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Philips Semiconductors Microcontroller Products Product specification

CMOS single-chip 8-bit microcontroller 80C31/80C51/87C51
—

DESCRIPTION FEATURES PIN CONFIGURATIONS

high-performance microcontroller fabricated _
with Philips high-density CMOS technology. 4k x 8 ROM (80C51) e~ T
The CMOS 8XC51 is functionally compatible ~ 4k x 8 EPROM (87C51) i cc
with the NMOS 8031/8051 microcontrollers. —~ ROMess (80C31) 11[2] 3§ Po.c/aD0
The Philips CMOS technology combines the - 128 x 8 RAM m.zE E P0.1/AD1
high speed and density characteristics of — Two 16-bit counter/timers P13 3
HMOS with the low power attributes of ~ Full duplex serial channel 3[4 37 po2/an2
CMOS. Philips epitaxial substrate minimizes ull duplex serial channe P14[5] 36] Po.2/AD3
latch-up sensitivity. — Boolean processor P1.5[8] [35] Po.4/AD4
The 8XC51 contains a 4k x 8 ROM (80C51) @ Memory addressing capability P1.6[7] 34 Po.s/ADs
I_EPHOM (87C§1), ai28 x 8 RAM, 321/0 — 64k ROM and 64k RAM p1.7[8] E PO.6IADS
lines, two 16-bit counter/timers, a five-source, Power control modes:
two-priority level nested interrupt structure, a : AsT 9] CERAMIG 32 P0.7/AD7
serial /O port for either multi-processor — Idle mode ARO[ pLastic |31 EAVpp
communications, I/O expansion or full duplex - Power-down mode T DUAL
. h xD/P3.1 F_‘I- IN-LINE E ALE/PRCG
UART, and on-chip oscillator and clock .
direuits. P ® CMOS and TTL compatible mrpazE P4 I poew
° =

In addition, the device has two software Five speed ranges at Vg = 5V INTT/P3.3( 13 E P2.7/A15
selectable modes of power reduction—idle = 12MHz ToPa.4[14 27) P2.6/A14
mode and power-down moda. The idle mode -~ 16MHz TIP3 (T3 E P2.5/A13
freezes the CPU while allowing the RAM, ~ 24MHz
timers, serial port, and interrupt system to — 30MHz WRP3.6(19 25) P2.4/A12
continue functioning. The power-down mode 33MH AD/P3.7[17] 23] Po.aiatt
saves the RAM contents but freezes the - z XTAL2 |18 E P2.2/A10
osciliator, causing all other chip functions to ® Five package styles '
be inoperative. . XTAL1 [19 2] P2.1789

Extended temperature ranges Ves E P2.0/AS

® OTP package available
8 1 40

CARRIER

17

SEE PAGE 138 FOR QFP AND LCC PIN FUNCTIONS.
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CMOS single-chip 8-bit microcontroller 80C31/80C51/87C51
ORDERING INFORMATION -
PHILIPS NORTH AMERICA
DRAWING DRAWING TEMPERATURE RANGE °C Freq
EPROM NUMBER ROMiess ROM NUMBER AND PACKAGE! MHz
SC87C51CCF40 | 05908 0 to +70, Ceramic Dual In-line Package, UV 35t012
SC87C51CCKa4 | 1472A 0 to +70, Ceramic Leaded Chip Carrier, UV 3.5t0 12
SC87C51CCN40 | 0415C | SC80C31BCCN40 | SC80C51BCCN40 | 0415C | 0 to +70, Plastic Dual In-line Package, OTP 35t012
SCB7C51CCA44 | 0403G | SC80C31BCCA44 | SCA0C51BCCA44 | 0403G | O to +70, Plastic Leaded Chip Carrier, OTP 35t012
SC87C51CCB44 1118D | SC8B0C31BCCB44 | SC80C51BCCB44 1118D | 0 to +70, Plastic Quad Fiat Pack, OTP 3.5t012
SC87C51ACF40 | 05908 —40 to +85, Ceramic Dual In-line Package, UV | 3.5t0 12
SC87C51ACK44 1472A —40 to +885, Ceramic Leaded Chip Carrier, UV | 3.5t0 12
SCB7CS1ACN40 | 0415C | SCBOC31BACN40 | SC80C51BACN40 | 0415C |40t +85, Plastic Dual In-line Package, OTP | 3.5t0 12
SCB7C51ACA44 | 0403G | SC80C31BACA44 | SCBOC51BACA44 | 0403G | -40 to +85, Plastic Leaded Chip Carrier, OTP [3.5t0 12
SC87C51CGF40 | 05908 0 to +70, Ceramic Dual In-line Package, UV 3.5t0 16
SC87C51CGK44 | 1472A 0 to +70, Ceramic Leaded Chip Carrier, UV 3.5t 16
SC87C51CGN40 | 0415C | SCBOC31BCGN40 | SCBOCS1BCGN40 | 0415C | 0to +70, Plastic Dual In-line Package, OTP 351016
SCB7C51CGA44 | 0403G | SCBOC31BCGA44 | SCBO0C51BCGA44 | 0403G | 0to +70, Plastic Leaded Chip Carrier, OTP 35t016
SC87C51CGB44 | 1118D | SC80C31BCGB44 | SC80C51BCGB44 | 1118D | 0 to +70, Plastic Quad Flat Pack, OTP 35t0 16
SC87C51AGF40 | 05908 -40 to +85, Ceramic Dual In-line Package, UV | 3.5t0 16
SC87C51AGK44 | 1472A —40 to +85, Ceramic Leaded Chip Carrier, UV |3.5t0 16
SCB7C51AGN40 | 0415C | SCB0C31BAGN40 | SCB0C51BAGN40 | 0415C | —40 to +85, Plastic Dual In-line Package, OTP |3.5t0 16
SCB87C51AGA44 | 0403G | SCBOC31BAGA44 | SC80C51BAGA44 | 0403G | -40to +85, Plastic Leaded Chip Carrier, OTP | 3.510 16
SC87C51CPF40 | 05308 0 to +70, Ceramic Dual In-line Package, UV 3.5t024
SC87C51CPK44 | 1472A 0 to +70, Ceramic Leaded Chip Carrier, UV 3.5t024
SCB7C51CPN40 | 0415C | SC80C31BCPN40 | SC80C51BCPN40 | 0415C | 0to +70, Plastic Dual In-line Package, OTP 35t024
SCB87C51CPA44 | 0403G | SCBOC31BCPA44 | SC80CS18CPA44 | 0403G |0 to +70, Plastic Leaded Chip Carrier, OTP 3.5t024
SC87C51APF40 0590B —40 to +85, Ceramic Dual In-line Package, UV
SC87C51APK44 | 1472A —40 to +85, Ceramic Leaded Chip Carrier, UV | 3.5t0 24
SCB7CS1APN4Q | 0415C | SC80C31BAPN40 | SCBOCS51BAPN40 | 0415C | -40 to +85, Plastic Dual In-line Package, OTP | 3.5t024
SC87C51APA44 | 0403G | SCBOC31BAPA44 | SC80C51BAPA44 | 0403G |40 to +85, Plastic Leaded Chip Carrier, OTP | 3.5t024
SC87C51CYF40 | 0590B 0 to +70, Ceramic Dual In-line Package, UV 3.5t033
SC87C51CYK44 | 1427A 0 to +70, Ceramic Leaded Chip Carrier, UV 351033
SC87C51CYN4Q | 0415C | SCBOC31BCYN40 | SC80C51BCYN40 | 0415C |0 to +70, Plastic Dual In-line Package, OTP 351033
SC87C51CYA44 | 0403G | SCB0C31BCYA44 | SCBOC51BCYA44 | 0403G | 0to +70, Plastic Leaded Chip Carrier, OTP 3.5t033
SC87C51AYF40 05908 —40 to +85, Ceramic Dual In-line Package, UV | 3.5 to 33
SC87C51AYK44 1472A ~40 to +85, Ceramic Leaded Chip Carrier, UV | 3.5 to 33
SCB7C51AYN40 | 0415C | SCBOC31BAVYN4Q | SCBOCS1BAYN4O | 0415C | —40 to +88, Plastic Dual In-line Package, OTP | 3.5t0 33
SC87C51AYA44 0403G | SCB0C31BAYA44 | SC80C51BAYA44 0403G | -40 to +85, Plastic Leaded Chip Carrier, OTP | 3.5t0 33

1. OTP = One Time Programmable EPROM. UV = UV Erasable EPROM
2. SOT311 replaced by SOT307-2.
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Philips Semiconductors Microcontroller Products Product specification
CMOS single-chip 8-bit microcontroller 80C31/80C51/87C51
ORDERING INFORMATION
PHILIPS
ROMiess ROMiess DRAWING TEMPERATURE RANGE °C Freq
(ORDER NUMBER) | (MARKING NUMBER) ROM NUMBER AND PACKAGE! MHz
PCB80C31-2N PCB80C31BH2-12P | PCB80C51BH-2P SOT129 |0 to +70, Plastic Dual In-line Package, OTP 0.5t0 12
PCB80C31-2A PCB80C31BH2-12WP | PCBBOCS18H-2WP | SOT187 |0 to +70, Plastic Leaded Chip Carrier, OTP 0.5t0 12
PCBB80C31BH2-12H | PCBBOCS51BH-2H | SOT307-22 | 0 to +70, Plastic Quad Flat Pack, OTP 0.5t0 12
PCB80C31-3N PCB80C31BH3-16P | PCB80C51BH-3P SOT129 |0 to +70, Plastic Dual In-line Package, OTP 1.2t0 16
PCB80C31-3A PCBB0C31BH3-16WP | PCBSOC51BH-3WP | SOT187 |0 to +70, Plastic Leaded Chip Carrier, OTP 1.2t0 16
PCBB0C31BH3-16H | PCBBOC51BH-3H | SOT307-22 | 0 to +70, Plastic Quad Flat Pack, OTP 1.2t0 16
PCF80C31-3N PCF80C31BH3-16P | PCF80C518H-3P SOT129 |40 to +85, Plastic Dual In-line Package, OTP | 1.2t0 16
PCF80C31-3A PCF80C31BH3-16WP | PCFBOC51BH-3WP | SOT187 | -40 to +85, Plastic Leaded Chip Carrier, OTP | 1.2t0 16
PCF80C31BH3-16H | PCFBOC51BH-3H | SOT307-22 | —40 to +85, Plastic Quad Flat Pack, OTP 1.21t0 16
PCA80C31BH3-16P | PCA80C51BH-3P SOT129 | -40 to +125, Plastic Dual in-fine Package 1210 16
PCAB0C31BH3-16WP | PCABOC51BH-3WP | SOTi87 |—40 to +125, Plastic Leaded Chip Carrier 1.2t0 16
PCB80C31-4 N PCB80C31BH4-24P | PCBBOCS51BH-4P SOT129 |0 to +70, Plastic Dual In-line Package, OTP 1.2to 24
PCB80C31-4 A PCBB0C31BH4-24WP | PCBBOC51BH-4WP | SOT187 |0 to +70, Plastic Leaded Chip Carrier, OTP 1.2t024
PCBB0C31BH4-24H | PCB80C51BH-4H | SOT307-22 | 0 to +70, Plastic Quad Flat Pack, OTP 12t024
PCF80C31-4N PCFBOC31BH4-24P | PCF80C51BH-4P SOT129 | -40 to +85, Plastic Dual In-line Package, OTP | 1.2t0 24
PCF80C31-4 A PCF80C31BH4-24WP | PCFBOC51BH-4WP | SOT187 |-40 to +85, Plastic Leaded Chip Carrier, OTP | 1.2t0 24
PCF80C31BH4-24H | PCF80C51BH-4H SOT307-22 | -40 to +85, Plastic Leaded Chip Carrier, OTP | 1.2t0 24
PCB80C31-5N PCB80C31BH5-30P | PCB80OC518H-5P SOT129 |0 to +70, Plastic Dual In-line Package 121033
PCB80C31-5A PCB80C31BHS5-30WP | PCBBOC51BH-5WP | SOT187 [0to +70, Plastic Leaded Chip Carrier 1.2t033
PCB80C31-58 PCB80C31BH5-30H | PCBSOC51BH-5H | SOT307-22 | 0 to +70, Plastic Quad Flat Pack 121033
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CMOS single-chip 8-bit microcontroller 80C31/80C51/87C51

CERAMIC AND PLASTIC LEADED PLASTIC QUAD FLAT PACK
CHIP CARRIER PIN FUNCTIONS PIN FUNCTIONS

6 1 4
1 O
o] —
7 [ 139
LcC
17 ]2
[ L]
18 28
Pin Function Pin Function Pin Function Pin Function
1 NC 23 NC 1 PI§ 23 P25/A13
2 P10 24 P2.0/AS 2 P16 24 P26/A14
a P 25 P2.1/A9 3 PL7 25  P27IA1S
4 P12 26 P22/A10 4 RST 26 PSEN
5 P13 27 P2.3AN 5 P3.OMxD 27 ALEFHOG
6 P4 28 P2.4/A12 6 NC 28 NG
7 P1S 29  P25/A13 7 P3.A/MXD 2 EAvpp
8 P16 30 Pae&/Ai4 8  P32INTO 30 PO.7/AD7
s P7 3t P27IA15 9  P3ANTT 31 PO.6/ADS
10 RST 32 PSEN 10 P3.4T0 32 PO.S5/ADS
1 P3.0MxD 33  ALEFROG 1 P3.5T1 33 PO.4/AD4
12 NC M4 NC 12 P3&WH 34 P0.3/AD3
13 PIVTXD 35 EAvpp 13 P3.7RAD 35 PO.2/AD2
14 P32/NTO 38 PO.7/AD? 14 XTAL2 36 PO.1/AD1
15 P3MNTT 37 PO.6/ADG 15 XTAL1 37 P0O.0/ADO
16 P340 38 PO.5/ADS 16 vgg 38 vee
17 P3sMi 39 PO.4/AD4 17 NC 9 NG
18 P3.6WH 40 PO.Y/AD3 18 P2.0/AS 40 P1.0
19 P3.7ZAD 41 PO.2/AD2 19 P2.1/A9 41 P11
20 XTAL2 42 PO.ADI 20 P2.2/A10 42 P12 .
21 XTAL 4 P0.0/ADO 21 P2.3AN 43 P13
2 vgg “4  vege 22 P2aAn2 4 P14
LOGIC SYMBOL
Vec Vss
-2
| XTAL1 [e—»] >
I —> <>
s > © «—» | ADDRESS AND
&= : ’, . T «-» | DATABUS
l | 2>
I > >
= <
s
l—>| -~
RST —> | =
EAVpp — > O
PSEN <«— >
A e—>
@ LE/PROG «—»} q
2} RxD—» =, —>]
ol TxDe— —>»] —>» —_
é NO—> , (—> k> &5
INTT—>» 1_| —] > T
E To—> 51— > § ADDRESS BUS
a T —p & | —> > —p
g WHe— —>] —> —
8 A «— o [—> | —_—
12
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CMOS single-chip 8-bit microcontroller 80C31/80C51/87C51

BLOCK DIAGRAM
PO.0-PO.7 P2.0-P2.7
S S A — 1
{ PORT 0 PORT 2 I
DRIVERS DRIVERS |
veel T\L 1 I‘_ I |
vss| 7 I
I RAM ADDR PORT
= | | AEGiSTER ] RAM LATOH i FOMEFROMK—— ;
i Il (s Il | |
| = |
|
0 i g
I 8 ACC STACK :
| |pecisten POINTER
| |
|
| 4 PROGRAM
ADDRESS
l ™P2 ™R REGISTER = :
| |
N [
: ALY PCON_| SCON| TMOD] TCON K= BuFFER K |
THO | Lo | THI |
I i ; TLt I
| PSW SBUF| IE P lNggE_ <:> |
| INTERRUPT, SERIAL MENTER |
| PORT AND TIMER BLOCKS
I P |
|
PROGRAM
} COUNTER C:> ]
|
it gc |
ALE/ TIMING | © F |~ AV4 |
I AN 2 QKN p DPTR K )
EAvep contRoL | E 8 |
RST 2« I
| PD PORT 1 PORT 3 |
LATCH LATCH |
' |
| | osciiaron ﬁ @ |
|
PORT PORT
|  DAVERS ey DRIVERS !
LX.L"':‘.-.__._E‘E_____.I_IHH ___________ H __________ I
’——IDI_‘ P1.0-P17 par_o_pgj
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CMOS single-chip 8-bit microcontroller 80C31/80C51/87C51
PIN DESCRIPTION
PIN NO.

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

Vss 20 22 16 | Ground: 0V reference.

Vee 40 44. 38 I 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 | /O | Port 0: Port 0 is an open-drain, bidirectional I/O port, Port 0 pins that have 1s written to
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed
low-order address and data bus during accesses to external program and data memory. In
this application, it uses strong internal pull-ups when emitting 1s. Port 0 also outputs the
code bytes during program verification in the 87C51. External pull-ups are required during
program verification.

P1.0-P1.7 1-8 2-9 |[40-44,| 1O |Port1: Port 1is an 8-bit bidirectional I/0 port with internal pull-ups. Port 1 pins that have 1s
1-3 written to them are pulled high by the internal pull-ups and can be used as inputs. As
inputs, port 1 pins that are externally pulled low will source current because of the internal
pull-ups. (See DC Electrical Characteristics: I).). Port 1 also receives the low-order address
byte during program memory verification.

P2.0-P2.7 21-28 | 24-31 | 18-25 ]| /O | Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1s
writtan 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 DC Electrical Characteristics: Iy ). 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.
P3.0-P3.7 10-17 | 1, 5, /O ] Port 3: Port 3 is an 8-bit bidirectional /O port with internal pull-ups. Port 3 pins that have 1s
13-19 { 7-13 written to them are pulled high by the internal pull-ups and can be used as inputs. As

inputs, port 3 pins that are extemnally 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 1 INTO (P3.2): External interrupt
13 15 9 1 INTT (P3.3): External interrupt
14 16 10 | T0 (P3.4): Timer 0 external input
15 17 11 l T1 (P3.5): Timer 1 external input
16 18 12 O | WR (P3.6): External data memory write strobe
17 19 13 O | RD (P3.7): External data memory read strobs
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 Vgg permits a power-on reset using only an external
capacitor to Vgc.
ALE/PROG 30 33 27 VO | Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the

address during an access to external memory. In normal operation, ALE is emitted ata
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking.
Note that one ALE pulse is skipped during each access to external data memory. This pin is
also the program pulse input (PROG) during EPROM programming.

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

EANpp 31 35 29 | External Access Enable/Programming Supply Voltage: EA must be externally held low
to enable the device to fetch code from extemal program memory locations 0000H to
OFFFH, If EAis held high, the device executes from intemal program memory unless the
program counter contains an address greater than OFFFH. This pin also receives the
12,75V programming supply voltage (Vpp) during EPROM programming.

XTAL1 19 21 15 | Crystal 1: Input to the inverting oscillator ampiifier and input to the internal clock generator
circuits.
XTAL2 18 20 14 (o] Crystal 2: Qutput from the inverting oscillator amplifier.
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CMOS single-chip 8-bit microcontroller

80C31/80C51/87C51

OSCILLATOR
CHARACTERISTICS

XTAL1 and XTAL2 are the input and output,
respectively, of an inverting amplifier. The
pins can be configured for use as an on-chip
oscillator, as shown in the logic symbol.

To drive the device from an external clock
source, XTAL1 should be driven while XTAL2
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.

ROM CODE SUBMISSION

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-up reset, the
RST pin must be high long enough to allow
the oscillator time to start up (normally a few
milliseconds) plus two machine cycles.

IDLE MODE

In idle mode, the CPU puts itself to sleep
while all of the on-chip peripherals stay
active. The instruction to invoke the idie
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 idie

When submitting ROM code for the 80C51, the following must be specified:

1. 4k byte user ROM data

2. 32 byte ROM encryption key (SC80C51 only)

3. ROM security bits (SC80C51 only).

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 /O ports during
low current operating modes.

ADDRESS CONTENT BIT(S) COMMENT
0000H to OFFFH DATA 7:0 User ROM Data
1000H to 101FH KEY 7:0 ROM Encryption Key
1020H SEC 0 ROM Security Bit 1
1020H SEC 1 ROM Security Bit 2
Security Bit 1: When programmed, this bit has two effects on masked ROM parts:
1. External MOVC is disabled, and
2. EA#is latched on Reset.
Security Bit 2: When programmed, this bit inhibits Verify User ROM.
Table 1. External Pin Status During Idle and Power-Down Modes
MODE PROGRAM 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
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CMOS single-chip 8-bit microcontroller 80C31/80C51/87C51

Electrical Deviations from Commercial Specifications for Extended Temperature Range (87C51)
DC and AC parameters not included here are the same as in the commercial temperature range table.

DC ELECTRICAL CHARACTERISTICS
Tamb = —40°C to +85°C, Ve = 5V £10%, Vgg = OV (Philips North America Parts Only)
Tamb =—40°C 10 +125°C, Ve = 5V £10%, Vsg = OV (Philips Parts Only)

TEST LIMITS

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
ViL Input low voltage, except EA (Philips North America) -05 0.2Vee-0.15 \
ViL Input low voltage, except EA (Philips) -0.5 0.2Vece-0.25 \
ViLy Input low voltage to EA 0.5 0.2Veoo-0.45 v
Vin Input high voltage, except XTAL1, RST 0.2Vget1 Vee+0.5 \)
Vi Input high voltage to XTAL1, RST 0.7Voe+0.1 Vge+0.5 A
R Logical 0 input current, ports 1, 2, 3 VN = 0.45V -75 HA
I Logical 1-to-0 transition current, ports 1, 2, 3 ViN=2.0V -750 HA
lce Power supply current: Vee =4.5-56.5V

Active mode! @ 16MHz (Philips) 25 mA

Active mode @ 12MHz (Philips North America) 20 mA

Idle mode2 @ 16MHz (Philips) 6.5 mA

Idle mode @ 12MHz (Philips North America) 5 mA

Power-down mode3 (Philips) 75 HA

Power-down mode (Philips North America) 50 A

NOTES:

1. The operating supply current is measured with alf output pins disconnected; XTAL1 driven with t; =t =10ns; V;_= Vgg + 0.5V;
Viy = V¢g — 0.5V; XTAL2 not connected; EA = RST = Port 0 = V¢e.

2. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with t =t = 10ns; V)= Vgg + 0.5V;
Vin = Ve — 0.5V; XTAL2 not connected; EA = Port 0 = Vgg; RST = Vgg.

3. The power-down current is measured with all output pins disconnected, XTAL2 not connected, EA = Port 0 = Vcei RST = Vgg,

ABSOLUTE MAXIMUM RATINGS' 2.3

PARAMETER RATING UNIT
Operating temperature under bias 0to +70 or —40 to +85 °C
Storage temperature range -65 to +150 °C
Voltage on EA/Vpp pin to Vgg 0to+13.0 \
Voltage on any other pin to Vgg 0510465 A
Maximum lgy_ per 1/O pin 15 mA
Power dissipation (based on package heat transfer timitations, not device power consumption) 1.5 w

NOTES:

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical 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.
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CMOS single-chip 8-bit microcontroller 80C31/80C51/87C51

DC ELECTRICAL CHARACTERISTICS -

Tamb = 0°C to +70°C or —40°C to +85°C, Vg = 5V £20%, Vgg = 0V (80C31/51) (12, 16, and 24MHz versions)
Tamp = 0°C t0 +70°C or —40°C to +85°C, Vg = 5V £10%, Vgg = OV (87C51) (80C31/80C51 33MHz version)

TEST LIMITS
SYMBOL PARAMETER CONDITIONS MIN TYPICAL! MAX UNIT
ViL Input low voltage, except EA7 -05 0.2Vge-0.1 v
Vit Input low voltage to EA7 0 0.2Vec—0.3 v
ViH Ihput high voltage, except XTAL1, RST? 0.2Vec+0.9 Veoe+0.5 v
ViH1 input high voltage, XTAL1, RST7 0.7Vge Veoe+0.5 v
Voo Output low voltage, ports 1, 2, 311 loL = 1.6mA? 0.45 v
VoLt Output low voltage, port 0, ALE, PSEN!1 loL = 3.2mA?2 0.45 Y
VoH Output high voltage, ports 1, 2, 3, ALE, PSENS loH = ~60pA, 24 v
loq = —-25pA 0.75Vec Vv
lon = ~10pA 0.9Vee \"
Vo1 Qutput high voltage (port 0 in external bus mode) lon =-800uA, 2.4 v
loy =-300nA 0.75V¢cc \'
lon =-80pA 0.9V¢ge A
L Logical 0 input current, ports 1, 2, 37 Vin =0.45V -50 pA -
I Logical 1-t0-0 transition current, ports 1, 2, 37 See note 4 -650 uA
Iu Input leakage current, port 0 Vin=ViLorViy +10 pA
lee Power supply current:? Seenote 6
Active mode @ 12MHz® (Philips) 18 mA
Active mode @ 12MHz5 (Philips North America) 11.5 19 mA
Idle mode @ 12MH2z? (Philips) 44 mA
ldle mode @ 12MHz (Philips North America) 1.3 4 mA
Power-down mode!? (Philips and 3 50 HA
Philips North America)
RrsT Intemnal reset pull-down resistor
(Philips North America) 50 300 kQ
(Philips) 50 150 kQ
Cio Pin capacitance (12) 10 pF
NOTES:

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

2. 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-to-0 transitions during bus operations. In the
worst cases (capacitive loading > 100pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify
ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. loL can exceed these conditions provided that no
single output sinks more than 5mA and no more than two outputs exceed the test conditions.

. Capacitive loading on ports 0 and 2 may cause the Vgy on ALE and PSEN to momentarily fall below the 0.9V specification when the

address bits are stabilizing.

. Pins of ports 1, 2 and 3 source a transition current when they are being externally driven from 1 to 0. The transition current reaches its

maximum value when V|y is approximately 2V,

- lccmax at other frequencies (for Philips North America parts) is given by: Active mode: lconax = 1.43 X FREQ + 1.90;

Idle mode: lcomax = 0.14 X FREQ +2.31, where FREQ is the external oscillator frequency in MHz. lccmax is given in mA. See Figure 7,

See Figuras 8 through 11 for I test conditions.

For Philips North America parts when Tapyp, = ~40°C to +85°C or Philips parts when Tamb = —40°C to +125°C, see DC Electrical

Characteristics table on previous page.

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

Vi = Vee — 0.5V; XTAL2 not connected; EA = RST = Port 0 = V.

9. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with t, = t=10ns; V| = Vgg + 0.5V;

Vix = Vg = 0.5V; XTAL2 not connected; EA = Port 0 = Vgg; RST = Vgg,
10.The power-down current is measured with all output pins disconnected, XTAL2 not connected, EA = Port 0 = Vgg; RST = Vg,
11. Under steady state (non-transient) conditions, lg; must be externally limited as follows:

® NO O a W

Maximum loy_ per port pin: 15mA
Maximum gy per 8-bit port: 26mA
Maximum lgy_ total for all outputs: 67mA

If lo. exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater than the listed
test conditions.
12.Pin capacitance for the ceramic DIP package is 15pF maximum.
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AC ELECTRICAL CHARACTERISTICS FOR 12-33MHz PHILIPS NORTH AMERICA DEVICES
Tamb = 0°C to +70°C or —40°C to +85°C, Ve = 5V +20%, Vgg = OV (80C31/51)1:2.4 (12, 16, and 24MHz versions)
Tamp = 0°C 10 +70°C or —40°C t0 +85°C, Vg = 5V £10%, Vg = OV (87C51) (80C31/80C51 33MHz version)

VARIABLE cLOCK?
SYMBOL | FIGURE PARAMETER MIN MAX UNIT
1cLeL Oscillator frequency:  Speed Versions
SCB80C31/51 o] 3.5 12 MHz
G 3.5 16 MHz
P 35 24 MHz
Y 3.5 33 MHz
L 1 ALE pulse width 2o o140 ns
tavie 1 Address valid to ALE low toLoL—13 ns
tiax 1 Address hold after ALE low toLcL—20 ns
v 1 ALE low to valid instruction in 4tc oL 65 ns
P 1 ALE low to PSEN low toLe~13 ns
tPLeH 1 PSEN pulse width 3teLoL—20 ns
toLv 1 PSEN low to valid instruction in 3tcLoL—45 ns
toxix 1 Input instruction hold after PSEN 0 ns
toxiz 1 Input instruction float after PSEN toLo—10 ns
taviv 1 Address to valid instruction in StoLcL—55 ns
toLaz 1 PSEN low to address float 10 ns
Data Memory
taLAH 2,3 RD pulse width 6tcLcL~100 ns
twowH 2,3 WH pulse width 6toLoL-100 ns
taLpv 2,3 RD low to valid data in 5tcLeL-90 ns
taHox 2,3 Data hold after RD 0 ns
taHDz 2,3 Data float after RD 2toLo—28 ns
tov 2,3 ALE low to valid data in 8toLoL~150 ns
tavov 2,3 Address to valid data in SteLcL~-165 ns
tuwe 2,3 ALE low to RD or WH low 3toLe—50 3toLcL+50 ns
tavwL 2,3 Address valid to WH low or RD low Ao oL-75 ns
tavwx 2,3 Data valid to WH transition toLoL—20 ns
twHax 2,3 Data hold after WH toLeL—20 ns
taLaz 2,3 RD low to address float 0 ns
tWHLH L2, 3 RD or WR high to ALE high teLe—20 toLcL+25 ns
External Clock
toHex 4 High time 12 ns
toLex 4 Low time 12 ns
tcicH 4 Rise time 20 ns
tcHeL 4 Fall time 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. For all Philips North America speed varsions only.
4. Interfacing the 80C31/51 to devices with float times up to 50ns is permitted. This limited bus contention will not cause damage to port 0

drivers.
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AC ELECTRICAL CHARACTERISTICS FOR PHILIPS DEVICES
Tamp = 0°C t0 +70°C, Vg = 5V £20%, Vg = OV (80C31/51)1:2.4.5

VARIABLE CLOCK3
SYMBOL | FIGURE PARAMETER MIN MAX UNIT
1MeLeL Oscillator frequency:  Speed Versions
-PCB8031/51 -2 0.5 12 MHz
PCA/PCB/PCF80C31/51 -3 1.2 16 MHz
PCB/PCF80C31/51 -4 1.2 24 MHz
PCB/FB80C31/51 -5 1.2 33 MHz
L 1 ALE pulse width 2teLci—40 ns
taviL 1 Address valid to ALE low toLel—25 ns
iax 1 Address hold after ALE low teLoL~25 ns
v 1 ALE low to valid instruction in 4t o165 ns
tpL 1 ALE low to PSEN low teLce~25 ns
teLPH i PSEN pulse width 3teLcL—45 ns
teLiv 1 PSEN low to valid instruction in 3toLoL—60 ns
texix 1 Input instruction hold after PSEN 0 ns
texiz 1 Input instruction float after PSEN tcLcL—25 ns
taviv 1 Address to valid instruction in StoLcL—80 ns
tpraz 1 PSEN low to address float 10 ns
Data Memory
taLAH 2,3 RD pulse width BtoLcL~100 ns
twiwH 2,3 WH pulse width 6tor o —100 ns
taLov 2,3 RD low to valid data in 5toLcL-920 ns
taHDX 2,3 Data hold after RD 0 ns
taHDZ 2,3 Data float after RD 2tcrcL—28 ns
fLov 2,8 ALE low {o valid data in 8torcL~150 ns
tavov 2,3 Address to valid data in Sterc—-165 ns
tuwL 2,3 ALE low to RD or WR low 3toLoL—50 3toLoL+50 ns
tavwL 2,3 Address valid to WR low or RD low 4toLoL-75 ns
tavwx 2,3 Data valid to WH transition toLeL—-30 ns
twiax 2,3 Data hold after WR toLcL~25 ns
taLAZ 2,3 RD low to address float 0 ns
tWHLH 2,3 RD or WR high to ALE high toLoL—25 toLcL+25 ns
External Clock
tcHex 4 High time 15 ns
teLex 4 Low time 15 ns
tcLcH 4 Rise time 20 ns
tomeL 4 Fall time 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. For ali Philips speed versions only.
4. Interfacing the 80C31/51 to devices with float times up to 30ns is permitted. This limited bus contention will not cause damage to port 0
5. 3’;?;’5\/ £10% for 33MHz.
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EXPLANATION OF THE AC SYMBOLS
Each timing symbol has five characters. The Q- Output data
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. The designations are: W- WH signal

A - Address . X — No longer a valid logic level

C - Clock Z - Float

D - Input data Examples: tay = Time for address valid to

H - Logic level high ALE low.

I - Instruction (program memory contents) el =

L — Logic level low, or ALE Time for ALE low to

P - PSEN PSEN low.
i —>

tave .

tLiax -« tp|

texix

/
PORT O D—< AO-A7 INSTR IN
N

< taviv >

,
PORT 2 3( AO-A15 X AB-A1S
N

Figure 1. External Program Memory Read Cycle

ALE
/ N
< tWHLH
_/ M
Loy
WL ——> ety gy ———>
o 4
| \¥ /
taviL >, > tax ¢ tRupv —> B tRHDZ
, v | <
> taLaz RHDX
POATO AO-A7 A
FROM RI OR DPL o{ DATA IN y AO0-A7 FROM PCL INSTR IN
re—— tavwp ————»
« tavov
Y/
PORT2 3(\ P2.0-P2.7 OR AB-A15 FROM DPH X AG-A15 FROM PCH

Figure 2. External Data Memory Read

Cycle
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e TN

€ twHLH —>
=_/ AN

< f WL P twiwH ———>|

N //

tavwx > twhox

tLiax J

A
y

tavie

¢ A0-A7
PORTO D——( | FROM o on DPL DATA OUT AG-A7 FROM PCL INSTRIN

e———— taywL ———>

PORT2 ><( P2.0-P2.7 OR AB-A15 FROM DPH X AC~A15 FROM PCH

Figure 3. External Data Memory Write Cycle

Figure 4. External Clock Drive
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vee-os 0.2Vpc+09 VLoADH.V N TIMING o VOH-0.1V
: VLOAD' . REFERENCE
0.48v J%Vee 2! VLOAD-0-1V POINTS > A oo

NOTE: NOTE:
AC inputs during testing are driven at Vo -0.5 for a logic "1 and 0.45V for a logic 0. For timing purposes, a gon is no longer floating when a 100mV change fram load
Timing measurements are made at V)4 min for a legic "1* and Vy|_ for a logic ‘0. voltage occurs, and begins to float when a 100mV charige from the loaded Vou

VoL level occurs. IOHIQL = +.20mA.

Figure 5. AC Testing Input/Output Figure 6. Float Waveform

MAX ACTIVE MODE
/ (ICCMAX = 1.43 freq + 1.9)

. /

2 / _~] TYP ACTIVE MODE

IccmA 20

15

; /

/ / fee1 MAX IDLE MODE
s 1.7 — |

//
/ v
/

” ——
// _,._——/—""' TYP IDLE MODE
o]
4MHz 8MHz 12MHz  16MHz  20MHz  24MH2 30MHz  33MHz
FREQ AT XTAL1

Figure 7. Igc vs. FREQ
Valid only within frequency specitications of the devipe under test
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Yee Vee
Icc lcc

Vee l Vee
Vee Vee AST voe

RST PON—] l PO

% ke —
{NC)————] XTAL2

CLOCK SIGNAL ——»{ XTAL1
| Vss

Figure 8. 1¢¢ Test Condition, Active Mode
All other pins are disconnected

- EA
(NC) XTAL2 l

CLOCK SIGNAL - XTAL1

l vss

Figure 9. Igc Test Condition, Idle Made

All other pins are disconnected

Figure 10. Clock Signal Waveform for Ig¢ Tests in Active and Idle Modes
toLcH =teHeL = 5ns

(NC)

L

RST

XTAL2

XTAL1

Vss

vee

3

g
=l
L

Figure 11. 1g¢ Test Condition, Power Down Mode
All other pins are disconnected. Vg = 2V to 5.5V
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EPROM CHARACTERISTICS

The 87C51 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 87C51 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
87C51 manufactured by Philips Corporation.

Table 2 shows the logic levels for reading the
signature bytes, and for programming the
program memory, the encryption table, and
the security bits. The circuit configuration and
waveforms 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 microcontrolier quick-pulse
programming is shown in Figure 12. Note that
the 87C51 is running with a 4 to 6MHz
oscillator. 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
programmed into that location is applied to
port 0. RST, PSEN and pins of ports 2 and 3
specified in Table 2 are held at the ‘Program
Code Data’ levels indicated in Table 2. The
ALE/PROG is pulsed low 25 times as shown
in Figure 13.

To program the encryption 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 security bits, repeat the 25
pulse programming sequence using the ‘Pgm
Security Bit' levels. After one security bit is
programmed, further programming of the
code memory and encryption table is
disabled. However, the other security bit can
still be programmed.

Note that the EAA/pp pin must not be allowed
to go above the maximum specified Vpp level
for any amount of time. Even a narrow glitch
above that voltage can cause permanent
damage to the device. The Vpp source
should be well regulated and free of glitches
and overshoot.

Program Verification

If security bit 2 has not been programmed,
the on-chip program 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 14. The other pins are held at the
‘Verify Code Data’ levels indicated in Table 2.
The contents of the address location will be
emitted on port 0. External pull-ups are
required on port O for this operation.

If the encryption table has been programmed,
the data presented at port 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
correcly decode the verification data. The
encryption table itself cannot be read out.

Table 2. EPROM Programming Modes

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) = 15H indicates manufactured by
Philips

(031H) = 92H indicates 87C51

Program/Verify Algorithms

Any algorithm in agreement with the
conditions listed in Table 2, and which
satisfies the timing specifications, is suitable.

Erasure Characteristics

Erasure of the EPROM begins to occur when
the chip is exposed to light with wavelengths
sharter than approximately 4,000 angstroms.
Since sunlight and fluorescent lighting have
wavelengths in this range, exposurs 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
temperature or environments where solvents
are being used, apply Kapton tape Fluorglas
part number 2345-5, or equivalent.

The recommended erasure procedure is
exposure to ultraviolet light (at 2537
angstroms) to an integrated dose of at least
15W-sec/cm?, Exposing the EPROM to an
ultraviolet lamp of 12,000uW/cm? rating for
20 to 39 minutes, at a distance of about 1
inch, should be sufficient.

Erasure leaves the array in an all 1s state.

MODE RST PSEN ALE/FROG | EANpp P2.7 P2.6 P3.7 P3.6

Read signature 1 0 1 1 0 0 0 0
Program code data 1 0 o* Vee 1 0 1 1
Verify code data i 0 1 1 0 0 1 1
Pgm ancryption table 1 0 o Vep 1 0 1 0
Pgm security bit 1 1 0 o Vpp 1 1 1 1
Pgm security bit 2 1 0 o* Vpp 1 1 0 0

NOTES:

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

2. Vpp = 12.75V +0.25V,

3. Vec = 5V£10% during programming and verification.

4. "AL 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 10us.

™Trademark phrase of Intel Corporation.
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Figure 14, Program Verification

+5V
vee
AQ-A7 A p1 PO K PGM DATA
1 ———» RST EANpp [¢———— #1275V
1 —» P38 ALEPAOG |¢————— 25 100us PULSES TO GROUND
1 P3.7 87Cs1 PSEN f¢&———— 0
I aS XTAL2 P27 j¢— 1
aemiz O3 ¢ pag & 0
L T XTAL1 P2.0-P2.3 — AB-A11
vss
Figure 12. Programming Configuration
25 PULSES »l
1 l
ALEPROG: 0 I l l I | I l I | ........
: 10ps MIN —»’ l 100us+10 >l
1 I 'I
ALEFROG: 0 | | | I
Figure 13. PROG Waveform
+5V
vVee
AO-A7 A Pt PO PGM DATA
1 —— 3 RST EANpp j&— 1
1 —————»] P36 ALEFROG [¢—— 1
1 ————> P37 87C5s1 PSEN [¢——— 0
’—r—— XTAL2 P27 j&————— 0 ENABLE
cow D5 Pag fe—— 0
I T XTAL1 P2.0-P23 /L_~ AB-A1
Vss

January 26, 1993

151

Product specification




B 71108chk UDI;IEU]IS 193 EEPHIN

Philips Semiconductors Microcontroller Products Product specification
CMOS single-chip 8-bit microcontroller 80C31/80C51/87C51
EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS
Tamp = 21°C t0 +27°C, Vg = 5V£10%, Vgg = OV (See Figure 15)
SYMBOL PARAMETER MIN MAX UNIT
Vpp Programming supply voltage 12.5 13.0 \')
lpp Programming supply current 50 mA
oo Oscillator frequency 4 6 MHz
tavaL Address setup to PROG low 48toL oL
taHAX Address hold after PROG 48tcLoL
tovaL Data setup to PROG low 48tercL
tGHDX Data hold after PROG 48toLcL
terHsH P2.7 (ENABLE) high to Vpp 48tcicL
tsHGL Vpp setup to PROG low 10 us
taHsL Vpp hold after PROG 10 us
taLgH PROG width 90 110 us
tavay Address to data valid 48tc oL
teLaz ENABLE low to data valid 48teL oL
tenaz Data float after ENABLE 0 48teLaL
taHGL PROG high to PROG low 10 us
PROGRAMMING” VERIFICATION*
P1.0-P17 __<( ADDRESS ADDRESS >—-
P2.0-P2.4 /
< tavav
4 N_
tovatL —> taHDX
taval taHAX
ALEPROG
/
taLgH > taHaL
tsHaL tansL
/
/ LOGIC 1 LOGIC
EAVpp
LOGIC 0
tensH teLav tenaz
P27
ENABLE *FOR PROGRAMMING VERIFICATION SEE FIGURE 12.
FOR VERIFICATION CONDITIONS SEE FIGURE 14,
Figure 15. EPROM Programming and Verification
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