, apply the external clock signal
to XTAL1, and leave XTAL2 float, as shown
in Figure 30.

The reason for this change from the way the
NMOS part is driven can be seen by
comparing Figures 26 and 28. In the NMOS
devices the internal timing circuits are driven
by the signal at XTAL2. In the CMOS devices
the internal timing circuits are driven by the
signal at XTAL1.
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Figure 25. On-Chip Oscillator in the NMOS Version of the 8051 Family
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Flgdre 27. Driving the NMOS 8051 Family Parts with an External Clock

Internal Timing

Figures 31 through 34 show when the various
strobe and port signals are clocked internally.
The figures do not show rise and fall times of
the signals, nor do they show propagation
delays between the XTAL2 signal and events
at other pins. ’

Rise and fall times are dependent on the
external loading that each pin must drive.
They are often taken to be something in the
neighborhood of 10ns, measured between
0.8V and 2.0V.

Propagation delays are different for different
pins. For a given pin they vary with pin
loading, temperature, V¢c, and
manufacturing lot. If the XTAL2 waveform is
taken as the timing reference, prop delays

may vary up to £200%.

The AC Timings section of the data sheets do
not reference any timing to the XTAL2
waveform. Rather, they relate the critical
edges of control and input signals to each
other. The timings published in the data
sheets include the effects of propagation
delays under the specified test conditions.

80C51 Pin Descriptions

ALE/PROG: Address Latch Enable output
pulse for latching the low byte of the address
during accesses to external memory. ALE is
emitted at a constant rate of 1/6 of the
oscillator frequency, for external timing or
clocking purposes, even when there are no
accesses to external memory. (However, one
ALE pulse is skipped during each access to

February 1992

external Data Memory.) This pin is also the
program pulse input (PROG) during EPROM
programming.

PSEN: Program Store Enable is the read
strobe to external Program Memory. When"
the device is executing out of external
Program Memory, PSEN is activated twice
each machine cycle (except that two. PSEN
activations are skipped during accesses to

“external Data Memory). PSEN is not

activated when the device is executing out of
internal Program Memory.

EA/Vpp: When EA is held high the CPU
executes out of internal Program Memory
(unless the Program Counter exceeds OFFFH
in the 80C51). Holding EA low forces the

- CPU to execute out of external memory

regardiess of the Program Counter value. In
the 80C31, EA must be externally wired low.
In the EPROM devices, this pin also receives
the programming supply voltage (Vpp) during
EPROM programming.

XTAL1: Input to the inverting oscillator
amplifier.

XTAL2: Output from the inverting oscillator
amplifier.

Port 0: Port 0 is an 8-bit open drain
bidirectional port. As an open drain output
port, it can sink eight LS TTL loads. Port 0
pins that have 1s written to them float, and in.
that state will function as high impedance
inputs. Port 0 is also the multiplexed
low-order address and data bus during
accesses to external memory. In this

application it uses strong internal pullups
when emitting 1s. Port 0 emits code bytes
during program verification. In this
application, external pullups are required. .

Port 1: Port 1 is an 8-bit bidirectional /O port
with internal pullups. Port 1 pins that have 1s
written to them are pulled high by the internal
pullups, and in that state can be used as
inputs. As inputs, port 1 pins that are
externally being pulled low will source current
because of the internal pullups.

Port 2: Port 2 is an 8-bit bidirectional I/O port
with internal pullups. Port 2 emits the
high-order address byte during accesses to
external memory that use 16-bit addresses.
In this application, it uses the strong internal
pullups when emitting 1s.

Port 3: Port 3 is an 8-bit bidirectional I/O port
with internal pullups. It also serves the
functions of various special features of the
80C51 Family as follows:

Port Pin Alternate Function
P3.0 RxD (serial input port)
P3.1 TxD (serial output port)
P3.2 TNTO (external interrupt 0)
P3.3 TNTT (external interrupt 1)
P3.4 TO (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)
Vee: Supply voltage
Vss: Circuit ground potential
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PROGRAMMER'’S GUIDE AND
INSTRUCTION SET ‘

Memory Organization

Program Memory

The 80C51 has separate address spaces for
program and data memory. The Program
memory can be up to 64k bytes long. The -
lower 4k can reside on-chip. Figure 1 shows
a map of the 80C51 program memory.

The 80C51 can address up to 64k bytes of
data memory to the chip. The MOVX
instruction is used to access the external data
memory.

The 80C51 has 128 bytes of on-chip RAM,
plus a number of Special Function Registers
(SFRs). The lower 128 bytes of RAM can be
accessed either by direct addressing (MOV
data addr) or by indirect addressing (MOV
@Ri). Figure 2 shows the Data Memory
organization.

Direct and Indirect Address Area

The 128 bytes of RAM which can be

accessed by both direct and indirect

addressing can be divided into three
segments as listed below and shown in

Figure 3.

1. Register Banks 0-3: Locations 0 through
1FH (32 bytes). The device after reset
defaults to register bank 0. To use the
other register banks, the user must select
them in software. Each register bank
contains eight 1-byte registers 0 through
7. Reset initializes the stack pointer to
location O7H, and it is incremented once
to start from location 08H, which is the
first register (RO) of the second register
bank. Thus, in order to use more than one
register bank, the SP should be initialized
to a different location of the RAM where it
is not used for data storage (i.e., the
higher part of the RAM).

2. Bit Addressable Area: 16 bytes have been
assigned for this segment, 20H-2FH.

Each one of the 128 bits of this segment
can be directly addressed (0-7FH). The
bits can be referred to in two ways, both
of which are acceptable by most
assemblers. One way is to refer to their
address (i.e., 0-7FH). The other way is
with reference to bytes 20H to 2FH. Thus,
bits 0-7 can also be referred to as bits
20.0-20.7, and bits 8-FH are the same as
21.0-21.7, and so on. Each of the 16
bytes in this segment can also be
addressed as a byte.

3. Scratch Pad Area: 30H through 7FH are
available to the user as data RAM.
However, if the stack pointer has been
initialized to this area, enough bytes
should be left aside to prevent SP data
destruction.

Figure 2 shows the different segments of the
on-chip RAM.
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FFFF FFFF
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60k
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1000
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Figure 1. 80C51 Program Memory
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Figure 2. 80C51 Data Memory
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Figure 3. 128 Bytes of RAM Direct and Indirect Addressable
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Table 1.  80C51 Special Function Registers

SYMBOL| DESCRIPTION Agsgggs BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION | peer vt ue

ACC' | Accumulator EOH E7 E E5 E4 E3 E2 E1 EO 00H

B B register FoH F7 F6 F5 F4 F3 F2 F1 FO 00H

DPTR Data pointer (2 bytes)

DPH Data pointer high 83H 00H

DPL Data pointer low 82H O00H
AFAE AD AC ABAA A<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>