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CMOS single-chip 8-bit microcontroller

DESCRIPTION

The 80C652/83C652/87C652 Single-Chip
8-Bit Microcontroller is manufactured in an
advanced CMOS process and is a derivative
of the 80C51 microcontroller family. The
80C652/83C652/87C652 has the same
instruction set as the 80C51. Three versions
of the derivative exist:

83C652 — 8K bytes mask programmable
ROM

80C652 — ROMless version
87C652 — EPROM version

This device provides architectural
enhancements that make it applicable in a

FEATURES
©® 80C51 central processing unit

® 8k x 8 ROM expandable extemally to
64k bytes (870652 EPROM is not
expandable)

80C652/83C652/87C652

T-49-19-0%

PIN CONFIGURATION

PO E
P11 [2]
P12 3]
P13 [4]
P14 [5]
P15 [6]

SCLP1e [7]
spaPtLT 8]
RsT [3]

RxDP3.0[10

variety of applications for general control 256 x 8 RAM, expandable externally to
systems, The 8XC652 contains a non-volatile 64k bytes ® v Twoip3.1 i3] ALEFROG
8k x 8 read-only program mem-ory (83C652) TNTO/Pa.2 [12) PSEN

EPROM (87C652), a volatile 256 x 8
read/writo data memory, four 8-bit /O ports,

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

TIP3 [13) P27/A15

o iy P2.6/A14
two 16-bit timer/event counters (identical to ® [2C-bus serial 1O port with byte oriented To34 [14
the timers of the 80C51), a multi-source, master and slave functions TUP3.S [ig] P2.5A13

two-piiotity-level, nested interrupt structure, WHPa
an Iepghtgﬂace. UART and on—ghip oscillator @ Full-duplex UART facilities s[re FRANE
and timing circuits, For systems that require @ Power control modes wDrPa7 17 P2.3/A1Y

oxtra capability, the 8XC652 can be ~ Idle mode XTAL2 [18) P2.2A10
expanc!ed using st'andard TTL compatible — Power-down mode xtaLt [ P2.1A8
memories and logic.

® ROM code protection vss [ P2.0/A8

The device also functions as an arithmetic
processor having facilities for both binary and
BCD arithmetic plus bit-handling capabilities.
The instruction set consists of over 100
instructions: 49 one-byte, 45 two-byte and 17

® Five package styles
@ Extended temperature ranges
® OTP package available

three-byte. With a 16MHz crystal, 58% of the  ® Three speed ranges
instructions are executed in 0.75s and 40% - 16MHz : LH-
in 1.5ps. Multiply and divide instructions — 20MHz (87C652 only) o
require 3ys. — 24MHz (80C652/83C652 only) ’ 130
Lee
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VeeVss 7 (20
AL
RST —» <«—>] a 18 28
wmu—t T3 3| 3
xma<— (T o3| 2@
B
ViR —> | ep- Eep EE
FSER«—| |« Q¢ S8
> <> <
PHOWALE <— | <«
<> [<—>]
3 |
B2 |ed || -
AP >k
G551 [ 8
n R < f€—>
= > > scL
<> 2| SDA
mo— [
TxD¢— H‘ > N:: g
INTO—>] = @
IR(— g
To— (&> >
T —> [«> > 8 12 22
WRe—| [ —» 2
AD<—]| [«
— SEE PAGE 524 FOR QFP AND LGG PIN FUNCTIONS.
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CMOS single-chip 8-bit microcontroller 80C652/83C652/87C652
T-49-19-08
PART NUMBER SELECTION
PHILIPS PART ORDER NUMBER SIGNETICS PART TEMPERATURE
PART MARKING ORDER NUMBER (°C)
ROMIess ROM* ROMless ROM EPROM AND PACKAGE FREQUENCY
PBOC652FBP P83C652FBP/xxx | S80C652-4N40 | S83C652-4N40 | S87C652-4N40 0 to +70, plastic DIP 16MHz
S87652-4F40 | oo OB 16MHz
P80C652FBA P83C652FBA/xxx | S80C652-4A44 | S83C652-4A44 | S87C652-4A44 0 to +70, plastic PLCC 16MHz
O to +70,
S87C652-4K44 | coramic GLGC with window | 16MHZ
P80C652FBB P83C652FBB/xxx | S80C652-4B44 | S83C652-4B44 | S87C652-4B44 0 to +70, plastic QFP 16MHz
P80CB52FFP P83CE52FFP/xxx | S80C652-5N40 | S83C652-5N40 | S87C652-5N40 —40 to +85, plastic DIP 16MHz
S87C652.6F40 [ oo A0 NS, oW 16MHz
P80OC6E52FFA P83C652FFA/xxx | S80C652-5A44 | SB3CE52-5A44 | S87C652-5A44 —40 to +85, plastic PLCC jGMHz
—40 to +85,
S87C652-5K44 | coramic GLCG with window |  T6MHZ
P80C652FFB PB3C652FFB/xxx | S80C652-5B44 | S83C652-5B44 | S87C652-5B44 —40 to +85, plastic QFP 16MHz
PBOC652FHP P83C652FHP/xxx | SBOC652-6N40 | S83C652-6N40 -40 to +125, plastic DIP 16MHz
P80C652FHA P83C652FHA/xxx | S80C652-6A44 | S83C652-6A44 —40 to +125, plastic PLCC 16MHz
P80C652FHB PB3C652FHB/xxx | S80C652-6B44 | S83C652-6B44 —40 to +125, plastic QFP 16MHz
S87C652-7N40 0 to +70, plastic DIP 20MHz
S87CE5RTFA0 | oo G o 20MHz
S87C652-7A44 0 to +70, plastic PLCC 20MHz
0 to +70,
887C652-7TK4 | coramic CLCC with window | 20MHZz
§87C652-7B44 0 to +70, plastic QFP 20MHz
§87C652-8N40 —40 to +85, plastic DIP 20MHz
S870652-8F40 | o AOL4ES. 20MHz
S87C652-8A44 —40 to +85, plastic PLCC 20MHz
—40 to +85,
887C652-8K44 ceramic CLCC with window 20MHz
$87C652-8B44 —40 to +85, plastic QFP 20MHz
PB0OCE52IBP P83C652IBP/xxx | SB0C652-AN40 | S83C652-AN40 0 to +70, plastic DIP 24MHz
P80C652IBA P83CB52IBA/xxx | S80C652-AA44 | S83C652-AA44 0 to +70, plastic PLCC 24MHz
P80C652(BB P83C652IBB/xxx | S80C652-AB44 | S83C652-AB44 0 to +70, plastic QFP 24MHz
P80CB52IFP PB3ICE52IFP/xxx | SBOC652-BN40 | S83C652-BN40 —40 to +85, plastic DIP 24MHz
P80C652IFA PB83C652IFA/xxx | SB0C652-BA44 | S83C652-BA44 ~40 to +85, plastic PLGC 24MHz
P80C852IFB P83CE52IFB/xxx | SBOC652-BB44 | S83C652-BB44 -40 1o +85, plastic QFP 24MHz
NOTES:
1. 80C652 and 83C652 frequency range is 1.2MHz—-16MHz.
2, 87C652 frequency range is 3.5MHz—16MHz or 3.5MHz—20MHz.
3. The 87C652 EPROM is not expandable,
4. xxx denotes the ROM code number.
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Philips Semiconductors Microcontroller Products Product specification

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

T=49-19-08
LCC PIN FUNCTIONS QFP PIN FUNCTIONS
[ 1 )
Il
7 ° [J30
Lee
” [ 120
Lt LI
18 2
Pin  Function Pin  Functlon Pin  Function Pin  Function
1 NG 23 NC 1 P15 23 P2§AI3
2 PO 24 P2.0/AB 2 PL&/SCL 24 P2.6/AI4
3 P11 2 P2.4/A9 3 P1ZSDA % P27IAI5
4 P12 26 P22/A10 4 RST 2% PFSEN
5  Pi3 27 P2.3AN 5  P3.ORXD 27  ALEFROG
6 Pl4 28 P24/A12 6 NC 8 NG
7 P15 20 P25At3 7 P34MD 2 EAvpp
8  P1e/SCL 30 P2g/Al4 8  P32NTO 0 POJADY
9  P1.7/SDA a1 P2.7/A15 9  P3MNTT 31 P0.6/ADG
0 BRST 32 PSEN 10 P34T0 32  PO.S/ADS
1 PaORxD 33 ALEFROG N P3ETI 33 POA/AD4
12 NC 4  Nc 12 PasWH 34 PO.YAD3
13 P3.4/MD 35 EAVpp 13 PATRD 35  PO.2/AD2
14 PIZINTO % PO.7IAD? 14 XTAL2 % PO.1/AD1
16 PAAINTT 37 PO.6/ADG 15 XTALI 37 PO.VADO
16 P34/TO 38 PO.S/ADS 16 vgg B veo
17 P3&TI 30  PO4/AD4 17 NC 3\ NC
18 PI&WR 40 PO.S/AD3 18 P2oAS 0 PO
19 P3.7/AD 41 PO.2AD2 19 P21/A9 4 P
20  XTAL2 42 PO./AD1 20  P2aAl0 2 P2
21 XTAl 4 PO.OADO 21 P23AH 43 P13
2 Vg 4 Voo 2  P24AR2 “ P14
NOTES TO QFP ONLY:

1. Due to EMC improvements, it is advised
to connect pins 6, 28, 39 to Vgs on the
80C652/83C652.
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Philips Semiconductors Microcontroller Products Product specification

CMOS single-chip 8-bit microcontroller 80C652/83C652/87C652
T-49-19-08 ——

BLOCK DIAGRAM
FREQUENCY
REFERENCE COUNTERS
b
XTAL2  XTALI To T
h

1 ‘1 ________________________ P _ —J: ___________ |
l |
| OSCILLATOR PROGRAM DATA T™WO |
I AND MEMORY MEMORY. TIMER/EVENT
I TIMNG (8K x8 ROM) (256 x 8 RAM) COUNTERS |

|
| AN AN AN !
! |
! |
I I
! |
: N > SDA{ guanep

cPU I:C SERIAL 1O | WITH
[ V] L »scL| PORTY
I |
| I
] |
! ]
| INTERNAL |
| INTERRUPTS N/ N/ N/ I
| |
64K BYTE nus1 PROG SERIAL PORT
| EXPANSION PROGRAMMABLE 1O ey X DaaT |
| CONTRTOL SYNCHRONOUS SHIFT| |
| |
| |
I I R B R A e A A N O I N Y P |
INT6  INTT CONTROL ELPORYS, SERALIN  SERIAL our
I Aonnsssmn.\ aus
EXTERNAL SHARED witH
INTERRUPTS PORT
KOTE:
1. The 87C652 EPROM Is ot expandabia,
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CMQOS single-chip 8-bit microcontroller 80C652/83C652/87C652
T=49-19-08
PIN DESCRIPTION
PIN NO.

MNEMONIC| DIP | LCC | QFP |TYPE NAME AND FUNCTION

Vss 20 22 16 | Ground; OV reference.

Vee 40 44 38 | Power Supply: This is the power supply voltage for normal, idle, and power-down operation.

P0.0-0.7 39-32 | 43-36 | 37-30 | 1O | Port0: Port 0 is an open-drain, bidirectional /O port. Port O pins that have 1s written to them
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order
address and data bus during accesses to external program and data memory. In this
application, it uses strong intemal pull-ups when emitting 1s. Port 0 also outputs the code
bytes during program verification in the 87C652. External pull-ups are required during

program verification,
P1.0-P1.7 1-8 2-9 |40-44,| IO |Port1:Port 1is an 8-bit bidirectional /O port with internal pull-ups, except P1.6 and P1.7
1-3 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 extemnally pulled low will
source current because of the internal pull-ups. (See DC Electrical Characteristics: Iy ).
Port 1 also receives the low-order address byte during program memory verification.
Alternate functions include:

P1.6 7 8 2 1O | SCL: I2C-bus serial port clock line.

P17 8 9 3 /O | SDA: I°C-bus serial port data line.

P2.0-P2.7 |21-28 | 24-31 | 18-25 | /O | Port2: Port 2 s an 8-bit bidirectional I/O 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 the internal
pull-ups. (See DG Electrical Characteristics: j.). Port 2 emits the high-order address byte
during fetches from external program memory and during accesses to external data memory
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal
pull-ups when emitting 1s. During accesses to external data memoty that use 8-bit
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register.

P3.0-P3.7 [10-17 | 11, 5, /0 | Port 3: Port 3 is an 8-bit bidirectional /O port with internal pull-ups. Port 3 pins that have 1s
13-19 | 7-183 written to them are pulled high by the intermal pull-ups and can be used as inputs. As inputs,
port 3 pins that are externally being pulled low will source current because of the pull-ups.
(See DC Electrical Characteristics: Iy ). Port 3 also serves the special features of the 80C51
family, as listed below:

10 11 5 | RxD (P3.0): Serial input port

11 13 7 O | TxD (P3.1): Serial output port

12 14 8 | | INTO (P3.2): External interrupt

13 18 9 | | INTT (P3.3): External interrupt

14 16 10 | TO (P3.4): Timer 0 extemnal input

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

16 18 12 O | WH (P3.6): External data memory write strobe

17 19 13 O | RD({P3.7): External data memory read strobe
|

RST 9 10 4 Reset: A high on this pin for two machine cycles while the oscillator is running, resets the
device. An internal diffused resistor to Vg 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 an access to external memory. In normal operation, ALE is emitted at a
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 pinis
also the program pulse input (PROG) during EPROM programming.

PSEN 29 32 26 O | 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 not activated during fetches from internal program memory.

EANpp 31 a5 29 | External Access Enable/Programming Supply Voltage: EA must be externally held low to
enable the device to fetch code from external program memoty locations 0000H and 1FFFH.
It EA is held high, the device executes from internal program memory unless the program
counter contains an address greater than 1FFFH. This pin also receives the 12.75V
programming supply voltage (Vpp)} during EPROM programming.

ALEFFROG | 30 33 27

5

XTAL1 19 21 15 I Crystal 1: Input to the inverting oscillator amplifier and input to the intemal clock generator
circuits.
XTAL2 18 20 14 O | 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 Veg + 0.5V or Vg — 0.5V, respectively.
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Product specification

CMOS single-chip 8-bit microcontrolier

ROM CODE PROTECTION
(83C652)

The 83C652 has an additional security
feature. ROM code protection may be
selected by setting a mask programmable
security bit (i.e., user dependent), This
feature may be requested during ROM code
submission. When selected, the ROM code is
protected and cannot be read out at any time
by any test mode or by any instruction in the
external program memory space.

The MOVC instructions are the only
instructions that have access to program
code in the internal or external program
memoxy. The EX input is latched during
RESET and is "don’t care® after RESET, This
implementation prevents reading internal
program code by switching from external
program memory to internal program memory
during a MOVC instruction or any other
instruction that uses immediate data.

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 522.

To drive the device from an external clock
source, XTAL1 should be driven while XTAL2
is left unconnected. There are no
requirements on the duty cycle of the external
clock signal, bacause the input to the intemal
clock circuitry is through a divide-by-two
flip-flop. However, minimum and maximum
high and low times specified in the data sheet
must be observed.

RESET

A reset is accomplished by holding the RST
pin high for at least two machine cycles (24
oscillator periods), while the oscillator is
running. To insure a good power-on 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-on, the voltage on V¢g and RST must
come up at the same time for a proper
start-up.

80C652/83C652/87C652
T=49-19-08 ——

IDLE MODE

In the idle mode, the CPU puts itself to sleep
while all of the on-chip peripherals stay
active. The instruction to invoke the idle
mode is the last instruction executed in the
normal operating mode before the 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 is picked
up at the interrupt service routine and
continued), or by a hardware reset which
starts the processor in the same manner as a
power-on reset.

POWER-DOWN MODE

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

Table 1.  External Pin Status During !dle and Power-Down Mode
PROGRAM
MODE MEMORY ALE PSEN PORT 0 PORT 1 PORT 2 PORT 3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data
Serlal Control Register (S1CON) — See Table 2
S1CON (D8H) [ cr2 IENS1| STA l s10 | s [m | ch I cno]
Bits CRO, CR1 and CR2 determine the serial clock frequency that Is generated in the mode of operatl
Table 2.  Serial Clock Rates
BIT FREQUENCY (kHz) AT fosc
CR2 CR1 CRO 6MHz 12MHz 16MHz 24MHz fosc DIVIDED BY
0 0 0 23 47 625 94 256
0 0 1 27 54 71 107! 224
] 1 0 31.25 62.5 83.3 1251 192
0 1 1 37 75 100 150! 160
1 0 0 6.25 12,56 17 25 960
1 0 1 50 100 1331 200! 120
1 1 0 100 2001 2671 4001 60
1 1 1 >025<625 | >05<625 >0.67 <56 >0.98 <50 96 x (256 — (reload value Timer 1))
{Reload value range: 0 — 254 in mode 2)
NOTES:

1. These frequencies exceed the upper limit of 100kHz of the I2C-bus specification and cannot be used in an I2G-bus application.

February 5, 1992
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CMOS single-chip 8-bit microcontroller 80C652/83C652/87C652

T=49-19-08 -

ABSOLUTE MAXIMUM RATINGS 2.3

PARAMETER RATING UNIT

Storage temperature range -85 to +150 °C
Voltage on EA/Vpp to Vgg (87C652 only) -05to +13 Vv
Voltage on any other pin to Vsg -051t0+6.5 \
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 1 w
limitations, not device power consumption)

NOTES:

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at
these ar 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, itis 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.

DEVICE SPECIFICATIONS
SUPPLY VOLTAGE FREQUENCY
(MHz) TEMPERATURE
TYPE MIN. MAX. MIN. MAX. (°C)
P83(0)C652FB 40 6.0 1.2 16 0to +70
$87C652-4 45 55 35 16 010 +70
P83(0)CE52FF 40 6.0 1.2 16 —40 to +85
$87C652-5 45 55 as 16 —4010 +85
P83(0)C652FH 45 55 1.2 16 —40to +125
$87C852-7 45 58 a5 20 0to +70
$87C652-8 45 55 35 20 —40 10 +85
P83(0)C6521B 45 55 1.2 24 0t0+70
P83(0)C652IF 45 56 12 24 —40 to +85
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CMOS single-chip 8-bit microcontroller 80C652/83C652/87C652
A )
T-49-19-08
DC ELECTRICAL CHARACTERISTICS
Vgs =0V
TEST LIMITS
SYMBOL PARAMETER PART TYPE CONDITIONS MIN. MAX. UNIT
Vi Input low voltage, 0°C to +70°C -0.5 0.2Vec - 0.1 v
except EA, P1.6/SCL, P1.7/SDA —40°C to +85°C ~0.5 0.2Vec—0.15 v
—40°C to +125°C -0.5 0.2Vgc - 0.25 \
Vit Input low voltage to EA 0°C 10 +70°C 0.5 0.2Vec—~0.3 Vi
—40°C to +85°C -0.5 0.2Vge ~0.35 v
~40°C to +125°C 0.5 0.2V¢e —0.45 v
Viee Input low voltage to P1.6/SCL, P1.7/SDA® -0.5 1.5 v
Vi Input high voltage, except XTAL1, RST, 0°C to +70°C 0.2Vee + 0.9 Veo + 0.5 Vv
P1.6/SCL, P1.7/SDA —40°C to +85°C 0.2V + 1.0 Ve + 0.5 \d
—40°C to +125°C 0.2Vee + 1.0 Voo +0.5 Vv
Vi Input high voltage, XTAL1, RST 0°C to +70°C 0.7Veo Voo + 0.5 Vv
~40°C to +85°C 0.7Vce + 0.1 Vee +0.5 \i
—40°C to +125°C 0.7Vcee + 0.1 Vee +0.5 )
Viz Input high voltage, P1.6/SCL, P1.7/SDAS 3.0 6.0 v
Vou Output low voltage, poris 1, 2, 3, loL = 1.6mA® 0.45 \Y
except P1.6/SCL, P1.7/SDA
Vot Output low voltage, port 0, ALE, PSEN lor. = 3.2mA8 0.45 v
Voo Output low voltage, P1.6/SCL, P1.7/SDA lor, =3.0mA 04 v
Vo Qutput high voltage, ports 1,2, 3 lon =—60pA 2.4 \
lok =—25)A 0.75Vce v
lon =—10pA 0.9V A
Vot Output high voltage, Port 0 in external bus loy =-400pA 24 \
mode, ALE, PSEN, RST® lon =—150pA 0.75V¢e v
Ton = —40pA 09Vee . v
I, Logical 0 input current, ports 1, 2, 3, except | 0°C to +70°C V)N = 0.45V -50 pA
P1.6/SCL, P1.7/SDA —40°C to +85°C -75 jiry
—40°C to +125°C -75 pA
In Logical 1-to-0 transition current, ports 1, 2, 0°C to +70°C See Note 7 -850 HA
3, except P1.6/SCL, P1.7/SDA —40°C to +85°C -750 pA
—40°C to +125°C -750 pPA
Iy Input leakage current, port 0 0.45 < Vj< Voo +10 pA
2 Input leakage current, P1.6/SCL, P1.7/SDA oV < V; < 6.0V +10 pA
0V < Ve < 6.0V A
lec Power supply current: See Note 1
Active mode @ 16MHz (80/83C652) 2 10 Ve = 6.0V 265 mA
Active mode @ 16MHz (87G652) 2 25 mA
Idle mode @ 16MHz (80/83C652) 3: 10 [ mA
Idle mode @ 16MHz (87C652) 3 6 mA
Power down mode 45 50 pA
Power down mode 45 —40°C to +125°C 100 pA
Rpst Internal reset pufl-down resistor 50 150 kQ
Cio Pin Capacitance Freq. = 1MHz 10 pF
NOTES: See next page.
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CMOS single-chip 8-bit microcontroller 80C652/83C652/87C652
T=49-19-08

NOTES FOR DC ELECTRICAL CHARACTERISTICS:

1. See Figures 10 through 13 for log test conditions.

2. The operating supply current is measured with all output pins disconnected; XTAL1 driven with t; = t = 10ns; V)= Yss + 0.5V; Viy = Vo
~0.5V; XTAL2 not connected; EA = RST = Port 0 = P1.6 = P1.7 = Veg; fork = 16MHz, See Figure 10,

3. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with f, = & = 10ns; V)= Vgg + 0.5V, Vy = Voo
~0.6V; XTAL2 not connected; Port 0 = P1.6 = P1.7 = Vo) EA = RST = Vss; foLk = 16MHz, See Figure 11,

4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = P1.6 = P1.7 = V¢o; EA = RST = Vgs.
See Figure 13.

8. 2V < Vpp < Veomax.

6, 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.

7. Pins of ports 1, 2, and 3 source a transition cutrent when they are being externally driven from 1 to 0. The transition current reaches its
maximum value when Vy is approximately 2V,

8. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the Vo 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-t0-0 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. I can exceed these conditions provided that no
single output sinks more than 5mA and no more than two outputs exceed the test conditions.

9. 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
address bits are stabilizing.

10. Iccmax for the 80/83C652 at other frequencies can be derived from Figure 1, where FREQ is the external oscillator frequency in MHz.
lcomax is given in mA.

40
)
1 MAXIMUM OPERATING MODE: Vg = MAX
/ -
Ico(ma) 20 //
1
/ d
1

10 "

1

MAXIMUM IDLE MODE: Ve = MAX
___-,_-—-l—

e ———]

[
° 4 8 12 16
fXvaL1 (MHz)
VALID ONLY WITHIN FREQUENCY SPECIFICATIONS OF DEVICE UNDER TEST,
Figure 1. I vs. Frequency
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LT T
1=49-19-08

AC ELECTRICAL CHARACTERISTICS
Tamb = 0°C 10 +70°C, OF Ta, = —40°C to +85°C/+125°C, Vgg = OV1:2

16MHz CLOCK VARIABLE CLOCK
SYMBOL | FIGURE PARAMETER MIN MAX MIN MAX UNIT
ifcLeL 2 Oscillator frequency 1.2(3.5) 16 MHz
te 2 ALE pulse width 85 2tcLoL—40 ns
taviL 2 Address valid to ALE low 8 tcro -85 ns
toax 2 Address hold after ALE low 28 torci—85 ns
tw 2 ALE low to valid instruction in 150 416, —100 ns
tupt 2 ALE low to PSEN low 23 terci—40 ns
fpLpy 2 PSEN pulse width 143 BtoLci—45 ns
taLy 2 PSEN low to valid instruction in 83 3toLci—105 ns
tpxix 2 | Input instruction hold after PSEN 0 0 ns
toxiz 2 Input instruction float after PSEN 38 toLoL—25 " ns
tavy 2 Address to valid instruction in 208 Storc—105 ns
to1az. 2 PSEN low to address float 10 10 ns
Data Memory
taviL 3,4 Address valid o ALE low 28 toro~35 ns
tRLAH 3,4 RD puise width 275 6t c—100 ns
twLwe 3,4 WH pulse width 275 6t o —~100 ns
taLov 3,4 FD low to valid data in 148 StoLol—165 ns
tarox 3,4 Data hold after RD 0 0 ns
tannz 3,4 Data float after RD 55 2o oL —70 ns
oy 3,4 ALE low to valid data in 350 8te o —150 ns
tavov 3,4 Address to valid data in 398 9cicL—165 ns
tiwe 3,4 ALE low to RD or WR low 138 238 3oL —-50 BigLoL+50 ns
tavwL 3,4 Address valid to WR low or RD low 120 4tc 1130 ns
tavwx 3,4 Data valid to WK transition 3 toLcL—60 ns
fow 3,4 Data setup time before WH 288 7toLc—150 ns
twrox 3,4 Data hold after WR 13 toLcL—50 ns
taLAz 3,4 | KD low to address float 0 0 ns
LK 3,4 RD or WR high to ALE high 23 103 toLci—40 toLoL+40 ns
Shift Register®
XL, 5 Serial port clock eycle time* 0.75 12tci oL us
tavxu 5 Output data setup to clock rising edge? 492 10tg o ~133 ns
txrox 5 Output data hold after clock rising edget 8 2t e-117 ns
xXHDX 5 Input data hold after clock rising edge?* 0 0 ns
txHov 5 Clock rising edge to input data valid* 498 10tor o —133 ns
External Clock
torox 6 High time#* 20 20 toLoL-tiow ns
toLox 6 Low time* 20 20 toLcL - tHiGH ns
foroH 6 Rise time* 20 20 ns
toHoL 6 Fall time* 20 20 ns
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AC ELECTRICAL CHARACTERISTICS (Continued)
Tamb = 0°C 10 +70°C, or Tam, = —40°C to +85°C/+125°C, Vsg = OVH2

24MHz CLOCK VARIABLE CLOCK
SYMBOL | FIGURE PARAMETER MIN MAX MIN MAX UNIT
1hoLeL 2 Oscillator frequency 1.2(3.5) 24 (20) MHz
fLme 2 ALE pulse width 43 2te 0140 ns
tavie 2 Address valid to ALE low 17 teLo—25 ns
tax 2 Address hold after ALE low 17 terci—25 ns
v 2 ALE low to valid instruction in 102 Ao o165 ns
fpL 2 ALE low to PSEN low 17 toLci—25 ns
tprpH 2 PSEN pulse width 80 3toLoL—45 ns
toLv 2 PSEN low to valid instruction in 65 BtoLo1—60 ns
toxix 2 Input instruction hold after PSEN 0 0 ns
trxiz 2 Input instruction float after PSEN 17 toLot—26 ns
taviv 2 Address to valid instruction in 128 St ¢ —80 ns
tpLAZ 2 PSEN low to address float 10 10 ns
Data Memory
faviL 3,4 Address valid to ALE low 17 tooL—25 ns
tRLAH 3,4 D pulse width 150 6o oL—~100 ns
fLwH 3,4 WR pulse width 150 Bio o —100 ns
taLov 3,4 RD low to valid data in 118 StoLc—90 ns
tHDX 3,4 Data hold after RD 0 0 ns
thHDZ 3,4 Data float after RD 56 2to cL—28 ns
oy 3,4 ALE Jow to valid data in 183 Bt 0 —150 ns
tavov 3,4 Address to valid data in 210 Otc oL -165 ns
tiw, 3,4 ALE low to RD or WR low 75 175 BtoLc—50 3t oL +60 ns
favwL 3,4 Address valid to WR low or RD low 92 4MoLoL~75 ns
tavwx 3,4 Data valid to WR transition 12 toLo—30 ns
fow 3,4 Data setup time before WR 162 TicLcL~130 ns
twiox 3,4 Data hold after WR 17 tcroL~25 ns
taLAZ 3,4 D low to addraess float 0 0 ns
tWHLH 3,4 RD or WH high to ALE high 17 67 toLci—26 toLoL+25 ns
Shift Register?
tyixL 5 Serial port clock cycle time? 0.5 12tc100 us
tavxu 5 Qutput data setup to clock rising edge* 283 . 10tg 0 ~133 ns
txrox 5 Output data hold after clock rising edge?* 23 241 c1—60 ns
tXHDX 5 Input data hold after clock rising edge* 0 0 ns
tXHDV 5 Clock rising edge to input data valid4 283 10too—133 ns
External Clock
toHex 6 High time* 17 17 foroL -tow ns
toLox 6 Low time# 17 17 teLoL - tHigH ns
toLeH 6 Rise time* 20 20 ns
foHeL 6 Fall ime4 20 20 ns
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T-49-19-08 -

AC ELECTRICAL CHARACTERISTICS (Continued)
Tamb = 0°C 10 +70°C, OF Tam, = —40°C to +86°C/+125°C, Vgg = OV 2

SYMBOL PARAMETER INPUT OUTPUT
I2C Interface )
tho; STA | START condition hold time > 14 ool >4.0us5
tlow SCL low time 216tgLcL >4.7us 5
taioH SCL high time > 14 tocL > 4045 5
tro SCL rise time ) <1ps -6
teo SCL fall time <0.3ps <0.3us 7
tsy; DAT1 | Data set-up time 2250ns >20tcicL —thD
tsu; DAT2 | SDA set-up time (before rep. START cond.) > 250ns >1ips®
tsu; DAT3 | SDA set-up time (before STOP cond.) > 250ns " >8 totot
tup; DAT | Data hold time 2 0ns > 8 toroL—tre
tsui STA | Repoated START set-up time 214150 3 >4.7us5
tsu; STO | STOP condition set-p time 214 treL ® > 4,005 ®
taur Bus free time 214150 5 >4.7us5
tRo SDA rise time <ips® -6
tp SDA fall time <300ns 8 <0.3ps 7
NOTES:

1. Parameters are valid over operating temperature range and voltage 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.

6. At 100 kbit/s. At other bit rates this value is inversely proportional fo the bit-rate of 100 kbivs.

6. Determined by the extemal bus-line capacitance and the external bus-line pull-resistor, this must be < 1us.

7. Spi!lfes on the SDA and SCL lines with a duration of less than 3 tg ¢, will be filtered out. Maximum capacitance on bus-lines SDA and

SCL = 400pF.

8. 'chL = 1/fosg = one oscillator clock period at pin XTAL1. For 63ns <tg o1 < 285ns (16MHz > fose > 3.6MHz) the 12C interface meets the

IG-bus specification for bit-rates up to 100 kbit/s.
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[ L

EXPLANATION OF THE AC SYMBOLS

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

A - Address
C - Clock
~ Input data

H — Logic level high

Q - Qutputdata
R — AD signal

t — Time

V - Valid

W - WH signal

T=49-19-08

X — No longer a valid logic level
Z - Float
Examples: tay . = Time for address valid

I — Instruction (program memory contents)

to ALE low.

tpL = Time for ALE low

L — Logic level low, or ALE to PSEN low.
P - FSEN
Y —
e ;—/_—\
tavie >
./
Yiax
tpxix "'
L
PORTO >—<\ AO-A7 INSTRIN AO-A7 >—C_
Em—T "\
PORT2 >< AS-A15 K AB-A1S

Figure 2. External Program Memory Read Cycle

[« twHLH —>|

PORT 2

fuov >
tiwe > tatry >
/
\P /|
taviL [<—> > iax [« taioy —> tRHDZ

R o ] [

, > taLaz , RHDX |
AOAT
PORTO >_<\FROM Y OR DPL <\ DATA N />< AD-A7 FROM PCL >—< INSTRIN
[e——— taywL ———»]
tavov >
4
><\ P20-P2.7 OR AS-A15 FROM DPH >< AB-A15 FROM PCH

Figure 3, External Data Memory Read Cycle
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T-49-19-08

ALE _/—\
N
[ twhiy —>

=_/ N/

e tLowe > twiwH >
wH -
| N /)
tax
tavie > > tavwx > twHox
T tow
4
FORTO D—( \Fm".?,'é.’; DeL DATA OUT X >< AO-A7 FROM PCL >—< INSTRIN
tavwi
PORT2 ¢
L P2.0-P2.7 OR A3-A15 FROM DPH >< AS-A15 FROM PCH
Figure 4, External Data Memory Write Cycle
INSTRUGTION | 0 | '« ] 2 | & | 4 | s | s | 7 | & |

et

CLOGK I I

-

QUTPUT DATA tavxu ) r txsox

e XX X X X X X7

INPUT DATA ani’l > ]‘_ ix -
RAl |

Figure 5. Shift Register Mode Timing

Veo-05 - - - -
0.45v

0.7V¢e
0.2Vec-01

Figure 6. External Clock Drive
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T-49-19~08

"
START o repestod START condilon tsusTA
(sT0P condtion )
l__ WD STOP condition ‘\;-l
SDA ) /! \ X\ 0.7Vce
- / &

03Veo

l BUF |
[~ ¥  thc™] l-— -’I e :u:ISTo
scL A / 0.7Vee
(INPUT/OUTPUT) si Z 03Vee
o -»)
I 1

CMOS single-chip 8-bit microcontroller

(NPUTIOUTPUT)

[“= tsu;DAT3
Y0;8TA  How YaGH tsy;pAT1 Hn;DAT Sy;DAT2
Figure 7. Timing SIO1 (1°C) Interface
Voc-0 0.2V 040.9 VLoAD+0-1Y - TIMING P Voi-0.1V
VLOAD ~ REFERENCE
045V 02VeG-0.1 VLOAD-0.1V POINTS ~ VoLs0.av
NOTE:

NOTE:

FOR TIMING PURPOSES, A PORT IS NO LONGER FLOATING WHEN A 100MV
GHANGE FROM LOAD VOLTAGE OCCURS, AND BEGINS TO FLOAT WHEN A
100mV CHANGE FROM THE LOADED Vop/Vou, LEVEL OCCURS,

loH/lof, 2 1 20mA,

AC INPUTS DURING TESTING ARE DRIVEN AT V0.5 FOR A LOGIC '{* AND

045V FOR A LOGIC 0", TIMING MEASUREMENTS ARE MADE AT Vg MIN FOR A
LOGIG '1* AND V), MAX FOR A LOGIG ‘0",

Figure 8. AC Testing Input/Output

Figure 9, Float Waveform
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CMOS single-chip 8-bit microcontroller 80C652/83C652/87C652
2 —
T-49~-19-08
Yeo Yee
lcc lcc
Vee ‘ Veo
Vee Ve RST Yec
- H=
Tl k4 .
EA el
{NG)————1 XTAL2 P16 Je—whvg ¢ (NG} XTAL2 P16 [ewp
P17 Ay * P17 wv— R
CLOCK SIGNAL———»] XTAL1 CLOCK SIGNAL—»§ XTAL1
1E 1=
Figure 10. Igc Test Condition, Active Mode Figure 11.  Igc Test Condition, ldle Mode
All other pins are disconnected Al other pins are disconnected
Yeo
lcc
Vee J
vee0s - - - - RST Yee
045V _F EX Po A
_ N
(NC) XTAL2 PLE jaA¢ +
PLT fewn] ¢
XTALt
vss
Figure 12, Clock Signat Waveform for Igg Figure 13. Igc Test Condition, Power Down Mode
Tests in Active and Idle Modes All other pins are disconnected
toLeL = tohoL = 10ns Veo =2V to 5.5V

NOTE:

*  Porls 1.6 and 1.7 should be connected to Vgg through resistors of sufficiently high value such that the sink cument into these pins does not
exceed the loy ¢ specification.
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EPROM CHARACTERISTICS

The 87C852 is programmed by using a
modified Quick-Pulse Programming™
algorithm. it differs from older methods in the
value used for Vpp (programming supply
voltage) and in the width and number of the
ALE/PROG pulses.

The 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
870652 manufactured by Philips
Components.

Table 3 shows the logic levels for reading the
signature byte, and for programming the
program memoty, the encryption table, and
the lock bits. The circuit configuration and
waveforms for quick-pulse programming are
shown in Figures 14 and 15. Figure 16 shows
the circuit configuration for normal program
memoxy verification.

Quick-Pulse Programming

The setup for microcontroller quick-pulse
programming is shown in Figure 14, Note that
the 87C652 is running with a 4 to 6MHz
oscillator. The reason the oscillator needs to
be running s 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 14. 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’ lovels indicated in Table 3. The
ALE/PROG is pulsed low 25 times as shown
in Figure 15,

To program the encryptiori table, repeat the
25 pulse programming sequence for
addresses 0 through 1FH, using the "Pgm
Encryption Table' levels. Do not forget that
after the encryption 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 lovel
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 pregram memory can be read out for
program verification. The address of the
program memory locations to be read is
applied to ports 1 and 2 as shown in

Figure 16. 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 O for this operation.

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

Reading the Signature Bytes

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

(030H) = 6H indicates manufactured by

Philips
(031H) = 99H indicates 87C652
Program/Verify Algorithms

Any algorithm in agreement with the
conditions 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
isr ded that an opaque label be
placed over the window. For elevated
femperature or environments where solvents
are being used, apply Kapton tape Fluorglas
part number 2345-5, or equivalent.

The recommended erasure procedure is
exposure fo ultraviolet light (at 2537
angstroms) to an integrated dose of at east
15W-sec/em?, Exposing the EPROM to an
ultraviolet lamp of 12,000uW/cm? rating for
20 to 39 minutes, at a distance of about {
inch, should be sufficient. Erasure leaves the
array in an all 1s state.

Table3. EPROM Programming Modes
MODE RST PSEN ALE/PROG | FANpp P2.7 P2,6 P3.7 P3.6

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

NOTES:

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

1
2. Vpp =127V 30.25V,
3.

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

minimum of 10ps.

™Trademark phrase of Intel Corporation.
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45V
Veo ‘J
AG-A7 N p1 P /1———\ PGH DATA
1 3] BST FANpp p—————— #1278V
1 ————> P36 ALE/FROG [¢————— 25 100us PULSES TO GROUND
1t ———> P37 870852 PSEN [¢—— ©
[T XTAL2 P27 o 1
oz OO P2 fe—— ©
XTALT P20-P2.4 /1—~ AB-A12
Vss p25 fe——— 0

~Y

«———— 1

ALEPROG [

Figure 16. Program Verification

ALEPROTE 0 r_l I |
Figure 15. PROG Waveform
+5Y
______J\ V Yoo
AO-A7 ) FO PGM DATA

1 ——» paz7 87C652 PSEN [¢——— 0
IT XTAL2 pa7 je———— 0 ENABLE
A-6MHz ] pag [ 0
XTAL1 P2.0-P2.4 K AS-A12
Vss P25 [ 0
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS
Tamb = 21°C to +27°C, Voo = 5V£10%, Vg = OV (see Figure 17)

SYMBOL PARAMETER MIN MAX UNIT
Vpp Programming supply voltage 125 13.0 A
lpp Programming supply current 50 mA
1hoLeL Oscillator frequency 4 6 MHz
taval Address setup to PROG low 4810
tGHAX Address hold after PROG 48tci oL
toval Data setup to PROG low 48toLoL
taHDX Data hold after PROG 48t o1
teHsH P2.7 (ENABLE) high to Vpp 4BtoicL
tsuaL Vep setup to PROG low 10 us
taHsL Vpp hold after PROG 10 ps
toray PROG width ] 110 s
tavav Address to data valid 48tg 0L
teLoz ENABLE low to data valid 48tc1c
teHoz Data float after ENABLE 0 48lgLoL
taHaL PROG high to PHOG low 10 Hs
’ PROGRAMMING* VERIRCATION*
gm; _<P ADDRESS : ADDRESS >—
[“— tavav

PORTO DATA IN

A
4 DATA OUT >_.._

taHox
taHax

ALEPROG

LOGIC 1 LOGIC 1
EANen

.........................................

P27

*FOR PROGRAMMING VERIFICATION SEE FIGURE 14.
FOR VERIFICATION CONDITIONS SEE FIGURE 16.

Figure 17. EPROM Programming and Verification

:] B | B J Purchase of Philips’ I2C components conveys a license under the
B U s Philips’ I2C patent to use the components In the I2C-system

provided the system conforms to the 12C specifications defined by Philips.
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