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Application Specific Product
DESCRIPTION

The Philips 80C31/80C51/87C51 is a
high-performance microcontroiler fabri-
cated with Philips high-density CMOS
technology. The CMOS 8XC51 is func-
tionally compatible with the NMOS
8031/8051 microcontrollers. The Philips
CMOS technology combines the high
speed and density characteristics of
HMOS with the low power attributes of
CMOS. Philips epitaxial substrate mini-
mizes latch-up sensitivity.

The 8XC51 contains a 4k x 8 ROM
(80C51) EPROM (87C51),2 128 x 8
RAM, 32 {/O lines, two 16-bit counter/
timers, a five-source, two-priority level
nested interrupt structure, a serial /O
port for either multi-processor communi-
cations, VO expansion or full duplex
UART, and on-chip oscillator and clock
circuits.

In addition, the device has two software
selectable modes of power reduction —
idle mode and power-down mode. The
idle mode freezes the CPU while allow-
ing the RAM, timers, serial port, and in-
terrupt system to continue functioning.
The power-down mode saves the RAM
contents but freezes the oscillator, caus-
ing all other chip functions to be inopera-
tive.

This Materia

80C31/80C51/87C51
CMOS single-chip, 8-bit

microcontroller

FEATURES
® 8031/8051 compatible
—~ 4k x 8 ROM (80C51)
— 4k x 8 EPROM (87C51)
- ROMless (80C31)
- 128 x 8 RAM
— Two 16-bit countertimers
— Full duplex serial channel
—~ Boolean processor
©® Memory addressing capability
— 64k ROM and 64k RAM
® Power control modes:
— Idle mode
— Power-down mode
® CMOS and TTL compatible
® Five speed ranges at Ve = 5V
- 12MHz
- 16MHz
— 20MHz
— 24MHz
— 30MHz
® Five package styles
® Extended temperature ranges

® OTP package available
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Philips Components-Signetics Application Specific Product

Product specification

CMOS single-chip, 8-bit microcontroller 80C31/80C51/87C51
PART NUMBER SELECTION
PHILIPS PHILIPS COMPONENTS-SIGNETICS TEMPERATURE °C
ROMiess ROM ROMiess ROM EPROM AND PACKAGE |SPEED
SC87C51CCF40 0 to +70, COIP 12MHz
SC87C51CGF40 Oto +70, CDIP 16MHz
SC87C51CCL44 0to +70, CLCC 12MHz
SCB7C51CGL44 Oto +70, CLCC 16MHAz
PCBB0C31BH-2P PCB80C51BH-2P SC80C31BCCN40 | SCBOCS51BCCN40 | SC87C51CCN40 Oto +70, PDIP 12MHz
PCBBOC31BH-3P PCB80C518BH-3P SCB0C31BCGN40 | SC80C51BCGN40 | SC87C51CGN40 Oto +70, PDIP T6MHz
PCBB0C31BH-2WP | PCBSOC51BH-2WP | SCB0C31BCCA44 | SCBOCSTBCCA44 | SC87C51CCA44 0to +70, PLCC 12MHz
PCBBOC31BH-3WP [ PCB80C51BH-3WP | SCBOC31BCGA44 | SCBOCS51BCGA44 | SC87C51CGA44 0to +70, PLCC 16MHz
PCF80C31BH-2P PCF80C518H-2P SCB0C31BACNA40 | SCBOC51BACNA0 | SC87C51ACN40 40 to +85, PDIP T2MHz
PCF80C31BH-3P PCFBOCS51BH-3P SCB80C31BAGN40 80C51 N40 [ SC87C51AGN40 40 to +85, PDIP T6MHz
PCB80C31BH-2WP | PCB80C51BH-2WP | SC80C31BACA44 | SCBOC51BACA44 | SC87C51ACA44 —40 to +85, PLCC 12MHz
PCFB0C31BH-3WP | PCFBOCS1BH-3WP | SCB80C31BAGA44 | SCBOCS1BAGA44 | SC87C51AGA44 —40 to +85, PLCC 16MHz
SC87C51ACF40 —40 to +85, CDIP 12MHz
SC87CS1ACL44 -40 to +85, CLCC 12MHz
SCB7C51AGL44 —40 to +85, CLCC 16MH2
SC87C51AGF44 —40 to +85, CDIP 16MHz
PCFB0C31BH-2H PCF80C51BH-2H SCB80C31BACB44 | SCB0C51BACB44 —40 to +85, PQFP 12MHz
PCF80C31BH-3H PCF80C51BH-3H SC80C31BAGB44 | SC80C51BAGB44 —40 to +85, PQFP 16MHz
SC80C31BALB44 | SCB0C51BALB44 —40 to +85, PQFP 20MHz
PCB80C31BH-2H PCB80C5tBH-2H SCB80C31BCCB44 | SC80C51BCCB44 0 to +70, PQFP 12MHz
PCB80C318BH-3H PCB80CS51BH-3H SC80C31BCGB44 | SC80C51BCGB44 Oto +70, PQFP 16MRz
PCA80C31BH-3P PCAB0C51BH-3P —40 to +125, PDIP 16MHKz
PCABOC31BH-3WP | PCA80C51BH-3WP —40 to +125, PLCC 16MHz
SC80C31BCLN40 | SCB80C51BCLN40 Oto +70, PDIP 20MHz
SCB0C31BCLA44 | SC80C51BCLA44 Oto +70, PLCC 20MHz
SCBOC31BALN40 | SCBOC51BALN4A0 20 to +85, PDIP 20MHz
SCB80C31BALA44 | SCBOCS51BALA44 —40 to +85, PLCC 20MHz
SCBOC31BCLB44 | SC80C51BCLB44 0to +70, PQFP 20MHz
PCB80C31BH4P PCB80C51BH4P SCB80C31BCPN40 | SC80C51BCPN40 0to +70, PDIP 24MHz
PCB80C31BH4WP [ PCB80C51BH-4WP | SC80C31BCPA44 | SCBOC51BCPA44 0to +70, PLCC 24MHz
PCF80C31BH—4P PCFBOC51BH—4P SC80C31BAPN40 | SC80C51BAPN40 —40 to +85, PDIP 24MHz
PCF80C31BH—4WP | PCF80CS51BH-4WP | SC80C31BAPA44 | SCB8OC51BAPA44 —40 to +85, PLCC 24MHz
PCB80C31BH—4H PCB80C51BH4H SC80C31BCPB44 | SC80C51BCPB44 Oto +70, PQFP 24MHz
PCBBOC31BH-5P PCB80C51BH-SP Oto +70, PDIP 30MHz
PCB80C31BH-5WP | PCBSOC51BH-5WP Oto +70, PLCC 30MHz
PCB80C31BH-5H PCB80C51BH-5H 0to +70, PQFP 30MHz
F. LOGIC SYMBOL
6 1 40 Vee Vss
7 ° 1 39 , -«
<>
-~
Lcc © <« | ADDRESS AND
<—» | DATABUS
17 [ 29 17 =0 -
<>
18 28 -
Pin Function Pin Function
y NC 16 P3.4/T0
2 P1.0 17 PAST1
3 P1.t 18 PI./WH
4 P1.2 19 P3.7/RD
5 P13 20 XTAL2 2
6 P14 21 XTAL1 1
7 P15 22 Vss 13
8 P16 v g -
9 P17 = Ss —
10 AST 4 P2.0/A8 2 -
1" P3.O/RXD % E%Zﬁo & —> |- ADDRESS BUS
12 NC - < —
13 PRLUTXD 27 P2.YALL g
ionaR o2 zow : =
s PI.NTY 30 P2.6/A14 “ —
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Philips Components-Signetics Application Specific Product Product specification

CMOS single-chip 8-bit microcontroller 80C31/80C51/87C51
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Philips Components-Signetics Application Specific Product Product specification

CMOS single-chip 8-bit microcontroller

80C31/80C51/87C51

PIN DESCRIPTION

PIN NO.

MNEMONIC | DIP LCC | TYPE NAME AND FUNCTION

Vss 20 22 | Ground: OV reference. .

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

P0.0-0.7 39-32 | 4346 /O | 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 muitiplexed low-order address and data bus
during accesses to extemal 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. Ex-
temnal pull-ups are required during program verification.

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

P2.0-P27 21-28 | 24-31 [7[e] Port 2: Port 2 is an 8-bit bidirectional /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 pulledlow will source currentbecause of the internal pull-ups. (See DC Electrical Char-
acteristics: Iy ). Port 2 emits the high-order address byte during fetches from external program memory
andduring accesses to external data memory thatuse 16-bitaddresses (MOVX @DPTR). in this appli-
cation, ituses strong internal pull-ups when emitting 1s. During accesses to external data memory that
use 8-bit addresses (MOV @Ri), port 2 emits the contents of the P2 special function register.

P3.0-P3.7 10-17 11, 1o Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1s written to

13-19 them are pulled high by the internal puil-ups and can be used as inputs. As inputs, port 3 pins that are
externally being pulled low will source current because of the pull-ups. (See DC Electrical Characteris-
tics: Ij). Port 3 also serves the special features of the 80C51 family, as listed below:

10 1 | RxD (P3.0): Serial input port

11 13 o TxD (P3.1): Serial output port

12 14 | TNTO (P3.2): External interrupt

13 15 | INTT (P3.3): External interrupt

14 16 | T0 (P3.4): Timer 0 external input

15 17 | %Pa.s): Timer 1 external input

16 18 o] {P3.6): External data memory write strobe
17 19 o] RD (P3.7): External data memory read strobe

RST 9 10 i 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 Veg.

ALE/PROG 30 33 /O | Address Latch Enable/Program Pulse: Output puise for latching the low byte of the address during
an access to external memory. In normal operation, ALE is emitted ata constantrate 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 datamemory. This pin is also the program puise input (PROG) during EPROM
programming.

PSEN 22 32 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 external datamemory. PSEN is not activated dur-
ing fetches from internal program memory.

EANpp 31 35 f External Access Enable/Programming Supply Voltage: EA must be externally held low to enable
the device to fetch code from external program memory locations 0000H to OFFFH. If EX is held high,
the device executes from internal 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 | Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock generator circuits.

XTAL2 18 20 o] Crystal 2: Output from the inverting oscillator amplifier.
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Philips Components-Signetics Application Specific Product

Product specification

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 require-
ments on the duty cycle of the external clock
signal, because the input to the internal clock
circuitry is through a divide-by-two fiip-flop.
However, minimum and maximum high and
low times specified in the data sheet must be
observed.

RESET
A reset is accompiished by holding the RST
pin high for at least two machine cycles (24

osdillator periods), while the oscillator is run-
ning. 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. At
power-up, the voltage on Vcc and RST must
come up at the same time for a proper start-
up.

IDLE MODE

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

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

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

POWER-DOWN MODE

In the power-down mode, the oscillator is
stopped and the instruction to invoke power-
down is the last instruction executed. Only
the contents of the on-chip RAM are pre-
served. A hardware reset is the only way to
terminate the power-down mode. the control
bits for the reduced power modes are in the
special function register PCON.

Table 1 shows the state of I/O ports during
low current operating modes.

This Materi al

MODE PROGRAM MEMORY ALE PSEN PORT 0 PORT 1 PORT 2 PORT 3
Idle Internal 1 Data Data Data Data
Idie External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data
May 23, 1990 17
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Philips Components-Signetics Application Specific Product Product specification

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

Electrical Deviati: from C. clal Specificati for E ded Temp Range (87C51)
DC and AC parameters not included here are the same as in the commercial temperature range table.

DC ELECTRICAL CHARACTERISTICS
Ta = —40°C to +859C, Ve = 5V +10%, Vs = OV (Signetics Parts Only)
Ta = ~40°C to +125°C, Vg = 5V £10%, Vg = OV (Philips Parts Only)

TEST LIMITS

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
ViL Input low voltage, except EA -0.5 0.2Vee—0.15 \
Vi input low voltage, except EA -0.5 0.2Vpp—0.25 \"
Vit Input low voltage to EA o} 0.2Vcc—0.35 \
Vi Input low voltage to EA 0 0.2Vpp—0.45 \
Viy Input high voltage, except XTAL1, RST 0.2V +1 Vee+0.5 v
ViH1 Input high voltage to XTAL1, RST 0.7Vcc+0.1 Vcc+0.5 A
i Logical 0 input current, ports 1, 2, 3 ViN = 0.45V -75 WA
It Logical 1-10-0 transition current, ports 1, 2, 3 ViN=20V -750 HA
lee Power supply current: Vee = 4.5-5.5V,

Active mode’ (Philips) Frequency range = 20 mA

Active mode (Signetics) 3.5t0 12MHz 35 mA

Idle mode? (Philips) 4.4 mA

Idle mode (Signetics) 6 mA

Power-down mode? (Philips and Signetics) 50

1. The operating supply current is measured with all output pins disconnected; XTAL1 driven with t, = t; = 10ns; V)_ = Vgg + 0.5V, Vi = Voo -
0.5V; XTAL2 not connected; EA = RST = Port 0 = Vpp.

2. The idle mode supply current is measured with alf output pins disconnected; XTAL1 driven with t, = = 10ns; V; = Vgg + 0.5V, Viy=Vpo -
0.5V; XTAL2 not connected; EA = Port 0 = Vpp; RST = Vgs.

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

ABSOLUTE MAXIMUM RATINGS' 23

PARAMETER RATING UNIT

Operating temperature under bias Oto +70 or °C
—40to +85
Storage temperature range —65to +150 °C
Voitage on EA/Vpp pin to Vss Oto +13.0 "
Voltage on any other pin to Vgg 0510 +6.5 \
Power dissipation (based on package heat transfer limitations, 15 w
not device power consumption)

NOTES:

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any conditions other than those described in the AC and DC Eiectrical 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 voitages are with respect to Vss unless otherwise
noted.

May 23, 1990 18
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Philips Components-Signetics Application Specific Product Product specification

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

DC ELECTRICAL CHARACTERISTICS

Ta

= 00C to +709C or —400C to +85°C, V¢ = 5V 120%, Vgs = OV (80C31/61)

T = 09C to +709C or ~40°C to +85°C, Vg = 5V +10%, Vgg = OV (87C51)

Ta = —40°C to +125°C, V¢ = 5V £10%, Vss = OV (Philips Only)
TEST UMITS
SYMBOL PARAMETER CONDITIONS MIN TYPICAL' MAX UNIT
Vi Input low voltage, except EA? -05 0.2Vge—0.1 \
Vi Input low voitage to EA7 0 0.2Vcec-0.3 v
VIH Input high voltage, except XTAL 1, RST? 0.2Vcc+0.9 Vec+0.5 \
ViH1 Input high voltage, XTAL1, RST? 0.7Vee Vec+0.5 \
VoL Output low voltage, ports 1, 2, 3 loL = 1.6mA? 0.45 \
Vot Output low voltage, port 0, ALE, PSEN lo, = 3.2mA? 0.45 \
Vo Output high voitage, ports 1, 2, 3, ALE, PSEN? lon = —BOpA, 2.4 v
loH = —25pA 0.75Vce v
lop = —10pA 0.9Vee v
Vou1 Output high voltage (port 0 in external bus mode) lon = ~8OOpA, 24 v
lon = —300pA 0.75Vee v
loy = —8OpA 0.9Vce \
he Logical 0 input current, ports 1, 2, 37 VN = 0.45V -50 HA
I Logical 1-to-0 transition current, ports 1, 2, 37 See note 4 —-650 BA
I Input leakage current, port O Vin =V orVig +10 pA
lcc Power supply current.? See note 6
Active mode @ 12MHZz8 (Philips) 18 mA
Active mode @ 12MHz5 (Signetics) 115 25 mA
Idle mode @ 12MHz?® (Philips) 4.4 mA
Idie mode @ 12MHz (Signetics) 1.3 4 mA
Power-down mode'? (Philips and Signetics) 3 50 HA
Rast Internal reset puli-down resistor . 50 300 kohm
Cio Pin capacitance 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.. io can exceed these conditions provided that no
single output sinks more than 5mA and no more than two outputs exceed the test conditions.

3. Capacitive loading on ports 0 and 2 may cause the Voy on ALE and PSEN to momentarily fall below the 0.9Vcc specification when the ad-
dress bits are stabilizing.

4. 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 maxi-
mum value when V) is approximately 2V.

5. IccMAX at other frequencies (for Signetics parts) is given by: Active mode: IccMAX = 0.94 X FREQ + 13.71: Idie mode: lccMAX =0.14 X
FREQ +2.31,
where FREQ is the external oscillator frequency in MHz. IccMAX is given in mA. See Figure 7.

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

7. For Signetics parts when Ta = —40°C to +85°C or Philips parts when T, = —40°C to +1255°C, see table on previous page.

8. The operating supply current is measured with all output pins disconnected; XTAL1 driven with t; = t; = 10ns; V= Vss + 0.5V; Vi =Vpp —
0.5V, XTAL2 not connected; EA = RST = Port 0 = Vpp.

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

0.5V; XTAL2 not connected; EA = Port 0 = Vpp; RST = Vss

10. The power-down current is measured with all output pins disconnected, XTAL2 not connected, EA = Port 0 = Vpp; RST = Vgg,
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Philips Components-Signetics Application Specific Product

Product specification

CMOS single-chip 8-bit microcontroller 80C31/80C51/87C51
AC ELECTRICAL CHARACTERISTICS
Ta = 0°C to +70°C or 40°C to +85°C, Vg = 5V +20%, Vgg = OV (80C31/51)".2
Ta = 0°C to +70°C or —40°C to +85°C, Ve = 5V +10%, Vs = OV (87C51)
12MHz CLOCK VARIABLE CLOCK
SYMBOL FIGURE PARAMETER MIN MAX MIN MAX UNIT
1AcLeL Oscillator frequency:  Speed Versions
8XC31/51 8 0.5 12 MHz
C 35 12 MHz
G 35 16 MHz
-2 1.2 12 MHz
-3 1.2 16 MHz
YHLL 1 ALE pulse width 127 2tcLc—40 ns
taviL 1 Address valid to ALE low 28 teLcL-55 ns
tLiax 1 Address hold after ALE low 48 tcLcL—35 ns
fev 1 ALE low to valid instruction in 234 4o oL 100 ns
Pt 1 ALE low to PSEN low 43 tcLcL—40 ns
teLPH 1 PSEN pulse width 205 3teLct—45 ns
toLiv 1 PSEN low to valid instruction in 145 3teLcl—105 ns
texix 1 Input instruction hold after PSEN 0 [+] ns
tPxiz 1 Input instruction float after PSEN 59 teLcL-25 ns
taviv 1 Address to valid instruction in 312 StcLe—105 ns
toLaz 1 PSEN low to address fioat 10 10 ns
Data Memory
tRLAH 2,3 RD pulse width 400 6o o —100 ns
twLWH 2,3 WR pulse width 400 6tc oL —100 ns
taLov 2,3 | RD low to valid data in 252 StoLc—165 ns
tAHDX 2,3 Data hold after RD (o] [¢] ns
tRHOZ 2,3 Data float after RD 97 2tcLc~70 ns
oy 2,3 ALE low to valid data in 517 8tc o~ 150 ns
tavov 2,3 Address to valid data in 585 OteLcL—165 ns
towl 2,3 ALE low to RD or WH low 200 300 3tcLcL-50 3te ot +50 ns
tavwL 2,3 Address valid to WR low or RD low 203 4tc o —130 ns
tavwx 2,3 Data valid to WR transition 23 tec o —60 ns
twHax 2,3 Data hold after WR 33 toLcL—50 ns
taLaz 2,3 RD low to address float 0 0 ns
WHLH 2,3 RD or WR high to ALE high 43 123 tcLcl—40 toLcL +40 ns
External Clock
tcHex 4 High time 20 20 ns
tcLex 4 Low time 20 20 ns
tcLcH 4 Rise time 20 20 ns
tcHoL 4 Fall time 20 20 ns
NOTES:

1. Parameters are valid over operating temperature range unless otherwise specified.

2. Load capacitance for port 0, ALE, and PSEN = 100pF, load capacitance for all other outputs = 80pF.
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Philips Components-Signetics Application Specific Product Product spedcification
CMOS single-chip 8-bit microcontroller - 80C31/80C51/87C51
AC ELECTRICAL CHARACTERISTICS
Ta = 0°C 10 +70°C or —40°C to +85°C, Ve = 5V +20%, Vss = OV (80C31/51)2
VARIABLE CLOCK?
SYMBOL FIGURE PARAMETER MIN MAX UNIT
1/teLcL Oscillator frequency:  Speed Versions
80C31/51 L 3.5 20 MHz
P 3.5 24 MHz
tHL 1 ALE puise width 2tcLcL—40 ns
taviL 1 Address valid to ALE low tcLe—32 ns
tLLAX 1 Address hold after ALE low tcLc—20 ns
tuv 1 ALE low to valid instruction in 4t —~100 ns
weL 1 ALE low to PSEN low tcLct—22 ns
teLPH 1 PSEN pulse width 3tcLcL—45 ns
teLiv 1 PSEN low to valid instruction in 3teLcL-105 ns
texix 1 Input instruction hold after PSEN 0 ns
toxiz 1 Input instruction float after PSEN teret—25 ns
taviv 1 Address to valid instruction in Stcc1—~105 ns
toLAZ 1 PSEN low to address float 10 ns
Data Memory
trLRH 2,3 RD pulse width 6tcLcL—100 ns
twiwh 2,3 WR puise width Stcr o100 ns
taLov 2,3 RD low to valid data in StcLcL—165 ns
tRHDX 2,3 Data hold after RD 0 ns
tRHDZ 2,3 Data float after RD 2tcicL—28 ns
v 2,3 ALE low to valid data in 8toy o —150 ns
tavov 2,3 Address to valid data in Ot o —165 ns
twL 2,3 ALE low to AD or WH low 3ig o -50 3teLc+50 ns
tavwL 2,3 Address valid to WH low or RD low e cL—-130 ns
tovwx 2,3 Data valid to WH transition tcicL—40 ns
twHax 2,3 Data hold after WR tcieL—40 ns
tRLAZ 2,3 RD low to address fioat 0 ns
tWHLH 2,3 RD or WR high to ALE high tcLcL—40 teLcL+40 ns
External Clock
tcHeX 4 High time 20 ns
tcLex 4 Low time 20 ns
tcLcH 4 Rise time 20 ns
toHeL 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 Signetics speed versions L and P only.

May 23, 1990

This Materia

121

Copyrighted By Its Respective Mnufacturer



Philips Components-Signetics Application Specific Product Product specification

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

AC ELECTRICAL CHARACTERISTICS
Ta = 0°C to +70°C or 40°C to +85°C, Ve = 5V +10%, Vss = OV (80C31/51)"-2

VARIABLE CLOCK?
SYMBOL FIGURE PARAMETER MIN MAX UNIT
Mo Oscillator frequency: Speed Versions
80C31/51 1 1.2 24 MHz
tHLL 1 ALE pulse width 2tc o 40 ns
taviL 1 Address valid to ALE low toLel-32 ns
tLLAX 1 Address hold after ALE low tcLcL—20 ns
twv 1 ALE low to valid instruction in 4t oL —100 ns
[T 1 ALE low to PSEN low tercl—22 ns
tpLPH 1 PSEN pulse width 3tcicL—45 ns
[ 1 PSEN low to valid instruction in 3tcic 80 ns
texIX 1 Input instruction hold after PSEN 0 ns
texiz 1 Input instruction float after PSEN tcLci—25 ns
taviv 1 Address to valid instruction in Ste o -105 ns.
tLaz 1 PSEN low to address float 10 ns
Data Memory
tRLAH 2,3 RD pulse width 6tc cL—100 ns
tWiWH 2,3 WH pulse width St o —100 ns
taLov 2,3 RD low to valid data in Stei o125 ns
tAHDX 2,3 Data hold after RD o ns
tAHDZ 2,3 Data fioat after RD 2tcicL-28 ns
ttov 2,3 ALE low to valid data in 8toi o —150 ns
tavov 2,3 Address to valid data in Stci L —165 ns
fwe 2,3 ALE low to RD or WH low 3tc o -50 3ty cL+50 ns
tavwiL 2,3 Address valid to WR low or RD low 4tc 80 ns
tavwx 2,3 Data valid to WR transition tcLc—40 ns
twHax 2,3 Data hold after WR teLel-35 ns
tRLAZ 2,3 RD low to address float [¢] ns
twHLH 2,3 RD or WR high to ALE high toLcL—40 toLoL+40 ns
External Clock
teHex 4 High time 17 ns
tclex 4 Low time 17 ns
tcicH 4 Rise time 20 ns
teHeL 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 ali other outputs = 80pF.
3. For Philips speed version | only.
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AC ELECTRICAL CHARACTERISTICS
Ta = 0°C 1o +70°C, Ve = 5V £20%, Vss = OV (80C31/51)-2.3
VARIABLE CLOCK*
SYMBOL FIGURE PARAMETER MIN MAX UNIT
1MeLeL Osdillator frequency:  Speed Versions
80C31/51 K 1.2 30 MHz

tHLL 1 ALE pulse width 2tc ¢t —40 ns
tavLL 1 Address valid to ALE low tcLcL—25 ns
fLLAX 1 Address hold after ALE low tcrcL—25 ns
v 1 ALE low to valid instruction in 4t o685 ns
tLPL 1 ALE low to PSEN low tcLel-25 ns
torpy 1 PSEN pulse width 3toLcL—45 ns
teLiv 1 PSEN low to valid instruction in 3tc oL 60 ns
tpxIX 1 Input instruction hold after PSEN o ns
texiz 1 input instruction float after PSEN teLcL—28 ns
taviv 1 Address to valid instruction in SteLc-80 ns
tpLaz 1 PSEN low to address float 10 ns
Data Memory
tRLAKH 2,3 RD pulse width Stc o —100 ns
tWLWH 2,3 WH pulse width Stc oL —100 ns
taLDV 2,3 RD low to valid data in StcLcL—90 ns
tRHDX 2,3 Data hold after RD o ns
tRHDZ 2,3 Data float after RD 2t cL—28 ns
tLov 2,3 ALE low to valid data in 8t o -150 ns
tavov 2,3 Address to valid data in Otcic—165 ns
twL 2,3 ALE low to RD or WH low 31 oL 50 3te oL +50 ns
tavwe 2,3 Address valid to WH low or RD low 4t o-75 ns
tavwx 2,3 Data valid to WR transition tcLel—30 ns
twHax 2,3 Data hold after WR cLe—25 ns
taiaz 2,3 RD low to address fioat [ ns
tWHLH 2,3 RD or WH high to ALE high teLcl—25 tccL+25 ns
External Clock
toHeX 4 High time 15 ns
toLex 4 Low time 15 ns
tCLCH 4 Rise time 20 ns
tcHoL 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. Interfacing the 80C31/51 to devices with fioat times up to 30ns is permitted. This timited bus contention will not cause damage 1o port O driv-

ors.
4. For Philips speed version K only.
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EXPLANATION OF THE AC SYMBOLS P - PSEN
Each timing symbol has five characters. The first character is Q - Output data
always '’ (= time). The other characters, depending on their R — RD signal

positions, indicate the name of a signal or the logical status t - Time

of that signal. The designations are: V - Valid

A — Address W - WH signal

C - Clock X — No longer a valid logic level

D — Inputdata Z — Float

H - Logic level high Examples: tay = Time for address valid to ALE low.
I - Instruction (program memory contents) tpL = Time for ALE low to PSEN low.

L — Logic level low, or ALE

tHu >
ALE

tavie

tiiax

v
AD-A7
PORTO >—<\

taviv >

4
PORT 2 >< AC-A1S X AB-A15
N

Figure 1. External Program Memory Read Cycle

“ T\

L— WHLH

tLioy |
e tuwL —>——— tgipy ————>|
RO
/
\\ /|
taviL J luax ¢ taov —> tRHDZ
twox —=| [
L taLaz L RHDX N
PORT 0 >—<\mo"‘&' BmDPL <\ DATAIN A>< AO-A7 FROM PCL >—< INSTRIN
tavwi
tavov
v
PORT 2 ><\ P2.0-P2.7 OR A3-A15 FROM DPH >< AD-A15 FROM PCH
Figure 2. External Data Memory Read Cycle
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[— twHLH

[ luwe

twiwn

YLax J

tavie

¥
£
g

tavwx

PORT 0 >__<

4

AO-A7
\FROM RIORDPL

DATA OUT X X AD-A7 FROM PCL INSTRIN

tavwL

Ve

PORT 2 ><

N

P2.0-P2.7 OR A8-A15 FROM DPH >< AO-A15 FROM PCH

Figure 3. External Data Memory Write Cycle
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Vec0.s >< 0.2VeCe0.9 >< o Vioapsatv A~ n:F'E‘::N o P> VoH-0.V

0.45v oVce 01 Vioap-.av S 4 POINTS - VoLs0.1V
NOTE: NOTE:

AC Inputs during testing are driven at Ve 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 V)_tor a logic '0".

Figure 5. AC Testing input/Output

For timing purposes, a port is no longer fioating when a 100mV change from load
voltage occurs, and begins to float when a 100mV change from the loaded VoR/
VoL level occurs. IoH/IOL 2 +20mA.

Figure 6. Float Waveform
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Figure 7. Icc vs. FREQ
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lcc

Vee vee

Vec
icc
Vee Vee
A ] =
= EX
XTAL2

CLOCK SIGNAL———»4 XTALY

3
3

iNC) XTAL2 (NC)

CLOCK SIGNAL——>»{ XTALY

= it

Figure 9. Icc Test Condition, Idie Mode

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

All other pins are disconnected

Figure 10. Clock Signal Waveform for Icc Tests in Active and Idle Modes
leLen = ool = 5ns

Vee
lec

Yce

3

I

{NC) XTAL2
XTALt

Vss

prika

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

The 87C51 is programmed by using a modi-
fied Quick-Puise Programming™ algorithm. It
differs from older methods in the value used
for Vpe (programming supply voitage) 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 pro-
gramming 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 byte, and for programming the pro-
gram memory, the encryption table, and the
lock bits. The circuit configuration and wave-
forms for quick-pulse programming are
shown in Figures 12 and 13. Figure 14 shows
the circuit configuration for normal program
memory verification.

Quick-Pulse Programming

The setup for microcontroller quick-pulse pro-
gramming is shown in Figure 12. Note that
the B7C51 is running with a 4 to 6MHz oscil-
lator. The reason the oscillator needs to be
running is that the device is executing internal
address and program data transfers.

The address of the EPROM location to be
programmed is applied to ports 1 and 2, as
shown in Figure 12. The code byte to be pro-
grammed into that location is applied to port
0. RST, PSEN and pins of ports 2 and 3 spe-
cified in Table 2 are heid 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 address-
es 0 through 1FH, using the "Pgm Encryption
Table' levels. Do not forget that after the en-
cryption table is programmed, verification
cycles will 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 level
for any amount of time. Even a narrow glitch
above that voltage can cause permanent
damage to the device. The Vpp source
should be well regulated and free of glitches
and overshoot.

Program Verification

If lock bit 2 has not been programmed, the
on-chip program memory can be read out for
program verification. The address of the pro-
gram memory locations to be read is applied
to ports 1 and 2 as shown in Figure 14. The
other pins are held at the 'Verify Code Data’
levels indicated in Table 2. The contents of
the address location will be emitted on port 0.
Extemal puli-ups are required on port O for
this operation.

If the encryption table has been programmed,
the data presented at port O will be the exclu-
sive NOR of the program byte with one of the
encryption bytes. The user will have to know
the encryption table contents in order to cor-
rectly decode the verification data. The en-
cryption table itseif cannot be read out.

Table 2. EPROM Progamming Modes

Reading the Signature Bytes

The signature bytes are read by the same

procedure as a normal verification of loca-

tions 030H and 031H, except that P3.6 and

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

ues are:

(030H) = 15H indicates manufactured by
Philips

(031H) = 92H indicates 87C51

Program/Verify Algorithms

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

The recommended erasure procedure is ex-
posure to ultraviolet light (at 2537 angstroms)
to an integrated dose of at least 15W-sec/
cm?2. Exposing the EPROM to an ultraviolet
lamp of 12,000uW/cm? rating for 20 1o 39
minutes, at a distance of about 1 inch, should
be sufficient.

Erasure leaves the array in an all 1s state.

MODE RST PSEN ALE/PROG EA/Vpp P2.7 P2.6 P3.7 P3.6
Read signature 1 0 1 1 0 o} 0 [
Program code data 1 0 0* Vpp 1 0 1 1
Verify code data 1 o] 1 1 0 o 1 1
Pgm encryption table 1 [} o* Vpp 1 0 1 0
Pgm lock bit 1 1 0 o Vep 1 1 1 1
Pgm lock 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. Vee = 5V+10% during programming and verification.
*ALE/PROG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100us (+10pus) and high for a

minimum of 10ps.

™Trademark phrase of Intel Corporation.
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Vee
A0-A? Arm lad \‘__’ PGM DATA
1 —————» RST EANpp f————— 1275V
1 ———» P3s ALEPROG [ 25 100us PULSES TO GROUND
1 ——> Py 87C51 PSEN p¢—— 0
r—r— XTAL2 P27 pe—— 1
oMz O P25 [* 0
XTAL1 P2.0-P2.4 K AB-A12
Vss
Figure 12. Prog g Configurati
25 PULSES

10us MIN 4-{ !4——— 1048110 —>|
[ [

-y

Figure 13. PROG Waveform

+5V
Vee
AO-A7 AP Po PGM DATA
1 ———» RST EAvpp f&—— 1
1 ———» R3S ALEFPROG f¢—— 1
1 —™ P37 87Cs1 PSEN f¢&—— ©
__ET XTAL2 p2.7 je——— 0 ENABLE
s p2g [ ©
XTAL1 P2o-p24 K As-A12
[ Vss
Figure 14. Program Verification
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS
Ta = 21°C to +27°C, Vg = 5V£10%, Vss = OV (See Figure 15)

SYMBOL PARAMETER MIN MAX UNIT
Vpp Programming supply voltage 125 13.0 \
lpp Programming supply current g 50 mA
MereL Oscillator frequency 4 6 MHz
taveL Address setup to PROG low 48t o
tGHAX Address hold after PROG 48tcict
tovaL Data setup to PROG low 48tc1 0L
GHDX Data hold after PROG 48tcicL
teHsH P2.7 (ENABLE) high to Vpp 48t oL
tSHGL Vpp setup to PROG low 10 us
tGHSL Vpe hold after PROG 10 us
tGLGH PROG width 90 110 us
tavav Address to data valid 48tcicL
L0z ENABLE low to data valid 48tcicL
gHaz Data fioat after ENABLE o 48tccL
1GHGL PROG high to PROG low 10 us
PROGRAMMING* VERIFICATION®
Y= N
P1o-£17 ———<\ ADDRESS ) ADDRESS >—
[€— tavav
PORT) e 4 < DATAOUT —
gHoX
tGHAX

ALEPRTG

toHst

LOGIC1 LoGIC 1

terov tenaz
P2.7
*FOR PROGRAMMING VERIFICATION SEE FIGURE 12.
FOR VERIFICATION CONDITIONS SEE FIGURE 14.
Figure 15. EPROM Programming and Verification
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