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DESCRIPTION

The Philips 80C851/83C851 is a high-
performance microcontroller fabricated
with Philips high-density CMOS technol-
ogy. The 80C851/83C851 has the same
instruction set as the 80C51. The Philips
CMOS technology combines the high
speed and density characteristics of
HMOS with the low powaer attributes of
CMOS. The Philips epitaxial substrate
minimizes latch-up sensitivity.

The 80C851/83C851 contains a 4k x 8
ROM with mask-programmable ROM
code protection, a 128 x 8 RAM, 256 x 8
EEPROM, 32 I/O lines, two 16-bit coun-
tertimers, a seven-source, five vector,
two-priority level nested interrupt
structure, a serial /O port for either
multi-processor communications, VO ex-
pansion or full duplex UART, and on-
chip oscillator and clock circuits.

In addition, the B0C851/83C851 has two
software selectable modes of power re-
duction — idle mode and power-down
mode. The idle mode freezes the CPU
while allowing the RAM, timers, serial
port, and interrupt system to continue
functioning. The power-down mode
saves the RAM and EEPROM contents
but freezes the oscillator, causing all oth-
er chip functions to be inoperative.

80C851/83C851

CMOS single-chip 8-bit microcontroller

with on-chip EEPROM

FEATURES

® 80C51 based architecture
- 4k x 8 ROM
- 128 x 8 RAM
- Two 16-bit countertimers
— Full duplex serial channel
- Boolean processor

® Non-volatile 256 x 8-bit EEPROM

(electrically erasable programmable

read only memory)
— On-chip voltage multiplier
for erase/write
~ 10,000 erase/write cycles
per byte
- 10 years non-volatile data
retantion
- Infinite number of read cycles
~ User selectable security mode
~ Block erase capability
® Mask-programmable ROM code
protection
® Memory addressing capability
- 64k ROM and 64k RAM
# Power control modes:
- Idle mode
-~ Power-down mode

¢ CMOS and TTL compatible
® 1.2 to 12MHz

® Two temperature ranges

® Three package styles
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PIN CONFIGURATION
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Pin Function Pin Function Pin Function
t NC 15 IRTT/P33 30 P26A4
2 PO 16 TOP34 31 P7IA'S
3 P11 17 TiP35 32 PSEN
4 P12 18 WHP36 33 ALE
5§ P13 19 ROP3.? 34 NC
6 P14 20 XTAL2 3% ER
7 P1s 21 XTAL1 36 P0.77AD7
8 P16 2 Vg 37 PO.&/AD6
9 P17 23 NC 38 P0.5ADS
10 RST 24 P2.0AB 39 PO4AD4
11 RxDP3O 25 P2.1/AS 40 PO.YADI
12 NC 26 P2.2A10 41 PO.2AD2
13 TxD/P31 27 P2.3A11 42 PO.VAD1
14 TNTOP32 28 P24/A12 43 PO.OVADO
29 P25A13 44 Ve
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PART NUMBER SELECTION

PHILIPS PHILIPS COMPONENTS-SIGNETICS TEMPERATURE FREQUENCY
ROMIless Version ROM Version ROMIless Version ROM Version AND PACKAGE (MHz)
PCBB0C851P PCBB3C851P SBOCEST-1N40 $83C851-1N40 010 +70°C plastic DIP 121012
PCBS0C851WP PCBB3C851WP SBOCBS51-1A44 $83C851-1A44 0 to +70°C plastic LCC 121012
PCBB0C8S 1H PCBB3CB51K S80CB51-1B44 $83C851-1B44 0o +70°C plastic QFF 121012
PCF80C851P PCF83C851P S80C851-2N40 SB3C851-2N40 _40 10 +85°C plastic DiP 1212
PCF80C851WP PCF83C851WP SB0C851-2A44 S83C851-2A44 _40 10 +85°C plastic LCC 12to 12
PCF80C851H PCF83C851H $80C851-2B44 $83C851-2B44 40 to +85°C plastic QFP 1.2t012
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CMOS single-chip EEPROM

8-bit microcontroller

80C851/83C851

PIN DESCRIPTION
PIN NO.

MNEMONIC | DIP LCC | QFP | TYPE NAME AND FUNCTION

Vss 20 22 22 | Ground: OV reference.

Vee 40 44 44 | Power Supply: This is the power supply voltage for normal, idle, and power-down operation.

P0.0-0.7 32-39 | 3643 | 36-43 /O | Port0: Port O is an open-drain, bidirectional I/O port. Port O pins that have 1s written to them
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order ad-
dress and data bus during accesses to external program and data memory. In this application,
it uses strong internal pull-ups when emitting 1s.

P1.0-P1.7 1-8 2-9 2-8 /O | Port 1: Port 1 is an 8-bit bidirectional IO port with internal puil-ups. Port 1 pins that have 1s
written to them are pulied high by the internal pull-ups and can be used as inputs. As inputs,
port 1 pins that are externally pulied low will source current because of the intemal puli-ups.
{See DC Electrical Characteristics: |, ). Port 1 also receives the low-order address byte during
program memory verification.

P20-P27 21-28 | 24-31 | 24-31 110 | Port 2: Port 2 is an 8-bit bidirectional /O port with interal pull-ups. Port 2 pins that have 1s
written to them are pulled high by the internal 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 intemal puli-
ups. (See DC Electrical 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 @DPTR). In this application, it uses strong internal pull-ups
when emitting 1s. During accesses 10 external data memory that use 8-bit addresses (MOV
@R}, port 2 emits the contents of the P2 special function register.

P3.0-P3.7 10-17 | 11, 1, /O | Port 3: Port 3 is an 8-bit bidirectional I/0Q port with internal pull-ups. Port 3 pins that have 1s

13-19 | 13-19 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: |;). Port 3 also serves the special features of the
SCB0OCS51 family, as listed below:

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

1 13 13 e} TxD (P3.1): Serial output port

12 14 14 | INTO (P3.2): External interrupt

13 15 15 | INTT (P3.3): External interrupt

14 16 16 | TO (P3.4): Timer 0 external input

15 17 17 | T1 (P3.5): Timer 1 external input

16 18 18 o 'WH (P3.6): External data memory write strobe

17 19 19 (o} RD (P3.7): External data memory read strobe

RST 9 10 10 | Reset: A high on this pin for two machine cycles while the oscillator is running, resets the de-
vice. An internal diffused resistor to Vgg permits a power-on reset using only an external ca-
pacitor to Vgc.

ALE 30 33 a3 /G | Address Latch Enable: Output pulse for latching the low byte of the address during an ac-
cess o external memory. In normal opsration, ALE is emitted at a constant rate of 1/6 the os-
cillator frequency, and can be used for external timing or clocking. Note that one ALE pulse
is skipped during each access to external data memory.

PSEN 29 32 32 [o] Program Store Enable: The read strobe to extemal program memory. When the device is
executing code from the external program memory, PSEN 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.

EA 31 35 35 | 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 internal program memory unless the program counter contains an address
greater than OFFFH.

XTAL1 18 21 21 | Crysial 1; Input to the inverting oscillator amplifier and input to the internal clock generator
circuits.

XTAL2 18 20 20 (o] Crystal 2: Qutput from the inverting oscillator amplifier.
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CMOS single-chip EEPROM
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80C851/83C851

EEPROM

Communications between the CPU and the
EEPROM is accomplished via 5 special func-
tion registers; 2 address registers (high and
low byte), 1 data register for read and write
operations, 1 control register, and 1 timer reg-
ister to adapt the erase/write time to the clock
frequency. All registers can be read and writ-
ten. Figure 1 shows a block diagram of the
CPU, the EEPROM and the interface.

Register and Functinal 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 The

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

Data Register (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 ad-
dressed 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 Register (ETIM)

The timer register is required o adapt the er-
aswe/write time to the oscillator frequency.
The user has to ensure that the erase or write

Table 1. Values for the Timer Reglster (ETIM)

(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 os-
cillator frequencies (the default value is 08H
after RESET).

The general formuia is:
Value (decimal) = fxta 1 (kHz) /96 — 2

The adjustment range is 0 1o 255 correspond-
ing to frequencies of 192kHz to 24.7MHz.

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

VALUES FOR ETIM
fx1aLs (MHZ) BINARY HEXADECIMAL DECIMAL
1.2 00001011 OB 11
20 00010011 13 19
3.0 00011101 1D 29
4.0 00101000 28 40
50 00110010 32 50
6.0 00111100 ac 60
7.0 01000111 47 71
8.0 01010001 51 81
9.0 01011100 5C 92
10.0 01100110 66 102
11.0 01110001 71 113
12.0 01111011 78 123
INTERRUPY I I CONTROL
LOGIC
SEQUENCER g MATRIX
POWER-DOWN IDLE
| EEPROM
RESEY CLOCK
GENERATOR Icowuul 3, s,l ROW I
oLk - | DEC;)DER DECODER
cPU ECNTRL
A A
l EDATTI I EADRH I LEADRL ]
INTERNAL BUS ]
Figure 1. EEPROM Interface Block Diagram
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7 8 [ 4 3 2 1 0
{ we [ emwr | owp | | EcnTRLS | ECNTRL2 | BCNTAL1 | ECNTALD |

Bit Symbol Function
ECNTRLY  IFE Active high EEPROM interrupt fiag set by the orby roset by softy

When set and enabled, mbllaqlmumlnwmumhnunmov-m.wumm

rupt (see Inmmpl section).
ECNTRLS EEINT EEPROM ompt m 01 and reset by software (active hI?"
ECNTRLS EWP Ernae/wrile In lng 88t and reset by the sequencer (active high). When EWP is set,
EONTRL .ouu 10 the EEI ROM l- not possibie. EWP cannot be set or resst by softwars.
A
ECCTRL.3- Su llblo below,
ECNTRLO
Operstion ECNTRLS ECNTRL.2 ECNTRL.1 ECNTRLO
Byte mode 0 [} ] 0
Row srase 1 1 ] [
Page write® - - - -
Page erassiwrite® - - - -
block srase 1 [} 1 0
*Future products.

Byte mode: Normal EEPROM mode, default made after reset. In 1his mode, data can be read and written io ons byle at
atime,

Read mode: This is the defauk mode when byte mode s seiecied. This means thal 1he contents of the addressed byte

e avaiable in the data register.

This made ik aciivatad by writing 1o the daia register. The address register must be loaded first. Since the
old contents ars read flrst (Dy default), this aliows the sequencer to decide whether an erase/write or write
cycle only (data = OOH) ia required,

In this mode, the addressed row Is clearsd. The three LSBs of EADRL are not significant, i.e. the 8 bytes ad-
dressed by EADAL are cleared in the same time normally needed to clear one byle (lacweasse = 1z = l,,) For
the following write modes, only the write and not the srase/write cycie ls required. For exampie, using the
row erase mode, programming 8 bylea takes tygroa = te + B X ly COMParad 10 trora, = 8 X 1a + 8 X 1y (le = lesne
+ tw = TwpuTE)-

Page write: For future products.

Write mode:

Page erase/write: For future products

Block srase: in this mode all 258 bytes are clearsd. The byt containing 1he security bits Is also cleared. taocuerase = e
The contents of EADRH, EADRL and EDAT are insignificant.

Program snd Regl after Reset
The contents of the EEPROM nglﬂor' alter a Reset are the delault values:
EADRH = 1X0000xB  (securky bt add r.u)
EADRL = 0OH {securky bt address)
ETIM « 0BH {minimum ouu time wkh 1he lowest permissivia oscitiator fraquency)
ECNTRL = 00H {Byte mode, read]
DAT = xxH {securky bit)
Inhialtze: MOV ETIM, ..
MOV EADRH, ..
Read: MOV EADAL, ..
MOV ... EDAT
Write: MOV EADRL, ..
MOV EDAT, ..
Erase row: MOV EADRL, .. Row address. 3LSBs don't care
MOV ECNTAL, OCH Erase tow mode
MOV EDAT, .. (EDAT) don't care
Erase block: MOV ECNTRL, 0AH Erase block mode
MOVE EDAT, .. (EDAT) don't care

¥ the security bit Is to be atered, the program generally staris as follows:

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

Figure 2. Control Register (ECNTRL)

September 6, 1990
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EEPROM Protection

The EEPROM is protected using four sacurity
bits which are contained in an extra EE-
PROM byte at address 8000H (EADRH/
EADRL). They can be set or cleared by
software. To activate the EEPROM protec-
tion, 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 bit are reset, SB =0,
the security mode is disabled and the EE-
PROM is not protected. If three or four bits
are sat, SB = 1 and the EA mode differs from
the internal access mode.

In this case, access to the EEPROM is only
possible in one made regardless of how the
external access mode is reached (by pulling
the EA pin low or by passing the 4K bound-
ary). For SB = 1 and “external access" only,
the “block erase” mode is enabled. The pro-
gram sequence has to be as follows:

MOV EADRH, #80H (security byte address)
MOV EADRL, #00H (security byte address)
MOV ECNTRL, OAH (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 “extemal access”). Figure 3
illustrates the access to SB.

Securlty Facilitles

ROM Code Protection

Since the external access mode can only be
selected by pulling the EA pin low during re-
set, itis not possible to read the internal pro-
gram memory using the MOVC instruction
while executing extemal 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 extemal ROMs, it
is not possible to access the intemal ROM
from the external program memory if the
mask-programmable ROM security bit is set.
An access to the lower 4K bytes of program
memory using the MOVC instruction is only
possible while executing intermal program
memory.

Also the verification mode (test-mode which
writes the ROM contents to a port for com-
parison with a reference code) is not implem-
ented for security reasons. A different
test-mode is implemented for test purpose.
This mode allows every bit to be tested. How-
ever, the internal code cannot be accessed
via a port.

RESET ——

REGISTERS EADRH AND
EADRL CONTAIN THE
ADDRESS OF
SECURITY BYTE

THE

RESET

SECURITY BYTE ADDRESS
AND BLOCK ERASE ANISHED

SECURITY BYTE ADDRESS
AND BYTE MODE AINISHED

EADRH EADRL je——— RESET

I

EEPROM

I EDATA I L
n

INHIBIT 'READ DATA REGISTER'

b

INHIBIT 'WRITE DATA REGISTER'
EXCEPT (ECNTRL) = BLOCK ERASE

I.—_

Figure 3. EEPROM Protection (Functicnal 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
oscillator, as shown in the logic symbol,
page 1.

To drive the device from an external clock
source, XTAL1 should be driven while XTAL2
is left unconnected. There are no require-
ments on the duty cycle of the extemal clock
signal, because the input to the internal clock
circuitry 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 run-
ning. To insure a good power-up reset, the
RST pin must be high long enough to allow
the oscillator time to start up (normally a few
milliseconds) plus two machine cycles. At
power-up, the voltage on Ve 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 1o ensurs that there is
no EEPROM erase/write cycle in progress
(i.e. the EWP bit has to be reset before acti-
vating the idle or power-down modes; other-
wise EEPROM accesses will be aborted).

IDLE MODE

In idle mode, the CPU puts itself to sleep
while all of the on-chip peripherals stay ac-
tive. The instruction to invoke the idle mode is
the last instruction executed in the normal
operating mode before the idle mode is acti-
vated. The CPU contents, the on-chip RAM,
and all of the special flunction registers re-
main intact during this mode. The idle mode
can be terminated either by any enabled in-
terrupt (at which time the process is picked
up at the interrupt service routine and contin-
ued), 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 EE-
PROM are preserved. A hardware reset is
the only way to terminate 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 particu-

Table 2. External Pin Status During Idle and Power-Down Modes

lar section of code. To tie the asynchronous

activities of these functions to normal pro-

gram execution, a multiple-source, two-priori-

ty-level, nested interrupt system is provided.

Interrupt response latency is from 3pus to 7ps

when using a 12MHz crystal. The S83C851

acknowledges interTupt requests from 7

saurces as follows:

- INTO and INTT: extemally via pins 12 and
13, respectively

— Timer O and timer 1: from the two internal
counters

- Serial port: from the intemal serial /0 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 dis-
abled 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-actiavted 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.

MODE PROGRAM MEMORY ALE PSEN PORT 0 PORT 1 PORT 2 PORT 3
Idle 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%?
PARAMETER RATING UNIT
Storage temperature range —651t0 +150 °C
Voltage on any other pin to Vss -05t0 +6.5 v
Input or cutput DC current on any single 1/O pin 5 mA
Power dissipation (based on package heat transfer limitations, 10 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 dasigned for the protection of its intemal devices from the damaging effects of excessive static

charge. Nonetheless, it is suggested that conventional precautions be taken to avaid applying greater than the rated maxima.

noted.

September 6, 1990

457

. Parameters are valid over operaling temperature range unless otherwise specified. All voltages are with respect to Vsg unless otherwise



Philips Components-Signetics Application Specific Product Product specification

CMOS single-chip EEPROM
8-bit microcontroller 80C851/83C851

DC ELECTRICAL CHARACTERISTICS
Ta = 0°C to +70°C or ~40°C to +86°C, Vgg = OV, Vo = 5V £10%

TEST LUMITS
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
Vi Input low voltage, except EA -0.5 0.2Vee-0.1 v
Vi Input low voltage to EA 0 0.2Vee—0.3 \"
Vi Input high voltage, except XTAL1, RST 0.2Vge+0.9 Veg+0.8 \
Viny Input high voitage, XTAL1, RST 0.7Vee Vec+0.5 v
Vo Output fow voltage, ports 1, 2, 3 loL = 1.6mA! 0.45 v
Vous Output low voltage, port 0, ALE, PSEN lo, = 3.2mA! 0.45 \
Vo Output high voltage, ports 1, 2, 3 Ve = 5V+10%,
lon = —BOpA, 2.4 v
low = ~25uA 0.76Veo v
low = ~10pA 0.8Vee v
Vor Qutputhigh voltage (part 0 in externalbus mode, ALE, PSEN)2 Veg = 5Vi10%,
lon = —400A, 24 v
lon = —1504A 0.75Vec v
o = ~40pA 0.8Vee v
Iy, Logical 0 input current, ports 1,2, 3 Vin = 0.45V -50 HA
I Logical 1-to-0 transition current, ports 1,2, 3 See note 3 -850 WA
It Input leakage current, port 0 0.45V<Vin<Vee 110 WA
lee Power supply cumrent: See note 4
Active mode @ 12MHz See note 5 24 mA
idie mode @ 12MHz See note § 5 mA
Power down mode See note 7 100 A
Rrst Internal reset pull-down resistor 50 150 kohm
Cio Pin capacitance f= 1MHz, 14 = +425°C 10 pF
NOTES:

1. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the Vp s of ALE and ports 1 and 3. The noise Is due
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operations. In the
worst cases {capacitive loading > 100pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input..

2. Capacitive loading on ports 0 and 2 may cause the Voi on ALE and to momentarily fall below the 0.9Ve¢ specification when the ad-
dress bits are stabilizing.
3. Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to 0, The transition current reaches its maxi-
mum value when Vy is approximately 2V.
4. Sae Figures 11 through 14 for lgg test conditions.
5. The operating supply current is measured with all output pins disconnected; XTAL1 driven with t; = = 10ns; Vi = Vgg + 0.5V;
Vi = Vg —0.5V; XTAL2 not connected; EA = RST = Port 0 = V.
6. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with t, = t; = 10ns; V|_ = Vgg + 0.5V;
Vi = Vo —0.5V; XTAL2 not connected; EA = Port 0 = Veg; RST = Vs,
7. The power-down current is measured with all output pins disconnected; XTAL2 not connected; EX = Port 0 = Vcg; RST = XTALY = Vgs.
lec (MAX) AS A FUNCTION OF fgsc AND Vee
fosc (MHz) OPERATIONAL MODE (V¢c) IDLE MODE (Vec)
45 5.0 5.5 45 5.0 6.5
1.2 9.7 10.0 103 27 28 29
35 11.5 125 135 3.1 3.2 3.4
8.0 16.0 17.5 19.0 38 40 4.2
12.0 20.2 2.2 24.0 43 4.6 5.0
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AC ELECTRICAL CHARACTERISTICS

Ta = 0°C to +70°C or ~40°C to +85°C, Vgg =OV* 2, Vo = 5V :10%

12MHz CLOCK VARIABLE CLOCK
SYMBOL | FIGURE PARAMETER MIN | MAX MIN MAX UNIT

hcLoL 4 Oscillator frequency 1.2 12 MHz
oL 4 ALE pulse width 127 2o 0140 ns
tavLL 4 Address valid to ALE low 28 teLeL-55 ns
fiax 4 Address hold after ALE low 48 oLl —35 ns
LT 4 ALE low to valid instruction in 233 Ate o —100 ns
LiPL 4 ALE iow to PSEN low 43 toLeL—40 ns
toLpH 4 PSEN pulse width 205 3t cL—45 ns
oLy 4 PSEN low to valid instruction in 145 3tcLcL—105 ns
toxix 4 Input instruction hold ahter PSEN [} 0 ns
toxiz 4 Input instruction float ater PSEN 59 teLct—25 ns
taviy 4 Address to valid instruction in 312 StoLeL—-108 ns
oAz 4 PSEN low to address float 10 10 ns
Data Memory
tRLAH 56 RD pulse width 400 6tc cL—100 ns
twiwH 56 WH pulse width 400 6t o —100 ns
trLpv 56 RD low to valid data in 252 SteLcL-165 ns
tanpx 56 Data hold after RD 1] [ ns
taHpz 5,6 Data float after RD 97 2tec-70 ns
fLiov 56 ALE low to valid data in 517 BtcLoL—-150 ns
tavov 56 Address to valid data in 585 Otcici~165 ns
towe 56 ALE low to RD or WH low 200 300 3teel-50 3ic oL +50 ns
taw 56 Address to AD or WR 203 4t o —130 ns
tow 56 Data setup time before WR 433 TteLo~150 ns
tovwx 5.6 Data valid to WH transition 23 teLcL~60 ns
twHax 56 Data hold after WH 33 tereL-50 ns
tALaz 56 RD low to address fioat 0 0 ns
tWHLH 56 ‘AD or WR high to ALE high 43 123 teLc—40 toLeL +40 ns
External Clock
teHex 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 20 100 20 100 ms
te Erase time 10 100 10 100 ms
tw Wirite time 10 100 10 100 ms
ts Data retention time? 10 10 years
NEW Erasedwrite cycles® 10,000 10,000 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 Vg must be less than 1ms to prevent an overwrite pulse from being generated in the EEPROM which can cause
spunious parasitic writing to EEPROM cells. If the Ve power-off full-time is greater than 1ms, a power-off reset signal should be generated
to prevent this condition from occurring.

. Test condition: ty = +55°C

. Number of erase/write cycles for each EEPROM byte.

o &
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EXPLANATION OF THE AC SYMBOLS

Each timing symbol has five characters. The first character is
always 't' (= ime). The other characters, depending on their
positions, indicate the name of a signal or the logical status
of that signal. The designations are:

A - Address
C ~ Clock
D - inputdata

H ~ Logic level high
I — Instruction (program memory contents)
L - Logic level low, or ALE

Product specification
80C851/83C851
P - PSEN
Q- Output data
R - RD signal
t — Time
V - Valid
W- WH signat
X — No longer a valid logic level
Z — Float

Examples: tay | = Time for address valid to ALE low.
tpL = Time for ALE low to PSEN low.

e —

l«— v

ALE J\
AVLL 1

—>
PL

tuax 1 : ] o
s _HJH m >SH >

PLPH

"4

Figure 4. External Program Memory Read Cycle

e/ N\
le— twiay
=/ AN
v
tuw taLRH
RO
\\ //
taw —
taveL ! tuax ¢ taov —>| trHDZ
| taaz tRHDX —>| |‘—

Y™~ avar
PoaTo >—<\mounoam

je——— tayyp. ——>

Jf N
AN DATA IN />< AQ-A7 FROM PCL INSTRIN

tavov

N

PORT 2 >< P2.0-P2.7 OR AS-A1S FROM DPF >< Ao-A15 FRON PCH

Figure 5. External Data Memory Read Cycle

September 6, 1980

460



Philips Components-Signetics Application Specific Product

CMOS single-chip EEPROM
8-bit microcontroller 80C851/83C851

Product specification

ALE
/ N
[ twhn
—/ \_/
[ tw twiwn
WH
\ L
X aw | . /|
LLAX
v i:—> tavwx ™ twhax
tow
s
PORTO H M“”‘noﬂ" DPL DATA OUT X X AD-A7 FROM PCL >—@
tavwi
v
PORT 2 ><\ P20-P2.7 OR A8-A15 FROM DPF X AO-A15 FROM PCH
Figure 6. External Data Memory Write Cycle
e—————————  ONE MACHINE CYCLE ONE MACHINE CYCLE ——————————
s s2 s3 s4 s5 5 s1 | s2 | a8 | s 8s 88
N L lem lem nlm len n|n p2 [P1 P2 I P2 lpy P2 P nln mln P2
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ALE [ l [ 1 | 1 |
Rl T L . ___ I 1_|
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WA | | I i
polys _ [oamw ADOREsS |__FLOAT _foama ADORESS |__FLOAT | DATA ADDRESS |__FLOAT [paTA ADDReSS | FLOAT ]
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PROGRAM. FLOAT FLOAY FLOAT FLOAT
NCOEN | poRT 2 [ 1 aAoDRess TRansiTions | I
EXTERNAL) l
PORT OLD DATA
OUTPUT | NEW DATA
PORT |
INPUT 1

SAMPLING TIME OF 10 PORT PINS DURING INPUT (INCLUDING IRTT AND THTT)

;- SRR | | | —

R
(SHIFT CLOCK)

Figure 7. instruction Timing
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80C851/83C851

Figure 8. External Clock Drive

24y

20V
o.av
0.45V

NOTE:

AC inputs during teeting are driven af 2.4V for a logic '1' and 0.45V for a logic ‘0",
Timing measurements are made a 2.0V min lor a logic "1 and 0.8V for a logic '0".

Yee
T
lcc
Yee l
RST Vi
_E N
he— EX
(NC) ATAL2
CLOCK SIGNAL —»] XTALt
_lj =

Figure 12. I Test Condition, Idle Mode
All other pins are disconnected

Figure 9. AC Testing Input/Output

Vioap+0.1¥Y TIMNG - Vou-0.1v
VLOAD' - REFERENCE
VLOAD-0.1V POINTS ~a VoLs0V

NOTE:

For timing purposes, a port is no longer floating when a 100mV change from load
volage occurs, and begins 1o float when a 100mV change from the loaded Vo
Vou_ levet occurs. IoH/10L 2 £ 20MA.

Figure 10. Float Waveform

Voo 05 - - - -
0.5

Figure 13. Clock Signal Waveform for I Tests
in Active and Idie Modes

toLeH = tonel, = 10ns
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Figure 11. I Test Condition, Active Mode
All ather pins are disconnected
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Figure 14. Icc Test Condition, Power Down Mode
All other pins are disconnected. V¢ = 2V lo 5.5V
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