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DESCRIPTION

The Philips 80C851/83C851is a
high-performance microcontrolier fabricated
with Philips high-density CMOS technology.
The 80C851/83C851 has the same
instruction set as the 80C51. The Philips

FEATURES

® 80C51 based architecture
~ 4k x8 ROM
- 128 x8 RAM
~ Two 16-bit counter/timers

PIN CONFIGURATIONS

Pro[1]
P 2]

CMOS tachnology combines the high speed ~ Full duplex serial channel P12 3] [38] Po.17AD1
and density characteristics of HMOS with the - lo s P PO.2IAD2
low power attributes of CMOS. The Philips Boolean procassor 13[4} 27| poz
epitaxial substrate minimizes latch-up ® Non-volatile 256 x 8-bit EEPROM P14 5] 36] Po.3/AD3
sensitivity, (electrically erasable programmable read P15 E 135] Po.4/ADA
The 80C851/83C851 contains a 4k x 8 ROM °"gn";°}1'7‘°'”" Hiofor for erasarwi P16 [7] 2], Po.siaDs
with mask-programmable ROM code - Ip vo age‘mu Iptier for erase/write P17 [3] 53] Po.6/ADS
protection, a 128 x 8 RAM, 256 x 8 ~ 50,000 erase/write cyclas per byte
EEPROM, 32 /O lines, two 16-bit ~ 10 years non-volatile data retention mst [3] 22} po.inD7
counterftimers, a seven-source, five vector, ~ Infinite number of read cycles RxD/P3.0 10} oip 31| EX
two-priority level nested interrupt structure, ~ User selectable security mode 0P 11 ALE
a serial /O port for either multi-processor Block il v * (o] &
communications, /O expansion or full duplex = erase capabillty INTTPs.2 12 20] PSER
UART, and on-chip oscillator and clock ® Mask-programmable ROM code protection INTI/P2.3 13 28] P2.7A15
c:rcun?.. ® Memory addressing capabilify Top3.4 14 P2.6/A14
In addition, the 80C851/83C851 has two — 64k ROM and 64k RAM TIPS i [26] P2.5/A13
software seloctable modas of power
reduction — idle mode and power-down ® Power control modes: WHP3s [ig 25] P2.4/A12
mode. The idle mode freezes the CPU while ~ Idle mode ROpaz[i7] 124] P2.3A11
allowing the RAM, timers, serial port, and — Power-down mode xaLz [ig] 23] Pe.oAt0
Interrupt system to continue functioning. The
power-down mode saves the RAM and ® CMOS and TTL compatible XTAL1 [19) P21A9
EEPROM contents but freozes the oscillalor, ¢ 4 51 16MHz2 vgs [0 121] P20/A8
causing all other chip functions to be
inoperative, ® Three package styles
® Three temperature ranges fil A lﬂl
7 ° 2
LOGIC SYMBOL
Lcc
17 :I 29
| |
ADDRESS AND
DATA BUS . »
:
2
.
x ADDRESS BUS
8
:
SEE PAGE 612 FOR OFP AND LCC PIN FUNCTIONS.
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Philips Semiconductors Microcontroller Products Product specification
CMQOS single-chip 8-bit microcontroller 80C851/83C851
with on-chip EEPROM

T=49-19-08

PART NUMBER SELECTION

PHILIPS PART ORDER NUMBER SIGNETICS PART
PART MARKING ORDER NUMBER TEMPERATURE FREQUENCY
ROMIess Verslon ROM Version ROMisss Version | ROM Version AND PACKAGE {MHz)
PCBB0C851-2-16P PCB83C851-2P S80C851-4N40 $83C861-4N40 0 to +70°C, plastic DIP 1.210 16
PCB80C851-2-16WP PGB83CB51-2WP S80C851-4A44 $583C851-4A44 0 to +70°C, plastic PLCC 1.2t0 16
PCB80C851-2-16H PCBB3C851-2H S80C851-4B44 $83C851-4B44 0 to +70°C, plastic QFP 1.2t0 16
PCF80C851-2-16P PCF83C851-2P $80C851-5N40 $83CB851-56N40 —40 to +85°C, plastic DIP 1.21t0 16
PCF80C851-2-16WP PCF83C851-2WP $80C851-5A44 S83C851-6A44 -40 to +85°C, plastic PLCC 1.210 16
PCF80C851-2-16H PGF83C851-2H $80C851-5B44 $83C851-5B44 ~40 to +85°C, plastic QFP 1.210 16
PCA80C851-2-16P PCAB3C851-2P S80CB51-6N40 | S83C851-6N40 —40 to +125°C, plastic DIP 1.2t0 18
PCA80C851-2-16WP PCA83C851-2WP S80C851-6A44 $83C851-6A44 —40 to +125°C, plastic PLCC 121016
PCAB0CSE51-2-16H PCA83C851-2H S80C851-6B44 $83C851-6B44 —40 to +125°C, plastic QFP 1.2t0 16
BLOCK DIAGRAM
FREQUENCY
REFERENCE COUNTERS
—t
XTAL2  XTALY T0 T
e — e .
: ]
|| oschigror i 2 S smow ||
1 TIRNG (4K x8 ROM) (125 x 8 RAM) COUNTERS (256 x8) |
1 -
| AN AN 7 }
| : |
l |
! |
' |
| |
! |
} |
|
| cPy ¢ I
| N I
| 1% |
T |
! |
! INTERNAL |
| INTERRUPTS |
' [
|
I \Z N2 N2 }
{ 64K BYTE BUS |-\ PROG SERIAL PORY !
PROGRAMMABLE L'O
| EXPANSION ) M GFULL DUBLEX UART | }
! |
| l
I I — -t !
INTG  TRTT SERIALIN  SERAL OUT
B COoNTROL ADDRESSDATA N )
EXTERNAL AND 10 PINS SHARED WITH
INTERRUPTS PORT &
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LCC PIN FUNCTIONS QFP PIN FUNCTIONS
[ 1 L)
° b
7 29
Lce
17 :Izg
18 28

Pin Function Pin Function Pin Funcion Pin Function
1 NC 22 NG 1 P15 23 P2&5/AI3
2 PO 24 P20/AB 2 P18 24 P26/AI4
3 Pl 25 P2.1/A9 3 P7 25  P27/A15
4 P2 26 PR2/AT0 4  RST 2%  PSEN

§ P13 27 P23AIt 5  P3ORD 27 ALE

8 P14 28 P2.4/A12 6 Ne 8 NG

7 P18 20 P26A13 7 PAMTXD 20 EX

a P8 0 P26/AL4 8 PANTO 0 PO.IAD?
8 P17 31 P27IA1S 9 PIMNIT 31 PO.G/ADG
10 AST 32  PSEN 10 P34 32  POS/ADS
11 P3ORXD 33 AE 11 P3STI 33 PO.4/ADS
12 NC U NG 12 P3&WR 3 PO.YAD3
13 P3.4TD 35 EA 13 P3.7RD 35 PO2AD2
14 P32NTO 38 PO.7/AD7 14 XTAL2 % PO./ADI
15 PAaNTT 37 Po6/ADS 15 XTALY 37 PO.OVADO
16 P340 38 PO.S/ADS 16 vgg 3 Voo

17 PaSTY 39 PO4/AD4 17 NG 2 vgg

18 Pa.6AR 40  PO.%/AD3

19  P37AD 4 PO.2/AD2 18 paoks o P

20 XTAL2 4 POAMDI 19 P21/A9 4 Pl

2 XTALY . ADO 20  P2.2Al0 2 P2

2 ﬁ Po.0% 21 P2aAn 4 Pa

Vss Veo 22 P24AL2 4“4 P4
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PIN DESCRIPTION
PIN NO.
MNEMONIC | DIP LCC | QFP | TYPE NAME AND FUNCTION
Vss 20 22 16, 39 [ Ground: OV reference.
Veo 40 44 as | Power Supply: This is the power supply voltage for normal, idle, and power-down

operation,

P0.0-0.7 39-32 | 4336 | 37-30 | /O | Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed
low-order address and data bus during accesses to external proegram and data memory.
In this application, it uses strong intemal pull-ups when emitting 1s.

P1.0-P1.7 1-8 2-9 |40-44,1 YO |Port1:Port 1is an 8-bit bidirectional ¥O port with Intemal pull-ups. Port 1 pins that have
1-3 1s written to them are pulled high by the internal pull-ups and can be used as inputs. As
inputs, port 1 pins that are externally pulled low will source current because of the intemal
pull-ups. (See DC Electrical Characteristics: f).

P2.0-P2.7 21-28 | 24-31 | 1825 | VO | Port 2: Port 2 is an 8-bit bidirectional IO port with internal pull-ups. Port 2 pins that have
1s written to them are pulled high by the intemal pull-ups and can be used as inputs. As
inputs, port 2 pins that are externally being pulled low will source current because of the
internal pull-ups. {See DG Elactrical Characteristics: I). Port 2 emits the high-order
address byte during fetches from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @DPTRY). In this application, it
uses strong internal pull-ups when emitting 1s. During accesses to external data memory
that use 8-bit addresses (MOV @Ri), port 2 emits the contents of the P2 special function

register.
P3.0-P3.7 10-17 | 11, 5, /O | Port 3: Port 3 is an 8-bit bidirectional /O port with internal pull-ups. Port 3 pins that have
183-19 | 7-13 1s written to them are pulled high by the internal pull-ups and can be used as-inputs. As

inputs, port 3 pins that are externally being pulled low will source current because of the
pull-ups. (See DC Electrical Characteristics: Iy ). Port 3 also serves the special features
of the SCB0CS1 family, as listed below:

10 1 5 RxD (P3.0): Serial input port

1 13 7 TxD (P3.1): Serial output port
12 14 8 INTO (P3.2): External interrupt
13 15 9 INTT (P3.3): External interrupf

T0 (P3.4): Timer 0 external input

T1 (P3.5): Timer 1 external input

WH (P3.6): External data memory write strabe
RD (P3.7): External data memory read strobe

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the
device. An internal diffused resistor to Vg5 permits a power-on reset using only an
extemnal capacitor to Veg.

ALE 30 33 27 /O | Address Latch Enable: Qutput pulse for latching the low byte of the address during an
access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency, and can be used for external timing or clocking. Note that one
ALE pulse is skipped during each access to external data memory.

>
®
0
- 00—-~——-0-—

RST 9 10 4

PSEN 29 32 26 o] Program Store Enable: The read strobe to external program memory. When the device

is executing code from the external program memory, P§CEN is activated twice each
machine cycle, except that two PSEN activations are skipped during each access to
external data memory. PSEN is not activated during fetches from internal program
memory.

EX 31 35 29 [} External Access Enable: EA must be externally held low to enable the device to fetch
code from external program memory locations 0000H and OFFFH. If EA'is held high, the
device executes from intemal program memory unless the program counter contains an
address greater than OFFFH.

XTALY 19 21 15 | Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock
generator circuits.

XTAL2 18 20 14 O | Crystal 2: Ouiput from the inverting oscillator amplifier.
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EEPROM

Communications between the CPU and the
EEPROM is accomplished via 5 special
function registers; 2 address registers (high
and low byte), 1 data register for read and
write operations, 1 control register, and 1
timer register to adapt the erasemwrite time to
the clock frequency. Al registers can be read
and written. Figure 1 shows a block diagram
of the CPU, the EEPROM and the intetface.

Register and Functional
Description

Address Register (EADRH, EADRL)

The lower byte contains the address of one of
the 256 bytes. The higher byte (EADRH) is
for future extensions and for addressing the
security bits (see Security Facilities). The

EADRH register address is F3H. The EADRL
register address is F2H.

Data Reglster (EDAT)

This register is required for read and write
operations and also for row/block erase. In
write mode, its contents are written to the
addressed byte (for "row erase™ and "block
erase” the contents are don't care). The write
pulse starts all operations, except read. In
read mode, EDAT contains the data of the
addressed byte. The EDAT register address
is F4H.,

Timer Reglster (ETIM)

The timer register is required to adapt the
erase/write time to the oscillator frequency.
The user has 1o ensure that the erase or write
(program) time is neither too short or too
long. .

The ETIM register address is F5H. Table 1
contains the values which must be written to
the ETIM register by software for various
oscillator frequencies (the default value is
08H after RESET).

The general formula is:

Sms Write time:
Value (decimal, fxraus [KH2]
to be rounded up) =~ 2048

10ms Write time:
Value (decimal) -'-m";;—”"z] -2

Control Reglister (ECNTRL)
See Figure 2 for a description of this register.
The ECNTRL register address is F6H,

Table 1.  Values for the Timer Register (ETIM)
VALUES FOR ETIM
fxrans 5ms WRITE TIME 10ms WRITE TIME
HEX DEC HEX DEC
1.0MHz 03 3 08 8
2.0MHz 08 8 13 19
3.0MHz oD 13 1D 29
4.0MHz 12 18 28 40
5.0MHz 17 23 32 50
6.0MHz iC 28 3ac 60
7.0MHz 21 33 47 71
8.0MHz 26 38 51 81
9.0MHz 2A 42 §C 92
10.0MHz 2F 47 66 102
11.0MHz 34 52 71 113
12.0MHz 39 57 (-] 123
13.0MHz 3E 62 ;
14.0MHz 43 67
15.0MHz 48 72
16.0MHz 4D 77
0 INTERRUPT 1 CONTROL
LOGIC
SEQUENCER 8, MATRIX
POWER-DOWN IDLE 4
] EEPROM
CLOCK
RESET > ‘ GENERATOR
COLUM| s,.| row
ok K3 Enm DECODER DECOOER
cPv C AN
3
| EDATA | l EADRH | LEADRL —I
INTERNAL BUS ]
Figure 1. EEPROM Interface Block Diagram

January 8, 1892
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7 6 5 4 3 2 1 0
[ we [eewr [ ewp | -~ [eowmnis|ecnince]ecntaL: | echrauo|
Bit Symbel Function
ECNTRL? IFE Adrve high EEPROM Interrupt flag: set by tha sequencer or by soft.vare; reset by software.
set and enabled, Hsﬂagfucesanlmerrupuomesamevadoraslhesendpm

lenup( (see Interrupt section].
ECNTRL6 EEINT EEPROM Interrupt enable: set and reset by software (active high).

ECNTRLS EWP Erasewrite In progress flag: set and reset by the sequencer (active high). When EWFP Is set,
access to the EEPROM Is not possible. EWP cannat be set of reset by software.
ECNTRL.4 Reserved,
ECCTRL.3~ Soo table below.
ECNTAL.0
Operation ECNTRL3 ECNTRL.2 ECNTRL1 ECNTRLO
Byte mode o 1] 1] [}
Raw erase 1 1 [] 0
Page wrke* - - - -
Page erase/write® - - - -
block evase 1 ] 1 0
*Future products.
Byte mode: Normal EEPROM mode, default mode after reset. In this mode, data can be tead and writtan to one byte at
atime,

Read mode: This Is the default mode when byte mode is selected. This means thal the contents of the addressed byte
are avaliable In the data register.

Write mode: This mode ks activated by writing to the data register. The address register must be loaded fist. Since the
old contents are raad fkst (by defaul), this aliows the sequencer to decide whether an erase/wrie o wrile
cycle only {data = 00H) Is required.
Row etase: Inthis mode, the addressed row Is cleared. The three LSBs of EADRL are not significant, i.e. the 8 byles
addrassed by EADRL are cleared in the sama lime normally needed to clear ons byte
(troweruse = ' « tw), For the following write mades, only the write and not the erase/write cycle s
required. For example, using the row erase moda, programming B byles takes troroa = te + B X by
compared 10 trora = 8 Xt + 8 X tyy {1 = lease  bw = twewre)

Page write: For future products.
Page erase/write: For future products

Block exase: In this mode alf 256 bytes are clearad. The byle containing the securly bits ks also cleared. ta ocxemase = te.
The contents of EADRH, EADRL and EDAT are Insigniticant.

Program Sequences and Register Contents after Reset
The mﬂm of the EEPROM registers after a Reset are the defauk values:

EADI = 10ceoocB  (secutity bit address)
EADRL = 00H (security bit address)
ETIM = 08H {minimum evase time wih the lowest permissible oscilator frequency)
ECNTAL =00H {Byte moda, read)
EDAT = xxH (security bn)
Inklafize: MOV ETIM,..
MOV EADAH, ..
Read; MOV EADAL, ..
MOV .., EDAT
Wiite: MOV EADRL, ..
MOV EDAT, ..
Erase fow: MOV EADRL, .. Row address, 3L.SBs dontt care

MOV ECNTRL, #0CH Erase row mods
MOV EDAT, .. (EDAT) don't care

Erase block: MOV ECNTRL, 0AH Erase block mode
MOV EDAT, .. (EDAT) don't care

1 the securily bit ks 1o be altered, the program generally starts as folows:

MQV EADRH, #80H
MOV EADRL, #00H

Figure 2. Control Register (ECNTRL)

January 8, 1992 815
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Secutity Facilities

EEPROM Protection

The EEPROM is protected using four security
bits which are contained in an extra
EEPROM byte at address 8000H
{EADRH/EADRLY). They can ba set or cleared
by software. To activate the EEPROM
protection, the program sequence in byte
mode must be as follows;

MOV EADRH, #80H
MOV EADRL, #00H
MOV EDAT, #FFH

If two or more of these bits are reset, SB = 0,
the security mode is disabled and the
EEPROM is not protected. If three or four bits
are set, SB = 1 and the EA mode differs from
the Internal access mode.

In this case, access to the EEPROM s only
possible in one mode regardiess of how the
external accoss mode is reached (by pulling

the EA pin low or by passing the 4K
boundary). For SB = 1 and “external access”
only, the “block erase® mode is enabled. The
program sequance has to be as follows:

MOV EADRH, #80H (security byte address)
MOV EADRL, #00H (security byte address)
MOV ECNTRL, #0AH (block erase mode)
MOV EDAT, #xxH  (start block erase)

All 256 data bytes, the security bits, and SB
will be cleared after completing this mode
{EWP = 0). SB will also be affected in byte
mode when writing to the security byte (not
for SB = 1 and "exteral access"). Figure 3
illustrates the access to SB.

ROM Code Protection

Since the external access mode can only be
selected by pulling the EA pin low during
reset, it is not possible to read the internal
program memory using the MOVC instruction
while executing external program memory.
Furthermore, it is not possible to change this

mode to internal access within the MOVC
cycle.

Additionally, a mask-programmable ROM
code protection facility is available. When the
program memory passes the 4K boundary
using both the internal and external ROMs, it
is not possible to access the intermal ROM
from the extemal program memory if the
mask-programmable ROM security bit is set,
An access to the lower 4K bytes of program
remory using the MOVC instruction is only
possible while executing internal program
memory.

Also the verification mode (test-mode which
writes the ROM contents to a port for
comparison with a reference code) is not
implemented for security reasons. A different
test-mode is implemented for test purposes.
This mode allows every bit to be tested.
However, the internal code cannot be
accessed via a port,

SECURI
AND BYTE MODE FINISHI

RESET—]

REGISTERS EADRH AND
NTAIN THE

ADDRESS OF THE

TY BYTE

RESET

SECURITY BYTE ADDRESS
AND BLOCK ERASE FIMSHED

TY BYTE ADDRESS

EADRH EADRL [¢—— RESET

L4

EEPROM

EAQ

INHIBIT 'READ DATA REGISTER'

l

INHEBIT *WRITE DATA REGISTER'
EXCEPT (ECNTRL) = BLOCK ERASE

|<—

Figure 3. EEPROM Protection (Functional and Flowchart)

|— reser
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OSCILLATOR
CHARACTERISTICS

XTAL1 and XTAL2 are the input and output,
respectively, of an inverting amplifier. The
pins can be configured for use as an on-chip
osciltator, as shown in the logic symbol,
page 610.

To drive the device from an external clock
source, XTAL1 should be driven while XTAL2
is left unconnected. There are no
requirements on the duty cycle of the external
clock signal, because the input to the internal
clock circuifry is through a divide-by-two
flip-fiop. However, minimum and maximum
high and low times specified in the data sheet
must be observed.

RESET

A reset is accomplished by holding the RST
pin high for at least two machine cycles (24
oscillator periods), while the oscillator is
running. To insure a good power-up reset, the
RST pin must be high long enough to allow
the osciltator time to start up (normally a few
milliseconds) plus two machine cycles. At
power-up, the voltage on Vg and RST must
come up at the same time for a proper
start-up.

Note: Before entering the idle or power-down
modes, the user has to ensure that there is
no EEPROM eraseAwrite cycle in progress

(i.a., the EWP bit has to be reset before
activating the idle or power-down modes;
otherwise EEPROM accesses will be
aborted).

IDLE MODE

In idle mode, the CPU puts itself to sleep
while all of the on-chip peripherals stay
active. The instruction to invoke the idle
mode is the last instruction executed in the
normal operating mode before the idle mode
is activated. The CPU contents, the on-chip
RAM, and all of the special function registers
remain intact during this mode. The idle mode
can be terminated either by any enabled
interrupt (at which time the process is picked
up at the interrupt service routine and
continued), or by a hardware reset which
starts the processor in the same manner as a
power-on reset.

POWER-DOWN MODE

In the power-down mode, the oscillator is
stopped and the instruction to invoke
power-down is the last instruction executed.
Only the contents of the on-chip RAM and
EEPROM are preserved. A hardware reset is
the only way to ferminate the power-down
mode, The control bits for the reduced power
modes are in the special function register
PCON. Table 2 shows the state of the /O
ports during low current operating modes.

INTERRUPT SYSTEM
External events and the real-time-driven
on-chip peripherals require service by the
CPU asynchronous to the execution of any
particular section of code. To tie the
asynchronous activities of these functions to
normal program execution, a multiple-source,
two-priority-level, nested interrupt system is
provided. Interrupt response latency is from
3us to 7us when using a 12MHz crystal. The
$83C851 acknowledges interrupt requests
from 7 sources as follows:
— TNTO and TNTT: extemally via pins 12 and
13, respectively,
— Timer 0 and timer 1: from the two intemal
counters,

— Serial port: from the internal serial /O port
or EEPROM (1 vector).

Each interrupt vectors to a separate location
in program memory for its service program.
Each source can be individually enabled (the
EEPROM interrupt can only be enabled when
the serial port interrupt is enabled) or
disabled and can be programmed to a high or
low priority level. All enabled sources can
also be globally disabled or enabled. Both
external interrupts can be programmed to be
level-activated and are active low to allow
*wire-ORing" of several interrupt sources to
one input pin.

Note: The serial port and EEPROM interrupt
flags must be cleared by software; all other

flags are cleared by hardware.
Table 2.  External Pin Status During Idle and Power-Down Modes
MODE PROGRAM MEMORY ALE PSEN PORT 0 PORT 1 PORT 2 PORT 3

Idte Internal 1 1 Data Data Data Data

Idle External 1 1 Float Data Address Data

Power-down Internal 0 0 Data Data Data Data

Power-down External 0 0 Float Data Data Data
ABSOLUTE MAXIMUM RATINGS! 2.2

PARAMETER RATING UNIT

Storage temperature range —6510 +150 °C

Voltage on any other pin to Vsg -0.510 +6.5 v

Input or output DC current on any single /O pin 5 mA

Power dissipation (based on package heat transfer limitations, 1.0 w

not device power consumption)

NOTES:

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at
these or any conditions other than those described in the AC and DC Electrical
Characteristics section of this specification is not implied,

. This product includes circuitry specifically designed for the protection of its intemal devices

from the damaging effects of excessive static charge. Nonetheless, itis suggested that
conventional precautions be taken to avoid applying greater than the rated maxima.

. Parameters are valid over operating temperature range unless otherwise specified. All

voltages are with respect to Vg unless otherwise noted.

dJanuary 8, 1992

617




PHILIPS INTERNATIONAL  5GE D BN 7110826 0039191 709 EEPHIN

Philips Semiconductors Microcontroller Products Product specification
CMGOS single-chip 8-bit microcontroller
with on-chip EEPROM 80C851/83C851

T T-49-19-08

DC ELECTRICAL CHARACTERISTICS
Tamb = 0°C 10 +70°C (Vg = BV +20%), ~40°C to +85°C (Vg = 5V #20%), or ~40°C to +125°C (Vg = 5V £10%), Vsg = OV

PART TEST LIMITS
SYMBOL PARAMETER TYPE CONDITIONS MIN MAX UNIT
Vi Input low voltage, except EA 0to +70°C -0.5 0.2Vgc—0.1 \
—40 to +85°C 0.5 0.2Vee0.15 N
~40 to +126°C -0.56 0.2Vge—0.25 v
ViLt Input low voltage to EA 0o +70°C ~0.5 0.2Vec-0.3 v
~40 to 485°C 0.5 0.2Vcc—0.35 \
40 to +125°C -0.5 0.2Vge0.45 \
Viy Input high voltage, except XTAL1, RST 0 to +70°C 0.2Vgc+0.9 Vect0.5 v
—40 to +85°C 0.2Vgc+1.0 Vect0.5 Vv
—40 to +125°C 0.2Vgo+1.0 Veo+0.5 \"
ViHt Input high voltage, XTAL1, RST 0to +70°C 0.7Vce Voo +0.6
—40 to +85°C 0.7Vec+0.1 Veo+0.5
—40 to +125°C 0.7Vcc+0.1 Vgo+0.8
Vou Output low voltage, ports 1, 2,36 lor = 1.6mA4 . 045 \
Vout Output low voltage, port 0, ALE, PSEN € lol, = 3.2mA* 0.45 v
Vou Output high voltage, ports 1, 2, 3, ALE, PSEN lon = ~60pA, 2.4 \
loH =—25pA, 0.76Vce Vv
lon = —10pA 0.9Veo v
Vo1 Output high voltage, port 0 in external bus lop = ~800pA, 24 \
mods® loH = —300pA, 0.75Vee v
lon = -80pA 0.9Vco v
I Logical O input current, ports 1,2, 3 0 to +70°C Vin =0.45V ~50 HA
~40 to +85°C -75 pA
—40 to +125°C -75 iy
n Logical 1-t0-0 transition cutrent, ports 1, 2, 3 0 to +70°C Viy =20V —650 pA
~40 to +85°C -750 uA
—40 10 +125°C ~750 pA
Iy Input leakage current, port 0, EA 0.45V<Vi<Vee +10 A
lec Power supply current: See note 7
Active mode @ 16MHz 1 32 mA
Idle mode @ 16MHz 2 6.5 mA
Power down mode 3 100 pA
Rpst Internal reset pull-down resistor 50 150 kQ
Cio Pin capacitance f=1MHz 10 pF

NOTES:
1. The operating supply current is measured with all output pins disconnected; XTAL1 driven with t, = = 5ns; Vj_ = Vgg +0.5V;
Vit = Veo — 0.5V; XTAL2 not connected; EA = RST = Port 0 = Vgg.
2. Theidle mode supply current is measured with all output pins disconnected; XTAL1 driven with t, = t; = 8ns; V= Vgg +0.5V;
ViH = Vg — 0.6V; XTAL2 not connected; EA = Port 0 = Veg; RST = Vss.
3. The power-down current is measured with all output pins disconnected; XTAL2 not connected; EA = Port 0 = Vg; RST = XTAL1 = Vg,
4. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the LOW level output voltage of ALE, Port
1 and Port 8. The noise is due to extemal bus capacitance discharging into the Port 0 and Port 2 pins when these pins make a 1-to-0
transition during bus operations. In the worst cases (capacitive loading > 100pF), the noise pulse on the ALE line may exceed 0.8V. In such
cases it may be desireable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input,
5. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PSEN to momentarily fall below the 0.9Veg
specification when the address bits are stabilizing.
6. Under steady state (non-transient) conditions, lo_ must be externally limited as follows:
Maximum lg_ per Port pin: 10mA
Maximum I, per 8-bit port —
Port0: 26mA
Ports 1,2, and3:  15mA
Maximum total lg_ for all output pins: ~ 71mA.
If low exceeds the test condition, Voy may exceed the related specification. Pins are not guaranteed to sink current greater than the listed
test conditions.
7. See Figures 11 through 14 for log test conditions.
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AC ELECTRICAL CHARACTERISTICS!: 2
16MHz CLOCK VARIABLE CLOCK
SYMBOL | FIGURE PARAMETER MIN MAX MIN MAX UNIT
oo 4 Oscillator frequency 1.2 16 MHz
tLHLL 4 ALE pulse width 85 2teLc—40 ns
taviL 4 Address valid to ALE low 8 toLcL-65 ns
f1ax 4 Address hold after ALE low ] 28 toLc—~35 ns
LT 4 ALE low to valid instruction in 180 41510 -100 ns
e 4 ALE low to PSEN low 23 toLc—40 ) ns
teLrH 4 PSEN pulse width 143 3o cL—45 ns
oy 4 PSEN low to valid instruction in 83 Btgro~105 ns
toxix 4 Input Instruction hold after PSEN 0 [ ns
tpyxiz 4 Input instruction float after PSEN as toroL—25 ns
taviv 4 Address 1o valid instruction in 208 Storo—~105 ns
toiaz 4 PSEN low to address float 10 i0 ns
Data Memory
tALRH 5,6 RD pulse width 275 Bt 1 —~100 ns
twLwH 5,6 WH pulse width 275 Bta o —100 ns
ALy 5,6 RD low to valid data in 148 Sto o —165 ns
taHDX 5,6 Data hofd after BD 0 0 ns
taupz 5,6 Data float after RD 55 2toLoL~70 ns
tov 5,6 ALE low to valid data in 350 8t o -150 ns
tavov 5,6 Address to valid data in 308 Oty o ~165 ns
fwe 5,6 ALE low to RD or WR low 138 238 3t 0—50 BtgL oL +50 ns
taw 5,6 Address to RD or WR' 120 AtorLc1—130 ns
tow 5,6 Data setup time before WH 288 TtoLo—150 ns
tavwx 5,6 Data valid to WH transition 3 toLcl—60 ns
twHax 5,6 Data hold after WR 13 toLcL-50 ns
taLAz 5,6 D low to address float 0 0 ns
twLH 5,6 RD or WH high to ALE high 23 103 toLoL~40 foLoL+40 ns
Externatl Clock
toHex 8 High time 20 20 ns
toLex 8 Low time 20 20 ns
toleH 8 Rise time 20 20 ns
toHoL 8 Fall time 20 20 ns
Erase/write timer constant®
tew Erase/write cycle time 10 40 10 40 ms
e Erase time 5 40 5 40 ms
tw Write time 5 40 5 40 ms
1 Data retention time# 10 10 years
NEW Erase/write cycles® 50,000 50,000 cycles
NOTES:

1. Parameters are valid over operating temperature range unless otherwise specified.

2. Load capacitance for port 0, ALE, and PSEN = 100pF, load capacitance for all other outputs = 80pF.

3. The power-off fall-time of V¢ must be less than 1ms to prevent an overwrite pulse from being generated in the EEPROM which can cause
spurious parasitic writing to EEPROM cells. if the Vg power-off full-time is greater than 1ms, a power-off reset signal should be generated
to prevent this condition from occurring.

. Test condition: Tapy, = +55°C.

. Number of eraseMrite cycles for each EEPROM byte.

4,
5
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EXPLANATION OF THE L — Logic level low, or ALE

AC SYMBOLS P - PSEN

Each timing symbol has five characters. The ~ @~ g“t;pf" data

first character is always 't (= time). The other 1 —~ FD signal

characters, depending on their positions, :, - Tm!e

indicate the name of a signal or the logical W— ‘\%('d,

status of that signal, The designations are: - WRsignal

A — Address X — No longer a valid logic level

G~ Clock Z — Float

D - Inputdata Examples: tay = Time for address valid to

H - Logle lovel high Y Time for ALE low 1o
- i LpL=

| ~ Instruction (program memory contents) PSEN low.

L —>
ME J\
taviL | ‘l|_|_p|_’|| “—1pLPH
le— sy —>
t
PSER PLIV
-/ \
LA e tp texiz
tpxix I‘—

PORTO

INSTRIN

PORT 2

Ag-A1S

X

AB-A1S

Figure 4, External Program Memory Read Cycle

ALE ﬁ
N
[— twHLy
S \_/
fLeoy >
——tiwe > {RLRAK >
AD
\\ /| d
taw 1
taviL 1 LAx [« taLov —>|
tRiA tRHDX >
Y v
PORTO >—< \,:m‘ N ORDPL —-<\ DATAN AO-A7 FROM PCL INSTRIN
[ tavw. ——>|
tavov
PORT 2 4
><\ P2.0-P2.7 OR AS-A15 FROM DPH X AB-A15 FROM PCH

Figure 5. External Data Memory Read Cycle
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ALE _h
N_
[« twHLH
= N4
fe—f Wi > twiwn >
R v
taw L) S /]
taviL P A tavwx > twhax
taw
4 4
PORT O >_<\FROMR|0RDPL L DATA OUT XX A0-A7 FROM PCL }—@mm
tavwi >
Y
PORT2 3(\ P2.0-P2.7 OR A8-A15 FROM DPH X A8-A15 FROM PCH
Figure 6. External Data Memory Write Cycle
Je——————————— ONE MACHINE tYCLE ONE MACHINE CYCLE ————————
1 s2 s3 s 5 s6 1 s2 s3 st s5 s6

a1 P2 le ez IPI P2 'm P2 [m k2 |pr P2 |P1 P2 Im P2 lm B2 Im P2 |n P2 |P| P2 |
PUT | L

ae | 1 | l [ 1 [ 1
e - 1 ‘it 1 |

] | | |

WH | I I |

BUS  |pama ADORESS | FLOAT [DATA ADDRESS | FLOAT | AT, AnORESS | FLOAT [oaTA aooress |_Rosr [T

EXenNAL poRTO — T T oA FLOAT

MEMORY | popy 2 I ADDREss TRANsTONs L |

FETCH | e xTERNAL) "T

ouTRoY OLD DATA i NEW DATA

e 1 1
SAMPLING TIME OF /O PORT PINS DURING INPUT (INCLUDING TRTD AND TRTT)

SERIAL __L —

(SHIFY cL%%RxT) ! 1
Figure 7. Instruetion Timing
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Table 3.  External Clock Drive XTAL1
Oscillator circuitry: The capacities connected to the crystal should be: C1 = C2 = tbf.
VARIABLE CLOCK
f=1.2-16MHz
SYMBOL PARAMETER MIN MAX UNIT
toreL Oscillator clock period 63 833 ns
tHigH HIGH time 20 toroL —tow ns
tow LOW time 20 toror — tigH ns
Rise time - 20 ns
% Fall time - 20 ns
toy Cycle time! 0.75 10 ns
NOTE:
1. tey = 121gL0L.

24V
20V
o8V

0A45Y

NOTE:
‘ AC Inpirts during testing are driven at 2.4V for a logic '1' and 0.45V for a logic ‘0",
| Timing measurements are made at 2.0V min for a logle '1' and 0.8V for a logle ‘0",

Figure 8. External Clock Drive

VLOAD+0.9V TIMING
VLOAD-——< > REFERENGE <
VioAD-O.tV POINTS
NOTE:

For timing pumoses, a port ks no longer floating when a 100mV change from load voltage occurs, and beging to float when a 100mV change
from the loaded VoV leve! occurs, loH/ioL 2+ 20mA.

Figure 9. AC Testing Input/Output

You-o0.tv

VoL 0.4V

Figure 10, Float Waveform

Veo Yeo
lee lcc
Vee l Vee l
Vee Yoo RST Vee
_E
PO PO
RST N— L N—
X = EA
{NC) XTAL2 {NC): XTAL2
CLOCK SIGNAL-———»] XTAL1 CLOCK SIGNAL—»] XTAL1
I . J_/ =
Figure 11. lgc Test Condition, Active Mode Figure 12. l¢c Test Condition, ldie Mode
All other pins are disconnected All other pins are disconnected
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Yee
‘cc
Veo l
| BT Yee
/I_
= N
EX
(nc)——— xTAL2
—>| XTAL1
Vss
Figure 13. Clock Signal Waveform for Ig¢ Tests Figure 14. I¢¢ Test Condition, Power Down Mode
in Active and [dle Modes All other pins are disconnected.
tereH = feiicl, = 5ns Vee =2Vto 5.5V
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