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DESCRIPTION

The 80C652/83C652/87C652 Single-
Chip 8-Bit Microcontrolier is manufac-
tured in an advanced CMOS process
and is a derivative of the 80C51 micro-
controller family. The 80C652/83C652/
B7C652 has the same instruction set as
the 80C51. Three versions of the deriva-
tive exist:

83C652 — 8k bytes mask programmable
ROM

80C652 — ROMIless version
87C652 — EPROM version

This device pravides architectural en-
hancemaents that make it applicable in a
variety of applications for general control
systems. The 8XC652 contains a non-
volatile 8k X 8 read-only program mem-
ory {83C652) EPROM (87C652), a
volatile 256 X 8 read/write data memory,
four 8-bit I/0 ports, two 16-bit timer/ev-
ent counters (identical to the timers of
the 8B0C51), a multi-source, two-priority-
level, nested interrupt structure, an I2C
interface, UART and on-chip oscillator
and timing circuits. For systems that re-
quire extra capability, the 8XC652 can
be expanded using standard TTL com-
patible memories and logic.

The device aiso functions as an arithme-
tic processor having facilities for both
binary and BCD arithmetic plus bit-han-
diing capabilities. The instruction set
consists of over 100 instructions: 49
one-byte, 45 two-byte and 17 three-byte.
With a 12MHz crystal, 58% of the in-
structions are executed in 1us and 40%
in 2us. Muttiply and divide instructions
require 4us.

80C652/83C652/87C652
CMOS single-chip 8-bit

microcontroller

FEATURES
® 80C51 central processing unit

® 8k x 8 ROM expandable
externally ta 64k bytes
(87C652 EPROM is not expandable)

® 256 x 8 RAM, expandable
externally to 64k bytes

® Two standard 16-bit timer/counters
® Four 8-bit /0 ports

® I2C-bus serial I/O port with byte
oriented master and slave functions

® Full-duplex UART facilities

® Power control modes
— ldle mode
— Power-down mode

® Five package styles
® Extended temperature ranges

@ OTP package available
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PIN CONFIGURATION
P10 [1] [40] vee
P1.1[2] 23] Po.orano
P12 [3] 38) Po.1/ADSY
P13 [4] 37) Po2iAD2
P14 [5] 36] Po.3/ADa
P15 [6] [35) Po.4/aD4
Prs[7] [34) Po.s/aDS
P17 8] [33] Po.s/ADS
RsT 9] 32) Po.7:AD7
RxD/P3.0 10} oir [31] Exvep
TxD/Pa 1y [30] ALE/PROG
TNTO/P2.2 12 23] PSER
WP [13] 26] P2.71A15
ToPas 14 27) P2.6/A14
T1Pas [15] 26] P2.5:a13
WRPa.6 [16] 25) P2aiat2
AD/P3.7[17] 24] P23:A11
xtaL2 1} 23] P22/A10
XTAL1 [ig] 22] P2.1ia9
vss [2] 21] P20ias
6 1 M
7 ° 30
Lcc
7 [0 2e
ju) u,j
18 28
6 1 4
7 ={° OF= 20
oFP
17 =0 = 29
8 28

SEE NEXT PAGE FOR QFP AND LCC PIN FUNCTIONS.
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PART NUMBER SELECTION
PHILIPS PHILIPS COMPONENTS-SIGNETICS
TEMPERATURE °C FREQ.
ROMless ROM ROMiess ROM EPROM AND PACKAGE MHz
PCB80CE52P PCB83Ce52P S80C652-1N40 S83C652-1N40 S87C652-1N40 Oto +70, PDIP 12
$87C652-1F40 010 +70, CDIP 12
PCB8OCES2WP PCB83C652WP S80C652-1A44 S83C652-1A44 S87C652-1A44 Oto +70, PLCC 12
S87C652-1K44 010 +70, CLCC 12
PCB80CE52H PCB83C652H S80C652-1844 S$83C652-1B44 01o +70, PQFP 12
PCFB0GC652P PCF83C652P 880C652-2N40 S83C652-2N40 S87C652-2N40 —40to +85, PDIP 12
587C652-2F40 —40 to +85, CDIP 12
PCF80CE52WP PCF83Ce52wWP S80C652-2A44 S83C652-2A44 S87C652-2A44 —40 to +85, PLCC 12
S87C652-2K44 —40 to +85, CLCC 12
PCF80C652H PCF83C652H S80C652-2B44 S83C652-2B44 —40 to +85, PQFP 12
S$87C652-4N40 O1to +70, PDIP 16
S87C652-4F40 0 to +70, CDIP 16
S87C652-4A44 010 +70, PLCC 16
S87C652-4K44 Oto +70, CLCC 16
S87C652-5N40 —40 to +85, PDiP 16
S87C652-5F40 —40 to +85, CDIP 16
587C652-5A44 —40 to +85, PLCC 16
S87C652-5K44 —40 to +85, CLCC 16
PCA80CE52P PCAB3C652P S80CB52-6N40 S83C652-6N40 ~40 to +125, PDIP 12
PCAB0CE52WP PCA83C652WP SB80CE52-6A44 S$83C652-6A44 —40to +125, PLCC 12
PCA80C652H PCA83C652H S80CE52-6B44 S$83C652-6B44 —40 to +125, PQFP 12

LCC AND QFP PIN FUNCTIONS

LOGIC SYMBOL

..
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BLOCK DIAGRAM

FREQUENCY
REFERENCE COUNTERS
—  —
XTAL2  XTALt To T
|[ P l‘ |
!
| OSCILLATOR PROGRAM 0 15. |
| AND MEMORY MEMORY TIMER/EVENT
i TIMING (8K x 8 ROM) (256 x 8 RAM) OUNTERS i
|
: AN AN AN :
! |
! I
! |
: I
| r > S0A| gnagep
! cPU 1°C SERIAL 1O | WITH
| N le—t»scL| PORTY
| |
| |
| |
| |
| INTERNAL { |
i INTERRUPTS N/ N\ 4 |
i |
64K BYTE BUS' |\ PROG SERIAL PORT
! EXPANSION PROGRAMMABLE O FULL DUPLEX UART |
i CONTRTOL |1/ SYNCHRONOUS SHIFT |
! |
! |
L_ _‘ _______________ O I
IRTS  TRTT CONTROL (SERIALIN  SERIAL OUT
[ Anofegf/gﬂ‘\ Bus
SHARED WITH
EXTERNAL
INTERRUPTS PORT3
NOTE:
1. The 87C652 EPROM is not sxpandable.
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PIN DESCRIPTION

MNEMONIC

PIN NO.

oip

Lol
QFP

TYPE

NAME AND FUNCTION

P1.0-P1.7

P16
P17

P2.0-P2.7

P3.0-P3.7

RST

ALE/PROG

EANgs

XTAL1
XTAL2

o~

21-28

10-17

31

19
18

22
44
43-46

24-31

32

35

21
20

o

110

o
o]

[l[e]

-~ 00~——-0-

5

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 1O port. Port 0 pins that have 1s written to them fioat and
can be used as high-impedance inputs. Port Q 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 pull-
ups when emitting 1s. Port O also outputs the code bytes during program verification in the 87C652
External pull-ups are required during program verification

Port 1: Port 1 is an 8-bit bidirectional [/O port with internal 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 internal pull-ups and can be
used as inputs. As inputs, port 1 pins that are externally pulied low will source current because of the
internal pull-ups. (See DC Electrical Characteristics: Ij.). Port 1 also receives the low-order address
byte during program memory verification. Alternate functions include:

SCL: I2C-bus serial port clock line.

SDA: I2C-bus serial port data line.

Port 2: Port 2 is an 8-bit bidirectional 0 port with internal pull-ups. Port 2 pins that have 1s written to
them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 2 pins that are
externally being pulled low will source current because of theinternal pull-ups. (See DC Electrical Char-
acteristics: 1 ). Port 2 emits the high-order address byte during fetches from external program memory
and during accesses to external data memory thatuse 16-bit addresses (MOVX @DPTR). in this apph-
cation, 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 8-bit bidirectional VO 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 Characteris-
tics: I, ). Port 3 also serves the special features of the 80C51 family, as listed below:

RxD (P3.0): Senal input port

TxD (P3.1): Serial output port

TNTO (P3.2): External interrupt

INTT (P3.3): External interrupt

T0 (P3.4): Timer O 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 devica. An
internal diffused resistor 10 Vgg permits a power-on reset using only an external capacitor to Veg.

Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the address during
anaccess 10 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 puise input (PROG) during EPROM
programming.

Program Store Enable: The read strobe to external program memory. When the 87C652 is executing
code from the external program memory, PSEN is activated twice each machine cycle, except that two
PSEN activations are skipped during each access to external data memory. PSEN is notactivated 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 and 1FFFH. IfERis held high,
the device executes from internal program memory uniess the program counter containg an address
greater than 1FFFH. 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.

NOTE:

To avoid "latch-up” effect at power-on, the voltage on any pin at any time must not be higher than Vg + 0.5V or Vg5 — 0.5V, respectively.

September 6, 1990
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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
2.

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.
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 twa machine cycles (24

oscillator periods), while the oscillator is run-
ning. To insure a good power-on reset, the
RST pin must be high long enough to allow
the oscillator time to start up (normally a few
millisaconds) plus two machine cycles. At
power-on, the voltage on Ve and RST must
come up at the same time for a proper start-
up.

IDLE MODE

In the idle mode, the CPU puts itself to sleep
while all of the on-chip peripherals stay ac-
tive. The instruction to invoke the idle mode is
the last instruction executed in the normal
operating mode before the idle mode is acti-
vated. The CPU contents, the on-chip RAM,
and all of the special function registers re-
main intact during this mode. The idle mode

Table 1. External Pin Status During Idle and Power-Down Mode

can be terminated either by any enabled in-
terrupt (at which time the process is picked
up at the interrupt service routine and contin-
ued), or by a hardware reset which starts the
processor in the same manner as a power-on
reset.

POWER-DOWN MODE

in the power-down mode, the oscillator is
stopped and the instruction to invoke power-
down is the last instruction executed. Only
the contents of the on-chip RAM are pre-
served. A hardware reset is the only way to
terminate the power-down mode. the control
bits for the reduced power modes are in the
special function register PCON. Table 1
shows the state of the VO ports during low
current operating modes.

PROGRAM
MODE 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 o] [¢] Data Data Data Data
Power-down External 0 0 Float Data Data Data

Serial Control Register (S1CON) — See Table 2

S1CON {D8H) I cR2 IENS!l STA |SYO ! s l AA | CRi I CMI

Bits CR0O, CR1 and CR2 determine the serial clock frequency that is generated in the master mode of operation.

Table 2. Serial Clock Rates

BIT FREQUENCY (kHz2) AT fosc
CR2' CR1 CRO 6MHz 12MHz 16MHz' fosc DIVIDED BY
0 0 0 23 47 625 2561
0 0 1 27 54 7 224!
0 1 0 31.25 62.5 833 192!
0 1 1 37 75 100 160!
1 0 0 6.25 12.5 17 960
1 0 1 50 100 1332 120
1 1 0 100 2002 2672 60
1 1 1 0.25<31.26 0.5 <625 0.67 <83.3 96 x (256 — (reload value Timer 1))
(Reload value range: 0 — 254 in mode 2)
NOTES:

1. The CR2 control bit is only implemented on the 16MHz version.
2. These frequencies exceed the upper limit of 100kHz of the 12C-bus specification and cannot be used in an 12C-bus application.

September 6, 1990
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ABSOLUTE MAXIMUM RATINGS'" 23

PARAMETER RATING UNIT
Storage temperature range -651t0 +150 °C
Voltage on EANVpp to Vgg (87C652 only) -05t0+ 13 v
Voltage on any other pin to Vss -05t0+65
Input, output current on any single pin 15 mA
Input, output current on any two pins +10 mA
Power dissipation (based on package heat transfer limita- 1 w
tions, not device power consumption)

NOTES:

1. Stresses above those fisted 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.

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 voltages are with respect to Vgg unless otherwise

noted.

September 6, 1930
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DC ELECTRICAL CHARACTERISTICS
Ta=0°%C to +70°C, or T4 = <40°C to +85°C/+125°C, Ve = 5V +10%, Vgg = OV

TEST LIMITS
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
Vee Supply voltage 45 55 \
lce Supply current: See note 1
Active mode See notes 2 and 3 24 mA
See notes 2 and 4 27 mA
Idle mode See notes 3 and 5 5.0 mA
Seenotes4 and 5 6.0 mA
Power-down mode See notes 3, 6, and 7 50 pA
See notes 4,6, and 7 120 pA
Inputs
Vi Input low voltage, except EA,P1.6/SCL, P1.7/SDA -05 0.2Vgc0.1 Vv
Vi Input low voltage 1o EA 05 0.2Vcc—0.3 \
Viz Input low voltage to P1.6/SCL, P1.7/SDA8 -05 15 v
Vin inputhigh voltage, except XTAL1, RST, P1.6/SCL, P1.7/SDA 0.2Vgc+0.9 Vee+0.5 \
Viii Input high voltage, XTAL1, RST 0.7Vee Voe+0.5 \
Vibz Input high voltage, P1.6/SCL, P1.7/SDA® 30 6.0 v
~L Logical 0 input current, ports 1, 2, 3, 4, except Vin =045V 50 pA
P1.6/SCL, P1.7/SDA
= Logical 1-to-0 transition current, ports 1, 2, 3, See note 9 —650 pA
except P1.6/SCL, P1.7/SDA
i) Input leakage current, port 0, ER 0.45V <V < Ve 10 A
thie Input leakage current, P1.6/SCL, P1.7/SDA V<V <6V 10 HA
OV < Ve < 5.5V
Outputs
VoL Outputlow voltage, ports 1, 2, 3, except P1.6/SCL, P1.7/SDA loL = 1.6mA "0 0.45 \
VoLi Output low voltage, port 0, ALE, PSEN loL = 3.2mA0 0.45 "
VoLz Output low voltage, P1.6/SCL, P1.7/SDA loL = 3.0mA 0.4 Vv
Vou Qutput high voltage, ports 1, 2, 3 —lon = 60pA 24 Vv
~lon = 25pA 0.75Vce Vv
—loy = 10gA 0.9Vcc Vv
Vomi Outputnigh voltage {port O in external bus mode, ALE, —on = 400pA 24 v
PSER) on = 150pA 0.75Vce v
—lon = 40pA O.QVCC v
Rast Internal reset pull-down resistor 50 150 kohm
Cio Pin capacitance Test freq = 1MHz, 10 pF
Ta=25°C

NOTES: See next page.
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NOTES FOR DC ELECTRICAL CHARACTERISTICS:

1. See Figures 8 through 11 for Icc test conditions.

. The operating supply current is measured with all output pins disconnected; XTAL1 driven with t, = t; = 10ns; Vj_ = Vgg + 0.5V; Viy = Ve

-0.5V; XTAL2 not connected; EA = RST = Port 0 = P1.6 = P1.7 = Vg, fork = 12MHz. See Figure 8.

. This applies to 0 to 70°C and —40 to +85°C temperature range devices.

. This applies to the —40 to +125°C temperature range device.

. The idle mode supply cumrent is measured with all output pins disconnected; XTAL1 driven with ¢, = t = 10ns; V) = Vgg + 0.5V, Vi = Vo

-0.5V; XTAL2 not connected; ER = Port 0 = P1.6 = P1.7 = V¢ fork = 12MHz. See Figure 9.
. The power-down currant is measured with all output pins disconnected; XTAL2 not connected; EA = Port0 = P1.6 = P1.7 = Vc¢; RST = Vgs.
See Figure 11.

7. 2V < Vpp s Vegmax.

8. The input threshold voltage of P1.6 and P1.7 (SIO1) 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.

9. Pins of ports 1, 2, and 3 source a fransition current when they are being externally driven from 1 to 0. The transition current reaches its max-
imum value when V| is approximately 2V.

10. 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 1-10-0 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. Ig can exceed these conditions provided that no
single output sinks more than 5mA and no more than two outputs exceed the test conditions.

11. Capacitive loading on ports 0 and 2 may cause the Vo, on ALE and PSEN to momentarily fall below the 0.9V specification when the ad-
dress bits are stabilizing.

(L A [

(2]
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AC ELECTRICAL CHARACTERISTICS
Ta = 0°C 10 +70°C, or Ty = —40°C to +85°C/+125°C, Ve = 5V £10%, Vgg = OV'-2
12MHz CLOCK VARIABLE CLOCK
SYMBOL | FIGURE PARAMETER MIN | MAX MIN MAX UNIT

MereL 1 Oscillator frequency ’ 1.2 16 MHz
YL 1 ALE pulse width 127 2tcLc 40 ns
tavLL 1 Address valid to ALE low 28 teLel—55 ns
tLax 1 Address hold after ALE low 48 teLc 35 ns
iy 1 ALE low to valid instruction in 233 At o -100 ns
tPL 1 ALE low to PSEN low 43 toLcL—40 ns
teLPH 1 PSEN pulse width 205 3tc o145 ns
oLy 1 PSEN low to valid instruction in 145 3toL e ~105 ns
tpxix 1 Input instruction hold after PSEN 1] 0 ns
trxiz 1 Input instruction fioat after PSEN 59 toLcL—-25 ns
taviv 1 Address to valid instruction in 312 Ste o —105 ns
toLAZ 1 PSEN low to address fioat 10 10 ns
Data Memory
tavie 2,3 Address valid to ALE low 48 toLoL 3% ns
tALRH 2,3 RD pulse width 400 Bio e —100 ns
twwn 2,3 WR pulse width 400 6o L —100 ns
taLDV 2,3 RD low to valid data in 252 StorcL—165 ns
1RHDX 2,3 Data hold after RD 0 0 ns
tRHDZ 2,3 Data float after RD 97 2g1c-70 ns
oV 2,3 ALE low to valid data in 517 Bt o —-150 ns
tavpy 2,3 Address to valid data in 585 Ote o —165 ns
tuwe 2,3 | ALE low to RD or WH low 200 | 300 3tc cL-50 3tercr +50 ns
tavwL 2,3 Address valid to WH low or RD low 203 4tc ¢ -130 ns
tovwx 2,3 Data valid to WR transition 23 tcLcL-60 ns
tow 2,3 Data setup time before WH 433 TeLct—150 ns
twHox 2.3 Data hold after WH 33 toLcL—50 ns
tALAZ 2,3 RD low to address float 0 0 ns
tWHLH 2,3 RD or WR high to ALE high 43 123 teicL—40 toLcL+40 ns
Shift Register?
taxe 4 Serial port clock cycle time* 10 12tce ns
ayxH 4 Output data setup to clock rising edge* 700 10toLcL 133 ns
tHax 4 Output data hold after clock rising edge? 50 2teLo—117 ns
tXHDX 4 Input data hold after clock rising edge* 0 0 ns
txHDv 4 Clock rising edge to input data valid* 700 10t o -133 ns
External Clock
tcHex 5 High time* 20 20 oo - liow ns
teLex 5 Low time? 20 20 torcl - tHiGH ns
tcLcH 5 Rise time* 20 20 ns
tCHoL 5 Fall time* 20 20 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.
3. The shift register has been characterized for the 87C652 only.
4. These values are characterized but not 100% production tested.

September 6, 1990
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EXPLANATION OF THE AC SYMBOLS
Each iming symbol has five characters. The

P - PSEN
first character is Q - Output data

always 't' (= ime). The other characters, depending on their R — RD signal
positions, indicate the name of a signal or the logical status t — Time

of that signal. The designations are:

A - Address

C - Clock

D —~ Inputdata

H - Logic level high

| - Instruction (program memory contents)
L — Logic level low, or ALE

V - Valid

W - WH signal

X — No longer a valid logic level
Z ~ Float

Examples: tayi( = Time for address valid to ALE low.
tupL = Time for ALE low to PSEN low.

ALE

iy —™

tavue

PORT2

—/
rore >
X

Figure 1. External Program Memory Read Cycle

[e— tWHLH
_/ u
tLov
— tLw taLRH
RO
¥
\\ /]
tavie - ‘l tuax [*— trov —> trHpz
> trHDX —> I‘—
taLaz % HOX \
PORTO >—<\mou‘ O DPL (\ DATAIN ’)< AO-A7 FROM PCL INSTRIN
tavwe
tavov >
/
PORT 2 >< P2.0-P2.7 OR AB-A15 FROM DPF AD-A1S FROM PCH
N

Figure 2. External Data Memory Read Cycle
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ALE
/ N
[ twhL

=/ )

[ tuw twiwn >
WH L
A\ /)
lLl.Ax
v tavwx > twHax
tow
Y A0-A7
PORT 0 >—<\Fnou 1 OR DPL DATA OUT X >< AO-A7 FROM PCL INSTRIN
tavwi >
e
PORT 2 ><r\ P2.0-P2.7 OR AB-A15 FROM DPF >< AD-A15 FROM PCH
Figure 3. External Data Memory Write Cycle
INSTRUCTION | 0 | f | 2 | 3 | N | 5 | 5 | 7 | 8 |

ALE

]tlnn‘-l
o LML L e e rerer

- "l"*xuox

N X XXX XXX

INPUT DATA oy I‘_-| —>{ |$ o ser'n
4

CLEARRI

OUTPUT DATA

SETRI

Figure 4. Shift Register Mode Timing
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Vco0§ - - - -
045V

Figure 5. External Clock Drive

September 6, 1990

Veg-0.5
e 0.2V c+0.9 VLOAD+0.1V - TIMING /, Vor-0.1Y
VLOAD' REFERENCE
oasv 0.2Vee-0.1 VLoAD-0.1V POINTS VoLs0.V
NOTE: NOTE:
! 5 F " a5V FOR TIMING PURPOSES, A PORT IS NO LONGER FLOATING WHEN A 100MY
Ao B T e e e | | R R L
: H 100mV CHANGE FROM THE LOADED VopVop LEVEL OCCURS. lowioL 2 +
AND V| MAX FOR A LOGIC ‘0", 20mA.
Figure 6. AC Testing Input/Output Figure 7. Float Waveform
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Figure 8. Icc Test Condition, Active Mode
All other pins are disconnected
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S
cc
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cLoCK SIGNAL— | xTAL1
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Figure 9. I Test Condition, idle Mode
All othet pins are disconnected

Vee05 - - - -
045V

Figure 10. Clock Signal Waveform for I Tests in Active and Idle Modes
toien = tenc, = 10ns

{NC)

Vee

<
18

P18 A .
P17

Tl

Figure 11. icc Test Condition, Power Down Mode
All other pins are disconnected. Ve = 2V to 5.5V

* NOTE:

Ports 1.6 end 1.7 shoukd be connectad to Vi through resistors of sufficiently high vaiue such
that the sink current into these pine does 1ol sxceed the i) 1 specification.

Seplember 6, 1990

394



Philips Components-Signetics Application Specific Product

Product specification

CMOS single-chip 8-bit microcontroller

80C652/83C652/87C652

EPROM CHARACTERISTICS

The B7C652 is programmed by using a modi-
fied Quick-Puise 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 87C652 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
87C652 manufactured by Philips Compo-
nents.

Table 3 shows the logic levels for reading the
signature byte, and for programming the pro-
gram memary, the encryption table, and the
lock bits. The circuit configuration and wave-
torms for quick-pulse programming are
shown in Figures 12 and 13. Figure 14 shows
the circuit configuration for normal program
memory verification.

Quick-Pulse Programming

The setup for microcontroller quick-pulse pro-
gramming is shown in Figure 12. Note that
the 87C652 is running with a 4 to 6MHz oscil-
lator. 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 and 2, as
shown in Figure 12. The code byte to be pro-
grammed into that location is applied to port
0. RST, PSEN and pins of ports 2 and 3 spe-
cified in Table 3 are held at the ‘Program
Code Data’ levels indicated in Table 3. The
ALE/PROG is pulsed low 25 times as shown
in Figure 13.

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 produca 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 voitage can cause permanent
damage to the device The Vpp source
should be well regulated and free of glitches
and overshoot.

Program Verification

Iflock 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 14. The
other pins are held at the 'Verify 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 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 1o cor-
rectly decode the verification data. The en-
cryption table itself cannot be read out.

Table 3. EPROM Programming Modes

Reading the Signature Bytes

The signature bytes are read by the same

procedure as a normal verification of loca-

tions 030H and 03tH, except that P3.6 and

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

ues are:

(030H) = 5H indicates manufactured by
Philips

(031H) = 99H indicates B7C652

Program/Verify Algorithms

Any algorithm in agreement with the condi-
tions listed in Table 3, 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 tem-
perature or environments where solvents are
being used, apply Kapton tape Fluorglas part
number 2345-5, or equivalent.

The recommended erasure procedure is ex-
posure to ultravioiet light (at 2537 angstroms)
to an integrated dose of at least 15W-sec/
cm2 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.

MODE RST PSEN ALE/PROG EANVpp P2.7 P2.6 P3.7 P3.6
Read signature 1 0 1 1 0 0 0 0
Program code data 1 0 0 Vpp 1 0 1 1
Verify code data 1 0 t 1 0 [+} 1 1
Pgm encryption table 1 0 0" Vpp 1 0 1 0
Pgm lock bit 1 1 0 0* Vep 1 1 1
Pgm lock bit 2 1 [ 0 Vpp 1 1 0 0
NOTES:

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

2. Vpp = 12.75V 10.25V.

3. Vg = 5V+10% during programming and verification.
*ALE/PROG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100us (+10ps) and high for a

minimum of 10ps.

~Trademark phrase of intel Corporation.
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Vee
AC-A7 Am Po PGM DATA
1 RST EAvpp 1275V
1 P3s ALEFHOUG ¢ 25 100us PULSES TO GROUND
1 7 87Ces2 PSEN [&——— 0
XTAL2 P27 fe———— 1
41 L
e 3 ps [€ 0
T ATALY P2.o-p24 K AB-A12
Vss

Figure 12. Programming Configuration

ALE/PROG: o n n

Figure 13. PROG Waveform

5V
Vee
AD-A7 ) I3 Po PGM DATA
1 ———» RsT EAVpy f¢—— 1
T | R ALEPHOG fe——— 1
1 ——» P37 87C652 PSEN [¢e———— O
XTAL2 P27 je——— o ERABLE
—
oMz ) P26 °
XTAL$ P2.0-P2.4 \l_’ AB-A12
Vss

Figure 14. Program Verification
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EPROM PROGRAMMING AND YERIFICATION CHARACTERISTICS
Ta = 21°C to +27°C, Ve = 5V110%, Vg = OV (See Figure 15)
SYMBOL PARAMETER MIN MAX UNIT
Vep Programming supply voltage 125 13.0 v
lpp Programming supply current 50 mA
1oLce Oscillator frequency 4 6 MHz
tavat Address setup 1o PROG low 48lcicL
tgHax Address hold after PRDG 48tc1 01
tovaL Data setup to PROG low 48icicL
tGHDX Data hold after PROG 48tcicL
teHsH p2.7 (ENABLE) high to Vpp 48icLcL
tsHGL Vep setup to PROG low 10 us
tGHSL Vpp hold after PROG 10 us
taigH PROG width 90 110 nus
tavav Address to data valid P
teLaz ENABLE low fo data valid 48tcicL
tenaz Data float after ENABLE 0 4Bt
GHGL PRGG high to PROG low 10 us
PROGRAMMING* VERIFICATION"*
P1.0-P1.7 ADDRESS ADDRESS >_—
P2.0-P23
F‘" tavav
PORT 0 ( DATAQUT D
tGHDX
toHAX
ALE/PACG
tgHsL
LOGIC 1 LoGIC 1
EANp
teLov tenaz
P27
*FOR PROGRAMMING VERIFICATION SEE FIGURE 12.
FOR VERIFICATION CONDITIONS SEE FIGURE 14.
Figure 15. EPROM Programming and Verification
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