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DESCRIPTION

The Philips 8XC4561 is an /O expanded
single-chip microcontroller fabricated with
Philips high-density CMOS technology.
Philips epitaxial substrate minimizes latch-up
sensitivity.

The BXC451 is a functional extension of the
87C51 microcontroller with three additional
11O ports and four IO control lines. The LCC
version has a total of 68 pins. Four control
lines associated with port 6 facilitate
high-speed asynchronous KO functions.

The BXC451 includes a 4k x B ROM
(83C451) EPROM (87C451), a 128 x 8 RAM,
56 (LCC) or 52 (DIP) I/Q lines, two 16-bit
timer/counters, a five source, two priority
level, nested interrupt structure, a serial O
part far either a full duplex UART, /0O
expansion, or muti-processor
communications, and on-chip oscillator and
clock circuits. The 80C461 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 freszes 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.
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FEATURES

@ 80C51 based architecture

@ 68-pin LCC and 64-pin DIP packages:
- Seven 8-bit /O ports (LCC version)
— Six 8-bit ports and one 4-bit port (DIP

version)

® Port 6 features:
- Eight data pins
~ Four control pins
— Direct MPU bus interface
~ Paralle! printer interface

'® On the microcontroller:

— 4k x B ROM (83C451)
4k x 8 EPROM (B7C451)
ROMless version (80C451)

- 128 x 8 RAM
— Two 16-bit counter/timers
— Two external interrupts

® External memory addressing capability
— 64k ROM and 64k RAM

@ | ow power consumption:
— Normal operation: less than 24mA at 5V,
12MHz
- Idle mode
- Power-down mode
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CMOS single-chip 8-bit microcontrolier 80C451/83C451/87C451
ORDERING INFORMATION
TEMPERATURE RANGE °C FREQ DRAWING
ROMless ROM EPROM AND PACKAGE? MHz NUMBER
SCBOC451CCN64 | SCB83C451CCNB4 | SC87C451CCNB4 0 to +70, Plastic Dual In-line Package, OTP 351012 0414B
SCBOCA51CGNG4 | SC83C451CGNS4 | SCB7C451CGN64 0 to +70, Plastic Dual In-line Package, OTP 351016 04148
SCB0C451CCAE8 | SC83C451CCABB | SCB7C451CCA68 0 to +70, Plastic Leaded Chip Carrier, OTP 351012 0398E
SC80C451CGABS | SCB3C451CGAB8 | SCB7C451CGASS 0 to +70, Plastic Leaded Chip Carrier, OTP 351016 0398E
SCB80C451ACNG4 | SCB3C451ACNE4 | SCB7C451ACNE4 —40 to +85, Plastic Dual In-line Package, OTP 35t012 0414B
SCBOC451AGNG4 | SCB3IC451AGNG4 | SC87C451AGNE4 —40 to +85, Plastic Dual In-line Package, OTP 35t016 0414B
SCB0C451ACAB8 | SC83C451ACAGS | SC87CA51ACAEB —40 to +85, Plastic Leaded Chip Carrier, OTP 35t012 0398E
SCB0C451AGABS | SC83C451AGABS | SCB7CA51AGA6S —40 to +85, Plastic Leaded Chip Carrier, OTP 351016 0398E
1. OTP = One Time Programmable
PLASTIC LEADED CHIP
CARRIER PIN FUNCTIONS LOGIC SYMBOL
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CMOS single-chip 8-bit microcontroller 80C451/83C451/87C451
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CMOS single-chip 8-bit microcontroller 80C451/83C451/87C451

PIN DESCRIPTION
PIN NO.
MNEMONIC| DIP | LCC | TYPE | NAME AND FUNCTION
Vss 50 54 | Ground: OV reference.
Vee 18 18 | Power Supply: This is the power supply voltage for normall, idle, and power-down operation.

P0.0-0.7 17-10 | 17-10 | 11O | Port 0: Port 0 is an open-drain, bidirectional 1O port. Port 0 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 |23-30 {27-34 | O | Port 1: Port 1 is an 8-bit bidirectional /O port with intemnal 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.

pz2.0-P2.7 2-9 29 /0 | Port 2: Port 2 is an 8-bit bidirectional /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 withaut external pull-ups.
P3.0-P3.7 |32-39 {3643 | /O | Port 3: Port 3 is an 8-bit bidirectional 1O port with intemal 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:

I RxD (P3.0): Serial input port

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

| INTQ (P3.2): Extemal interrupt
39 | INTT (P3.3): External interrupt

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

|

(o]

BEILRLER
&

41 T1 (P3.5): Timer 1 extemnal input

42 WR (P3.6): External data memory write strobe

43 O | RD (P3.7): External data memory read strobe
P4.0-P4.3 | 22-19 110 | Port 4: Port 4 is a 4/8-bit (DIP/LCC) bidirectional IO port with intemal pull-ups. Port 4 can sink/source
P4.0-P4.7 26-19 | 11O | three LS TTL inputs and drive CMOS inputs without external pull-ups.

P5.0-P5.7 | 40-47 | 44-51 [ 11O | Port 5: Port 5 is a 4/8-bit (DIP/LCC) bidirectional /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 | 5562 {59-66 | /O |Port 6:Port6 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 & works in conjunction with four control pins that
serve the functions listed below:

oDs 51 55 | TDS: Output data strobe

DS 52 56 1l TDS: Input data strobe

BFLAG 53 57 1/0 | BFLAG: Bidirectional I/0 pin with internal pull-ups

AFLAG 54 58 /O | AFLAG: Bidirectional I/0 pin with internal pull-ups

RST 31 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 V.

ALE/PROG | 64 68 1/0 | Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the address during
an access 1o 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 63 67 O | Program Store Enable: The read strobe 10 external program memory. PSEN is activated twice each
machine cycle during fetches from extemal program memory. However, when executing out of external
program memory, two activations of PSEN are skipped during each access to extemal program
memory. PSEN is not activated during fetches from intemal 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.

EANVpp 1 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 exteral program memory. EA must never be allowed to float. This
pin also receives the 12.75V programming supply voltage (Vpp) during EPROM programming.

XTAL1 49 53 | Crystal 1: Input to the inverting oscillator amplifier that forms the oscillator. This input receives the
external osciliator when an external oscillator is used.

XTAL2 48 52 O | Crystal 2: An output of the inverting amplifier that forms the oscillator. This pin should be fioated when
an external oscillator is used.
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80C451/83C451/87C451

PORTS 4 AND 5

Ports 4 and 5 are bidirectional VO ports with
internal pull-ups. Port 4 is an 8-bit port (LCC
version) or a 4-bit port (DIP version). 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. Port4 and 5
are addressed at the special function register
addresses shown in Table 1.

PORT 6
Port 6 is a special 8-bit bidirectional IO port

the output buffer, or the contents of the port &
control status register will output on port 6.
This feature grants complete port 6 status to
external devices.

BFLAG - BFLAG is a bidirectional /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

buffer is transparent when TDS is low, and
latched when TDS is high.

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 fiag.

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

o N . are in the high-impedance state, and the MA1 MAOQ AFLAG Function
with internal pull-ups (see Figure 1). Tf!|s port input latch does not respond to the TDS 0 0 Logic O output
can be used as a standard /G port, or in strobe when BFLAG is high. Both features 0o 1 Logic 1 output
strobed madas of aperation in conjunction are enablod when BFLAG is low. This feature 1 0 OBF flag output (CSR.1)
with four spedial control lines: ODS, IS, facilitates the use of the SC8XC451 inbused 1 1 Select (SEL) input mode

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:

OD3 - Output data strobe 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 bitin the
CSR (output-always mode). ODS is active
low for output driver control. the OBF flag can

multiprocessor systems.

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 2).

CSR.0 Input Buffer Full Flag (IBF) (Read
Only) - The IBF bit is set to a logic 1 when

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.

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

be pro‘g.rammed to be cleared on the negative port 6 data is loaded into the input buffer MB1 MBO BFLAG Function

or positive edge of ODS. under control of TDS. This can occur on the 0 0 Logic O output

105 — Input data strobe for port 6. [DS isused ~ Negative or positive edge of DS, as 0 1 Logic 1 output

to control the port 6 input latch and input determined by CSR.2 IBF is cleared when 1 0 IBF flag output (CSR.0)
buffer full flag (IBF) bitin the CSR. Theinput  the CPU reads the input buffer register. 1 1 Port enable (PE)

data latch can be programmed to be
transparent when IDS is low and latched on
the positive transition of TDS, or to latch only
on the positive transition of TDS.
Correspondingly, the IBF flag is set on the
negative or positive transition of TDS.

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 fiag.

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
CSRa3.

CSR.2 IDS Mode Select (IDSM) - When
CSR.2 = 0, a low-to-high transition on the
DS pin sets the |BF flag. The Port 6 input
butfer is loaded on the TDS positive edge.

In the port enable mode, TDS and ODS inputs
are disabled when BFLAG input is high.
When the BFLAG input is low, the port is
enabled for /0.

SPECIAL FUNCTION REGISTER
ADDRESSES

Special function register addresses for the
device are identical to those of the 80C51,
except for the additional registers listed in

AFLAG can also be programmed to be an When CSR.2 = 1, a high-to-low transiionon ~ 1able 1.
input which selects whether the contents of the TDS pin sets the IBF flag. Port 6 input
Table 1.  Special Function Register Addresses
REGISTER ADDRESS BIT ADDRESS
NAME SYMBOL AADDRESS MSB LsSB
Port 4 P4 Cco C7 C6 C5 €4 C3 Cc2 C1 Co
Port5 PS5 c8 CF CE CD CC CB CA C9 C8
Port 6 data P6 D8 DF DE DD DC DB DA D9 D8
Port & control status CSR E8 EF EE ED EC EB EA E9 E8
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PORT &
AFLAG BFLAG OUS s
BFLAG/ODS l
3 ' L
{t 8.7} OUTPUT INPUT 1953
BUFFER [«
T DRIVERS (PS READ) MODE
INPUT BUFFER T
FULL {CSR.0)
AFLAG MODE | EDGE/LEVEL
(CSR.4/5) SELECT (CSR.2)
T OUTPUT BUFFER
FULL {CSR.1)
CONTROL/STATUS | OUTPUT aunﬂ
REGISTER (CSR) (P& WRITE)
N
I INTERNAL BUS ?
Figure 1. Port 6 Block Diagram
Table 2.  Control Status Register (CSR)
Bit7 Bit6 Bit§ Bit4 Bit3 Bit 2 Bit 1 Bit 0
MB1 MBO MA1 MAOD OBFC IDSM OBF IBF
BFLAG Mode Select AFLAG Mode Select Output Buffer Input Data Qutput Buffer Input Buffer
Flag Clear Strobe Mode Flag Full Flag Full
Mode
0/0 = Logic O output* 0/0 = Logic 0 output” 0 = Negative 0 = Positive 0 = Qutput 0 = Input data
071 = Logic 1 output® 0/1 = Logic 1 output” edge of ODS edge of DS 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 O0S of TDS 1 = Output buffer fult
(0 = Select) (0 = Select) data buffer full
(1 = Disable I/0) {1 = Control/status)

NOTE:
*  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.

ABSOLUTE MAXIMUM RATINGS'. 2. 3

PARAMETER RATING UNIT
Operating temperature under bias Oto +70 °C
—40 to +85
Storage temperature range —651to0 +150 °C
Voltage on any other pin to Vsg -0.51t0 +6.5 v
Power dissipation (based on package heat transfer limitations, not device power consumption) 1.5

NOTES:

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

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

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vgs unless otherwise
noted.
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DC ELECTRICAL CHARACTERISTICS
Tamb = 0°C to +70°C or ~40°C to +85°C, Vg = 5V £20%, Vs = OV (80C451, 83C451)
Tamo = 0°C 10 +70°C or —40°C to +85°C, Vg = 5V $10%, Vgs = OV (87C451)

TEST LMITS
SYMBOL PARAMETER CONDITIONS MIN TYPICAL' MAX UNIT
Vi Input low voltage; except EA -05 0.2Vee-0.1
Vi input low voltage to EA 0 0.2Vpe-0.3 v
Viu Input high voltage; except XTAL1, RST 0.2V +0.9 Vect0.5 A
Vi Input high voltage; XTAL1, RST 0.7Veg Veet0.5 \
Vo Output low voltage; ports 1, 2,3 loL = 1.6mA2 0.45 \Y
Vout Qutput low voltage; port 0, ALE, PSEN loL = 3.2mA2 0.45 \Y
Vou Output high voltage; ports 1, 2, 3,4, 5,6 lon = —60pA, 24 \
lon = —25pA 0.75Vee v
low = —10pA 0.9Vee v
Vou1 QOutput high voltage (port 0 in external bus mode, ALE, low = —BO0pA, 24 \
PSER)? lon = —300pA 0.75Vgc \
lon = —80pA 0.9Vee v
I Logical O input current,; ports 1, 2,3, 4,5, 8 Vi =0.45V -50 MA
B Logical 1-to-0 transition current; ports 1, 2, 3 See note 4 -650 RA
ey Input leakage current; port 0 Vin=ViLorViy +10 pA
lec Power supply current: See note 6
Active mode @ 12MHz5 1.5 25 mA
Idle mode @ 12MHz5 1.3 4 mA
Power down mode 3 50 HA
RpsT Internal reset pull-down resistor 50 300 kQ
Cio Pin capacitance? — DIP package 15 pF
— PLCC package 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
fo external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-t0-0 transitions during bus eperations. In the
worst cases (capacitive loading > 100pF), the noise puise 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,y, is approximately 2V.

5. lccMAX at other frequencies is given by:

Active mode: lccMAX = 0.94 X FREQ + 13.71
Idle mode: lccMAX = 0.14 X FREQ +2.31
where FREQ is the external oscillator frequency in MHz. lccMAX is given in mA. See Figure 13.
6. See Figures 14 through 17 for log test conditions.
7. Cioapplies to ports 1 through 6, AFLAG, BFLAG, XTAL1, XTAL2.
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AC ELECTRICAL CHARACTERISTICS
Tam = 0°C 10 +70°C or —40°C 10 +85°C, Vg = 5V 420%, Vg = OV (80C451, 83C451)12
Tamp = 0°C to +70°C or —40°C to +85°C, Vg = 5V +10%, Vss = OV (87C451)

12MHz CLOCK VARIABLE CLOCK
SYMBOL | FIGURE PARAMETER MIN MAX MIN MAX UNIT
oLoL Oscillator frequency:  Speed Versions
SC8XC451 B 05 12 MHz
SC8XC451 (o] 3.5 12 MHz
SC8XC451 G 35 18 MHz
™ 2 ALE pulse width 127 21040 ns
taviL 2 Address valid to ALE low 28 oLel—-55 ns
tax 2 Address hold after ALE low 48 toLcL—-35 ns
tLuw 2 ALE low to valid instruction in 234 dtg o —100 ns
tweL 2 ALE low to PSEN low 43 torc 40 ns
pLEH 2 PSEN pulse width 205 3tcLcL—45 ns
toLv 2 PSEN iow to valid instruction in 145 3teic—105 ns
texix 2 Input instruction hold after PSEN 0 0 ns
texiz 2 Input instruction float after PSEN 59 toLcL-25 ns
taviv 2 Address to valid instruction in 312 Stere—105 ns
tpraz 2 PSEN low to address float 10 10 ns
Data Memory
tRLRH 3,4 RD pulse width 400 Bic cL—100 ns
twLwH 3,4 WR pulse width 400 Bterc —100 ns
tRLDY 3,4 | RD low to valid datain 252 StercL—165 ns
tRHDX 3,4 Data hold after RD 0 0 ns
trHDZ 3,4 Data fioat after RD 97 2oLet-70 ns
oV 3,4 ALE low to valid data in 517 8tcLc—150 ns
tavov 3,4 Address to valid data in 585 Otey o —165 ns
fLiwe 3.4 ALE low to AD or WR low 200 300 3tccL—50 3oL +50 ns
tavwi 3,4 Address valid to WR low or AD low 203 Ay o130 ns
tavwx 3,4 Data valid to WR transition 23 torcL 60 ns
twHax 3,4 Data hold after WR 33 torcl—50 ns
tRLAZ 3,4 RD low to address float 0 0 ns
tWHLH 3,4 RD or WR high to ALE high 43 123 toLcL—40 teLcL+40 ns
Shift Register
txixe 5 Serial port clock cycle time 1.0 12tcioL ps
tavxH 5 Qutput data setup to dock rising edge 700 10tc) ¢ ~133 ns
txHox 5 Quiput data hold atter clock rising edge 50 2oc-117 ns
tXHDX 5 Input data hold after clock rising edge 0 0 ns
txHDV 5 Clock rising edge to input data valid 700 10teLc—133 ns

NOTES: SEE NEXT PAGE
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CMOS single-chip 8-bit microcontroller 80C451/83C451/87C451

AC ELECTRICAL CHARACTERISTICS (Continued)
Tamp = 0°C to +70°C or —40°C to +85°C, Vg = 5V 120%, Vg = OV (80C451, 83C451)1:2
Tamb = 0°C to +70°C or —40°C to +85°C, Vo = 5V +10%, Vss = OV (87C451)

12MHz CLOCK VARIABLE CLOCK
SYMBOL | FIGURE PARAMETER MIN MAX MIN MAX uNIT
Port 6 input (input rise and fall times = 5ns)
trLFH 8 PE width 270 BtoLoL+20 ns
L 8 DS width 270 3tor o +20 ns
toviH 8 Data setup to TDS high or PE high 0 0 ns
YHDX 8 Data hold after IDS high or PE high 30 30 ns
tivey 9 DS to BFLAG (IBF) delay 130 130 ns
Port 6 output
toLoH 8 ODS width 270 3teLcL+20 ns
trvov 7 SEL to data out delay 85 as ns
toLov [ ODS to data out delay 80 80 ns
toHpz 6 ODS to data float delay 35 35 ns
tovey 6 ODS to AFLAG (OBF) delay 100 100 ns
teLov [] PE to data out delay 120 120 ns
toMFH 7 ODS to AFLAG (SEL) delay 100 100 ns
External Clock
toHex 10 High time 20 20 ns
foLex 10 Low time 20 20 ns
toLeH 10 Rise time 20 20 ns
teHeL 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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EXPLANATION OF THE AC SYMBOLS
Each timing symbol has five characters. The P — PSEN
first character is always 't (= time). The other  Q — Qutput data

characters, depending on their positions, R — RDsignal

indicate the name of a signal or the logical t — Time

status of that signal. The designations are: V - Valid

A — Address W - WR signal

C - Clock X ~ No longer a valid logic level

D - inputdata Z — Float

H — Logic level high Examples: tay = Time for address valid
| ~ Instruction (program memory contents) to ALE low.

L — Logiclevel low, or ALE tpL = Time for ALE low to

low.

e — ™
ALE \_—ﬁ
X « toLpu
AviL et

le—t )y —

PSER

PORT 2

_/
} -
PORT 0 >—<\ INSTRIN Ao-A7 >_<:
><; A0-A1S X As-A15

Figure 2. External Program Memory Read Cycle

ALE _h
N
e twHLH
_/ \_J
Yoy
tuwe - tRLRH
RU Y
| \\ /|
taviL tax [ taoy —> taHoz
-
trLaz RHDX

L Y A ) <
AO-A7
PORT 0 >—< | FROM Ri OR DPL <\ DATA IN />< AG-A7 FROM PCL INSTRIN

e—— tavwi —
I tavpy
PORT 2 4
L P2.0-P2.7 OR AB-A15 FROM DPH AD-A1S FROM PCH

Figure 3. External Data Memory Read Cycle
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—— t wi. > twiwe
WR ¥
N /
LLAx
taviL tavwx > twHax
T
PORTO >—< | FROM I - DATA OUT X >< A0-A7 FROM PCL INSTRIN
tavwi
PORT2 d
>Q\ P2.0-P2.7 OR A8-A15 FROM DPH A0-A15 FROM PCH
Figure 4. External Data Memory Write Cycle
WSTRUCTON | 0 | ¢+ | 2 ] = | 4 | s ] & | 7 | 8 |
ALE

I-1xLXL-l
oLock I N B B I I O B

L
N XXX XX

mes TO SBUF oo "—’l _.| |<_ txHox 351'11
INPUT DATA @.@.@.@.@.@.@.@

CLEARRI

OUTPUT DATA

SETRI

Figure 5. Shift Register Mode Timing

January 7, 1993 630




PHILIPS INTERNATIONAL BOE D EE 711082b 005130 482 EEPHIN

Philips Semiconductors Microcontroller Products Praduct specification
CMOS single-chip 8-bit microcontroller 80C451/83C451/87CA451
OBF (AFLAG) N N
Lovry N tovrv
- N s
PE (BFLAG) /
toLon
oDs ) 4 A
toLov > loHpz
PORTS
[ teLov —™

Figure 6. Port 6 Output

SEL (AFLAG)

PORT 6

Figure 7. Port 6 Select Mode

le

trLFK
PE (BFLAG) L /,
|

tuH 4‘,
s }\ /]

tovin YHDzZ

PORT6

Figure 8. Port6 Input

1BF (BFLAG)
—_ﬂt—r tvev YFv
14 A

Figure 9. IBF Flag Output
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Vo085 - - - -
0.45V

0.Vee
0.2Vpc-0.1

teHeL

Figure 10. External Clock Drive

Vecos 0.2Vc08 VioapwaV o~ TMING P VoH-0.1V
Vi REFERENCE
0.2V, LOAD r'g POINTS ~a
04sY .2Vee-0.1 VLOAD-0-1V VoL+0.1V
NOTE: NOTE:
AC Inpus during testing are driven at Vo ~0.5 for a logic '1* and 0.45V for a logic ‘0. For timing purpoees, a port s no longer floating when a 100mV change from load

Timing measurements are made at Vyy min for a logic '1° and Vy_for a logic ‘0" voltage occurs, and begins to fioat when a 100mV change from the loaded Vo
VoL level oceurs. io/ioL 2 + 20mA.

Figure 11. AC Testing Input/Output Figure 12. Float Waveform

/ MAX ACTIVE MODE

2
lccma 15 ,/ TYP ACTIVE MODE
1

10 /
s /
7
74__..-—-—-—"‘
7 L
AMHz 8MHz 12MHz  16MHz
FREQ AT XTAL1

| 4 MAX IDLE MODE
e TYP IDLE MODE

VALID ONLY WITHIN FREQUENCY SPECIFICATIONS OF THE DEVICE UNDER TEST.

Figure 13. Icc vs. FREQ
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Vee Vee
lcc lec
vee i Veo
Vec Yec RST Voo
_lj
—I; RST PO \'__ PO
T® e
bl
(NC) XTAL2 Vee (NC) XTAL2 =
T Vee
CLOCK SIGNAL——>{ XTAL1 CLOCK SIGNAL——»4 XTAL1 T
ws
Vss oS Vsg s
oS
Figure 14. lcc Test Condition, Active Mode Figure 15. ¢ Test Condition, Idle Mode
All other pins are disconnected All other pins are disconnected

Yoo T e )
045V 0.2Vge—0.1

fcHeL —>|

Figure 16. Clock Signal Waveform for Igc Tests in Active and Idle Modes
teren = kewel = 5ns

lcc

Yee

f h T

XTAL2

XTALY
vss 1]
oDs

Figure 17. lgc Test Condition, Power Down Mode
All other pins are disconnected. V¢c = 2V to 5.5V

(NC)

I
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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 3 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 microcontrolier 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 3 are held at the 'Program
Code Data’ levels indicated in Table 3. 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 bitis 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 3.
The contents of the address location will be
emitted on port 0. External pull-ups are
required on port O for this operation.

If the encryption table has been programmed,
the data presented at 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

focations 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 3, and which
satisfies the timing specifications, is suitable.

Erasure Characteristics

Erasure of the EPROM begins to occur when
the chip is exposed to light with wavelengths
shorter than approximately 4,000 angstroms.
Since sunlight and fluorescent lighting have
wavelengths in this range, exposure to these
light sources over an extended time (about

1 week in sunlight, or 3 years in room level
fluorescent lighting) could cause inadvertent
erasure. For this and secondary effects, it
Is recommended that an opaque label be
placed over the window. For elevated
temperature or environments where solvents
are being used, apply Kapton tape Fluorgias
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.

Table3. EPROM Progamming Modes
MODE RST PSEN ALE/PROG | EA/Vpp P2.7 P2.6 P3.7 P3.6

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

NOTES:

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

2. Vpp =12.75V 10.25V.

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

minimum of 10us.

™Trademark phrase of Intel Corporation.
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+5V
Voo j
A0-A7 b Y] Po K PGM DATA
1 ————» RST EAvpp [—————— #1276V
1 ——» P36 ALEFROG ¢————— 25 10018 PULSES TO GROUND
1 ———» P37 87C451 PSEN fe———— ©
_[_—ﬁ‘ XTAL2 P2y [——— 1
sz T p2g [« O
XTALY P2.0-P2.4 R As-A12
Vss
Figure 18. Programming Configuration
ke 25 PULSES N
. 'I
ALEPROG: Q l I l I I I | I | ........
k’ 10us MIN ‘F’ L 10p3410 ‘J
1 [ i
ALE/PROG: 0 l | I I
Figure 19, PROG Waveform
+5Y
Vee
RO-A7 ) B2 Po PGM DATA
1 ———n RST EAvpp [ !
1 ——» P36 ALEPROG [€«—— 1
1 ——» P37 87Ca51 PSEN [«——— ©
[T XTAL2 p27 j&————— 0 ENABLE
45Nz T prs fe—— o
XTALY P2.0-P2.4 K AB-A12
1 Vss
Figure 20. Program Verification
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS
Tamb = 21°C t0 +27°C, Vg = 5V£10%, Vs = OV (See Figure 21)

SYMBOL PARAMETER MIN MAX UNIT
Vpp Programming supply voltage 125 130 A"
lpp Programming supply current 50 mA
1fteLcL Osdillator frequency 4 6 MHz
tavaL Address setup to PROG low 48t oL
tGHAX Address hold after PROG 48t oL
toveL Data setup to PROG low 48tecL
taHDX Data hold after PROG 4815 oL
tensH P2.7 (ENABLE) high to Vpp 48ic oL
tSHGL Vpp setup to PROG low 10 us
tGHSL Vep hold after PROG 10 us
GLGH PROG width 90 110 ps
tavov Address to data valid 48teLoL
teLaz ENABLE low to data valid 48tc o1
teroz Data float after ENABLE 0 48to1cL
taHaL PROG high to PROG low 10 Hs

PROGRAMMING™ VERIFICATION*
P1o-p17 —<: ADDRESS : ADDRESS >—
[*— tavav
romrs (__omar p——
aHDxX
taHax
ALEFROG
tamsL
LOGIC 1 LOGIC 1
EAVpp
tELav tenoz
P27
*FOR PROGRAMMING VERIFICATION SEE FIGURE 18.
FOR VERIFICATION CONDITIONS SEE FIGURE 20.
Figure 21. EPROM Programming and Verification
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