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DESCRIPTION

The 87C524 single-chip 8-bit microcontroller
is manufactured in an advanced CMOS
process and is a derivative of the 80C51
microcontrolier family. The 87C524 has the
same instruction set as the 80C51.

This device provides architectural
enhancements that make it applicable ina
variety of applications in consumer, telecom
and general control systems, especially in
those systems which need large ROM and
RAM capacity on-chip.

The 87C524 contains a 16k x 8 EPROM, a
512 x 8 RAM, four 8-bit I/0 ports, two 16-bit
timer/event counters (identical to the timers of
the 80C51), a 16-bit timer (identical to the
timer 2 of the 80C52), a watchdog timer with
a separate oscillator, a multi-source,
two-priority-level, nested interrupt structurs,
two serial interfaces (UART and 12C-bus),
and on-chip osciltator and timing circuits.

In addition, the 87C524 has two software
selectable modes of power reduction—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 contents but freezes the
oscillator, causing all other chip functions to
be inoperative.
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FEATURES
® 80CS51 instruction set
- 16k x 8 EPROM
- 512x 8 RAM
- Memory addressing capability
64k ROM and 64k RAM
= Three 16-bit counter/timers
~ On-chip watchdog timer with oscillator
~ Full duplex UART
- I2C serial interface

® Powaer control modes:

- ldle mode

- Power-down mode

= Warm start from power-down
® CMOS and TTL compatible

® Two speed ranges at Vg = 5V £10%
- 3.5t0 16MHz
- 3.5 to 20MHz

® Extended temperatura ranges

® OTP package available

Product specification

87C524

PIN CONFIGURATIONS
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ORDERING INFORMATION -

EPROM TEMPERATURE RANGE °C AND PACKAGE FREQUENCY DRAWING NUMBER
P87C524EBP N 0 to +70, Plastic Dual In-line Package 16MHz 0415C
P87C524EBF FA 0 to +70, Ceramic Dual In-line Package w/Window 16MHz 05908
P87C524EBA A 0 to +70, Plastic Leaded Chip Carrier 16MHz 0403G
P87C524EBL KA 0 to +70, Ceramic Leaded Chip Carrier w/Window 16MHz 1472A
P87C524EBB B 0 to +70, Plastic Quad Flat Pack 16MHz SOT311
P87C524GFP N —40 to +85, Plastic Dual In-line Package 20MHz 0415C
P87C524GFF FA ~40 to +85, Ceramic Dual In-line Package w/Window 20MHz 05908
P87C524GFA A -40 to +85, Plastic Leaded Chip Carrier 20MHz 0403G
P87C524GFL KA —40 to +88, Ceramic Leaded Chip Carrier w/Window 20MHz 1472A

CERAMIC AND PLASTIC LEADED PLASTIC QUAD FLAT PACK
CHIP CARRIER PIN FUNCTIONS PIN FUNCTIONS

6 1 40
1 |
[6)
7 []39
Lcc
17 [ 20
N
18 28
Pin Function Pin Function Pin Function Pin Function
1 NC 23 NC 1 Pi1s 23 P2S/A13
2 PLOM2 24 P20/AS 2 PlLe/SCL 24 P26/A14
3 PLIT2EX 25 P2.1/A9 3 PLZSDA 25  P27/A1S
L4 P12 26 P22/A10 4 RST 26 PSEN
5§ P13 27  PYA1 5  P3.OMxD 27  ALEFROG
6 P4 28 PR4/A12 8 NC 28 NC
7 P1§ 29 P2S/A13 7 PRLIMD 2  EAvpp
8 PLesSCL 0 P&/AL4 8 P32INTD 30 PO.7/AD?
9 P1.7/SDA 31 P2.7/A15 9 P3.3NTT 31 PO.6/ADE
10 RST s2 FSEN 10 P34TO 32 PO.S/ADS
11 P3.ORXD 33 ALEPROG 1 P3sM 33 PO.4/AD4
12 NC 3 NC 12 P3&WH 34 PO.2AD3
13 P3.UTXD 35 EAVpp 13 P37AD 35  PO.2AD2
14 P32/NTG 38 PO.7/AD? 14 XTAL2 38 PO.1/AD1
15 PANTT 37 PO.G/ADS 15 XTAL 37  POO/ADG
18 Pa4TO 38 POS/ADS 18 vgg 38 vee
17 PI ST 39 PO.4/AD4 17 NC 39 NC
18 P3.6/WH 40  PO.YAD3 18 P2.0/A8 40 PLOT2
19 P37RD 41 PO.2/AD2 19 P2.1/A9 41 PLAUT2EX
20 XTAL2 42 PO.1/AD1 20 P2.2/A10 42 P1.2
21 XTALt 43 PO.0/ADO 21 P.3AN 4 P13
2  vgg 4“4 veo 22  P24/A12 4 P14
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PIN DESCRIPTION

MNEMONIC

PIN NO.

DiP

LCC

QFP

TYPE

NAME AND FUNCTION

Vss
Vee
P0.0-0.7

P1.0-P1.7

P2.0-P2.7

P3.0-P3.7

RST
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XTAL1

XTAL2

20
40
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1-8

NN -

21-28

10-17

10
1
12
13
14
15
16
17

3t

19

18

22
44
43-36

2-9

oownNn

24-31

11,
13-19

1
13
14
15
16
17
18
19

10

32

21

20

16
38
37-30

41

18-25

7-13

S©@o~N®m

11
12
13

27

26

29

15

14

o

e}

/o
le}

o]

/O

00=—==—-0-—

S

1o

Ground: OV reference.
Power Supply: This is the power supply voltage for normal, idle, and power-down operation.

Port 0: Port 0 is an open-drain, bidirectional /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 muitiplexed low-order
address and data bus during accesses to external program and data memory. In this
application, it uses strong internal pull-ups when emitting 1s. Port 0 also outputs the code
bytes during program verification in the P87C524. External pull-ups are required during
program verification.

Port 1: Port 1 is an 8-bit bidirectional I/0 port with intemal pull-ups, except P1.6 and P1.7
which are open drain. Port 1 pins that have 1s written to them are pulled high by the intemal
pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will
source current because of the internal pull-ups. (See DC Electrical Characteristics: I, ).

Port 1 can sink/source one TTL (4LSTTL) inputs. Port 1 receives the low-order address byte
during program memory verification. Port 1 also serves alternate functions for timer 2:

T2 (P1.0): Timer/counter 2 external count input.

T2EX (P1.1): Timer/counter 2 trigger input.

SCL (P1.6): 12C serial port clock line.

SDA (P1.7): 12C serial port data line.

Port 2: Port 2 is an 8-bit bidirectional I/O port with intemal pull-ups. Port 2 pins that have 1s
written to them are pulled high by the intermnal 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
puil-ups. (See DG Electrical Characteristics: Iy ). 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.

Port 3: Port 3 is an 8-bit bidirectional /O port with internal pull-ups. Port 3 pins that have 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: I)). Port 3 also serves the special features of the
S§CB0CS51 family, as listed below:

RxD (P3.0): Serial input port

TxD (P3.1): Serial output port

INTQ (P3.2): External interrupt

INTT (P3.3): Extemnal interrupt

TO (P3.4): Timer 0 external input

T1 (P3.5): Timer 1 external input

WR (P3.6): External data memory write strobs

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 intemal diffused resistor to Vgg permits a powsr-on reset using only an external
capacitor to Vge. After a watchdog timer overflow, this pin is pulled high while the internal
reset signal is active.

Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the
address during an access to extsrnal memory. In normal operation, ALE is emitted ata
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. This pin is
also the program pulse input (| ) during EPROM programming.

Program Store Enable: The read strobe to external prcégram memory. When the device is
executing code from the external program memory, 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 intemal program memory.

External Access Enable/Programming Supply Voltage: EA must be externally held low to
enable the device to fetch cods from external program memory locations 0000H to 7FFFH, If
EAis held high, the device executes from internal program memory unless the program
counter contains an address greater than 7FFFH. This pin also receives the 12.75V
programming supply voltage (Vpp) during EPROM programming.

Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock generator
circuits,

Crystal 2: Output from the inverting oscillator amplifier.
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Table 1.  8XC524/8XC528 Special Function Registers
SYMBOL |  DESCRIPTION Aglgsgsrs MSBBITADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION NN 553&;
ACC* Accumulator EOH E7 =] ES E4 E3 E2 E1 EO | OOH
B* B register FOoH F7 ] F5 F4 F3 F2 F1 Fo |ooH
DPTR: Data pointer (2 bytes):
DPH Data pointer high 83H 00H
DPL Data pointer low 82H 00H
AF  AE AD AC AB AA A9 A8
IE# Interrupt enable ABH EA [ Est | ET2 | Eso | EM | Ex1 | ETo | Exo |ooH
BF  BE BD BC BB BA B9 B8
1P*# Interrupt priority BSH - | Ppst | Pr2 | Pso [ PT1 | Px1 | PT0 | Px0 |x00000008
87 86 85 84 83 82 81 80
PO* Port 0 80H AD7 | AD6 | AD5 | AD4 | AD3 [ AD2 | AD1 | ADO |FFH
97 96 95 94 93 92 9 90
P1* Port 1 90H SDA | seL | - ] - T - T - Treex | 12 [|ren
A7 A8 A5 A4 A3 A2 A1 A0
P2 Port2 AOH A5 | A4 | A3 | A2 T At [ At0 | A9 | a8 |FrH
B7  B6 B5 B4 B3 B2 B1 B0
Pa Port3 BOH RO | WR T1 TO INT\ | INTO | T™x0 | RxD |FFH
PCON Power control 87H [SMOD| -~ - - GF1 | GFO PD IDL | 0xxx00008
D7 D6 D5 D4 D3 D2 D1 DO
PSW* Program statusword |  DOH cy | Ac | Fo [ mrst T mso J ov [ Ft [ P |ooH
RCAP2H# | Capture high CBH 00H
RCAP2L# | Capture low CAH 00H
SBUF Serial data buffer 99H XXXXXXXXB
9F  9E 9D 9c 98 9A 99 98
SCON* | Serial controller 98H SMo | sM1 | smM2 | REN | TB8 | RBs Ti Rl |ooH
S1BIT# | Serial 12C data DSH/RD | SDI 0 0 0 0 0 0 0 |x00000008
WR sbo | X X X X X X X | oxoooxB
S1INT# | Serial I2C interrupt DAH INT X X X X X X X | oxoooxB
DF  DE DD DC DB DA D9 D8
$15CS*# | Serial I2C control D8HRD | SDI | sci | ctH | BB RBF | WBF | STR | ENS |xxx00008
WR Sb0 | sco | CLH X X X STR | ENS [00xxxx00B
sP Stack pointer 81H 07H
8F  8E 8D 8C 88 8A 89 88
TCON* | Timer control 88H TF1 [ TR1 | TFo [ TRo | 1En | m1 [ g0 [ o |ooH
CF  CE cD cC c8 CA C9 c8
T2CON*# | Timer 2 control C8H TF2_| EXF2 | RCLK [ TCLK JExeN2 [ TR2 | cm2 [crmiz | ooH
THO Timer high 0 8CH 00H
TH1 Timer high 1 8DH 00H
TH2# Timer high 2 CDH 00H
TLO Timer low 0 8AH 00H
TL1 Timer low 1 88H 00H
TL2# Timer low 2 CCH OQH
T3 Watchdog timer FFH 00H
TMOD Timer mode 8sH |[GATE| cT | Mt | Mo JGatTE [ cm | M1 [ Mo |ood
WDCON# | Watchdog control ASH ASH
* SFRs are bit addressable.
# SFRs are modified from or added to the 80C51 SFRs.
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Table 2. Internal and External Progrém Memory Access with Security Bit Set
ACCESS TO INTERNAL ACCESS TQO EXTERNAL
INSTRUCTION PROGRAM MEMORY PROGRAM MEMORY
MOVC in internal program memory YES YES
MOVC in external program memory NO YES

INTERNAL DATA MEMORY

The internal data memory is divided into

three physically separated segments: 256

bytes of RAM, 256 bytes of AUX-RAM, and a

128 bytes special function area. These can

be addressed each in a different way.

~ RAM 0 to 127 can be addressed directly
and indirectly as in the 80C51. Address
pointers are RO and R1 of the selected
register bank.

— RAM 128 to 255 can only be addressed
indirectly as in the 80C51. Address
pointers are RO and R1 of the selected
register bank.

— AUX-RAM 0 to 255 is indirectly addressed
in the same way as external data memory
with the MOVX instructions. Address
pointers are RO, R1 of the selected register
bank and DPTR. An access to AUX-RAM 0
to 255 will not affect ports PO, P2, P3.6 and
P3.7.

An access to external data memory locations
higher than 255 will be performed with the
MOVX DPTR instructions in the same way as
in the 8051 structure, so with PO and P2 as
data/address bus and P3.6 and P3.7 as write
and read timing signals. Note that these
external data memory cannot be accessed
with RO and R1 as address pointer.

TIMER 2

Timer 2 is functionally equal to the Timer 2 of
the 8052AH. Timer 2 is a 16-bit timer/counter.
These 16 bits are formed by two special
function registers TL2 and TH2. Another pair
of special function register RCAP2L and
RCAP2H form a 16-bit capture register or a
16-Dit reload register. Like Timer 0 and 1, it
can operate either as a timer or as an event
counter. This is selected by bit C/T2N in the
special function register T2CON. it has three
. operating modes: capture, autoload, and
baud rate generator mode which are selected
by bits in T2CON.

WATCHDOG TIMER T3

The watchdog timer consists of an 11-bit
prescaler and an 8-bit timer formed by
special function register T3. The prescaler is
incremented by an on-chip oscillator with a
fixed frequency of 1MHz. The maximum
tolerance on this frequency is -50% and
+100%. The 8-bit timer increments every
2048 cycles of the on-chip oscillator. When a
timer overflow occurs, the microcontroller is

January 7, 1993

reset and a reset output pulse of 16 x 2048
cycles of the on-chip oscillator is generated
at pin RST. The internal RESET signal is not
inhibited when the external RST pin is kept
low by, for example, an external reset circuit.
The RESET signal drives port 1, 2, 3 into the
high state and port 0 into the high impedance
state.

The watchdog timer is controlled by one
special function register WDCON with the
direct address location ASH. WDCON can be
read and written by software. A value of ASH
in WDCON halts the on-chip oscillator and
clears both the prescaler and timer T3. After
the RESET signal, WDCON contains A5H.
Every value other than A5H in WDCON
enables the watchdog timer. When the
watchdog timer is enabled, it runs
independently of the XTAL-clock.

Timer T3 can be read on the fly. Timer T3 can
only be written if WDCON contains the value
5AH. A successful write operation to T3 will
clear the prescaler and WOCON, leaving the
watchdog enabled and preventing inadvertent
changes of T3. To prevent an overflow of the
watchdog timer, the user program has to
reload the watchdog timer within periods that
are shorter than the programmed watchdog
timer intemal. This time interval is determined
by an 8-bit value that has to be loaded in
register T3 while at the same time the
prescaler is cleared by hardware.

Watchdog timer interval =
[256 — (T3)] x 2048
on — chip oscillator frequency

BIT-LEVEL I2C INTERFACE

This bit-level serial I/0 interface supports the
12C-bus. P1.6/SCL and P1.7/SDA are the
serial /O pins. These two pins meet the 12C
specification concerning the input levels and
output drive capability. Consequently, these
pins have an open drain output configuration.
All the four modaes of the 12C-bus are
supported:

~ master transmitter

— master receiver

- slave transmitter

- slave receiver

The advantages of the bit-level 12C hardware
compared with a full software 12C
implementation are:

~ the hardware can generate the SCL pulse

465

— Testing a single bit (RBF respectively,
WBF) is sufficient as a check for error free
transmission.

The bit-level 12C hardware operates on serial

bit level and performs the following functions:

- filtering the incoming serial data and clock
signals

— recognizing the START condition

— generating a serial interrupt request Si
after reception of a START condition and
the first falling edge of the serial clock

- recognizing the STOP condition

— recognizing a serial clock pulse on the SCL
line <

- latching a serial bit on the SDA line (SD1)

— stretching the SCL LOW period of the
serial clock to suspend the transfer of the
next serial data bit

- setting Read Bit Finished (RBF) when the
SCL clock pulse has finished and Write Bit
Finished (WBF) if there is no arbitration
loss detected (i.e., SDA = 0 while SDO = 1)

— setting a serial clock Low-to-High detected
(CLH) flag

— sefting a Bus Busy (BB) flag on a START
condition and clearing this flag on a STOP
condition

- releasing the SCL fine and clearing the
CLH, RBF and WBF flags to resume
transfer of the next serial data bit

— generating an automatic clock if the single
bit data register S1BIT is used in master
mode.

The following functions must be done in

software:

~ handling the [2C START interrupts

- converting serial to paraliel data when
receiving

- converting parallel to serial data when
transmitting

~ comparing the received slave address with
its own

- interpreting the acknowledge information

— guarding the I2C status if RBF or WBF = 0.

Additionally, if acting as master:

- generating START and STOP conditions

- handling bus arbitration

— generating serial clock pulses if S1BIT is
not used.

Three SFRs control the bit-level 12C interfacs:
S1INT, S1BIT and S1SCS.
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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 460.

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 circuitry is through a divide-by-two
flip-flop. 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 oscillator time to start up (normally a few
milliseconds) plus two machine cycles. At
power-up, the voltage on Vgg and RST must
come up at the same time for a proper
start-up.

IDLE MODE

In idle mode, the CPU pults 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 idie 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.
The power-down mode can be terminated by
a RESET in the same way as in the 80C51 or
in addition by one of two external interrupts,
INTO or INT1. A termination with an external
interrupt does not affect the intemal data
memaory and does not affect the special
function registers. This makes it possible to
exit power-down without changing the port
output levels. To terminate the power-down
mode with an external interrupt TNTO or INTT

signal INTO and INTT must be kept low until
the oscillator has restarted and stabilized. An
instruction following the instruction that puts
the device in the power-down mode will be
executed. A reset generated by the watchdog
timer terminates the power-down moda in the
same way as an external RESET, and only
the contents of the on-chip RAM are
preserved. The control bits for the reduced
power modes are in the special function
register PCON.

DESIGN CONSIDERATIONS

At power-on, the voltage on Vge and RST
must come up at the same time for a proper
start-up.

When the idle mode is terminated by a
hardware reset, the device normally resumes
program execution, from where it left off, up
to two machine cycles before the internal
reset algorithm takes control. On-chip
hardware inhibits access to internal RAM in
this event, but access to the port pins is not
inhibited. To eliminate the possibility of an -
unexpected write when idle is terminated by
reset, the instruction following the one that
invokes idle should not be one that writes to a
port pin or to external memory.

Table 3 shows the state of {/O ports during

must be switched to level-sensitive and must  low current operating modes.
be enabled. The external interrupt input
Table 3. External Pin Status During Idle and Power-Down Modes
MODE PROGRAM MEMORY ALE PSEN PORT O PORT 1 PORT 2 PORT 3
Idle Internal 1 1 Data Data Data Data
Idie 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' 2,3
PARAMETER RATING UNIT
Operating temperature under bias 0to +70 or —40 to +85 °C
Storage temperature range -65 to +150 °C
Voltage on EAVpp pin to Vgg 0to +13.0
Voitage on any other pin to Vgg ~0.5to Vgg +0.5 v
Input, output current on any two pins +10 mA
Powaer dissipation 1.0 w
(based on package heat transfer limitations, 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 protaction of its internal devices from the damaging effects of excessive static

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

noted.

January 7, 1993
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Parameters are valid over operating temperature range unless otherwise spacified. All voltages are with respect to Vgg unless otherwise
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DC ELECTRICAL CHARACTERISTICS
Tamb = 0°C to +70°C or —40°C to +85°C, Ve = 5V £10%, Vgg = 0V
PART TEST LIMITS
SYMBOL PARAMETER TYPE CONDITIONS MIN MAX UNIT
Vi Input low voltage, 01to +70°C -0.5 0.2Vec-0.1 V)
except EA, P1.6/SCL, P1.7/SDA -40 to +85°C -0.5 0.2Vge—0.15 \
Vit Input low voltage to EA 0to +70°C 0 0.2Vge-0.3 v
—40 to +85°C 0 0.2Vc-0.35 v
Vi Input low voltage to P1.6/SCL, P1.7SDAS 0.5 1.5 v
ViH Input high voltage, 0to +70°C 0.2Vgc+0.9 Vece+0.5 \'4
except XTAL1, RST, P1.6/SCL, P1.7/SDA —-40 to +85°C 0.2Vge+1 Vee+0.5 \
Vi1 Input high voltage, XTAL1, RST 0to +70°C 0.7Vce Vee+0.5 Vi
—40 to +85°C 0.7Vge+0.1 Vee+0.5 \
Vinz Input high voltage, P1.6/SCL, P1.7/SDAS 3.0 6.0 v
VoL Output low voltage, ports 1, 2, 3, loL = 1.6mA! 0.45 v
except P1.6/SCL, P1.7/SDA
Voi1 Output low voltage, port 0, ALE, PSEN loL = 3.2mAl 0.45 \'
Vorz Output low voltage, P1.6/SCL, P1.7/SDA loL = 3.0mA! 0.4 .V
Vou Output high voltage, ports 1, 2, 32 loH = ~60pA 24 '
lon =—-25pA 0.75Vce \
lon=-10nA 0.9Vee \
Voui Output high voltage, Port 0 in external bus maode, loH = -800pA 2.4 \
ALE, PSEN, RST loq =—-300pA 0.75Vce Vv
lon = —-80pA 0.9Vce Y
L Logical 0 input current, ports 1, 2, 3, 0to +70°C Vin =0.45V -50 pA
except P1.6/SCL, P1.7SDA -40 to +85°C 75 pA
R Logical 1-to-0 transition current, ports 1, 2, 3, 0to +70°C See Note 3 -650 HA
except P1.6/SCL, P1.7/SDA -40 to +85°C =750 HA
1L Input leakage current, port 0 ViN=ViLdrViy +10 HA
IL2 Input leakage current, P1.6/SCL, P1.7/SDA 0V<Vi<6V +10 pA
0V<Vee<
5.5V
Icc Power supply current: Ses Note 4
Active mode @ 16MHz 010 +70°C 25 mA
—40 t0 +85°C 35 mA
ldle mode @ 16MHz 0to +70°C 5 mA
—40to +85°C 6 mA
Power down mode 50 RA
BRrst Internal reset pull-down resistor 50 300 kQ
Cio Pin capacitance 10 pF
NOTES: ¢

1. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the Vg 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. Under steady state (non-transient) conditions, Ig_
must be externally limited as follows: 10mA per port pin, port 0 total (all bits) 26mA, ports 1, 2, and total each (all bits) 15mA.

- Capacitive loading on ports 0 and 2 may cause the Vou on ALE and PSEN to momentarily fall below the 0.9V specification when the
addrass bits are stabilizing.

. 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
maximum value when V) is approximately 2V.

. See Figures 10 through 13 for Ig¢ test conditions.

. The input threshold voitage of P1.6 and P1.7 (S101) meets the [2C specification, so an input voltage below 1.5V will be recognized as a
logic 0 while an input voltage above 3.0V will be recognized as a logic 1. *

e W N
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AC ELECTRICAL CHARACTERISTICS
Tamb = 0°C t0 +70°C or -40°C to +85°C, Vg = 5V £10%, Vgg = OV1:2
16MHz CLOCK VARIABLE CLOCK
SYMBOL | FIGURE PARAMETER MIN MAX MIN MAX UNIT
AcLeL 1 Oscillator frequency:  Speed Versions
87C524 E 35 16 MHz
87C524 G 3.5 20 MHz
tHLL 1 ALE pulse width 85 2toL 40 ns
tavLL 1 Address valid to ALE low 8 tcLc-55 ns
YLLAX 1 Address hold after ALE low 28 teLoL—35 ns
tv 1 ALE low to valid instruction in 150 4tor oL —100 ns
tpL 1 ALE low to PSEN low 23 teLel—40 ns
toLPH 1 PSEN pulse width 143 3teLoL—45 ns
teLiv 1 PSEN low to valid instruction in 83 StercL—105 ns
toxix 1 Input instruction hold after PSEN 0 0 ns
texiz 1 Input instruction float after PSEN 38 toLcL—25 ns
taviv 1 Address to valid instruction in 208 StoLoL—105 - ns
tpLAZ 1 PSEN low to address fioat 10 10 ns
Data Memory
taLAH 2,3 HD pulse width 275 6terc~100 ns
twiwn 2,3 WR pulse width 275 6tcLc—-100 ns
LoV 2,3 RD low to valid data in 148 StoroL~165 ns
tRRDX 2,3 Data hold after RD 0 0 ns
tRHDZ 2,3 Data float after RD 55 2toLeL-70 ns
oy 2,3 ALE low to valid data in 350 8toLeL—-150 ns
tavov 2,3 Address to valid data in 398 StoLo—165 ns
towe 2,3 ALE low to RD or WR low 138 238 3teLoL-50 3teLoL+50 ns
tavwi 2,3 Address valid to WR low or RD low 120 4tcy o ~130 ns
tavwx 2,3 Data valid to WR transition 3 toLoL—-60 ns
twHax 2,3 Data hold after WR 13 toLe—-50 ns
taLaz 2,3 RD low to address float 0 0 ns
twHLH 2,3 RD or WR high to ALE high 23 103 tcLcL—40 toLoL+40 ns
External Clock
toHex 6 High time 20 20 ns
toLex 6 Low time 20 20 ns
toLcH ] Rise time 20 ° 20 ns
tcHeL 6 Fall time 20 20 ns
Shift Register
txuxe 4 Serial port clock cycle time 750 12tcieL ns
tavxr 4 Output data setup to clock rising edge 492 10tg o —133 ns
txHax 4 Output data hold after clock rising edge 8 2toLoL-117 ns
txHDX 4 Input data hold after clock rising edge 0 0 ns
tXHDV 4 Clock rising edge to input data valid 492 10tc o ~133 ns
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.
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AC ELECTRICAL CHARACTERISTICS - I2C INTERFACE

SYMBOL PARAMETER INPUT OUTPUT 12C SPECIFICATION
SCL Timing Characteristics
typ: STA | START condition hold time 21410 ! Note 2 24.0us
tow SCL LOW time 216 tor gL Note 2 >4.7us
taigH SCL HIGH time >14tc oLt 280t o d 24.0us
tac SCL rise time < 1pst Note 5 <1.0us
tee SCL fall ime <0.3us¢ <£0.3us § <0.3us
SDA Timing Characteristics
tsu: DAT | Data set-up time 2250ns Note 2 2 250ns
thp; DAT | Data hold time 20ns Note 2 20ns
tsu; STA | Repeated START set-up time > 14 to ! Note 2 24.7us
tsu: STO | STOP condition set-up time =14t et Note 2 24.0us
taur Bus free time 214tg ¢t Note 2 24.7us
tap SDA rise time < 1pst Note 5 <1.0ps
tep SDA fall ime <0.3us4 <£0.3us 6 <0.3us
NOTES:

. Atfck = 3.5MHz, this evaluates to 14 x 286ns = 4y, i.e., the bit-level 12C interface can respond to the 12C protocol for fo k = 3.5MHz,

. This parameter is determined by the user software, it has to comply with the I12C specification.

. This value gives the autoclock pulse length which meets the 12C specification for the specified XTAL clock frequency range. Alternatively, the
SCL pulse may be timed by software.

Spikes on SDA and SCL lines with a duration of less than 4 x fs .k will be filtered out.

The rise time is determined by the external bus line capacitance and pull-up resistor, it must be < 1us.

The maximum capacitance on bus lines SDA and SCL is 400pF.

oar LN~
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EXPLANATION OF THE AC SYMBOLS
Each timing symbol has five characters. The Q- Output data
first character is always ‘t' (= time). The other R - RD signal

characters, depending on their positions, t — Time
indicate the name of a signal or the logical V - Valid
status of that signal. The designations are: W- WR signal
A -~ Address X ~ No longer a valid logic level
C-Clock - Z — Float
D - Inputdata Examples: tay. = Time for address valid
H - Logic level high to ALE low.
| - Instruction (program memory contents}) tupL = Timefor ALE low to
L - Logic level low, or ALE PSEN low.
P - PSEN
ALE
=/
,
PORT 2 ><\ AB-A15 X AB-A1S

Figure 1. External Program Memory Read Cycle

ALE ﬁ
\__
— tWHLH
PSEN
_/ - A4
v
e lwL — > tg gy ————>
m
rd
\\g /|
taviL (> fuax ‘l +— taLpv — > «las0z,
LAz, tRHDX > |‘—

N\

RT AO-A7
PORTO }( FROM Rl OR DPL

- fAyWL ————>

/ N
DATA IN >< AO-A7 FROM PCL >—@
N A
N tavov
PORT 2 d
L P2.0-P2.7 OR A8-A15 FROM DPH X AB-A15 FROM PCH

Figure 2, External Data Memory Read Cycle
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ALE
/ N\
< tWHLH
_K AN
—— WL e twiwH ————»
R 4
Ne /]
taviL <> AT J tavwx > twHax
PORTO D_(&OMAF%-SA oL DATA OUT >< X A0-A7 FROM PCL >——@
«———— taywL ———»|
PO ><£ P2.0-P2.7 OR AB-A15 FROM DPH X A8-A15 FROM PCH
Figure 3. External Data Memory Write Cycle
WORUCTION | 0 | 0 ) 2 ] s ] 4 s | e | 7 | s |
v LALLM gy
I-—-tXLXL—-!
cLock e
> (% txHax
tavxH [—>
OUTPUT DATA
\_o C X2 X s X o X s Xe X7 7
WRITE TO SBUF . "l A A
‘XHDV,| " XHDX SETT
INPUT DATA
' QuansoX__ XvausX_ Xoauox Xomuso) XomanX” WomuoX WumusX X
CLEARRI N )
Figure 4. Shift Register Mode Timing SETAI
(STARY o opanied START camion) (ooponted START concon ) -
o GEETTRAAN
SDA ) }FY: ) 07Vgoe
aNeuTIOUTRUT) () | 1 . J L\ __ 1Y oavee
F
['Fo ReT[T e ";U-'ISTO ‘
scL \ Zl ! [ 0.7Vee
{INPUT/QUTPUT) ] { oavee
L ™ |*" tsu;DAT3
HD;STA 1OW  ™IGH 1SU;DAT1 'HD;DAT ISU;DAT2
Figure 5. Timing S101 (12C) Interface
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Veg-05 - - - -
0.45v

Figure 6. External Clock Drive

Yecos 0.2V e+09 VLoADHWY £ o TIMING P VQH-0.1V
N
045V 0.2vec-0.1 VLOAD=0.1V VoL+0.1V

NOTE: NOTE:
AC inputs during testing are driven at VoG -0.5 for a logic “1* and 0.45V for a logic ‘0", For timing purposes, a p_ort is no tonger floating when a 100mV change from load
Timing measurements are made at Vji min for a logic "1’ and Vy_for a logic ‘0", voltage occurs, and begins to loat when a 100mV change from the loaded Vo
VQL level occurs. IQRAOL 2 +20mA.
Figure 7. AC Testing Input/Output Figure 8. Float Waveform
35
30

/ MAX ACTIVE MODE

25 74

IccmA 20

) /|

o /

- == MAX IDLE MODE

A [
/__.-—-—-—’ TYP IDLE MODE

4MHz  8MH2 12MHz  16MHz  20MHz
FREQ AT XTAL1

__A| TYP ACTIVE MODE

//'
e

Figure 9. Igc vs. FREQ
Valid only within frequency specifications of the device under test
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Yee vce
Icc lcc
Voo l Vee l
vee Vee RST vee
- He
_[— RST PN — PO <;:
EAle \—V
(NC) XTAL2 P1.6 FAAA—¢ = (NC) XTAL2 P1.6 FANAAN-$ «
CLOCK SIGNAL ———»] XTALt P1.7 |-AAA . CLOCK SIGNAL — . XTAL1 P17 FAWA-
Figure 10. Ioc Test Condition, Active Mode Figure 11, lg¢ Test Condition, ldle Mode
All other pins are disconnected All other pins are disconnected
Yec
'i:c
vee
vec0s - - - o RST Vo
045V A
——— g Po \ l_
(NC)-——] XTAL2 P1.6 VW *
»| XTAL1 P17 A
Vss
Figure 12. Clock Signal Waveform for
Icc Tests in Active and Idie Modes Figure 13. Ic¢ Test Condition, Power Down Mode
teLeh = teneL = Sns All other pins are disconnected. Vge = 2V to 5.5V

NOTE:
* Ports 1.6 and 1.7 should be connected to Vg through resistors of sufficiently high value such that the sink current into these pins does not
exceed the I specification.
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EPROM CHARACTERISTICS

The 87C524 is programmed by using a
modified Quick-Pulse Programming™
algorithm. It differs from older methods in the
value used for Vpp (programming supply
voltage) and in the width and number of the
ALE/PROG pulses.

The 87C524 contains two signature bytes
that can be read and used by an EPROM
programming system to identify the device.
The signature bytes identify the device as an
87C524 manufactured by Philips.

Table 4 shows the logic levels for reading the
signature byte, and for programming the
program memory, the encryption table, and
the lock bits. The circuit configuration and
waveforms for quick-pulse programming are
shown in Figures 14 and 15. Figure 16 shows
the circuit configuration for normal program
memory verification.

Quick-Pulse Programming

The setup for microcontroller quick-pulse
programming is shown in Figure 14. Note that
the 87C524 is running with a 4 to 6MHz
oscillator. The reason the oscillator needs to
be running is that the device is executing
internal address and program data transfers.

The address of the EPROM location to be
programmed is applied to ports 1, 2 and 3, as
shown in Figure 14. The code byte to be
programmed into that location is applied to
port 0. RST, PSEN and pins of ports 2 and 3
spegcified in Table 4 are held at the ‘Program
Code Data’ levels indicated in Table 4. The
ALE/PROG is pulsed low 25 times as shown
in Figure 15.

To program the encryption table, repeat the
25 pulse programming sequence for
addresses 0 through 3FH, using the ‘Pgm

"Trademark phrase of Intel Corporation.
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Encryption Table’ levels. Do not forget that
after the encryption table is programmed,
verification cycles wil produce only encrypted
data.

To program the lock bits, repeat the 25 pulse
programming sequence using the ‘Pgm Lock
Bit' levels. After one lock bit is programmed,
further programming of the code memory and
encryption table is disabled. However, the
other lock bit can still be programmed.

Note that the EA/Vpp pin must not be allowed
to go above the maximum specified Vpp level
for any amount of time. Even a narrow glitch
above that voltage can cause permanent
damage to the device. The Vpp source
should be well regulated and free of glitches
and overshoot.

Program Verification

If lock bit 2 has not been programmed, the
on-chip program memory can be read out for
program verification. The address of the
program memory locations to be read is
applied to ports 1, 2 and 3 as shown in
Figure 16. The other pins are held at the
‘Verify Code Data’ fevels indicated in Table 4.
The contents of the address location will be
emitted on port 0. External pull-ups are
required on port 0 for this operation.

If the encryption table has been programmed,
the data presented at port 0 will be the
exclusive NOR of the program byte with one
of the encryption bytes. The user will have to
know the encryption table contents in order to
correctly decode the verification data. The
encryption table itself cannot be read out.

Program Lock Bits

The 87C524 has 3 programmable lock bits
that will provide different levels of protection
for the on-chip code and data. (See Table 5.)

474

Erasing the EPROM also erases the
encryption array and the program lock bits,
returning the part to full functionality.

Reading the Signature Bytes

The signature bytes are read by the same
procedure as a normal verification of
locations 030H and 031H, except that P3.6
and P3.7 need to be pulled to a logic low. The
values are:

(030H) = 15H indicates manufactured by
Philips
(031H) = 9DH indicates 87C524

Program/Verify Algorithms

Any algorithm in agreement with the
conditions listed in Table 4, and which
satisfies the timing specifications, is suitable.

Erasure Characteristics

Erasure of the EPROM begins to occur when
the chip is exposed to light with wavelengths
shorter than approximately 4,000 angstroms.
Since sunlight and fluorescent lighting have
wavelengths in this range, exposure to these
light sources over an extended time (about 1
week in sunlight, or 3 years in room level
fluorescent lighting) could cause inadvertent
erasure. For this and secondary effects, it
is recommended that an opaque label be
placed over the window. For elevated
temperature or environments where solvents
are being used, apply Kapton tape Fluorglas
part number 2345-5, or equivalent.

The recommended erasure procedurs is
exposure to ultraviolet light (at 2537
angstroms) to an integrated dose of at least
15W-sec/cm?. Exposing the EPROM to an
ultraviolet lamp of 12,000uW/cm? rating for
20 to 39 minutes, at a distance of about 1
inch, should be sufficient.

Erasure leaves the array in an all 1s state.
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Table 4. EPROM Programming Modes

MODE RST PSEN ALE/PROG | EAVpp P2.7 P26 P3.7 P3.6

Read signature 1 0 1 1 0 0 0 0
Program code data 1 0 o* Vpp 1 0 1 1
Verify code data 1 0 1 1 0 0 1 1
Pgm encryption table 1 0 0* Vpp 1 0 1 0
Pgm lock bit 1 1 0 0" Vpp 1 1 1 1
Pgm lock bit 2 1 0 o* Vep 1 1 0 0
Pgm lock bit 3 1 0 0* Vpp 0 1 0 1

NOTES:

1. '0"= Valid low for that pin, ‘1’ = valid high for that pin.

2. Vpp=12.75V £0.25V.

3. Ve = 5V+10% during programming and verification.

ALE/PROG receives 25 pragrammin
minimum of 10us.

Table 5. Program Lock Bits

g pulses while Vpp is held at 12.75V. Each programming pulse is low for 100ps (+10us) and high for a

PROGRAM LOCK BITS! 2

LB1 LB2 LB3 |PROTECTION DESCRIPTION

1 U U U No Program Lock features enabled. (Code verify will still be encrypted by the Encryption Array if
programmed.)

2 P U u MOVC instructions executed from external program memory are disabled from fetching code bytes
from internal memory, EA is sampled and latched on Reset, and further programming of the EPROM
is disabled.

3 P P U Same as 2, also verify is disabled.

4 P Same as 3, external execution is disabled. Internal data RAM is not accessible.

NOTES:

1. P-programmed. U — unprogrammed.

2. Any other combination of the lock bits is not defined.
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5V
vce —‘|
AO-A7 A Pt Po K PGM DATA
—/ N———
1 ——— RST EANpp [¢—————— #1275V
1 ———— 3 P36 ALE/FRAOG j€—————— 25 100us PULSES TO GROUND
1 ——> P37 87C524 PSEN [¢——— 0O
_IT XTAL2 P27 fe—— 1
oMz E 4 pag [e—— 0
L 1 XTAL1 P2.0-P25 K AS-A13
vss P34 [ Al4
Figure 14. Programming Configuration
le 25 PULSES N
ul 'I
ALEFPROG: o1 | I I vVl ] Jecaaacaas
N 108 MIN —»l l-—- 1°°u5110—'l
1
ALEPFORS 0 1 [
Figure 15. PROG Waveform
+5V
Vee
AO-AT 1 pPi FoO PGM DATA
1 ———— RST EANpp f¢————— !
1 ——————» P38 ALEFHDG [¢&—m—— 1
1 ——» P37 87C524 PSEN j¢—— ©
,—-—T—— XTAL2 P27 j¢———— 0 ENABLE
—EMHz T } P26 fe—— 0
T ALt P2.0-P25 <: As-a13
vss P3.4 f&——— A4
=
Figure 16. Program Verification
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS
Tamb = 21°C to +27°C, V¢ = 5V+10%, Vgg = OV (Ses Figure 17)

SYMBOL . PARAMETER MIN MAX UNIT
Vpp Programming supply voltage 12.5 13.0 \
lpp Programming supply current 50 mA
1oLl Oscillator frequency 4 6 MHz
tavaL Address setup to PROG low 48te oL
GHAX © Address hold after PROG 48toLcL
tovaL Data setup to PROG low 48tcicL
tGHDX Data hold after PROG 48tcicL
teHsH P2.7 (ENABLE) high to Vpp 48tcLcL
tsHGL Vpp setup to PROG low 10 us
taHsL Vpp hold after PROG 10 us
taLGH PROG width 90 110 us
tavav Address to data valid 48tcLcL
teLaz ENABLE low to data valid 48t oL
tenoz Data float after ENABLE 0 48tor oL
| taHaL PROG high to PROG low 10 us
PROGRAMMING* VERIFICATION"
P1.0-P1.7 4 N
P20-P25 = ADDRESS ADDRESS >—-__.
P34 N /
< tavav
tovaL —> taHox
tavaL taHAx
ALEFROG
/
taLan > tGHGL
tsHaL, taHsL
/
/ LOGIC 1 LOGIC 1
EANpp
LOGIC 0
tEHSH teLav teHaz
P27
*FOR PROGRAMMING VERIFICATION SEE FIGURE 14,
FOR VERIFICATION CONDITIONS SEE FIGURE 16.
Figure 17. EPROM Programming and Verification
=2
J Purchase of Philips’ I2C components conveys a license under the
B U S Philips’ 12C patent to use the components in the 12C-system
e provided the system conforms to the 12C specifications defined by Philips.
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