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80C652/83C652

DESCRIPTION

The P80C652/83C652 Single-Chip 8-Bit
Microcontroller is manufactured in an
advanced CMOS process and is a derivative
of the BOCS51 microcontroller family. The
80C652/83C652 has the same instruction set
as the 80C51. Three versions of the
derivative exist:

83C652 — Bk bytes mask programmable
ROM

80C652 — ROMIess version

80C652 — EPROM version (described in a
separate chapter)

This device provides architectural
enhancements 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 memory, a volatile
256 X B read/write data memory, four 8-bit
I/O ports, two 16-bit timer/avent counters
(identical to the timers of the 80C51), a
multi-source, two-priority-level, nested
interrupt structure, an I2C interface, UART
and on-chip oscillator and timing circuits. For
systems that require extra capability, the
8XC652 can be expanded using standard
TTL compatible memories and logic.

The device also functions as an arithmetic
processor having facilities for both binary and
BCD arithmetic plus bit-handling capabilities.
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FEATURES

¢ 80C51 central processing unit

® gk X 8 ROM expandable extemally to
64k bytes

@ 256 X 8 RAM, expandable externally to
64k bytes

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

® |2C-bus serial I/O port with byte oriented
master and slave functions

® Full-duplex UART facilities

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

® ROM code protection
® Extended frequency range: 1.2 to 24 MHz
® Three operating ambient temperature

PIN CONFIGURATIONS

The instruction set consists of over 100 ranges:
instructions: 49 one-byte, 45 two-byte and 17 - Oto +70°C
three-byte. With a 16(24)MHz crystal, 58% of - o
the instructions are executed in 0.75(0.5)us ~4010 +85 OC
and 40% in 1.5(1)us. Multiply and divide - -4010 +125°C
instructions require 3(2)us.
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CERAMIC AND PLASTIC LEADED - PLASTIC QUAD FLAT PACK
CHIP CARRIER PIN FUNCTIONS PIN FUNCTIONS

(] 1 ©
7 ]38
CERAMIC
AND
PLASTIC
LEADED CHIP
. CARRIER
7 [ 29
U
1" 2
Pin Function Pin Function Pin Function Pin Function
1 NG 23 NG 1 P1s 23 P25/A13
2 Plo 24 P2.0/AB 2 PL&SCL 24 P2O/Al4
3 P11 25 P2.1/AS 3 PL7/SDA 25  P27A1S
4 P12 26 P2.2/A10 4 RST 26 PSER
5 P13 27 PLYVAN 5  PIORD 27 AE
7 e > rosars ; s o Vs
s PrLesCL 1 P2eAls 7 PO @ Bwep
: - 8 P32NTO 30 PO.7/AD?
9  PLISOA 31 PYAIS
9  PALMRTT 31 PO.WADS
10 RST 2 PSEN
W  pa ® AL 10 PO 32 PO.S/ADS
2 Nc““’o % NG " Pasm 33 PO.4/AD4
12 PIEWR 34 PO.VAD3
B PO I B 13 PaIFD 35 PowAD2
1 P3.2NTD 38  PO.7/AD7? 1e XT.ALZ % Po. ADY
15 PAMNTT 37 PO.&/ADS 18 XTALY a7 PO.CV ADO
16 PAWTO 38 POS/ADS 18 2 -
17 PasTt 38 PO./ADS Vssi Voo
18 PI.OWH ©  POVADI 7 NC ¥ vess
19 P3IAD 41 PO.2/AD2 18 P2.0/A8 40 P10
20 XTAL2 42 PO. 1/ADY 19 P2.1/A9 4 P11
21 XTALY 43 PO.OVADO 20 P2A10 @ P2
2 vy “ oy 21 P2¥AN @& P
S oo 2 P4A2 “ P4
NOTES TO QFP ONLY:

1. Due to EMC improvements, all Vgg pins
(6, 16, 28, 39) must be connected to Vgg
on the B0OC652/83CE52,
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ORDER INFORMATION
PHILIPS
PART ORDER NUMBER vl TEMPERATURE
PART MARKING RANGE (°C) FREQ
3 Drawing
ROMiess ROM P ROMless ROM AND PACKAGE MHz':2
PBOC652FBP | PB3C652FBP/xxx | SOT129 |SB0CE52FBPN |SB3CE52FBPN | 0to +70, Plastic Dual In-ine Package 16
PBOC652FBA | P83CE52FBANxx | SOT187 |S80C652FBAA | SB3CE52FBAA | 0 to +70, Plastic Leaded Chip Carrier 16
PB0C652FBB | PB3CBS2FBB/0x | SOT307-24 | S80Ce52FBBB | S83ces2FeBB 0 to +70, Plastic Quad Flat Pack 16
PBOCES2FFP | PB3CE52FFPhucx | SOT129 | SB0CE52FFPN | SB3CE52FFPN | —40 to +85, Plastic Dual In-line Package | 16
PBOCE52FFA | PB3CE52FFANXX | SOT187 |SBOCE52FFAA | S83CE52FFAA | —40 to +85, Plastic Leaded Chip Carrier | 16
PBOC652FFB | PB3CE52FFBAOxX | SOT307-24 | SBOCES2FFBB | SBICES2FFBB |  —40 to +85, Plastic Quad Flat Pack 16
PBOCE52FHP | P83CE52FHP/ox | SOT128 | S80CES2FHPN | S83C652FHPN | —40 to +125, Plastic Dual In-line Package | 16
PBOCE52FHA | PB3CE52FHANXX | SOT187 |SBOCG52FHAA | SB83CE52FHAA | —40 to +125, Plastic Leaded Chip Carrier | 16
P80C652FHB | P83CE52FHB/I0X | SOT307-24 | S80CE52FHBB | S83C652FHBB | 40 to +125, Plastic Quad Fiat Pack 16
PBOCES2IBP | PB3CE521BPAox | SOT129 |S80CE521BPN | S83C6521BPN | 0 1o +70, Plastic Dual In-line Package 24
PBOC652IBA | PB3C8521BAMX | SOT187 |S80CE52!BAA | S83CE52IBAA | 0 to +70, Plastic Leaded Chip Carrier 24
PBOCE521B8 | PB3CE52IBBAx | SOT307-24 | SBOCE521BBE | S83CE521BBB 0 10 +70, Plastic Quad Flat Pack 24
P8OCES2IFP | PB3CE52IFPAocx | SOT129 |S80CES2IFPN | S83CE52IFPN | —40 to +85, Plastic Dual In-line Package | 24
P8OCES2IFA | PB3CE52IFANOx | SOT187 | SBOCES52IFAA | SBICES52IFAA | —40 to +85, Plastic Leaded Chip Carrier | 24
PBOCES2IFB | PBICES2IFBAOX | SOT307-24 | S8oces2iFBB | saaces2iFee —40 1o +85, Plastic Quad Flat Pack 24
NOTES:

1. 80C652 and 83CE52 frequency range is 1.2MHz-16MHz or 1.2 10 24MHz.
2. For specification of the EPROM version, see the 87C852 data sheet.
3. ux denotes the ROM code number.

4. SOT311 replaced by SOT307-2.
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TEMPERATURE
RANGE (°C) FREQ
Drawing
2 1,2
EPROM Number AND PACKAGE MHz
S87C652-4N40 0415C 0 to +70, Plastic Dual In-line Package 16
0 to +70, Ceramic Dual In-line
$87C652-4F40 0590B Package w/Window 16
S87C652-4A44 0403G 0 to +70, Plastic Leaded Chip Carrier 16
0 to +70, Ceramic Leaded Chip Carrier
$87C652-4K44 1472A w/Window 16
S87C652-4B44 1118D 0 to +70, Plastic Quad Flat Pack 16
$87C652-5N40 0415C —40 to +85, Plastic Dual In-line Package 16
. —40 to +85, Ceramic Dual In-line Package
S$87C652-5F40 0590B w/Window 16
S87C652-5A44 0403G -40 to +85, Plastic Leaded Chip Carrier 16
—40 to +85, Ceramic Leaded Chip Carrier
§87C652-5K44 1472A w/Window 16
887C652-5B44 1118D —40 to +85, Plastic Quad Flat Pack 16
S87C652-7N40 0415C 0 to +70, Plastic Dual In-line Package 20
g 0 to +70, Ceramic Dual In-line Package
$87C652-7F40 0590B wWindow 20
S887C652-7A44 0403G 0 to +70, Plastic Leaded Chip Carrier 20
g 0 to +70, Ceramic Leaded Chip Carrier
S87C652-7K44 1472A w/Window 20
SB87C652-8N40 0415C —40 to +85, Plastic Dual In-line Package 20
g —40 to +85, Ceramic Dual In-line Package
S87C652-8F40 0590B wWindow 20
S§87C652-8A44 0403G —40 to +85, Plastic Leaded Chip Carrier 20
g —40 to +85, Ceramic Leaded Chip Carrier
S87C652-8K44 1472A w/Window 20
7, 1993 919
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PIN DESCRIPTIONS

MNEMONIC

PIN NUMBER

o] 4

PLCC

QFP

TYPE

NAME AND FUNCTION

Vss
Voo

P0.0-0.7

P1.0-P1.7

P16
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RST
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20
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10
11
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16
17
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19
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4
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2-9

24-31

11,
13-19

1
13
14
15
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17
18
19

10

21

20

6, 16,
28,39
38

37-30

4044,
1-3

18-25

18

14

Vo

Vo

Vo
o

Vo

- 00-=--=~0-

S

0

Ground: OV reference. With the QFP package all Vgg pins (Vgg1 to Vgge) must be
connected.

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

Port 0: Port 0 is an open-drain, bidirectional I/0 port. Port 0 pins that have 1s written to
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed
low-order address and data bus during accesses to external program and data memory. in
this application, it uses strong intemnal pull-ups when emitting 1s.

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

SCL: 12C-bus serial port clock line.

SDA: [2C-bus serial port data line.

Port 2: Port 2 is an B-bit bidirectional /O port with intemnal pull-ups. Port 2 pins that have 1s
written to them are pulied high by the intemal 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
intemal pull-ups. (See DC Electrical Characteristics: I; ). 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 memory
that use 8-bit addresses (MOV @ Ri), port 2 emits the contents of the P2 special function
register.
Port 3: Port 3 is an 8-bit bidirectional O port with intemnal pull-ups. Port 3 pins that have 1s
written to them are pulled high by the intemnal pull-ups and can be used as inputs. As
inputs, port 3 pins that are sxternally being pulied low will source current because of the
pull-ups. (See DC Electrical Characteristics: Ij ). Port 3 also serves the special features of
the 80C51 family, as listed below:

RxD (P3.0): Serial input port

TxD (P3.1): Serial output port

INTD (P3.2): External interrupt

INTT (P3.3): Extemnal interrupt

T0 (P3.4): Timer 0 extemal input

T1 (P3.5): Timer 1 external input

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

RD (P3.7): External data memory read strobe

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the
device. An intemal diffused resistor to Vgg permns a powaer-on raset using only an extemal
capacitor to Vpp.

Address Latch Enable: Output pulse for latching the low byte of the address during an
access to extemnal memory. In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency. Note that one ALE pulse is skipped during each access to external

data memory.

Program Store Enable: Read strobe to extemal program memory via Port 0 and Port 2. It
is activated twice each machine cycle during fetches from the extemal program memory.
When executing out of external program memog two activations of are skipped
during each access to external data is not activated (remains HIGH) during
no fetches from extemnal program memory. can sink/source 8 LSTTL inputs and can
drive CMOS inputs without extamal pull~ups.

External Access: If during a RESET, EX is heid at TTL, level HIGH, the CPU executes out
of the internal proaxam memory ROM provided the Program Counter is less than 8192. if
during a RESET, EA is held a TTL LOW level, the CPU executes out of external program
memory. EA is not allowed to float.

Crystal 1: input to the inverting oscillator amplifier and input to the intemal clock generator
circuits.

Crystal 2: Output from the inverting oscillator amplifier.

NOTE:

To avoid Yatch-up” effect at power-on, the voltage on any pin at any time must not be higher than Vpp + 0.5V or Vgg — 0.5V, respectively.

This Material sz MMpecnve Manufacturer
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Table1. 8XC652/654 Special Function Registers

svueoL| DEScRIPTION DRt | BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION [ RESET
acC* | Accumuiator EOH E7 E6  ES E4 E3 E2 Et E0  |ooH
B B register FOH F7 F§  F5 F4 F3 F2 F1 FO  |00H
DPTR: Data pointer
(2 bytes)
OPH Data pointer high 83H 00H
DPL. Data pointer low 82H 00H
AFAE AD AC  AB  AA A9 A8
IE*¥ Interrupt enable ABH EA | | est | eso | Em | Ex1 | ETo | exo |oxooo0008
BF BE BD BC BB BA B9 B8
P4 Interrupt priority B8H - | | pst | pso | Pm1 | Px1 | Pro | Pxo |xxco00008
87 8 85 84 83 82 81 80
Po* Port 0 soH | AD7 | A6 | ADs | apa | Apz | ap2 | ap1 | apo |FeH
97 9 95 94 93 92 91 90
P1# Port 1 ooH | spa | scL | | ] | | i FFH
AT A6 AS A4 A3 A2 A1 A0
Pz Port 2 aoH [ a5 | a1a | a3 | A1z | At | a0 | A9 | as |FFH
B? B6  BS 84 B3 B2 B1 BO
P3* Port 3 BoH | A0 | WR | T 70 | W7 | W | ™« | Axo |FFH
‘| PcoN | Power control 87H [smoo] - - - GF1 | arFo | Pp | oL | oxxxoooos
9F 9E 9D 9C 98 9A 99 98
SOCON*# | Serial 0 port control 984 | smo | sv1 | sm2 | ren | B8 | B8 | T | A JooH
SOBUF# | Serial 0 data buffer 89H 00000008
D7 D6 D5 D4 D3 D2 D1 DO
PSW* | Program status word |  DOH cy | ac | Fo | mst [ rso | ov | F1 | P Joon
S1DAT# | Serial 1 data DAH 00H
SP Stack pointer 81H o7H
S1ADR# | Serial 1 address DBH SLAVE ADDRESS | ac |oon
S1STA# | Serial 1 status DoH |[sce [sca | sc2 | sct | sco | o | o | o |ren
OF DE DD DC DB DA D9 D8
S1CON"# | Serial 1 control peH [ crz [ens1| sta | sto | st | Aa | crt | cro |ooooocooe
, 8F 8E 8D 8C 88 8A 89 88
TCON* | Timer control g4 [ TF1 [ tRi [ tro | TtRO- | 1Er | m | o [ im0 {oon
TH1 Timer high 1 80H 00H
THO Timer high 0 8CH a 00H
TL1 Timer iow 1 8BH 00H
THO Timer low 0 8AH 00H
TMOD | Timer mode g [eate] e | M1 | mo [aate | e | w1 ] wmo oo

* SFRs are bit addressable.
# SFRs are modified from or added to the 80C51 SFRs.

JU'I.‘I! 7. 1983
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ROM CODE PROTECTION

(83C652)

The 8XC652 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
extemal program memory space.

The MOVC instructions are the only
instructions that have access to program
codae in the intemal or external program
memory. The EA input is latched during
RESET and is “don't care” after RESET
(also if the security bit is not set). This
impiementation prevents reading intamal
program code by switching from extemal
program memory to internal program memory
during a MOVC instruction or any other
instruction that usas immadiate 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

" To drive the device from an external clock

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

Reset

A reset is accomplished by hoiding the RST
pin high for at least two machine cycles {24
oscillator periods), whiie 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 (nomally a few
milliseconds) plus two machine cycles. At
power-on, the voltage on Vpp and RST must
come up at the same time for a proper
start-up.

Idie Mode

in the idle mode, the CPU puts itself 1o sieep
while alf of the on-chip peripherals stay
active. The instruction to invoke the idle
modae 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

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 10 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 modas ara
in the special function register PCON. Tabie 2
shows the state of the 1/O ports during low
current operating modes.

I2C Serial Communication—SIO1
The 12C serial port is identical to the 12C
serial port on the 8XC552. The operation ot
this subsystem is described in detail in the
8XC552 section of this manual.

Note that in both the 8XC652/4 and the
8XC552 the 12C pins are alternate functions
1o port pins P1.6 and P1.7. Because of this,
P1.6 and P1.7 on these parts do not have a
pull-up structure as found on the 80C51.
Therefore P1.6 and P1.7 have open drain

::t::agt?g 'as shown in the Logic Symboal, mg‘ntabc; ?:rrr‘nnn?\:t..; :”md:r' :;'::;'9 outputs on the 8XC652/4.
Table 2. External Pin Status During Idle and Power-Down Mode
PROGRAM
MODE MEMORY ALE PSEN PORTO PORT 1 PORT 2 PORT 3

idle Intemal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down intemal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data

Serial Control Register (S1CON) — See Table 3

s1co~(nm)[cazl1[m[ml s | u]un]cm]

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

Table 3. Serlal Clock Rates
BIT FREQUENCY (kHz) AT fogce
CR2 CR1 CRoO 6MHz 12MHz 16MH2z 24MHz fosc DIVIDED BY
0 0 0 23 47 625 94 256
0 0 1 7 54 Al 1M 224
0 1 0 31.25 62.5 83.3 125! 192
0 1 1 37 75 100 150! 160
1 0 0 625 125 17 25 960
1 0 1 50 100 133! 200! 120
1 1 0 100 200! 2671 400* 60
1 1 1 024<625 | 049<625 | 065<556 | 0.98<50.0 96 X (256 - (reload value Timer 1))
0to 255 0to 254 0to 253 0 to 251 reload value range Timer 1 (in mode 21
NOTES:

1. These frequencies exceed the upper limit of 100kHz of the 12C-bus specification and cannot be used in an 12C-bus application.

This Material émc? By1lmspectlve Manufacturer

923




NAPC/PHILIPS SEMICOND E9E D WB bb53924 009271) 070 EESIC3
Phlips Semiconductors Microcontrolier Products Product specification

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

ABSOLUTE MAXIMUM RATINGS 2.3

PARAMETER RATING UNIT
Storage temperature range ~65 to +150 °c
Voltage on any other pin to Vgs -0.5t0+6.5 Vv
Input, output current on any single pin +5 mA
Power dissipation (based on package heat transfer 1 W
limitations, not device power consumption)

NOTES:

1. Stressas above those listed under Absolute Maximum Ratings may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at
these or any conditions other than those described in the AC and DC Electrical
Characteristics section of this specification is not implied.

2. This product includes circuitry specifically designed for the protaction of its intemal devices
from the damaging effects of excessive static charge. Nonetheless, it is suggested that
conventional precautions be taken to avoid applying greater than the rated maxima.

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 TEMPERATURE
(\2) (MHz) RANGE
TYPE MIN. MAX. MIN. MAX. °c)

P8XCE52FBx 4.0 6.0 12 16 Oto+70
P8XC652FFx 4.0 6.0 1.2 16 —401t0 +85
P8XCB52FHx 45 5.5 1.2 16 ~40to +125
P8XCE52IBx 45 55 12 24 010 +70
PB3X652IFx 45 5.5 1.2 24 —40 to +85

924

January 7, 1983
This Material Copyrighted By Its Respective Manufacturer



L9E D W LLS3924 0092712 TO? EMSIC3

NAPC/PHILIPS SEMICOND

Phiips semiconguciors mMicrocontroiier Products Product specification
CMQOS single-chip 8-bit microcontroller 80C652/83C652
DC ELECTRICAL CHARACTERISTICS
Vgg =0V
TEST LIMITS
SYMBOL PARAMETER PART TYPE CONDITIONS MIN. MAX. UNIT
ViL Input iow voltage,
except EA, P1.6/SCL, P1.7/SDA 0to +70°C 05 0.2Vpp—0.1 \
40 to +85°C -0.5 0.2Vpp-0.15 v
—40 t0 +125°C -05 0.2Vpp—0.25 v
ViLs input iow voitage to EA 0to +70°C -05 0.2Vpp—0.3 v
-40 to +85°C -0.5 0.2Vpp-0.35 v
—40 to +125°C -0.5 0.2Vpp—0.45 v
ViLe Input low voltage to P1.6/SCL, P1.7/SDAS -05 0.3Vpp v
ViK Input high voltage, except XTAL1, RST,
P1.6/SCL, P1.7/SDA 0to +70°C 0.2Vpp+0.9 Vpp+0.5 \
40 to +85°C 0.2Vpp+1.0 | Vpp+0.5 v
—40to +125°C 0.2Vpp+1.0 Vpp+0.5 A
Vint Input high voltage, XTAL1, RST 0 to +70°C 0.7Vpp Vop+0.5 v
—40 to +85°C 0.7Vpp+0.1 Vpp+0.5 \"
—40to +125°C 0.7Vpp+0.1 Vpp+0.5 Vv
Vinz Input high voltage, P1.6/SCL, P1.7/SDAS 0.7Vpop 6.0 v
Vo Output iow voltage, ports 1, 2, 3, ioL = 1.6mA8. 9 0.45 v
except P1.6/SCL, P1.7/SDA
Vou Output low voitage, port 0, ALE, PSEN loL = 3.2mA8. ¢ 0.45 v
Vourz Output low voltage, P1.6/SCL, P1.7/SDA loL = 3.0mA 0.4 \'
Vou Output high voltage, ports 1, 2, 3, ALE, PSEN'0 lon = -60pA 2.4 \'
lon = —25pA 0.75Vpp \"
lon = —10uA 0.9Vpp \")
Vou1 Output high voitage; port 0 in extenal bus mode lon = -800pA 24 \
lop = =300pA 0.75Vpp \
loH = —B0pA 0.9Vpp v
i Logical 0 input current, ports 1, 2, 3,
except P1.6/SCL, P1.7/SDA 010 +70°C Vin = 0.45V =50 WA
—40 10 +85°C -75 pA
—40to +125°C ~75 HA
n Logical 1-to-0 transition current, ports 1, 2, 3,
except P1.6/SCL, P1.7/SDA 010 +70°C See note 7 -650 pA
—40 to +85°C -750 HA
—40 to +125°C -750 pA
I Input leakage current, port 0, EA 0.45V < V| < Vpp +10 HA
a2 Input ieakage current, P1.6/SCL, P1.7/SDA 0V < V< 6.0V +10 RA
0V < Vpp < 6.0V HA
loo Power supply current: See note 1
Active mode @ 16MHz2. 11 Vpp=6.0V 265 mA
Active mode @ 24MHz2: 11 Vpp=5.5V 338 mA
idle mode @ 16MHz3. 11 6 mA
idie mode @ 24MHz3. 11 7 mA
Power down mode#: 5 50 RA
Power down mode*: 5 —4010 +125°C 100 HA
Rast Intemnal reset puil-down resistor 50 150 kQ
Co Pin capacitance Freq.=1MHz 10 pF
NOTES ON NEXT PAGE.
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NOTES FOR DC ELECTRICAL CHARACTERISTICS:

1. See Figures 9 through 11 for ipp test conditions.

2. The operating supply current is measured with all output pins disconnected; XTAL1 driven with t, = t = Sns;

VL = Vgs + 0.5V, Vi = Vpp —0.5V; XTAL2 not connected: EA=RST=Port 0 =P1.6 = P1.7 = Vpp. See Figure 9.

3. The idie mode supply current is measured with all output pins disconnected; XTAL1 driven with t; = t = Sns; V= Vgg + 0.5V;
Vi = Vpp —0.5V; XTAL2 not connected; Port 0 = P1.6 = P1.7 = Vpp; EA = RST = Vgg. See Figure 10.

4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = P1.6 = P1.7 = Vpp;

EA = RST = Vgg. Ses Figure 11.

2V € Vpp < Vppmax. .

The input threshold voltage of P1.6 and P1.7 (S101) meets the 12C specification, so an input voitage below 0.3Vpp will be recognized as a

logic 0 while an input voltage above 0.7Vpp will ba recognized as a logic 1.

7. Pins of ports 1, 2, and 3 source a transition current when they are being extemally 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 extarnal 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.

9. Under steady state (non-transient) conditions, I must be externally limited as follows: Maximum Io = 10mA per port pin; Maximum
loL = 26mA total for Port 0; Maximum lg_ = 15mA total for Ports 1, 2, and 3; Maximum Iy = 71mA total for all output pins. If o exceeds the
test conditions, Vo, may exceed the related specification, Pins are not guaranteed to sink current greater than the listed test conditions.

10. Capacitive loading on ports 0 and 2 may cause the Vo on ALE and to momentarily faii below the 0.9Vpp specification when the
address bits are stabilizing.

11. Ippmax for other frequencies can be derived from Figure 1, where FREQ is the extemnal oscillator fraquency in MHz. Ipppuax is given in mA.

o o

© 80
40

30
o 30

[§)
//

10
/
e 10
@
. 7 @ B s
amsnmp——— .
0
N . s 12 1 % PR 12 16 u
1XTALY (MHR)
HTALY (MHz)
(1) MAXIMUM OPERATING MOOE: VDO = VDOmax (1} MAXIMUM OPERATING MODE: YOO = VDDmax
(2) MAXIMUM IDLE MODE: VDO = VDOmex (2) MAXIMUM IDLE MODE: Vpp » VDOmax
These values are vaild within the apecified These values are valtd within the specified
frequency renge. frequency range.

Figure 1. ipp vs. Frequency
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AC ELECTRICAL CHARACTERISTICS' 2 (16 MHz type)

16MHz CLOCK VARIABLE CLOCK
SYMBOL | FIGURE PARAMETER MIN MAX MIN MAX UNIT
MReLeL 2 Oscillator frequency 1.2 16 MHz
thL 2 ALE pulse width 85 2tcLc1—40 ns
taviL 2 Address valid to ALE low 8 toLoL-55 . ns
fax 2 Address hold after ALE low 28 teLc—35 ns
twiv 2 ALE low to valid instruction in 150 Lol —-100 ns
e 2 ALE low to PSEN low 23 tcLci—40 ns
teLPH 2 PSEN puise width 143 3te 45 ns
teLv 2 PSEN low to valid instruction in 83 3teLeL-105 ns
texix 2 Input instruction hold after PSEN 0 0 ns
toyiz 2 Input instruction float after PSEN a8 teLe—25 ns
taviv 2 Address to valid instruction in 208 StoLcy-105 ns
teLaz 2 PSEN low to address float 10 10 ns
Data Memory
taLRH 3,4 RD puise width 275 6teLcL~100 ns
wiwH 3,4 WH puise width 275 6teLcL-100 ns
1 3.4 FD low to valid data in 148 StcLcL-165 ns
tRHDX 3,4 Data hold after RD 0 0 ns
1 trHpz 3,4 Data float after RD 55 2o =70 ns
tiov 3,4 ALE low to valid data in 350 8toLcL-150 ns
tavov 3,4 Address to valid data in 398 SeLcL-165 ns
tuwL 3.4 ALE low to AD or WH low 138 238 teLeL-50 BtoLeL+50 ns
tavwi 3.4 Address valid to WK low or RD low 120 4te o ~130 ns
tovwx 3,4 Data valid to WR transition 3 tcLcL-60 ns
tow 3,4 Data setup time before WR 288 Moo -150 ns
twrHQx 3,4 Data hold after WR 13 toLe-50 ns
taLaz 3.4 RD low to address float 0 0 ns
twHLH 3,4 RO or WR high to ALE high 23 103 teLc—40 topoL+40 ns
Shift Register
text 5 Serial port clock cycle time? 0.75 12tecL us
tavxH 5 Output data setup to clock rising edge? 492 10te o -133 ns
txrax 5 Output data hold after clock rising edge’ 80 2cie-117 ns
txHDX 5 Input data hold after clock rising edge3 0 0 ns
{XHDV 5 Clock rising edge to input data valid® 492 10t —133 ns
Externai Clock
tcHex 6 High time3 20 20 tereL - teLex ns
teLex 6 Low tme3 20 20 tacL-tenex | ns
teLeH 6 Rise time3 20 20 ns
tcHeL 6 Fall ime? 20 20 ns
NOTES:
1. Parameters are valid over operating temperature range uniess otherwise specified.
2. Load capacitance for port 0, ALE, and = 100pF, load capacitance for all other outputs = 80pF.

3. These values are characterized but not 100% production tested.

This Material C&Wﬁ ltgagspecnve Manufacturer 927




NAPC/PHILIPS SEMICOND E9E D EE bbE53924 0092715 71b EESIC3
Phlips Semiconductors Microcontroiler Products . Product specification

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

AC ELECTRICAL CHARACTERISTICS‘- 2 (24 MHz type)

24MHz CLOCK VARIABLE CLOCK
SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT
1RcLeL 2 Oscillator frequency 1.2 24 MHz
teLL 2 ALE pulse width 43 2le o 40 ns
taviL 2 Address valid to ALE low 17 terel-25 ) ns
tax 2 Address hold after ALE low 17 teLeL—25 ns
v 2 ALE low to valid instruction in 102 4tc c 65 ns
™ 2 ALE low to PSEN low 17 teLcL-25 ns
tPLPH 2 PSEN pulse width 80 3teLcL—45 ns
teLiv 2 PSEN low to valid instruction in 65 3te 60 ns
texix 2 Input instruction hold after FSEN 0 0 ns
toxiz 2 input instruction float after PSEN 17 teLeL—2s ns
taviv 2 Address to valid instruction in 128 SteLeL—80 ns
teLaz 2 PSEN low to address float 10 10 ns
Data Memory
tRLRH 3,4 RD puise width . 150 6teLcL—~100 ns
twuwH 3,4 WH puise width 150 BtoLcL—100 ns
taLov 3,4 RD low to valid data in 118 StereL-90 ns
| taHpx 3,4 Data hoid after AD 0 0 ns
tRHDZ 3,4 Data float after RD 55 2tecL-28 ns
tuov 3,4 ALE low to valid data in 180 8to o150 ns
tavov 3,4 Address to valid data in 210 Ot cL-165 ns
tuwe 3,4 ALE low to FD or WR low 75 175 Moo -50 3tcLeL+50 ns
tavwL 3,4 Address valid to WH low or RD low 92 deLe-75 ns
tavwx 3.4 Data valid to WH transition 12 teLc 30 ns
tow 3,4 Data setup time before WH 162 TteLe—130 ns
twHax 3,4 Data hold after WR 17 tore—25 ns
taLaz 3,4 FD low to address float 0 0 ns
twHLH 3,4 RD or WK high to ALE high 17 67 toLcL-25 toLcL+25 ns
Shift Register
e 5 Sarial port clock cycle timed 0.5 12t us
tavxH 5 Output data setup to clock rising edge’ 283 10t e -133 ns
txHax 5 Output data hold after clock rising edge3 23 2t o160 ns
txHDX 5 Input data hoid after clock rising edge 0 0 ns
txHov 5 Clock rising edge 10 input data validd 283 10to o -133 ns
External Clock
teHeX 6 High time® 17 17 teLeL - toLex ns
teLex 6 Low time? 17 17 toLct - tenex ns
toLeH 6 - Rise time? 5 5 ns
temeL 6 Fall time? 5 5 ns
NOTES:

1. Paramaters are valid over operating temperature range unless otherwise specified.
2. Load capacitance for port 0, ALE, and PSEN = 100pF, load capacitanca for all other outputs = 80pF.
3. These values are characterized but not 100% production tested.
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AC ELECTRICAL CHARACTERISTICS - 12C INTERFACE
SYMBOL PARAMETER INPUT OUTPUT
SCL TIMING CHARACTERISTICS
tup; STA | START condition hold time 214 to oL > 4.0us!
tLow SCL LOW time 216 lereL > 4.7us!
tigH SCL HIGH time 21410 > 4.0us!
tac SCL rise time <1us -2
trc SCL fall time <0.3us < 0.3us’
SDA TIMING CHARACTERISTICS
tgy; DAT1 | Data set-up time > 250ns > 20t~ tro
tsy; DAT2 | SDA set-up time (before rep. START cond.) 2 250ns > 1us!
tsu; DAT3 | SDA set-up time (before STOP cond.) 2>250ns >8tcLoL
tqp: DAT | Data hoid time 20ns >BtoieL - tre
tsu: STA Repeated START set-up time 2140 > 4.7us!
tsyu; STO | STOP condition set-up time 214tccL > 4,0us!
taur Bus free time 214 toeL > 4.7us!
tap SDA rise time < 1ps -2
1trp SDA fall time <0.3us < 0.3us3
NOTES:

1. At 100 kbit/s. At other bit rates this value is inversely proportional to the bit-rate of 100 kbit/s.

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

3. Spikes on the SDA and SCL lines with a duration of less than 3 t¢y ¢ will be fittered out. Maximum capacitance on bus-lines SDA and
SCL = 400pF.

4. torcL = Vfosc = one oscillator clock period at pin XTAL1. For 63ns (42ns) < to oy < 285ns (16MHz (24MH2) > fggc > 3.5MHz) the S101
interface meets the 12C-bus specification for bit-rates up to 100 kbit/s.

TIMING SIO1 (I2C) INTERFACE

( repeated START condition )

(START o repested START condiion ) 1SU:STA
/ o AN
SDA o }' \ ‘— 0.7 Vpp
(INPUT/OUTPUT) | } / \ _ 03Vpp
i ~ e ";Jlsro
scL N [ [! 0.7 vpo
(INPUT/OUTPUT) 03vpp
| = " Su;0AT3
HD;STA LOW  BGH 3U;DATY 'HD;DAT 3U;DAT2
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EXPLANATION OF THE AC SYMBOLS
Each timing symbol has five characters. The ~ Q - Outputdata
first character is always 't (= time). The other R ~ RD signal

characters, depending on their positions, t — Time
indicate the name of a signal or the logical V - Valid
status of that signal. Tha designations are: W - WH signai
A ~ Address X - No longer a valid logic level
C - Clock . Z — Float
D - Inputdata Examples: tay = Time for address valid
H - Logic ievel high to ALE low.
I ~ Instruction (program memory contents) t pL = Time for ALE low
L - Logic level low, or ALE to PSEN low.
P - PSEN
e —™

AE YN
N

tavie | WpL | tp oy

— ' —

PEER / teuv |
teLax tpxz— \

texix |‘—
D S G ) > D e G
POAT 2 y: AS-AS X AB-AS

Figure 2. External Program Memory Read Cycle

ALE ﬁ
N
— twHLH
tuov
[ tluwt — e tqpy ——
no
\\ //
taviL J — taLoy —> f
Az tanox —> “—
/
mo}mﬂm — oaam AO-A7 FROM PCL INSTR N
| —— tayw, ——™
tavov
’
PORT 2 ><k P2.0-P2.7 OR AB-A15 FROM DPH X AS-A1S FROM PCH

Figure 3. External Data Memory Read Cycle
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ALE
N

= twHLn —>

=_/ N

 tewL twiwH >
WA
B 4
J N\ /)
Yiax
tavee (< > tavwx ™ twhax
tow ————>|
—
POAT O D——(\;Rm‘m D,$(( DATA OUT XX AD-A7 FROM PCL }——@

re—— tavw, ————

PORT 2 ><[ P2.0-P2.7 OR AB-A15 FROM DPH )(n—nsmoum

Figure 4. External Data Memory Write Cycle

-
cLock L ey g e

wl«—‘:tl”""“i
i XXX XXX

i -
=5 ) T @ m-@-@

SETRI

OUTPUT DATA

CLEAR M

Figure 5. Shift Register Mode Timing
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Figure 6. External Clock Drive at XTAL1

Vpp—o5

AC INPUTS DURING TESTING ARE DRIVEN AT Vpp~0.5 FOR A LOGIC ‘1' AND
0.45V FOR A LOGIC ‘0. TIMING MEASUREMENTS ARE MADE AT Vi MIN FOR A
LOGIC ‘1’ AND Vi MAX FOR A LOGIC '0'.

Figure 7. AC Testing Input/Output

v 1%
0.2vpp+0S8 o LOAD*O. . o ;::4& e /, VOH-0.1V
0.2Vpp-0.1 LOA v W POINTS
0.45V LOADO- VoL+0.1v
NOTE: NOTE:

FOR TIMING PURPOSES. A PORT IS NO LONGER FLOATING WHEN A 100MV
CHANGE FROM LOAD VOLTAGE OCCURS, AND BEGINS TO FLOAT WHEN A
100mY CHANGE FROM THE LOADED VoMV o LEVEL OCCURS. IoHAOL 2 £
20mA.

Figure 8. Float Waveform

This Material OSMMEY Ty L8 pective Manufacturer

932



NAPC/PHILIPS SEMICOND LSE D WM bb53924 0092720 083 EESIC3

Phiips Semiconductors Microcontroller Products Product specification

CMOS single-chip 8-bit microcontrollier 80C652/83C652
Yoo Tpo
oo lop
v | '
DD : Voo
vpo Voo RST VoD
L K e =
RST N— PG
EX =
W o o)) o [
CLOCK SIGNAL————>»1 XTALY CLOCK SIGNAL — 31 XTAL1Y
L= LE

Figure 9. lpp Test Condition, Active Mode Figure 10. lpp Test Condition, Idle Mode
All other pins are disconnected All other pins are disconnected

Voo
oo
Voo *
RST Yoo
EX
L J =
(NC)————{ XTAL2 P18 fa—v .
1.7 & -
XTAL1
vss

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

NOTE:

* Ports 1.6 and 1.7 should be connected to Vg through resistors of sufficiently high value such that the sink current into these pins does not
exceed the o 1 specification.

(IS

El Purchase of Philips’ I2C components conveys a license under the

l l Philips’ 12C patent to use the components in the 12C-system
provided the system conforms to the I2C specifications defined by Philips.

January 7, 1883
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