Philips Semiconductors Military Microcontrolier Products Product specification

CMOS single-chip 8-bit microcontroller 87C528

DESCRIPTION

| I The 87C528 single-chip 8-bit microcontroller is manufactured in an
@ advanced CMOS process and is a denvative of the 80C51

microcontroller family The 87C528 has the same instruction set as

the 80C51.

B U s This device provides architectural enhancements that make it

applicable in a vanety of applications 1n consumer, telecom and
general control systems, especially in those systems which need
large ROM and RAM capacity on-chip

FEATURES

The 87C528 contains a 32k x 8 EPROM, a 512 x 8 RAM, four 8-bit
& 80C51 instruction set

1/0 ports, two 16-bit timer/event counters (identical to the timers of

- 32k x 8 EPROM the BOCS51), a 16-bit tmer (1dentical to the timer 2 of the 80C52), a

- 512 x 8 RAM watchdog timer with a separate oscillator, a multi-source,

- Memory addressing capability thc:\-Rp¥orm(/j-lI§ée:; nesteddlnterr\'i]pt strulrl:'tl,;re, twg tsenal mterfa:ces
64k ROM and 64k RAM ( ani -bus), and on-chip oscillator and timing circuits.

~ Three 16-bit counter/timers In addition, the 87C528 has two software selectable modes of power

— On-chip watchdog timer with oscillator reduction — idle mode and power-down mode The idle mode
— Full duplex UART freezes the CPU while allowing the RAM, timers, serial port, and
— I12C senal interface intarrupt system to continue functioning. The power-down mode

saves the RAM contents but freezes the oscillator, causing all other

® Power control modes chip functions to be inoperative

— ldle mode

— Power-down mode

- Warm start from power-down ORDERING INFORMATION
® CMOS and TTL compatible DESCRIPTION ORDER CODE DESI(PisﬁTOR'
® Two speed ranges at Vog = 5V 20-pin Ceramic DIP 87C528/BOA GDIP1-T40

- 16MHz

44-pin Ceramic Quad Flat 87C528/BMA GQCCI-Ja4
©® OTP package available Pack (QFP)
® EPROM code protection " MIL-STD 1835 or Appendix A ot 1995 Military Data Handbook
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PIN CONFIGURATIONS

T2p1.0(1] 40| vee
T2EXP11[ 2] [39] Po.0iaD0
P12[3] 58] P0.1/AD1
P13[4] 37 Po.21aD2
P14[5] 36] P0.3/AD3
P56 35] Po.4/AD4
scupie[ 7] [34] Po.siaDS
SDAP1.7[ 8] [33] Po.c/aDs
RST 9] [32] Po.71aD7
Rx0/P3.010) [31) EAvpp
TxD/P3.A[ 1] [30] ALEPROG
NTOP3.2[12) 29] PSER
NTH/P3.3[13 28] P2.7/815
Topa4 (14 27) P2.0ia14
TuP3.5[15) [26) P2.5/A13
WR/P3.5[Te] [25) P2.4ra12
HU/Pw[fr_ [24] P2.3van
xTaL2 e} 23] P2.27A10
XTALT 19} [22] P2.1/a9
N [21] P2oas

Pin Functlon

P15
P16/SCL
P1.7/SDA

PIn Functlon

23 P25/A13

24 P26/A14

25 P27/A15
PSEN

PO 4/AD4
PO J/AD3

EBRRSBRUBRRBBLEBY
3
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PIN DESCRIPTION

Pin No.
Mnemonic DiP LCC QFpP Type | Name and Function
Vgs 20 22 16 ! Ground: 0V reference
Vee 40 44 38 | Power Supply: This Is the power supply voltage for normal, idle, and power-down opera-

tion

P0O0-07 39-32 [43-36 |37-30 | I/O Port 0: Port 0 1s an open-drain, bidirectional 1/0 port Port 0 pins that have 1s wntten to
them float and can be used as high-impedance nputs Port 0 1s also the multiplexed low-
order address and data bus dunng 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 dunng program verification in the P87C528 External pull-ups are required during
program venfication

P1.0-P1.7 1-8 2-9 40-44 1110 Port 1: Port 115 an 8-bit bidirectional /O port with internal pull-ups, except P1 6 and P17
13 which have open drain. Port 1 pins that have 1s written to them are pulled high by the in-
ternal pull-ups and can be used as Inputs. As mputs, port 1 pins that are externally pulled
low will source current because of the internal pull-ups (See DC Electrical Charactenstics
li) Port 1 can sink/source one TTL (4 LSTTL) inputs Port 1 receives the low-order ad-
dress byte during program memory verfication Port 1 also serves alternate functions for

timer 2.
1 2 40 | T2 (P1.0): Timer/counter 2 external count input
2 3 41 | T2EX (P1.1): Timer/counter 2 tngger input
7 8 2 110 SCL (P1.6): I2C senal port clock line
8 9 3 [[{e] SDA (P1.7): I2C senal port data line

P20-P27 21-28 §24-31 {18-25 | /O Port 2: Port 21s an 8-bit budirectional /O port with internal puli-ups Port 2 pins that have
1s written to them are pulled high by the internai 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
mternal pull-ups (See DC Electrical Charactenstics I ) Port 2 emits the hugh-order ad-
dress byte during fetches from external program memory and dunng accesses to external
data memory that use 16-bit addresses (MOVX @DPTR) In this application, it uses strong
internal pull-ups when emiting 1s. During accesses to external data memory that use 8-bit
addresses (MOV @R}, port 2 emits the contents of the P2 special function register.

P3.0-P37 10-17 | 11, 5, o] Port 3: Port 3 is an 8-bit bidirectional I/0 port with internal pull-ups Port 3 pins that have
13-19 | 7-13 1s written to them are pulled high by the internal pull-ups and can be used as Inputs As
nputs, port 3 pins that are externally being pulled low will source current because of the
pull-ups (See DC Electrical Characteristics: 1)) Port 3 also serves the special features of
the SC80C51 family, as listed below

10 " 5 | RxD (P3.0): Senal input port
il 13 7 (o] TxD {P3.1): Senal output port
12 14 8 | INTO (P3.2): External interrupt
13 15 9 | INTT (P3.3): External interrupt
14 16 10 | TO (P3.4): Timer 0 external input
15 17 11 | T1 (P3.5): Timer 1 external input
16 18 12 [e] WR (P3.6): External data memory write strobe
17 19 13 o] RD (P3.7): External data memory read strobe
RST 9 10 4 o Reset: A high on this pin for two machine cycles while the oscillator is running, resets the

device Annternal diffused resistor to Vgg permits a power-on reset using only an external
capacitor to Ve After a watchdog timer overflow, this pin 1s pulled high while the internal
reset signal 1s active

ALE/PROG |30 33 27 Ie] Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the ad-
dress durning an access to external memory In normal operation, ALE I1s emitted at a
constant rate of 1/6 the oscillator frequency, and can be used for external iming or clock-
ing. Note that one ALE pulse 1s skipped during each access to external data memory. This
pin 1s also the program pulse input ( )} during EPROM programming.

PSEN 29 32 26 [¢] Program Store Enable: The read strobe to external program memory When the device 1s
executing code from the external program memory, 1s activated twice each machine
cycle, except that two PSEN activations are skipped during each access to external data
memory. 1s not activated during fetches from internal program memory.

EANpp e 35 29 b 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 If EA1s 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) dunng EPROM programming

XTAL1 19 21 15 i Crystal 1: input to the inverting oscillator amplifier and input to the mternal clock generator
circuits
XTAL2 18 20 14 [¢] Crystal 2: Output from the inverting oscillator amplifier
B 711082b 00a4920 700 WA
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BLOCK DIAGRAM
FREQUENCY
REFERENCE COUNTERS
XTAL2 XTAL1 T T T2 T2EX AST
| -5 - - - - -~ -"—-"-—""""""""""""”"/"/—"/"—"/ - - D -
| RAM AUX-RAM |
| PROGRAM [
OSCILLATOR DATA DATA TWO 16-BIT
MEMORY 16-BIT TIMER / WATCHDOG
AND MEMORY MEMORY TIMER/EVENT
: TIMING e (256 x 8) (256 x 8) COUNTERS EVENT COUNTER] TIMER :
| @ AN AN |
| |
[ |
{ |
|
I CcPU < I
| I
= |
|
i A AV A4 II
PROGRAMMABLE
64K-BYTE BUS BIT-LEVEL
| EXPANSION PRO EvO SERIAL PORT 12¢ |
CONTROL FULL DUPLEX UART INTERFACE
| NTERNAL SYNCHRONOUS SHIFT |
| IE |
L _________ i} _____ {E i} ____%___}——4‘—-—}7 _______ -
TG INTT, CONTROL PARALLEL PORTS, SERIALIN  SERIALOUT  gpp  scL
,
ADDRESS/DATA BUS
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Ve 5V MAIN SUPPLY
POWER i
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—_—
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il R -
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Table 1.

Internal and External Program Memory Access with Securit

y Bit Set

ACCESS TO INTERNAL

ACCESS TO EXTERNAL

INSTRUCTION PROGRAM MEMORY PROGRAM MEMORY
MOVC in internal program memory YES YES
MOVC in external program memory NO YES

ROM CODE PROTECTION

By setting a mask programmable security bit, the ROM content in
the 83C528 1s protected, 1 e , it cannot be read out by any test mode
or by any instruction in the external program memory space. The
MOVC instructions are the only ones which have access to program
code in the internal or external program memory. The EA input 1s
latched dunng RESET and is ‘don’t care’ after RESET This
implementation prevents reading from internal program code by
switching from external program memory to internal program
memory dunng MOVC instruction or an instruction that handles
immediate data Table 1 hsts the access to the internal and external
program memory by the MOVC Instructions when the security bit
has been set to logical one If the security bit has been setto a
logical 0 there are no restrictions for the MOVC instructions

INTERNAL DATA MEMORY

The internal data memory I1s 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 ina

different way.

— RAM 0 to 127 can be addressed directly and indirectly as in the
80CS51 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 P37

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 BOS1 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 21s 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-bit reload register Ltke 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 iIn 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 i1s incremented
by an on-chip oscillator with a hxed frequency of 1IMHz. The
maximum tolerance on this frequency 1s —-50% and +100% The 8-bit

Apnl 8, 1993
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timer increments every 2048 cycles of the on-chip oscillator When a
timer overflow occurs, the microcontroller 1s reset and a reset output
pulse of 16 x 2048 cycles of the on-chip osclllator Is generated at pin
RST The internal RESET signal is not inhibited when the external
RST pin1s kept low by, for example, an external reset circuit The
RESET signal drives port 1, 2, 3 1nto 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 wntten 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
AS5H in WDCON enables the watchdog timer When the watchdog
timer is enabled, 1t 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 SAH A successful write operation to T3
will clear the prescaler and WDCON, leaving the watchdog enabled
and preventing inadvertent changes of T3 To prevent an overflow of
the watchdog ttmer, the user program has to reload the watchdog
timer within peniods that are shorter than the programmed watchdog
tmer internal This time interval 1s determined by an 8-bit value that
has to be loaded In register T3 while at the same time the prescaler
1s cleared by hardware.

Watchdog timer interval =

[256 — (T3)} x 2048
on — chip oscillator frequency

BIT-LEVEL 12C INTERFACE

This bit-level senal IO interface supports the 12C-bus. P1 6/SCL and
P1.7/SDA are the senal I/0 pins. These two pins meet the 12C
specification concerning the input levels and output drive capabiiity
Consequently, these pins have an open drain output configuration
All the four modes 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

— Testing a single bit (RBF respectively, WBF) 1s suffictent as a
check for error free transmission

The bit-level 12C hardware operates on senal bit level and performs
the following functions

— filtering the Incoming seral data and clock signals

recognizing the START condition

generating a senal interrupt request St after reception of a START
condition and the first falling edge of the senal clock

recognizing the STOP condition

recognizing a serial clock pulse on the SCL line

~ latching a serial bit on the SDA line (SDI)

BN 7110826 0084922 583 M
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— stretching the SCL LOW penod 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

- setting a Bus Busy (BB) flag on a START condition and clearing
this flag on a STOP condition

- releasing the SCL line 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 tn sofiware:

- handling the [2C START interrupts

— converting senal to parallel data when receiving

— converting parallel to serial data when transmitting
— comparing the received slave address with its own
— interpreting the acknowledge information

~ guarding the 12C status if RBF or WBF = 0.

Additionally, if acting as master:

- generating START and STOP conditions

— handiing bus arbitration

- generating serial clock pulses if S1BIT is not used.

Three SFRs control the bit-level I2C interface: S1INT, S1BIT and
S18CS.

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.

To drive the device from an external clock source, XTAL1 should be
driven while XTAL2 1s 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 s accomplished by holding the RST pin high for at least two
machine cycles (24 oscillator peniods), while the oscillator is running.
To insure a good power-up reset, the RST pin must be high iong
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.

IDLE MODE

In idle mode, the CPU puts itself to sleep while all of the on-chip
peripherals stay active. The instruction to tnvoke the 1dle mode Is the
last instruction executed in the normal operating mode betore the
idle mode is activated The CPU contents, the on-chip RAM, and all
of the special function registers remain intact during this mode. The
idle mode can be terminated either by any enabled interrupt (at
which time the process 1s picked up at the interrupt service routine
and continued), or by a hardware reset which starts the processor i
the same manner as a power-on reset.

POWER-DOWN MODE

In the power-down mode, the oscillator is stopped and the
instruction to iInvoke 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 internal data memory 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 must be switched to
level-sensitive and must be enabled. The external interrupt input
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 mode
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 Vg and RST must come up at the
same time for a proper start-up.

When the idle mode s terminated by a hardware reset, the device
normally resumes program execution, from where 1t 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 1s not inhibited. To eliminate the possibility of
an unexpected write when idle i1s 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 2 shows the state of I/O ports during low current operating
modes.

Table 2.  External Pin Status During Idle and Power-Down Modes
MODE PROGRAM MEMORY ALE PSEN PORT 0 PORT 1 PORT 2 PORT 3
Idie Internat 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
B 711082k 0084923 41T WA
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ABSOLUTE MAXIMUM RATINGS?. 2.3

PARAMETER RATING UNIT
Operating temperature under bias -55to +125 °C
Storage temperature range —65to +150 °C
Voltage on EA/Vpp pin to Vgg 0to +13.0 v
Voltage on any other pin to Vgg —0.5to Vg +0.5
Input, output current on any two pins +10 mA
Power dissipation 10 w
(based on package heat transfer imitations, 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 Characternstics section

of this specification is not implied.

2 This product includes circuitry specifically designed for the protection 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.
3 Parameters are valid over operating temperature range unless otherwise specified All voitages are with respect to Vgg unless otherwise

noted.

I 7110826 0084924 355 WA
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DC ELECTRICAL CHARACTERISTICS
Tamb = -55°C to +125°C, Ve = 5V+10%, Vgg=0V

Test LIMITS
SYMBOL PARAMETER Conditions MIN MAX UNIT
Vi input low voltage, except EA, P1.6/SCL, P1.7/SDA -05 0.2Voc—0.25 A
ViLt input low voltage to EA 0 0.2Vec0451 V
Y
ViLz2 input low voltage to P1.6/SCL, P1.7/SDAS -0.5 0.3Vee v
ViH Input high voltage, except XTAL1, RST, P1.6/SCL, P1.7/SDA 0.2Vgc+l.1 | Vect0.5 v
Vi Input high voltage, XTAL1, RST 0.7Veo+0.2 | Vee+05 v
Vinz Input high voltage, P1.6/SCL, P1.7/SDA3S 0.7Vge 6.0 Vv
Vec=45Y;
VoL Output low voltage, ports 1, 2, 3, except P1.6/SCL, P1.7/SDA 10 A Qo M
loL = 3.5mA 1.0 v
Voec =4.5V,
Vou Output low voltage, port 0, ALE, PSEN :gt - :23020;: (? fs x
loL = 7.0mA 1.0 v
Vo2 Output low voltage, P1.6/SCL, P1.7/SDA oL = 3.0mA 04 v
Output high voltage, ports 1, 2, 3 Vee =4.5V;
(except P1.6 and P1.7) log =-10pA Vce-0.3 v
VoH lon = ~30pA Vee-0.7 v
loH = —60pA Vee-1.5 v
Output high voltage (port 0 in external bus Vge = 4.5V,
mode, ALE, FSEN) loH =—-200pA V0.3 v
Vou1 lon =-3.2mA Vec-0.7 v
loy =~7.0mA Vee-1.6 \
e Logical 0 input current, ports 1, 2, 3, except P1.6/SCL, P1.7/SDA Vin = 0.45V -75 \
I Logical 1-to-0 transition current, ports 1, 2, 3, except P1.6/SCL, See note 3 —750 HA
P1.7/SDA
IL1 Input leakage current, port 0, EA 0.45V <V, <V -10 10 pA
I Iinput leakage current, P1.6/SCL, P1.7/SDA 0V <Vi< 6.0V -10 10 HA
0OV <Vge < 5.5V
lce Power supply current: See note 4
Active mode @ 16MHz 39 mA
Idle mode @ 16MHz 7 mA
Power down mode 200 A
RrsT Internal reset pull-down resistor 50 225 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, g
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 Vo on ALE and PSEN to momentarily fall below the 0.9V¢c specification when the

address 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 8 through 12 for Igc test conditions.

. The input threshold voltage of P1.6 and P1.7 (SIO1) meets the I2C 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.

. These values are characterized but not 100% tested.

o s W N
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AC ELECTRICAL CHARACTERISTICS'. 2
16MHz CLOCK VARIABLE CLOCK

SYMBOL | FIGURE PARAMETER MIN MAX MIN MAX UNIT

ool 1 Oscillator frequency Speed Versions 35 16 MHz
87C528 3.5MHz

tLHLL 1 ALE pulse width 70 2tci o155 ns
taviL 1 Address vahd to ALE low 23 tcLcL—40 ns
tiax 1 Address hold after ALE low 13 toLe—50 ns
tLLy 1 ALE low to valid instruction in 138 4toLoL—115 ns
tLLpL 1 ALE low to PSEN low 7 tc ~55 ns
teLPH 1 PSEN pulse width 138 3toLcL—50 ns
teLiv 1 PSEN low to vahd instruction in 67 3tgLeL—120 ns
texix 1 Input instruction hold after PSEN 0 0 ns
texiz 1 Input Instruction float after PSEN 37 toLeL—25 ns
taviv 1 Address to valid instruction in 172 Stgc1—140 ns
tpLAZ 1 PSEN low to address float 20 20 ns
Data Memory

tRLRH 2,3 RD pulse width 275 6tc oL —100 ns
twiwH 2,3 WR pulse width 275 6BtoLc 100 ns
fALDV 2,3 RD low to valid data in 137 SteLcLl—175 ns
tRHDX 2,3 Data hold after RD 0 Y] ns
tRHDZ 2,3 Data float after RD 40 2tcLcL-85 ns
tLipv 2,3 ALE low to valid data in 330 8toLc—170 ns
tavpy 2,3 Address to valid data in 377 OteLc —185 ns
tuwe 2,3 ALE low to RD or WR low 137 237 3tcLcL-50 BtoLoL+50 ns
tavwL 2,3 Address valid to WR low or RD low 120 4tcLcL—130 ns
tavwx 2,3 Data valid to WR transition 12 teLoL-56 ns
twHax 2,3 Data hold after WR 12 tcLcL—50 ns
trLAZ 2,3 RD low to address float 0 0 ns
tWHLH 2,3 | RD or WR high to ALE high 22 102 toLoL—40 teLoL+40 ns
External Clock
tcHex 6 High time 20 20 ns
toLex 6 Low time 20 20 ns
toLeH 6 Rise time 20 20 ns
teHeL 6 Fall tme 20 20 ns
Shift Register
tixe 4 Serial port clock cycle time 750 12tciLoL ns
tavxH 4 Output data setup to clock nsing edge 492 10tg o —133 ns
txHaX 4 Output data hold after clock rising edge 8 2oL —117 ns
txHDX 4 Input data hold after clock nsing edge 0 0 ns
txHDV 4 Clock nising edge to input data valid 492 10tg 1 ~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.

I 711082k 008492b 129 M
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AC ELECTRICAL CHARACTERISTICS — 12C INTERFACE?

SYMBOL I PARAMETER I INPUT QUTPUT 12C SPECIFICATION
SCL TIMING CHARACTERISTICS
typ; STA | START condition hold time > 14t Note 2 >4.0us
tLow SCL LOW time 216 toLoL Note 2 >4.7us
tHigH SCL HIGH time 214t oLt >80 tg o2 =4.0us
tac SCL rise time <1ps* Note 5 <1.0ps
tre SCL fali time <£0.3pst £0.3us® <0.3us
SDA TIMING CHARACTERISTICS
tsy; DAT1 | Data set-up time = 250ns Note 2 2 250ns
typ; DAT | Data hold time >0ns Note 2 20ns
tsu; STA | Repeated START set-up time 214 toroLt Note 2 >4.7us
tsy; STO | STOP condition set-up time 2141 0! Note 2 > 4.0ps
BUF Bus free time 214 tg1cL? Note 2 >4.7us
trD SDA rise time < 1ps? Note 5 <1.0us
D SDA fall time <0.3us? <0.3us & <0.3us
NOTES:

1. AtfoLk = 3.5MHz, this evaluates to 14 x 286ns = 4us, i.e., the bit-level 12C interface can respond to the 12C protocol for fok 2 3.5MHz.

This parameter is determined by the user software, it has to comply with the 12C.

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

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

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

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

These valves are characterized but not 100% production tested.

Nows @

EXPLANATION OF THE AC SYMBOLS

Each timing symbol has five characters. The first character is always Q — Output data
1t (= time). The other characters, depending on their positions, R - RD signal
indicate the name of a signal or the logical status of that signal. The t — Time
designations are: V — Valid
A — Address W~ WH signal
G - Clock X — No longer a valid logic level
D - input data Z - Float
H — Logic level high Examples: tay . = Time for address valid
I — Instruction (program memory contents} to ALE low.
L — Logic level low, or ALE tiepe = Time for ALE low to
P - PSEN PSEN low.
April 8, 1993 118
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tLHLL —>
ALE \_—/ﬁ

A r“ teLpH
tipL
e tv —> i
PSEN / teLiv
< tpLaz
tpxix "‘
L
PORT 0 INSTR IN AG-A7
e taviy —>
Y
PORT 2 3( AB-A15 K AB-A15
A

Figure 1. External Program Memory Read Cycle

[*— twHLH

fLiov

f—— t W ——>re——— tRLIRH ————>

N y.d

) —

tiax !
taviLL [« I <— tRLov —>|

fRLAZ tRHDX > | [
%
AD-A7
PORT 0 j-(cnom Al OR DPL L DATA IN AO-A7 FROM PCL >—< INSTR IN
e taywL ———>

FAN

tavov \
A 4
PORT 2 ><\ P2.0-P2.7 OR A8-A15 FROM DPH >< AB-A15 FROM PCH
Figure 2. External Data Memory Read Cycle
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ALE m
N
[ twHLH >
__/ L_/

[ two twiwH
wR
—
N /|
Yiax |
taviL tovwx > twHax

/
FoRTO >_—<\FR0MA:I_ R DRL DATA OUT XX AO-A7 FROM PCL >—< INSTRIN

N tavwL

y
PORT2 ><K P2.0-P2.7 OR AB-A15 FROM DPF >< AS-A15 FROM PCH

Figure 3. External Data Memory Write Cycie

"“XLXL"{
crock 1 T T A I A I

OUTPUT DATA ‘OVXH - I‘V‘XHQX

e X X2 X s X« X = X« X+ 7
WRITE TO SBUF tapy —»I ’+ txHDX serm
—"‘3— ComiXomy( Xomao X omuad_ X wmdYomaXomudKvai)

Figure 4. Shift Register Mode Timing SETAI

repeated START condrtion
(START or repeated START condtion ) 'su STA START condition
[ taD

SDA A /' \ o 7vee
(INPUT/OUTPUT ] HIRY \ 03vee

) |
I~ FD wRC"[[™ T[T FC
%u ST0

\ \
scL \ [ Z 0.7 Vcc
(INPUT/OUTPUT 0.3vee
)]
L__ - tSU;DAT3

HD;STA LOowW HIGH tSU;DATY tHD;DAT 1SU;DAT2

et

Figure 5. Timing SIO1 (12C) Interface
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vee05 - - -
0.45v

0.7Vee

02vgc—o.1

Figure 6. External Clock Drive

Vee05

0.45v

0.2Vcc+0.9

0.2vpe—0.1
NOTE:
AC inputs during testing are driven al Vi —0 5 for a logic 1" and 0 45V for a logic ‘0
Timing measurements are made at V4 min for a logie "1’ and V) for a logic ‘0

Figure 7. AC Testing Input/Output

VLOAD*0.1V TIMING VOH-0.1V
v A REFERENCE -7
LOAD y\ o ap-04v ¥ POINTS ™ VOL40.1V

NOTE:

For timing purposes & port 1s no longer floating when a 100mV change from load
vollage occurs and begins to float when a 100mV change from the loaded VoH/
VoL level oceurs Ion/IgL 2 £ 20mA

Figure 9. Float Waveform

Yec
Icc
vce
Vfc Yec
RST po N—
EAle— 4
(NC) - XTAL2 P1.6 -AAA .
CLOCK SIGNAL——»] XTAL1 P17 A .
vss

u
L

Figure 8. Icc Test Condition, Active Mode
All other pins are disconnected

Vece
-
lcc

vee
RST

He -k

(NC)————] XTAL2

<
2]
aQ

P16 FAAA N

CLOCK SIGNAL__»{ XTAL1 P17 A .

Vss

Figure 10. Icc Test Condition, idle Mode
All other pins are disconnected
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Vcc
lcc

Vee

vee905 - - - - o7voe RST VQC
4
04sv 0.2ve 0.1 X oo A
(NC): XTAL2 P16 VWA -
AAA .

<
<
<

XTALY P17
E -

Figure 11. Clock Signal Waveform for
Icc Tests in Active and Idle Modes Figure 12. Igc Test Condition, Power Down Mode
teren =tener = 5ns All other pins are disconnected. Vcc = 2V to 5.5V

NOTE:
* Ports 1.6 and 1.7 should be connected to V¢c through resistors of sufficiently high vaiue such that the sink current into these pins does not

exceed the Iy 4 specifications.

April 8, 1883 122

7110826 0084931 59 I

Power ed by 1 Cminer.com El ectronic-Library Service CopyRi ght 2003



Philips Semiconductors Military Microcontroiler Products

Product specification

CMOS single-chip 8-bit microcontroller

87C528

EPROM CHARACTERISTICS

The 87C528 1s programmed by using a modified Quick-Pulse
Programming™ algorithm. It differs from older methods In the value
used for Vpp (programming supply voitage) 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 identify the device as an 87C528 manufactured by
Philips.

Table 3 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 13 and 14 Figure 15 shows the
ctreuit configuration for normal program memory venfication

Quick-Pulse Programming

The setup for microcontroller quick-pulse programming 1s shown mn
Figure 13 Note that the 87C528 1s running with a 4 to 6MHz
oscillator. The reason the oscillator needs to be running is that the
device 1s executing internal address and program data transfers

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

To program the encryption table, repeat the 25 pulse programming
sequence for addresses 0 through 3FH, using the”Pgm Encryption
Table’ levels. Do not forget that after the encryption table i1s
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 bitis
programmed, further programming of the code memory and
encryption table 1s disabled. However, the other lock bit can shill 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 verfication The address of the program
memory locations to be read Is applied to ports 1, 2 and 3 as shown

™Trademark phrase of Intel Corporation.
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in Figure 15 The other pins are held at the ‘Venfy Code Data’ levels
indicated in Table 3 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 wilt 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 correctiy decode the verification data. The
encryption table itself cannot be read out.

Reading the Signature Bytes

The signature bytes are read by the same procedure as a normal
verfication 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) = 97H indicates 87C528

Program Lock Bits
The 87C528 has 3 programmable lock bits that will provide different
levels of protection for the on-chip code and data (see Table 4)

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

Program/Verify Algorithms
Any algonthm in agreement with the conditions hsted in Table 3, and
which satisfies the timing specifications, 1s 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 ighting)
could cause nadvertent 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 procedure I1s exposure to ultraviolet hght
(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 3. EPROM Progamming Modes
MODE RST PSEN ALE/PROG | EANpp P2. P2. 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 ] 1 1 0 0 1 1
Pgm encryption table 1 1] [0l Vpp 1 0 1 0
Pgm lock bit 1 1 0 0 Vpp 1 1 1 1
Pgm lock bit 2 1 0 0* Vpp 1 1 0 0
Pgm lock bit 3 1 0 0 Vep 0 1 ] 1
NOTES:
‘0’ Valid low for that pin, ‘1’ = valid high for that pin.

Vpp = 12.75V £0.25V.

Vce 5V+10% during programming and verification.
* ALl receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100ps (+10us) and
high for a minimum of 10ps.
Table 4.
PROGRAM LOCK BITS1: 2
LBt 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 jumped and latched on Reset, and further programming of the EPROM
is disabled.

3 u Same as 2, also verify is disabled.

4 P P Same as 3, extemal execution is disabled. Internal data RAM is not accessable.

NOTES:

1. P - programmed. U — unprogrammed.

2. Any other combination of the lock bits is not defined.

~ ?11082L 0084933 369 W
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A5V
Vee J
AG-A7 3 P LU 4 PGM DATA
1 ———>» RST EAVpp [¢—— #1275V
1 ———— P36 ALE/PROG J¢—————— 25 100us PULSES TO GROUND
1 ———>» p37 87C528 PSEN [¢— 0
I——T XTAL2 P27 [ 1
4-6MHz T p2g f¢e—— ©
XTAL1 P2.0-P25 [ AB-A13
Vss P34 f——— A4
Figure 13. Programming Configuration
Fﬁ 25 PULSES N
1 il
ALE/PROG: o | | I I | l ........
\ﬁ_#
\ L i
10us MIN 108410 T
1 D
ALE/PROG! 0 l | , |
Figure 14. PROG Waveform
+5V
veel—
AO-A7 P1 PO > PGM DATA
1 —— —» RST EAnpp [ 1
1 ——» P36 ALE/PROG [« — 1
1 —— P37 87C528 PSEN j¢———— 0
i | xmaez P27 f[——— — 0 ENABLE
46MHz (—7 P26« —— o
- /1‘_
L— XTAL1 P20-P25 As-A13
vss P34 [ A4
Figure 15. Program Verification
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS
Tamb = 21°C t0 +27°C, Ve = 5V10%, Vss = OV (See Figure 16)

SYMBOL PARAMETER MIN MAX UNIT
Vpp Programming supply voltage 12.5 13.0 \
lpp Programming supply current 50 mA
1AcLeL Oscillator frequency 4 6 MHz
tavaL Address setup to PROG low 48tcLoL
tGHAX Address hold after PROG 48tcLoL
tovaL Data setup to PROG low 48tcLcL
tgHDX Data hold after PROG 48t oL
tensH P2.7 (ENABLE) high fo Vpp 48tc oL
tsHGL Vpp setup to PROG low 10 us
tGHSL Vpp hold after PROG 10 us
GLGH PROG width 90 110 us
tavav Address to data valid 48toicL
teLaz ENABLE low to data valid 48tcicL
teHQz Data float after ENABLE 0 48ici oL
tGHGL PROG high to PROG low 10 us
PROGRAMMING™ { VERIFICATION*
£1.0-P1.7 ——-—</ ADDRESS ADDRESS )———
P2.0-P24 N /
< tavav
N
e o o p—
N—
—> teHDX
teHAX
ALE/PROG
taHsL
LOGIC 1 LOGIC 1
EANgp
teLav teHQZ
P27
*FOR PROGRAMMING VERIFICATION SEE FIGURE 13
FOR VERIFICATION CONDITIONS SEE FIGURE 15
Figure 16. EPROM Programming and Verification
Purchase of Philips’ I2C components conveys a license under the
Philips’ 12C patent to use the components in the 12C-system
provided the system conforms to the I2C specifications defined by Philips.
A
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