Philips Semiconductors

80C51 8-bit microcontroller family

4K/128 OTP/ROM/ROMIess, expanded I/0

DESCRIPTION

The Philips 8XC451 is an 1/O expanded single-chip microcontroller
fabricated with Philips high-density CMOS technology. Philips
epitaxial substrate minimizes latch-up sensitivity.

The 8XC451 (includes the 80C451, 87C451 and 83C451)is a
functional extension of the 87C51 microcontroller with three
additional I/O ports and four I/O control lines for a total of 68 pins.
Four control lines associated with port 6 facilitate high-speed
asynchronous I/O functions.

The 8XC451 includes a 4k x 8 ROM (83C451) EPROM (87C451), a
128 x 8 RAM, 56 /O, two 16-bit timer/counters, a five source, two
priority level, nested interrupt structure, a serial 1/0O port for either a
full duplex UART, I/O expansion, or multi-processor
communications, and on-chip oscillator and clock circuits. The
80C451 ROMless version includes all of the 83C451 features except
the on-board 4k x 8 ROM.

The 87C451 has 4k of EPROM on-chip as program memory and is
otherwise identical to the 83C451.

The 8XC451 has two software selectable modes of reduced activity
for further power reduction; idle mode and power-down mode. Idle
mode freezes the CPU while allowing the RAM, timers, serial port,
and interrupt system to continue functioning. Power-down mode
freezes the oscillator, causing all other chip functions to be
inoperative while maintaining the RAM contents.

FEATURES
® 30C51 based architecture

® Seven 8-bit I/O ports

® Port 6 features:

Eight data pins

Four control pins
Direct MPU bus interface
Parallel printer interface

® On the microcontroller:

— 4k x 8 ROM (83C451)
4k x 8 EPROM (87C451)
ROMless version (80C451)

- 128 x 8 RAM
— Two 16-bit counter/timers
— Two external interrupts
® External memory addressing capability
— 64k ROM and 64k RAM
® Low power consumption:
— Normal operation: less than 24mA at 5V, 12MHz
— Idle mode
— Power-down mode
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PIN CONFIGURATION

Product specification

80C451/83C451/87C451
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Pin Function Pin Function
24 P4.2 47 P5.3
25 P4.1 48 P5.4
26 P4.0 49 P5.5
27 P1.0 50 P5.6
28 P1.1 51 P5.7
29 P1.2 52 XTAL2
30 P1.3 53 XTAL1
31 P1.4 54 Vss

32 P15 55 oDs
33 P16 56 DS

34 P1.7 57 BFLAG
35 RST 58 AFLAG
36 P3.0/RxD 59 P6.0
37 P3.1/TxD 60 P6.1
38 P3.2/INTO 61 P6.2
39 P3.3/INTT 62 P6.3
40 P3.4/TO 63 P6.4
41 P3.5/T1 64 P6.5
42 P3.6/WR 65 P6.6
43 P3.7/RD 66 Pe.7
44 P5.0 67 PSEN
45 P5.1 68 ALE/PROG
46 P5.2
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ORDERING INFORMATION

ROMIless

ROM

EPROM!

TEMPERATURE RANGE °C
AND PACKAGE

FREQ
MHz

DRAWING
NUMBER

SC80C451CCAB8

SC83C451CCAB8

SC87C451CCAB8

OTP

0 to +70, Plastic Leaded Chip Carrier,

351t012

SOT188-3

SC80C451CGAB8

SC83C451CGAB8

SC87C451CGA68

OTP

351016

SOT188-3

0 to +70, Plastic Leaded Chip Carrier

NOTE:
1. OTP =One Time Programmable
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PIN DESCRIPTION

MNEMONIC zlg TYPE | NAME AND FUNCTION

Vgg 54 | Ground: OV reference.

Voo 18 | Power Supply: This is the power supply voltage for normal, idle, and power-down operation.

P0.0-0.7 17-10 110 Port 0: Port 0 is an open-drain, bidirectional I/0 port. Port O is also the multiplexed data and low-order
address bus during accesses to external memory. External pull-ups are required during program
verification. Port 0 can sink/source eight LS TTL inputs.

P1.0-P1.7 27-34 110 Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Port 1 receives the low-order
address bytes during program memory verification. Port 1 can sink/source three LS TTL inputs, and
drive CMOS inputs without external pull-ups.

P2.0-P2.7 2-9 110 Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 emits the high-order address
bytes during access to external memory and receives the high-order address bits and control signals
during program verification. Port 2 can sink/source three LS TTL inputs, and drive CMOS inputs without
external pull-ups.

P3.0-P3.7 36-43 110 Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 can sink/source three LS
TTL inputs, and drive CMOS inputs without external pull-ups. Port 3 also serves the special functions
listed below:

36 | RxD (P3.0): Serial input port

37 O TxD (P3.1): Serial output port

38 | INTO (P3.2): External interrupt

39 | INT1 (P3.3): External interrupt

40 | TO (P3.4): Timer 0 external input

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

42 e} WR (P3.6): External data memory write strobe
43 e} RD (P3.7): External data memory read strobe

P4.0-P4.7 26-19 110 Port 4: Port 4 is a 8-bit (LCC) bidirectional I/O port with internal pull-ups. Port 4 can sink/source three
LS TTL inputs and drive CMOS inputs without external pull-ups.

P5.0-P5.7 44-51 110 Port 5: Port 5 is a 8-bit (LCC) bidirectional I/O port with internal pull-ups. Port 5 can sink/source three
LS TTL inputs and drive CMOS inputs without external pull-ups.

P6.0-P6.7 59-66 110 Port 6: Port 6 is a specialized 8-bit bidirectional I/O port with internal pull-ups. This special port can
sink/source three LS TTL inputs and drive CMOS inputs without external pull-ups. Port 6 can be used in
a strobed or non-strobed mode of operation. Port 6 works in conjunction with four control pins that
serve the functions listed below:

ODS 55 | ODS: Output data strobe

DS 56 I IDS: Input data strobe

BFLAG 57 110 BFLAG: Bidirectional I/O pin with internal pull-ups

AFLAG 58 110 AFLAG: Bidirectional I/O pin with internal pull-ups

RST 35 | Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. An
internal pull-down resistor permits a power-on reset using only an external capacitor connected to Vgg.

ALE/PROG 68 110 Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the address during
an access to external memory. ALE is activated at a constant rate of 1/6 the oscillator frequency except
during an external data memory access, at which time one ALE is skipped. ALE can sink/source three
LS TTL inputs and drive CMOS inputs without external pull-ups. This pin is also the program pulse
during EPROM programming.

PSEN 67 O Program Store Enable: The read strobe to external program memory. PSEN is activated twice each
machine cycle during fetches from external program memory. However, when executing out of external
program memory, two activations of PSEN are skipped during each access to external program
memory. PSEN is not activated during fetches from internal program memory. PSEN can sink/source
eight LS TTL inputs and drive CMOS inputs without an external pull-up. This pin should be tied low
during programming.

EA/Vpp 1 Instruction Execution Control/Programming Supply Voltage: When EA is held high, the CPU
executes out of internal program memory, unless the program counter exceeds OFFFH. When EA is
held low, the CPU executes out of external program memory. EA must never be allowed to float. This
pin also receives the 12.75V programming supply voltage (Vpp) during EPROM programming.

XTAL1 53 | Crystal 1: Input to the inverting oscillator amplifier that forms the oscillator. This input receives the
external oscillator when an external oscillator is used.

XTAL2 52 O Crystal 2: An output of the inverting amplifier that forms the oscillator. This pin should be floated when

an external oscillator is used.
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I/0 Port Structure

The 8XC451 has a total of seven parallel I/O ports. The first four
ports, PO through P3, are identical in function to those present on
the 80C51 family. The added ports 4 and 5 are identical in function
to port 1; that is, they are standard quasi-bidirectional ports with no
alternate functions and the standard output drive characteristics.
Port 6 is a specialized 8-bit bidirectional /O port with internal
pullups.

Ports 4 and 5

Ports 4 and 5 are bidirectional I/O ports with internal pull-ups. Port 4
is an 8-bit port. Port 4 and port 5 pins with ones written to them, are
pulled high by the internal pull-ups, and in that state can be used as
inputs. Port 4 and 5 are addressed at the special function register
addresses shown in Table 1.

Port 6

Port 6 is a special 8-bit bidirectional 1/O port with internal pull-ups
(see Figure 1). This special port can sink/source three LS TTL
inputs and drive CMOS inputs without external pullups. The flexibility
of this port facilitates high-speed parallel data communications. This
port can be used as a standard I/O port, or in strobed modes of
operation in conjunction with four special control lines: ODS, IDS,
AFLAG, and BFLAG. Port 6 operating modes are controlled by the
port 6 control status register (CSR). Port 6 and the CSR are
addressed at the special function register addresses shown in Table
1. The following four control pins are used in conjunction with port 6:

ODS - Output data strobe (Active Low) for port 6. ODS can be
programmed to control the port 6 output drivers and the output
buffer full flag (OBF), or to clear only the OBF flag bit in the CSR
(output-always mode). ODS is active low for output driver control.
the OBF flag can be programmed to be cleared on the negative or
positive edge of ODS.

IDS - Input data strobe (Active Low) for port 6. IDS is used to
control the port 6 input latch and input buffer full flag (IBF) bit in the
CSR. The input data latch can be programmed to be transparent
when TDS is low and latched on the positive transition of IDS, or to
latch only on the positive transition of IDS. Correspondingly, the IBF
flag is set on the negative or positive transition of IDS.

BFLAG — BFLAG is a bidirectional 1/O pin which can be
programmed to be an output, set high or low under program control,
or to output the state of the input buffer full flag. BFLAG can also be
programmed to input an enable signal for port 6. When BFLAG is
used as an enable input, port 6 output drivers are in the
high-impedance state, and the input latch does not respond to the
DS strobe when BFLAG is high. Both features are enabled when
BFLAG is low. This feature facilitates the use of the SC8XC451 in
bused multiprocessor systems.

AFLAG — AFLAG is a bidirectional I/O pin which can be
programmed to be an output set high or low under program control,
or to output the state of the output buffer full flag. AFLAG can also
be programmed to be an input which selects whether the contents of
the output buffer, or the contents of the port 6 control status register
will output on port 6. This feature grants complete port 6 status to
external devices.

Port 6 can be used in a number of different ways to facilitate data
communication. It can be used as a processor bus interface, as a
standard quasi-bidirectional I/O port, or as a parallel printer port
(either polled or interrupt driven).
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Processor Bus Interface

Port 6 allows the use of an 8XC451 as an element on a
microprocessor type bus. The host processor could be a general
purpose MPU or the data bus of a microcontroller like the 8XC451
itself. Setting up the 8XC451 as a processor bus interface allows
single or multiple microcontrollers to be used on a bus as flexible
peripheral processing elements. Applications can include: keyboard
scanners, serial /O controllers, servo controllers, etc.

On reset, port 6 is programmed correctly (that is, Special Function
registers CSR and P6) for use as a bus interface. This prevents the
interface from disrupting data on the bus of a host processor during
power-up.

Standard Quasi-bidirectional I/O Port

To use port 6 as a common |/O port, all of the control pins should be
tied to ground. On hardware reset, bits 2-7 of the CSR are set to
one. With the control pins grounded, the port’s operation and
electrical characteristics will be identical to port 1 on the 80C51. No
further software initialization is required.

Parallel Printer Port

The 8XC451 has the capacity to permit all of the intelligent features
of a common printer to be handled by a single chip. The features of
port 6 allow a parallel port to be designed with only line driving and
receiving chips required as additional hardware. The onboard UART
allows RS232 interfacing with only level shifting chips added. The
8-bit parallel ports 0 to 6 are ample to drive onboard control
functions, even when ports are used for external memory access,
interrupts, and other functions. The RAM addressing ability of ports
0 to 2 can be used to address up to 64k bytes of a hardware
buffer/spooler.

In addition, either end of a parallel interface can be implemented
using port 6, and the interfaces can be interrupt driven or polled in
either case. For more detailed information on port 6 usage, refer to
the application notes entitled “80C451 Operation of Port 6” and
256k Centronics Printer Buffer Using the SC87C451
Microcontroller.”

CONTROL STATUS REGISTER

The control status register (CSR) establishes the mode of operation
for port 6 and indicates the current status of port 6 I/O registers. All
control status register bits can be read and written by the CPU,
except bits 0 and 1, which are read only. Reset writes ones to bits 2
through 7, and writes zeros to bits 0 and 1 (see Table 3).

CSR.0 Input Buffer Full Flag (IBF) (Read Only) — The IBF bit is
set to a logic 1 when port 6 data is loaded into the input buffer under
control of TDS. This can occur on the negative or positive edge of
DS, as determined by CSR.2 IBF is cleared when the CPU reads
the input buffer register.

CSR.1 Output Buffer Full Flag (OBF) (Read Only) — The OBF flag
is set to a logic 1 when the CPU writes to the port 6 output data
buffer. OBF is cleared by the positive or negative edge of ODS, as
determined by CSR.3.

CSR.2 IDS Mode Select (IDSM) — When CSR.2 = 0, a low-to-high
transition on the DS pin sets the IBF flag. The Port 6 input buffer is
loaded on the IDS positive edge. When CGSR.2 = 1, a high-to-low
transition on the TDS pin sets the IBF flag. Port 6 input buffer is
transparent when TDS is low, and latched when TDS is high.
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CSR.3 Output Buffer Full Flag Clear Mode (OBFC) — When
CSR.3 =1, the positive edge of the ODS input clears the OBF flag.
When CSR.3 = 0, the negative edge of the ODS input clears the
OBF flag.

CSR.4, CSR.5 AFLAG Mode Select
(MAO, MA1) — Bits 4 and 5 select the mode of operation for the
AFLAG pin as follows:

MA1 MAO AFLAG Function
0 0 Logic 0 output
0 1 Logic 1 output
1 0 OBF flag output (CSR.1)
1 1 Select (SEL) input mode

The select (SEL) input mode is used to determine whether the port 6
data register or the control status register is output on port 6. When
the select feature is enabled, the AFLAG input controls the source of
port 6 output data. A logic 0 on AFLAG input selects the port 6 data
register, and a logic 1 on AFLAG input selects the control status
register.

Table 1. Special Function Register Addresses

CSR.6, CSR.7 BFLAG Mode Select
(MBO, MB1) — Bits 6 and 7 select the mode operation as follows:

MB1 MBO BFLAG Function
0 0 Logic 0 output
0 1 Logic 1 output
1 0 IBF flag output (CSR.0)
1 1 Port enable (PE)

In the port enable mode, IDS and ODS inputs are disabled when
BFLAG input is high. When the BFLAG input is low, the port is
enabled for 1/O.

SPECIAL FUNCTION REGISTER ADDRESSES

The SFRs are identical to those of the standard 80C51 with the
exception of four registers that have been added to allow control of
the three additional I/O ports P4, P5, and P6. The additional
registers are P4, P5, P6, and CSR. Registers P4, P5, and P6
function as port latches for ports 4, 5, and 6, respectively. These
registers operate identically to those for ports 0 through 3 of the
80C51.

REGISTER ADDRESS BIT ADDRESS
NAME SYMBOL ADDRESS MSB LSB
Port 4 P4 co C7 Cs C5 C4 €3 €2 cCt co
Port 5 P5 cs CF CE CD CC CB CA C9 ¢cs8
Port 6 data P6 D8 DF DE DD DC DB DA D9 D8
Port 6 control status CSR E8 EF EE ED EC EB EA E9 E8
AFLAG  BFLAG T PORTS S
BFLAG/ODS | JL J
MODE
(CSR.6/.7) OUTPUT L INPUT 08
DRIVERS BUFFER < MODE
T (P6 READ)
INPUT BUFFER {? T
AFLAG FULL (CSR.0)
MODE MUX EDGE/LEVEL
(CSR.4/.5) SELECT (CSR.2)

OUTPUT BUFFER ﬁ g
FULL (CSR.1)

CONTROL/STATUS OUTPUT BUFFER
REGISTER (CSR) (P& WRITE)
INTERNAL BUS ?

SU00087

Figure 1.
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Port 6 Block Diagram
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Table 2.  8XC451 Special Function Registers
SYMBOL DESCRIPTION JDIRECT | BIT NAMES AND ADDRESSES s RESET
ACC* Accumulator EOH E7 E6 E5 E4 E3 E2 E1 EO OOH
B B register FOH F7 F6 F5 F4 F3 F2 F1 Fo | ooH
EF EE ED EC EB EA  E9 E8
CSR*# | Port 6 command/status EsH me1 | mBo | ma1 [ mao [osrc | ipsm | oBr | 1BF | FcH
DPTR Data pointer (2 bytes)
DPH Data pointer high 83H 00H
DPL Data pointer low 82H 00H
BF BE BD BC BB BA B9 B8
Ip* Interrupt priority BsH - | - | - | PS | PT1 | PX1 | PTO | PXO | xxx00000B
AF AE AD AC AB  AA A9 A8
IE* Interrupt enable A8H EA | - | - | ES | ET1 | EX1 | ETO | EXO | 0xx00000B
PO* Port 0 80H 87 B6 85 84 83 82 81 80 | FFH
P1* Port 1 90H 97 96 95 94 93 92 91 90 | FFH
po* Port 2 AOH A7 A6 A5 A4 A3 A2 At Ao | FFH
P3* Port 3 BOH B7 B6 B5 B4 B3 B2 B1 B0 | FFH
P4*# Port 4 COH c’ © ©5 c4 ©3 C2  Of co | FFH
P5*# Port 5 ceH CF CE o © ©B G©A ©c9 c8 |FFH
P6*# Port 6 D8H DF DE DD DC DB DA D9 D8 | FFH
PCON | Power control 87H SMODl - | - | - | GF1 | GFO | PD | IDL | Oxxx0000B
D7 D6 D5 D4 D3 D2 D1 DO
PSW* Program status word DOH cy | ac | Fo [Rrst [mrso [ ov | - | P |oon
SBUF Serial data buffer 99H XXXXXXXXB
oF 9E 9D 9C 9B 9A 99 98
SCON* | Serial port control 98H SMo | SM1 | SM2 | REN | TB8 | RBS | T | R | ooH
SP Stack pointer 81H 07H
8F 8E 8D  8C 8B 8A 89 88
TCON* | Timer/counter control 88H TF1 [ TRt [ TR0 | TRO | 1E1 | M1 [ IEO | 1m0 | 0OH
TMOD | Timer/counter mode 89H GatE | o | m1 | mo [eatE[ o | m1 | mo | ooH
THO Timer 0 high byte 8CH 00H
TH1 Timer 1 high byte 8DH 00H
TLO Timer O low byte 8AH 00H
TLA Timer 1 low byte 8BH 00H

* SFRs are bit addressable.
# SFRs are modified from or added to the 80C51 SFRs.
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Table 3. Control Status Register (CSR)

Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

MB1 MBO MA1 MAO OBFC IDSM OBF IBF
BFLAG Mode Select AFLAG Mode Select Output Buffer Input Data Output Buffer Input Buffer

Flag Clear Strobe Mode Flag Full Flag Full
Mode

0/0 = Logic 0 output* 0/0 = Logic 0 output* 0 = Negative 0 = Positive 0 = Output 0 = Input data
0/1 = Logic 1 output* 0/1 = Logic 1 output* edge of ODS edge of IDS data buffer buffer empty
1/0 = IBF output 1/0 = OBF output 1 = Positive 1 = Low level empty 1 = Input data
1/1 = PE input 1/1 = SEL input edge o0 ODS of IDS 1 = Output buffer full
(0 = Select) (0 = Select) data buffer full

(1 = Disable 1/0)

(1 = Control/status)

NOTE:

*

ABSOLUTE MAXIMUM RATINGS': 2.3

Output-always mode: MB1 =0, MA1 = 1, and MAO = 0. In this mode, port 6 is always enabled for output. ODS only clears the OBF flag.

PARAMETER RATING UNIT
Operating temperature under bias 0to +70 °C
Storage temperature range —65to +150 °C
Voltage on any other pin to Vgg -0.510 +6.5 \
Power dissipation (based on package heat transfer limitations, not device power consumption) 15

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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DC ELECTRICAL CHARACTERISTICS!
Tamb = 0°C to +70°C, Vg = 5V £10%, Vgg = 0V (87C451, 83C451, 80C451)
TEST LIMITS
SYMBOL PARAMETER CONDITIONS MIN TYPICAL' MAX UNIT
Vi Input low voltage; except EA -0.5 0.2Vge—0.1
Vi Input low voltage to EA 0 0.2Vge—0.3 v
ViH Input high voltage; except XTAL1, RST 0.2Vge+0.9 Vec+0.5 \Y
ViH1 Input high voltage; XTAL1, RST 0.7Vgco Vec+0.5 \Y
VoL Output low voltage; ports 1,2,3,4, 5,6 loL = 1.6mA2 0.45 \Y
VoL1 Output low voltage; port 0, ALE, PSEN loL = 3.2mA2 0.45 \Y
VoH Output high voltage; ports 1, 2, 3, 4,5, 6 loH = —60uA, 24 \Y
loy = —25pA 0.75V¢c \
loy = —10pA 0.9V \
VoH1 Output high voltage (port 0 in external bus mode, ALE, lon = —800pA, 24 \Y
PSEN)3 loH = —300pA 0.75V¢e Y
loy = —80pA 0.9V \
I Logical O input current,; ports 1, 2, 3,4, 5, 6 VN = 0.45V -50 LA
L Logical 1-to-0 transition current; ports 1, 2, 3, 4, 5, 6 See note 4 —650 LA
I Input leakage current; port 0 ViN=V|LorViy +10 LA
lco Power supply current: See note 6
Active mode @ 12MHz® 115 25 mA
Idle mode @ 12MHz® 13 4 mA
Power down mode 3 50 LA
RRsT Internal reset pull-down resistor 50 300 kQ
Cio Pin capacitance’ 10 pF
NOTES:

1. Typical ratings are based on a limited number of samples taken from early manufacturing lots and 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 Vg, s of ALE and ports 1 and 3. The noise is due
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-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.
3. Capacitive loading on ports 0 and 2 may cause the Vo on ALE and PSEN to momentarily fall below the 0.9V specification when the
address bits are stabilizing.
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
maximum value when V| is approximately 2V.
5. lgcmax at other frequencies is given by:
Active mode: Iccmax = 0.94 X FREQ + 13.71
Idle mode: Iccmax = 0.14 X FREQ +2.31
where FREQ is the external oscillator frequency in MHz. Igcmax is given in mA. See Figure 13.

6. See Figures 14 through 17 for Ig¢ test conditions.
7. Cjo applies to ports 1 through 6, AFLAG, BFLAG, XTAL1, XTAL2.
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Philips Semiconductors

Product specification

80C51 8-bit microcontroller family
4K/128 OTP/ROM/ROMIess, expanded 1/O

80C451/83C451/87C451

AC ELECTRICAL CHARACTERISTICS'
Tamb = 0°C to +70°C, V¢ = 5V +10%, Vgg = OV (87C451, 83C451, 80C451)2

12MHz CLOCK VARIABLE CLOCK
SYMBOL | FIGURE PARAMETER MIN MAX MIN MAX UNIT
1cLoL Oscillator frequency: Speed Versions
SC8XC451 c 35 12 MHz
SC8XC451 G 35 16 MHz
tLHLL 2 ALE pulse width 127 2icLcoL—40 ns
tavLL 2 Address valid to ALE low 28 toLcL—55 ns
fLLAX 2 Address hold after ALE low 48 toLcL—35 ns
i 2 ALE low to valid instruction in 234 4icL oL —100 ns
tpL 2 ALE low to PSEN low 43 toLcL—40 ns
tpLPH 2 PSEN pulse width 205 3toLoL—45 ns
trLiv 2 PSEN low to valid instruction in 145 3tcLc—105 ns
tpxix 2 Input instruction hold after PSEN 0 0 ns
tpxiz 2 Input instruction float after PSEN 59 tcLoL—25 ns
taviv 2 Address to valid instruction in 312 5tcLoL—105 ns
tpLaZ 2 PSEN low to address float 10 10 ns
Data Memory
tRLRH 3,4 RD pulse width 400 6tcLcL—100 ns
twiLwH 3,4 WR pulse width 400 6tcLcL—100 ns
trLDV 3,4 RD low to valid data in 252 5tc cL—165 ns
1RHDX 3,4 Data hold after RD 0 0 ns
{RHDZ 3,4 Data float after RD 97 2teLcL—70 ns
LDV 3,4 ALE low to valid data in 517 8tcLcoL—150 ns
tavDV 3,4 Address to valid data in 585 9tcLcL—165 ns
fwe 3,4 ALE low to RD or WR low 200 300 3icLeL—50 3icLoL+50 ns
tavwL 3,4 Address valid to WR low or RD low 203 4L —130 ns
tQvwx 3,4 Data valid to WR transition 23 toLcL—60 ns
twHax 3,4 Data hold after WR 33 tcLeL—50 ns
tRLAZ 3,4 RD low to address float 0 0 ns
AWHLH 3,4 RD or WR high to ALE high 43 123 fcLoL—40 toLoL+40 ns
Shift Register
txLxL 5 Serial port clock cycle time 1.0 12tci oL us
tQuxH 5 Output data setup to clock rising edge 700 10tgLcL—133 ns
txHQX 5 Output data hold after clock rising edge 50 2tcLo—117 ns
tXHDX 5 Input data hold after clock rising edge 0 0 ns
txHDV 5 Clock rising edge to input data valid 700 10tgLc—133 ns

NOTES: SEE NEXT PAGE

1998 May 01

11




Philips Semiconductors Product specification

80C51 8-bit microcontroller family

4K/128 OTP/ROM/ROMIess, expanded 1/0 80C451/83C451/87C451
AC ELECTRICAL CHARACTERISTICS' (continued)
Tamb = 0°C to +70°C, Vg = 5V +10%, Vgg = OV (87C451, 83C451, 80C451)2
12MHz CLOCK VARIABLE CLOCK
SYMBOL | FIGURE PARAMETER MIN MAX MIN MAX UNIT
Port 6 input (input rise and fall times = 5ns)
tFLEH 8 PE width 270 3tgLcL+20 ns
LK 8 DS width 270 3tgLcL+20 ns
toviH 8 Data setup to IDS high or PE high 0 0 ns
tiHDx 8 Data hold after IDS high or PE high 30 30 ns
tivev 9 DS to BFLAG (IBF) delay 130 130 ns
Port 6 output
toLoH 6 ODS width 270 3tgLcL+20 ns
tFvDv 7 SEL to data out delay 85 85 ns
toLpy 6 ODS to data out delay 80 80 ns
toHDZ 6 ODS to data float delay 35 35 ns
tovrv 6 ODS to AFLAG (OBF) delay 100 100 ns
tFiDv 6 PE to data out delay 120 120 ns
tOHFH 7 ODS to AFLAG (SEL) delay 100 100 ns
External Clock
tcHoX 10 High time 20 20 ns
toLox 10 Low time 20 20 ns
tcLcH 10 Rise time 20 20 ns
tcHoL 10 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 Semiconductors

Product specification

80C51 8-bit microcontroller family
4K/128 OTP/ROM/ROMIess, expanded 1/O

80C451/83C451/87C451

EXPLANATION OF THE AC SYMBOLS
Each timing symbol has five characters. The first character is always
‘" (= time). The other characters, depending on their positions,
indicate the name of a signal or the logical status of that signal. The

designations are:

A — Address

C — Clock

D - Input data

H — Logic level high

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

P — PSEN

Q — Output data

R — RD signal

t — Time

V — Valid

W-— WRsignal

X — No longer a valid logic level
Z — Float

Examples: tay | = Time for address valid to ALE low.
tLLpL = Time for ALE low to PSEN low.

PSEN \
tpxiz—>
PORT 2 >< AS-A15

SU00006

Figure 2. External Program Memory Read Cycle

< twHiH —>

< tupvy ———>

«— i wL —><— {R.RH

e fLLAX J

tavLL [<

PORT 0 AO-A7
FROM RI OR DPL

N

tRLAZ.

/|

<— fgLov —>

«— tayw ——>

T B ——
tavbv

tRHDZ,

1

tRHDX

PaN
7\

N
DATA IN >< AO0-A7 FROM PCL INSTR IN

N\

PORT 2 yl
\

P2.0-P2.7 OR A8-A15 FROM DPH >< A0-A15 FROM PCH

SU00007

1998 May 01

Figure 3. External Data Memory Read Cycle
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80C51 8-bit microcontroller family
4K/128 OTP/ROM/ROMIess, expanded 1/0 80C451/83C451/87C451

< twHH >

e t W ——><— twiwH

tLLax
t - > 1 > twHax
AVLL QVWX

PORT 0 d AQ-A7
FROM RI OR DPL DATA OUT A0-A7 FROM PCL INSTR IN
N

«— tawL ——>

/
PORT 2 >< P2.0-P2.7 OR A8-A15 FROM DPH >< A0-A15 FROM PCH
N

SU00008

Figure 4. External Data Memory Write Cycle

INSTRUCTION | 0 ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 | 6 | 7 | 8 |

ALE

F1XLXL%
I I I I e

oo L—j rixmx‘
N X X2 X o Xo X = X = X /

QUTPUT DATA

WRITE TO SBUF

INPUT DATA
S —|

CLEARRI

SU00027

Figure 5. Shift Register Mode Timing
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80C51 8-bit microcontroller family

4K/128 OTP/ROM/ROMIess, expanded 1/O 80C451/83C451/87C451
OBF (AFLAG) \‘ \\
< tovrv < tovrv
_ L )4
PE (BFLAG)

le—— toloH ———————»

3
N

N /|
| toLpy _toHDz

PORT 6

< trLov —>

SU00088

Figure 6. Port 6 Output

oDs
toHFH
SEL (AFLAG) /~/
tFvDy trvDv
PORT 6 DATA CSR DATA >—
SU00089
Figure 7. Port 6 Select Mode
< tFLFH >
PE (BFLAG) /,
l< LS >
- ﬂ e
oS ~ _|_tiHDz
toviH >
PORT 6
SU00090
Figure 8. Port 6 Input
IBF (BFLAG) /’ //
tivry /\/ tivrv
DS t
SU00091A

Figure 9. IBF Flag Output
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Voe-05 - - - -

0.7Vce

0.45V 0.2Vp(-0.1

SU00009

Figure 10. External Clock Drive

Vog—-05
0.2Vpc+0.9
0.2Vge-0.1
0.45V £e
NOTE:

AC inputs during testing are driven at V¢ —0.5 for a logic ‘1’ and 0.45V for a logic ‘0’.
Timing measurements are made at V|4 min for a logic ‘1’ and V| max for a logic ‘0’.

5U00010
Figure 11. AC Testing Input/Output
VLOAD+0.1V TIMING VQH-0.1V
VLOAD AN REFERENCE -7
VLOAD-0.1V POINTS A VOL+0.1V

NOTE:
For timing purposes, a port is no longer floating when a 100mV change from load voltage occurs,
and begins to float when a 100mV change from the loaded Vgop/Vg level occurs. lgp/lgl = +20mA.

SU00011

Figure 12. Float Waveform

80 MAX ACTIVE MODE
25
/
20 V4
/
lccmA 15 // TYP ACTIVE MODE
10 Va
/
/
5 %//// MAX IDLE MODE
’_/_/_/ TYP IDLE MODE

4MHz 8MHz 12MHz  16MHz
FREQ AT XTAL1

VALID ONLY WITHIN FREQUENCY SPECIFICATIONS OF THE DEVICE UNDER TEST.

SU00092

Figure 13. Icc vs. FREQ
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vee vee
lcc lcc
Vee vee
Voo vee RST vVce
—L RST PO [\ — Po 6
g p— g
1
(NC) XTAL2 vVee (NC) XTAL2 —
Moo
CLOCK SIGNAL ——»| XTAL1 CLOCK SIGNAL ! XTAL1 T
DS
vss oS vss DS
oDs
— SU00093 — SU00094
Figure 14. Igc Test Condition, Active Mode Figure 15. Igc Test Condition, Idle Mode
All other pins are disconnected All other pins are disconnected

Voe-05 - - - -

0.7Vce

0.45V 0.2vgg-0.1

SU00009

Figure 16. Clock Signal Waveform for Icc Tests in Active and Idle Modes
tcLcH =tcHeL = 5ns

Vce
lcc
vee
RST veo
N EA
1
(NC) XTAL2 —
Vce
»| XTAL1 T
vss DS
ODS
SU00095

Figure 17. Igc Test Condition, Power Down Mode
All other pins are disconnected. Vo = 2V to 5.5V
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80C451/83C451/87C451

4K/128 OTP/ROM/ROMIess, expanded 1/O

EPROM CHARACTERISTICS

The 87C451 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 87C451 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 87C451 manufactured by
Philips Semiconductors.

Table 4 shows the logic levels for reading the signature byte, and for
programming the program memory, the encryption table, and the
lock bits. The circuit configuration and waveforms for quick-pulse
programming are shown in Figures 18 and 19. Figure 20 shows the
circuit configuration for normal program memory verification.

Quick-Pulse Programming

The setup for microcontroller quick-pulse programming is shown in
Figure 18. Note that the 87C451 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 18. 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 4 are held at the ‘Program
Code Data’ levels indicated in Table 4. The ALE/PROG is pulsed
low 25 times as shown in Figure 19.

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 lock bits, repeat the 25 pulse programming
sequence using the ‘Pgm Lock Bit’ levels. After one lock bit is

Table 4. EPROM Programming Modes

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 program
memory locations to be read is applied to ports 1 and 2 as shown in
Figure 20. The other pins are held at the ‘Verify Code Data’ levels
indicated in Table 4. 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 O will be the exclusive NOR of the program byte with one of the
encryption bytes. The user will have to know the encryption table
contents in order to correctly decode the verification data. The
encryption table itself cannot be read out.

Reading the Signature Bytes

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

(030H) = 15H indicates manufactured by Philips

(031H) = 90H indicates 87C451

Program/Verify Algorithms
Any algorithm in agreement with the conditions listed in Table 4, and
which satisfies the timing specifications, is suitable.

MODE RST PSEN ALE/PROG EA/NVpp P2.7 P2.6 P3.7 P3.6
Read signature 1 0 1 1 0 0 0 0
Program code data 1 0 0~ Vpp 1 0 1 1
Verify code data 1 0 1 1 0 0 1 1
Pgm encryption table 1 0 0~ Vpp 1 0 1 0
Pgm lock bit 1 1 0 0~ Vpp 1 1 1 1
Pgm lock bit 2 1 0 0" Vpp 1 1 0 0
NOTES:

1. ‘0’ = Valid low for that pin, ‘1’ = valid high for that pin.
Vpp = 12.75V £0.25V.

2.
3. Vgc =5V +10% during programming and verification.

minimum of 10us.

™Trademark phrase of Intel Corporation.

1998 May 01
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+5Y
vee
AO-A7 P1 Po PGM DATA
1 ————» RST EAVpp j&——— +1275V
1 ———— » P36 ALE/PROG ¢ 25 100ps PULSES TO GROUND
1 —— > P37 87C451 PSEN [¢—— O

ﬁ XTAL2 P27 fe—— 1

46MHz ] } pag [« O

T XTAL1 P2.0-P2.4 A8-A12

Vss

SU00096

Figure 18. Programming Configuration

;I 25 PULSES 9‘

ALE/PROG: 0 | I | I | I | I | ........

] 10us MIN —ﬁ Fi 100ps£10 4ﬁ
ALE/PROG: 0 | | | | |

SU00018

Figure 19. PROG Waveform

+5V
vce

AO-A7 P1 Po PGM DATA

1 ——» RST EANpp [« 1

1 —  » P36 ALEPROG f¢«— 1

1 ———>» P37 87C451 PSEN [¢———— O
’f XTAL2 P27 fj&——— O ENABLE

— o —
4-6MHz [ } P2.6 Y
T XTAL1 P2.0-P2.4 AB8-A12
Vss

SU00097

Figure 20. Program Verification
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4K/128 OTP/ROM/ROMIess, expanded 1/0 80C451/83C451/87C451
EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS
Tampb = 21°C to +27°C, Vg = 5V+10%, Vgg = OV (See Figure 21)

SYMBOL PARAMETER MIN MAX UNIT
Vpp Programming supply voltage 12.5 13.0 \Y
Ipp Programming supply current 50 mA
1cLoL Oscillator frequency 4 6 MHz
taveL Address setup to PROG low 48tcL oL
tGHAX Address hold after PROG 48tcL oL
tbvaL Data setup to PROG low 48tcL oL
tGHDX Data hold after PROG 48tcL oL
tens P2.7 (ENABLE) high to Vpp 48tci oL
tsHeL Vpp setup to PROG low 10 us
tgHsL Vpp hold after PROG 10 us
teLeH PROG width 90 110 us
tavav Address to data valid 48tcL oL
teLqQz ENABLE low to data valid 48tc oL
tEHQZ Data float after ENABLE 0 48tc oL
tGHGL PROG high to PROG low 10 us

PROGRAMMING™ VERIFICATION™
E;gj;;:z —<i ADDRESS : ADDRESS >—
< tavav
PORT 0 < DATA QUT >
tovalL —> teHDX
o tavaL teHAX
ALE/PROG /
tolgH > < - teHaL
tsHaGL tgHsL
/
- / LOGIC 1 LOGIC 1
EANpp
_________________________ logico
tEHSH > teLav tEHQz
ERBLE
SU00020
NOTE:

*

FOR PROGRAMMING VERIFICATION SEE FIGURE 18.
FOR VERIFICATION CONDITIONS SEE FIGURE 20.
Figure 21. EPROM Programming and Verification

1998 May 01 20



Philips Semiconductors Product specification

80C51 8-bit microcontroller family

4K/128 OTP/ROM/ROMIess, expanded 1/0 80C451/83C451/87C451

PLCC68: plastic leaded chip carrier; 68 leads; pedestal SOT188-3
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DIMENSIONS (millimetre dimensions are derived from the original inch dimensions}

A A znM |z
UNIT[ A | 1 | A 4 by [DV[EM| ¢ |ep|eg | Ho |HE| kK | & | Lp| v | w DI <E
min.| 2 | max.| PP 1 D E D E I p Y | 'max| max.| P
457 053 | 0.81 |24.33| 2433 03.62|23.62|2527|25.27| 1.22 | 15.34( 1.44
mm | 499 [ 018 025|305 o5 | 066 |24.13| 24.13| 1'% | 2261 |22:61|25.02|25.02| 1.07 | 15.19| 1.02 | 018 | 018 | 0.10 | 2.06 | 2.06 .
45
. 0.180 0.021|0.032 | 0.958 | 0.958 0.9300.930| 0.995| 0.995| 0.048| 0.604| 0.057
Iches| o 1g5 | 0-005 | 0.01 | 012 | 1415006 | 0.950 | 0.950| ©% | 0.890 |0.890 | 0.985 | 0.985 | 0.042| 0.508 | 0.040| ©-007| ©.007 | 0.004 0.081 | 0.081
Note
1. Plastic or metal protrusions of 0.01 inches maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION IEC JEDEC EIAd PROJECTION
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