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DESCRIPTION

The 8XC528 single-chip 8-bit microcon-
troller is manufactured in an advanced
CMOS process and is a derivative of the
80C51 microcontroler family. The
8XC528 has the same instruction set as
the 80C51.

This device provides architectural en-
hancements that make it applicable in a
variety of applications in general control
systems, especially in those systems
which need large ROM and RAM capac-
ity on-chip.

The 8XC528 contains a 32k x 8 ROM
(83C528)/EPROM (87C528), a512x 8
RAM, four 8-bit /O ports, two 16-bit tim-
er/avent counters (identical to the timers
of the BOCS1), 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 inter-
rupt structure, two serial interfaces
(UART and C-bus}, and on-chip oscil-
lator and timing circulits.

In addition, the 8XC528 has two soft-
ware selactable modes of power reduc-
tion - idle mode and power-down mode.
The idle mode freazes the CPU while
allowing the RAM, timers, serial port,
and interrupt system to continue func-
tioning. The power-down mode saves
the RAM contents but freezes the oscil-
lator, causing all other chip functions to
be inoperative.

80C528/83C528/87C528
CMOS single-chip 8-bit

microcontroller

FEATURES
© 80C51 instruction set
— 32k x 8 ROM (83C528)
- 32k x 8 EPROM (87C528)
— ROMiess (80C528)
-512 x 8 RAM

~ Memory addressing capability
- 64k ROM and 64k RAM

- Three 16-bit counterftimers
— On-chip watchdog timer
- Full duplex UART
- PC serial interface
® Powsr control modes:
- Idle mode
- Power-down mode

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

® Three speed ranges at Vpp = 5V
+10%

- 3.510 12MHz
- 3510 16MHz
- 0510 12MHz

® Extended temperature ranges
® OTP package available
¢ ROM/EPROM code protection
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PIN CONFIGURATION

SEE NEXT PAGE FOR LCC PIN FUNCTIONS.
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PART NUMBER SELECTION
ROMiess ROM EPROM TEMPERATURE °C AND PACKAGE FREQUENCY
P87C528BBF 0 to +70, ceramic DIP 3.5 to 12MHz
P87C52BEBF 0 to +70, ceramic DIP 3.5t0 16MHz
PB7C528BHF —40 to +125, ceramic DIP 3.5 fo 12MHz
P87C528EHF ~40 to +125, ceramic DIP 3.5to 16MHz
PB0CS28BBP P83C528BBP P87C528B8BP 0 to +70, plastic DIP 3510 12MHz
PBOCS528EBP P83C528EBP PB7C52BEBP 0 to +70, plastic DIP 3.5 to 16MHz
P80C528BHP P83C528BHP PB7C528BHP —40 to +125, plastic DIP 3.5t0 12MHz
PBOC528EHP P83C528EHP P87CS528EHP —40 to +125, plastic DIP 3.5t0 16MHz
P87C528BBK 0 to +70, ceramic LCC 3510 12MHz
P87C528EBK 0 to +70, ceramic LCC 3.5 to 16MHz
P87C528BHK -40 to +125, ceramic LCC 3.510 12MHz
P87C52BEHK —40 to +125, ceramic LCC 3.5 10 16MHz
P80C5268BBA P83C528BBA Pa7C528BBA 0 to +70, plastic LCC 3.510 12MHz
P8OCS28EBA P83C528EBA P87C528EBA 0 to +70, plastic LCC 3.5t 16MHz
P80C528BHA P83C528BHA P87C528BHA 40 to +125, plastic LCC 3510 12MHz
P80C528EHA P83C528EHA P87C528EHA —40 to +125, plastic LCC 3.5 to 16MHz
LCC PIN FUNCTIONS LOGIC SYMBOL
6 1 40
7 ° sk
Lee v vss
7 b 2 )} XTAL1 4—1 <
s 2 _I_ > SH ADDRESS AND
= “«—> —§ <«—» | DATABUS
3\l T —>| <>
Pin  Function Pin  Function AT > Y <
1 NC 2 Vas = - — T
2 P1.0T2 24 P2.0/A8 pild ToEX
3 P1.1T2EX 2 P2.1/A8 | -
4 P1.2 2 P2.2/A10 RST —» le—»|_ &
5 P1.3 27 PRYAI EANpp —» "3
8 P14 28 PR4IAI2 PSEN «—| l«—> scL
? P15 2 P2.5/A13 ALEPAOG <—>| > SOA
8 P1.6/5CL 0 P26Al4 g D> 2]
9 P1.7/SDA 2 P2.7IA15 g — l«—>
10 AST 32 PSEN gree— | — e __
" PIORD 33 ALEFAOG aho—> 2 =l
12 NC £ NG <>z
13 TxDPaL 3 EAV. g n—s| 2 2] E— ADDRESS BUS
" P3.2/INT 96 P0.7/AD? g WHe |—» _—_:
15 P3.3INT 37 PO.6/AD6 - pilid
8 PaaTo 38 PO.SADS SLFD<— Ll
17 P3.5T1 39 PO.4/AD4 @
8 PI.6WH 40 P0.3/AD3
19 P3.7FD 41 PO.2/AD2
20 XTALY 42 PO.1/AD1
21 XTAL2 43 PO.0/ADO
2 Ves 4 Vee
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PIN DESCRIPTION

MNEMONIC

PIN NO.

DIP

Lcc

NAME AND FUNCTION

Vss
Vee
P0.0-07

P1.0-P17

P2.0-P27

P3.0-P3.7

RST

ALE/PROG

EANpp

XTAL1
XTAL2

20
40
39-32

O NN -

21-28

10-17

31

22
44
43-46

2-9

OORN

32

21

1o

- 00=—=—-0-—

3

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 multiplexed low-order address and data bus
during accesses to external program and data memory. In this application, it uses strong internal puli-
ups when emitting 1s. Port 0 also outputs the code bytes during program verification in the P87C528.
External pull-ups are required during program verification.

Port 1: Port 1 is an 8-bit bidirectional 1/O port with internal pull-ups. Port 1 pins that have 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 internal pull-ups. (See DC Electrical Character-
istics: I, ). Pins P1.0 and P1.1 also. Port 1 also receives the low-order address byte during program
memory verification. Port 1 also serves altemate functions for timer 2:

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

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

SCL (P1.6): I2C serial clock output.

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

Port 2: Port 2 is an B-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1s wrilten 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 currentbecause of the internal pull-ups. (See DC Electrical Char-
acteristics: |, ). Port 2 emits the high-order address byte during fetches from external program memory
and during accesses to external data memory that use 16-bitaddresses (MOVX @DPTR). In this appli-
calion, ituses 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 B-bit bidirectional 1/O port with internal pull-ups. Port 3 pins that have 1s written to
them are pulled high by the internal puli-ups and can be used as inputs. As inputs, port 3 pins that are
externally being pulled low wilt source currentbecause of the pull-ups. (See DC Electrical Characteris-
tics: ). Port 3 aiso serves the special features of the SC80C51 family, as listad below:

RxD (P3.0): Serial input port

TxD (P3.1): Serial output port

TNTO (P3.2): External interrupt

INTT (P3.3): External interrupt

T0 (P3.4): Timer 0 external input

T1 (P3.5): Timer 1 external input

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

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 Vgg permits a power-on reset using only an external capacitor lo V.

Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the address during
an access to external 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 (PROG) during EPROM
programming.

Program Store Enable: The read strobe to external program memory. When the device is executing
code from the external program memory, PSEN is activated twice each machine cycle, exceptthattwo
PSEN activations are skipped during each access to external data memory. PSEN is not activated dur-
ing fetches from internal program memory.

External Access Enable/Programming Supply Voltage: EA must be externally held low to enable
the device to fetch code from external program memory locations 0000H to 7FFFH. It EXiis 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.

February 1990
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ROM CODE PROTECTION

By setting a mask programmable security bit,
the ROM content in the 83C528 is protected,
i.e., it cannot be read out with the help of a
test mode or by instructions in the external
program memory space. When the security
bit is set, a MOVE instruction in external
memory will be able to access code in the
external memory, but it will not have access
to code in the external memory. A MOVE in
the external program memory will have ac-
cess 1o code in both internal and external
memory.

If the security bit has been programmed as a
zero, then there are no restrictions for the
MOVC instructions. The EA input is latched
during RESET and is don't care after RESET.
This status prevents the reading of internal
program code by switching from external pro-
gram memory to intemal program memory
during a MOVC instruction or an instruction
that handles immediate data.

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.

—RAMO 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 indi-
rectly as in the BOC51. 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 MOV X instructions. Address pointers are
RO, R1 of the selacted register bank and
DPTR. An access to AUX-RAM O to 255 wilt
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 BO52 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 ex-
ternal 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 B052AH. Timer 2 is a 16-bit timer/counter.
These 16 bits are formed by two special func-
tion registers TL2 and TH2. Another pair of
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special function register RCAP2L and
RCAP2H torm a 16-bit capture register or a
16-bit reload register. Like Timer O 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 and
an 8-bit timer formed by special function reg-
ister T3. The prescaler is incremented by an
on-chip oscillator with a fixed frequency of
1MHz. The maximum tolerance on this fre-
quency is -50% and +100%. The B-bit timer
increments every 2048 cycles of the on-chip
oscillator. When a timer overflow occurs, the
microcontroller is reset and a reset output
pulse of 16 x 2048 cycles of the on-chip oscil-
lator is generated at pin RST. The internal
RESET signal is not inhibited when the exter-
nal RST pin is kept low by, for example, an
external reset circuit. The RESET signal
drives all port outputs into the high state, in-
dependent if the XTAL-clock is running or not.

The watchdog timer is controlied by one spe-
cial function register WDCON with the direct
address location ASH. WDCON can be read
and written by software. A value of ASH in
WDCON haits the on-chip oscillator and
clears both the prescaler and timer T3. After
the RESET signal, WDCON contains ASH.
Every value other than ASH in WDCON en-
ables the watchdog timer. When the watch-
dog timer is enabled, it runs independently of
the XTAL-clock.

To prevent an overfiow of the watchdog timer,
the user program has to reload the watchdog
timer within periods that are shorter than the
programmed watchdog timer internal. This
time interval id 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 I°C INTERFACE

This bit-level serial /O interface supports the
12C-bus. P1.6/SCL and P1.7/SDA are the se-
rial /O pins, shared with P1.6 and P1.7.
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These two ;ins met the I2C specification con-
ceming the input levels and output drive ca-
pability. Consequently these outputs have an
open drain output configuration. All the four
modes of the I2C-bus are supported:

— master/transmitter

— mastef/receiver

— slave/transmitter

— slave/receiver

In all modes, a bit rate of 100Kbit/sec can be
achieved @ fggc > 12MHz.

The hardware performs the following func-

tions:

— Generates an interrupt on the reception of a
START condition.

— Recognizes a STOP condition and indicates
bus-busy or bus-free status.

~ Latches a received serial bit.

~ Generates a single serial clock pulse 1o the
SCL line.

— Serial clock synchronization (low level
stretching of SCL).

— Arbitration loss detection on bit-level.

Three special function registers control the
bit-level 12C interface, S1SINT, S1BIT and
S1SCS.

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 external clock
signal, because the input to the internal clock
circuitry is through a divide-by-two flip-flop.
Howaver, 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 V¢ and RST must
come up at the same time for a proper start-

up.
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IDLE MODE

In idle mode, the CPU puts itseif 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 function registers re-
main intact during this mode. The idie 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
procassor 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
powser-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 internal data
memory and does not affect the special func-
tion 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 must
be switched to level-sensitive and must be
enabled. The external interrupt input signal
TNTG and INTT must be kept low until the os-
cillator has restarted and stabilized. An in-
struction following the instruction that puts the
device in the power-down mode will be ex-
ecuted. A reset generated by the watchdog
timer terminates the power-down mode in the
same way as an external RESET, and only
the contents of the on-chip RAM are pre-
served. A hardware reset is the only way to
terminate the power-down mode. the controt

Table 1. External Pin Status During Idie and Power-Down Modes

bits for the reduced power modes are in the
special function register PCON.

DESIGN CONSIDERATIONS
Atpower-on, the voltage on Ve and RST must
come up at the same time for a proper start-up,

When the idle mode is terminated by a hard-
ware reset, the device normally resumes pro-
gram 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 1 shows the state of /0 ports during
low current operating modes.

MODE PROGRAM MEMORY ALE PSEN PORT 0 PORT 1 PORT 2 PORT 3
Idie 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
Electrical Deviations from C clal Specifications for E ded Temperature Range (87C528)
DC and AC parameters not included here are the same as in the commercial temperature range table.
DC ELECTRICAL CHARACTERISTICS
Ta = -40°C to +B5°C, Vg = 5V +10%, Vg = OV
TEST umTs
SYMBOL PARAMETER CONDITIONS Min Max UNIT
Vi Input low voltage, except EA -05 0.2Vee-0.15 v
Viy Input low voltage to EA 0 0.2V¢e-0.35 \
ViH Input high voltage, except XTAL1, RST 0.2Vee+1 Vec+0.5 \
Vi Input high voltage to XTAL1, RST 0.7Vee+0.1 Vee+0.5 \
Iy Logical 0 input current, ports 1, 2, 3 Vin = 0.45V -75 RA
In Logical 1-to-0 transition current, ports 1, 2, 3 Viy = 2.0V —750 HA
lee Power supply current: Vee = 4.5-5.5V,
Active mode Frequency range = 35 mA
Idie mode 3.5to 12MHz 6 mA
Power down mode 50 pA

February 1990
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ABSOLUTE MAXIMUM RATINGS' %3

PARAMETER RATING UNIT

Operating temperature under bias 010 +70 or-40 to +125 °C
Storage temperature range 6510 +150 °C
Voltage on EA/Vpp pin to Vsg Oto+13.0 v
Voltage on any other pin to Vgg -0.5t0 Vpp +6.5 v
Input, output current on any two pins +10 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
functiona! 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, it is 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 Vgs unless otherwise

noted.

DC ELECTRICAL CHARACTERISTICS
Ta = 0°C fo +70°C or ~40°C to +125°C, Vg = 5V £10%, Vgs = OV

TEST LUMITS
SYMBOL PARAMETER CONDITIONS Min Typleal' Max UNIT
ViL Input low voltage, except EA? -0.5 0.2Vge-0.1 v
Vit Input low voltage to EA? 0 0.2Vec—0.3 v
Vi Input high voltage, except XTAL1, RST? 0.2Vcc+0.8 Veo+0.5 v
Vi Input high voltage, XTAL1, RST? 0.7Vcc Vec+0.5 v
VoL Output low voltage, ports 1, 2, 3 loL = 1.6mA2 0.45 Vv
Vo1 Output low voltage, port 0, ALE, PSEN lop = 3.2mA? 0.45 v
Vou Output high voltage, ports 1, 2, 3, ALE, PSEN? low = —6O0pA, 24 Vv
loH = ~25pA 0.75Vee v
lon = —10pA 0.9Vee v
loH = —BOOpA, 2.4 v
VoHi Output high voltage (port 0 in external bus mode) low = —300pA 0.75Vee Vv
lon = —80uA 0.9Vec Vv
e Logical 0 input current, poris 1, 2, 37 VN = 0.45V -50 pA
I Logical 1-0-0 transition current, ports 1, 2, 37 See note 4 -850 pA
L Input leakage current, port 0 ViN=Vj orViy +10 HA
lec Power supply current:’ See note 6
Active mode @ 12MHz5 15 25 mA
Idle mode @ 12MHz 13 4 mA
Power down mode 3 50 pA
Rrst Internal reset pull-down resistor 50 300 kohm
Cio Pin capacitance 10 pF

NOTES:

1.
2.

Typical ratings are not guaranteed. The values listed are at rogm temperature, 5V.

Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the Vo5 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, lo.
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 Vg on ALE and PSEN to momentarily fall below the 0.9Vc¢c specification when the ad-

dress 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 maxi-

mum value when V) is approximately 2V.

. lecMAX at other frequencies is given by: Active mode: iccMAX = 0.94 X FREQ + 13.71: Idle mode: lccMAX =0.14 X FREQ +2.31,

where FREQ is the external osaillator frequency in MHz. lccMAX is given in mA. See Figure 8.

. See Figures 9 through 12 for Icc test conditions.
. These values apply only to Ta = 0°C to +70°C. For Tx = ~40°C to +85°C, see table on previous page.
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AC ELECTRICAL CHARACTERISTICS
Ta = 0°C 10 +70°C or —40°C to +125°C, V¢ = 5V £10%, Vsg = OV'-2
12MHz CLOCK VARIABLE CLOCK
SYMBOL | FIGURE PARAMETER Min Max Min Max UNIT
1tcLoL 1 Oscillator frequency:  Speed Verslons
8XC528 -1,2 3.5 12 MHz
8XC528 —4.5 3.5 16 MHz

YHLL 1 ALE pulse width 127 2teLc—40 ns
taviL 1 Address valid to ALE low 28 toLo—-59 ns
tLLax 1 Address hoid after ALE low 48 torcL—35 ns
v 1 ALE low to valid instruction in 234 e cL—100 ns
[ 1 ALE low to PSEN low 43 tcic—40 ns
teLPH 1 PSEN pulse width 205 teLcl-45 ns
oLy 1 PSEN low to valid instruction in 145 3teLcl—105 ns
texix 1 Input instruction hold atter PSEN 0 0 ns
texiz 1 Input instruction float after PSEN 59 torcL—25 ns
taviv 1 Address to valid instruction in 312 SteLe~105 ns
tpLaz 1 PSEN low to address float 10 10 ns
Data Memory
tRLRH 2,3 RD pulse width 400 6tc c1—100 ns
twiwH 2,3 WR pulse width 400 6t c -100 ns
taLov 2,3 RD low to valid data in 252 Btg o ~165 ns
tAHDX 2,3 Data hold after RD 0 0 ns
taHDz 2,3 Data fioat after RD 97 2tcc-70 ns
tLlov 2,3 ALE low to valid data in 517 Btorc—150 ns
tavov 2,3 Address to valid data in 585 Ste o ~165 ns
twe 2,3 ALE low to RD or WH low 200 300 3tcLeL-50 Ste oL +50 ns
tavwL 2,3 Address valid to WR low or RD low 203 4151 -130 ns
tavwx 2,3 Data valid to WR transition 23 tcLcL—60 ns
twHax 2,3 Data hold after WR 33 tcLeL-50 ns
taLaz 2,3 RD iow to address ficat 0 0 ns
tWHLH 2,3 RD or WR high to ALE high 43 123 toLcL—40 tercy +40 ns
External Clock
{cHex 5 High time 20 20 ns
teuex 5 Low time 20 20 ns
tcicH 5 Rise time 20 20 ns
toHeL 5 Fall time 20 20 ns
Shift Register
IXLXL 4 Serial port clock cycle time 1.0 12tcLc us
tavxH 4 Output data setup to clock rising edge 700 10tc L -133 ns
txHaX 4 Output data hold atter clock rising edge 50 Ao o117 ns
tXHOX 4 Input data hold after clock rising edge 0 [} ns
txHDY 4 Clock rising edge to input data valid 700 10tg ¢ —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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EXPLANATION OF THE AC SYMBOLS

Each timing symbol has five characters. The first character is
always Y (= time). The other characters, depending on their

A — Address
C - Clock
D - Input data

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

positions, indicate the name of a signal or the logical status

of that signal. The designations are:

P - PSEN

Q- Outputdata

R - RO signal

t - Time

V - Valid

W- WH signal

X - No langer a valid logic level
Z - Float

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

ALE

fiax

PORT 2

AD-A1S

AB-A15

X

Figure 1. External Program Memory Read Cycle

ALE
N
[ WHLH
J \_/
tuov
e tuw RLAH >
RO
v
| N A
tavi > luax ¢ talov —* 1RHDZ
> taaz tRHDX > l*—
Yy AO-A 4 N
PoATo >_<\rnou T OR DPL { oamm />< AG-A7 FROM PCL INSTRIN
[——— taywyg ———>
tavov
%
PORT 2 >< P2.0-P2.7 OR AB-A1S FROM DPF AD-A15 FROM PCH
N

Figure 2. External Data Memory Read Cycle
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e tuwi > twiwn >
wR v
J N /]
Yiax
taviL tavwx > Ywhox
Y A0-A7
PORT 0 >—"<\FHOI A OR DPL DATA OUT X >< AD-A7 FROM PCL >—@
tavwi >
s
PORT 2 >4\ P2.0-P2.7 OR A3-A15 FROM DPF >< AC-A15 FROM PCH
Figure 3. External Data Memory Write Cycle
ISTRUCTION | 0 | 1 [ 2 [ = | &« | s | & | 1 | 8 |
ALE

}‘“XLXL"|
cLocK S [ O A A I

tavxH L—'l* l*lxnox

N\ X X X X X X X /
WRITE TO SBUF o |‘_~' _>| I$ YooK SE:“
Al DT 9.0 0 08 8.0
I

CLEAR RY

OUTPUT DATA

SETHRI

Figure 4. Shift Register Mode Timing
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Vee-08 - - - -
045V

Figure 5. External Clock Drive

Ycc 05

AC inputs during testing are driven at Ve -0.5 lor a logic *1° and 0.45V for a logic '0".
Timing measurements are made at Vg4 min for a logic '1* and Vy_for a logic 0",

Figure 6. AC Testing Input/Qutput

0.2Vce0.9 VioAD+0.Y TIMNG e VoR-0.1V
YLoao Teals .
045V 92Vee 0.1 YLOAD-0.1Y VoLs0.1V
NOTE: NOTE:

For timing purposes. a port is no longar floating when a 100mV change from load
voltage occuts, and begins to float when a t00mV change from the loaded VoL
Vo level occurs. (owioL 2 £ 20mA.

Figure 7. Float Waveform

40 / MAX ACTIVE MODE
3 /
,o /|

/ TYP ACTIVE MODE

. /]

L

e

%/
"]

| =]
|y

[———— MaX IDLE MODE
| TYP IDLE MODE

4MHz

12MHz  16MHz

February 1990

FREQ AT XTAL1t

Figure 8. loc vs. FREQ
Valid only within frequency specifications
of the device under test
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Yeo

{NC)

CLOCK SIGNAL——]

RST

XTAL2

XTALS

vss

Yec Vee
T
lcc Icc
Vee ¢ vee l
Vee RST Yce
P K — f Po 6
EA — {7 Y
(NC) XTAL2

CLOCK SIGNAL —»] XTAL1 =

Figure 9. Igc Test Condition, Active Mode
All other pins are disconnected All other pins are disconnected

Vss

Figure 10. Icc Test Condition, I1die Mode

February 1990

Figure 11. Clock Signal Waveform for I Tests in Active and Idle Modes
leien = e = Sns

Vee
icc

Vee
—{ RST vee
L K

- A

(NC) { xT1AL2
——» XTAL1 =
i Vss

Figure 12. ¢ Test Condition, Power Down Mode
All other pins are disconnected. Vgc = 2V to 5.5V
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EPROM CHARACTERISTICS

The 87C528 is programmed by using a modi-
fied Quick-Pulse Programming™ algorithm. It
differs from older methods in the value used
for Vep (programming supply voltage) and in
the width and number of the ALE/PROG
pulses.

The 87C528 contains two signature bytes
that can be read and used by an EPROM
programming system to identify the device.
The signature bytes identity the device as an
87C528 manufactured by Philips.

Table 2 shows the logic levels for reading the
signature byte, and for programming the pro-
gram memory, the encryption table, and the
lock bits. The circuit configuration and wave-
forms for quick-pulse programming are
shown in Figures 13 and 14. Figure 15 shows
the circuit configuration for normal program
memory verification.

Quick-Pulse Programming

The setup for microcontrolier quick-puise pro-
gramming is shown in Figure 13. Note that
the 87C528 is running with a 4 to 6MHz oscil-
lator. The reason the oscillator needs to be
running is that the device is exacuting internal
address and program data transfers.

The address of the EPROM location to be
programmed is applied to ports 1 and 2, as
shown in Figure 13. The code byte 1o be pro-
grammed into that location is applied to port
0. RST, PSEN and pins of ports 2 and 3 spe-
cified in Table 2 are held at the 'Program
Code Data’ levels indicated in Table 2. The
ALE/PROG is pulsed low 25 times as shown
in Figure 14.

To program the encryption table, repeat the
25 pulse programming sequence for address-
es 0 through 1FH, using the "Pgm Encryption
Table' levels. Do not forget that after the en-
cryption table is programmed, verification
cycles will 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 Veritication

If lock bit 2 has not been programmed, the
on-chip program memory can be read out for
program verification. The address of the pro-
gram memory locations to be read is applied
to ports 1 and 2 as shown in Figure 15. The
other pins are held at the 'Verify Code Data’
levels indicated in Table 2. The contents of
the address location will be emitted on port 0.
External pull-ups are required on port O for
this operation.

If the encryption table has been programmed,
the data presented at port O will be the exclu-
sive NOR of the program byte with one of the
encryption bytes. The user will have to know
the encryption table contents in order to cor-
rectly decode the verification data. The en-
cryption table itself cannot be read out.

Table 2. EPROM Progamming Modes

Readlng the Signature Bytes

The signature bytes are read by the same

procedure as a normal verification of loca-

tions 030H and 031H, except that P3.6 and

P3.7 need 1o be pulled to a logic low. The val-

ues are:

(030H) = 15H indicates manufactured by
Philips

(031H) = 97H indicates 87C528

Program/Verity Algorithms

Any algorithm in agreement with the condi-
tions listed in Table 2, 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 sffects, it
Is recommended that an opaque label be
piaced over the window. For elevated tem-
perature or environments where solvents are
being used, apply Kapton tape Fluorglas part
number 2345-§, or equivalent.

The recommended erasure procedure is ex-
posure to ultraviolet light (at 2537 angstroms)
to an integrated dose of at least 15W-sec/
cm2. Exposing the EPROM to an ultraviolet
lamp of 12,000uW/ecm?2 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.

MODE RST PSEN ALE/PROG EAVpp P2.7 P26 P3.7 P3.6
Read signature 1 (o} 1 1 0 0 0 0
Program code data 1 0 0 Vpp 1 0 1 1
Verify code data 1 0 1 1 0 0 1 1
Pgm encryption table 1 0 0* Vep 1 0 1 0
Pgm lock bit 1 1 [¢] 0* Vep 1 1 1 1
Pgm lock bit 2 1 0 0* Vpp 1 1 0 o]

NOTES:

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

2. Vpp = 12.75V +0.25V.

3. Ve = 5V110% during programming and verification.

*ALE/PROG recsives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100ps (+10us) and high for a

minimum of 10us.

™Trademark phrase of Intel Corporation
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Vee
aoar :> . mk —— rouoan
1 ————» RST EAVpp [¢———— +1275V
1 —» P8 ALE/PROG [ 25 100ps PULSES TO GROUND
1 ———» paz 87C528 PSEN [¢«—— 0
_Th XTAL2 P27 f— !
oMz T P26 fe— O
XTAL1 P2.0-P24 F AS-A12
Vss

Figure 13. Programming Configuration

s

| i o] o ———

[

Figure 14. PROG Waveform

+5Y

Vee
AO-AT 3 P Po
1 ————f BST EAVpp
1 ———> R ALE/PAUG
1 ———» paz 87C528 PSER
{——_I.— XTALZ P27
Mz P26
XTAL1 P2.0-P2.4
Vss

x > PGM DATA

l¢———— O ERABLE

A8-A12

Figure 15. Program Verilication
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS
Ta =21%C 10 +27°C, V¢ = 5V1£10%, Vgg = OV (See Figure 186)

SYMBOL PARAMETER MIN MAX UNIT
Vep Programming supply voltage 125 13.0 \
lep Programming supply current 50 mA
icLoL Oscillator frequency 4 6 MHz
taval Address setup to PROG low 48t oL
toHax Address hold after PROG 48t 0L
toveL Data setup to PROG low 48tc.c
taHDX Data hold after PROG 48t
tensH P2.7 (ENABLE) high to Vep 48t o
tsHGL Vep setup to PROG low 10 us
taHsL Vpp hold after PROG 10 s
tGLGH PHOG width 90 110 s
tavay Address 1o data valid 48t cL
teLaz ENABLE low to data valid 481c oL
teroz Data float after ENABLE 0 48tc oL
tGHGL PROG high to PROG low 10 s
PROGRAMMING” VERIFICATION®
P1o-PL7 —<: ADDRESS A ADDRESS H
[ tavav
PORTO { DATA OUT —
taHDX
toHax
ALEPHOG
GHsL
LOGIC 1 LOGIC 1
EXVpe
..................................................... b owecoononamn
teLav eHaz
P2.7
ENABLE *FOR PROGRAMMING VERIFICATION SEE FIGURE 13.
FOR VERIFICATION COND(TIONS SEE FIGURE 15.
Figure 16. EPROM Programming and Verification
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