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DESCRIPTION

The Philips 8XC451 is an /O expanded
single-chip microcontroller fabricated
with Philips high-density CMOS technol-
ogy. Philips epitaxial substrate mini-
mizas latch-up sensitivity.

The 8XC451 is a functional extension of
the 87C51 microcontroller with three ad-
ditional I/O 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 asynchro-
nous I/O functions.

The 8XC451 includes a 4k X 8 ROM
(83C451) EPROM (87C451), a 128 X 8
RAM, 56 (LCC) or 52 (DIP) IO lines,
two 16-bit timer/counters, a five source,
two priority level, nested interrupt struc-
ture, a serial I/O port for either a full du-
plax UART, /O expansion, or
muti-pracessor communications, and
on-chip oscillator and clock circuits. The
80C451 includes all of the 83C451 fea-
tures 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 select-
able modes of reduced activity for fur-
ther power reduction; idle mode and
power-down mode. ldle mode freezes
the CPU while allowing the RAM, timers,
serial port, and interrupt system to con-
tinue functioning. Power-down mode
freezes the oscillator, causing all other
chip functions to be inopsrative while
maintaining the RAM contents.

80C451/83C451/87C451
CMOS single-chip 8-bit

microcontroller

FEATURES
® 80C51 based architecture
® 68-pin LCC and 64-pin DIP
packages:
- Seven 8-bit IO ports (LCC version)
~ Six 8-bit ports and one 4-bit port
(DIP version)
¢ Port 6 features:
— 8 data pins
— 4 control pins
— Direct MPU bus interface
- Parallel printer interface

® On the microcontroller:
- 4k X 8 ROM (83C451)
4k X 8 EPROM (87C451)
ROMiless version (80C451)

- 128 X 8 RAM
— Two 16-bit countertimers
— 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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PART NUMBER SELECTION
ROMiess ROM EPROM TEMPERATURE °C AND PACKAGE FREQUENCY
SCB80C451CCN64 | SC83C451CCNG4 | SCB7C451CCN64 0to +70, plastic DIP 3.510 12MHz
SC80C451CGN64 | SCB3C451CGN6d | SCB7C451CGN64 0to +70, plastic DIP 3510 16MHz
SCBOC451CCAE8 | SCB3C451CCAB8 | SC87C451CCAE8 0 to +70, plastic LCC 3.5 10 12MHz
SCBOC451CGA68 | SC83C451CGAB8 | SCB7C451CGA68 0 1o +70, plastic LCC 3.5 to 16MHz
SCBOCAS1ACNE4 | SCB3C451ACNE4 | SC87CA51ACNG4 -40 to +85, plastic DIP 3.5 1o 12MHz
SC80C451AGN64 | SCB3C4S1AGNE4 | SCB7C451AGN64 -40 to +85, plastic DIP 3.5to 16MHz
SCB0C451ACAGB | SCB3C451ACAE8 | SCB87C451ACA68 —40 to +85, plastic LCC 3.5to 12MHz
SCBOCAS1AGAG8 | SCB3C451AGAE8 | SC87C451AGAE8 —40 to +85, plastic LCC 3.5 to 16MHz
SC87C451CCIA 0 to +70, ceramic DIP 35to 12MHz
SC87C451CGIA 0 to +70, ceramic DIP 3.5 to 16MHz
SC87C451CCL68 0 to +70, ceramic LCC 3.5 to 12MHz
SC87C451CGLe8 0 to +70, ceramic LCC 3.5 to 16MHz
SC87CA451ACIA —40 to +85, ceramic DIP 3510 12MHz
SCB7C451ACL68 -40 1o +85, ceramic LCC 3.5 to 12MHz
SC87C451AGIA —40 to +85, ceramic DIP 3.5 to 16MHz
SC87C451AGL6S —40 to +85, ceramic LCC 3.5 10 16MHz
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Po.0-P0.7 P2.0-P2.7 PAO-P47 P50-5.7

| et - -1t T 3
! ]
| PORT 2 PORT 4 PORT S
| AT DRIVERS DFIVERS DRIVERS |
Vee ? o j r Y ey |
ey T |
! I
Vss \/ < .4
I
RAM ADDR PORTO PORT 2 PORT 4 PORT 5 4Kx 8
— : REGISTER RAM I LATCH I LATCH | LATCH LATCH I ROMEPROM !
- |
| S A T .
|
| I 1
: |
8 STACK |
I ,:EGIS‘I’ER I I Ace I POINTER I
l [
| ) L 94 PROGRAM | |
| opALas K
| I ™™P2 I I ™P1 I REGISTER :
l I
| I
K= BuFFER KN
| ALU PCON [ SCON | TMOD| TCON |
| THo | To | TH |
| ) i
| sBUF| 1E P PC
o a8 ()
| INTERRUPT, SERIAL |
| 7. PORT AND TIMER BLOCKS i
| AAI
I |
PROGRAM
| COUNTER Ko :
[ ]
PSEN < 3 I
aerRoG++ nwne | S P h AV4 L |
52 =
AND 2K v
ERV) g6 |
P £
RST 1+ g i :
|
!
|
|
I
|
-

February 1, 1990 230




Philips Components-Signetics Application Specific Product Product specification
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80C451/83C451/87C451

PIN DESCRIPTION
PiN NO.

MNEMONIC | DIP Lec | TYPE NAME AND FUNCTION

Vss 50 54 | Ground: OV reference.

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

P0.0-0.7 17-10 | 17-10 /O ] Port 0: Port O is an open-drain, bidirectional I/O 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 verifi-
cation. Port 0 can sink/saurce eight LS TTL inputs.

P1.0-P1.7 23-30 | 27-34 /O | Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Port 1 receives the low-order ad-
dress 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 2-9 O | Port2: Port2is an 8-bit bidirectional VO port with internal puil-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 TTLinputs, and drive CMOS inputs without
external pull-ups.

P3.0-P3.7 32-39 | 36-43 11O | 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:

32 36 | RxD (P3.0): Serial input port

33 37 (o] TxD (P3.1): Serial output port

34 38 | INTO (P3.2): External interrupt

35 39 | INTT (P3.3): External interrupt

36 40 | T0 (P3.4): Timer 0 external input

37 41 | T1 (P3.5): Timer 1 external input

38 42 [¢] WR (P3.6): External data memaory write strobe
39 43 o] RD (P3.7): External data memory read strobe

P4.0-P43 22-19 11O | Port4: Port 4 is a 4/8-bit (DIP/LCC) bidirectional I/O port with internal 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 4047 | 44-51 11O | Port 5: Port 5is a 4/8-bit (DIP/LCC) bidirectional /O port with internal pull-ups. Port § can sink/source
three LS TTL inputs and drive CMOS inputs without externai pull-ups.

P6.0-Ps6.7 55-62 | 59-66 11O | Port 6: Port 6 is a specialized 8-bit bidirectional IO 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:

51 55 | ODS: Output data strobe

52 56 | 1DS: Input data strobe

53 57 (e} BFLAG: Bidirectional I/0 pin with internal pull-ups
54 58 10 | AFLAG: Bidirectional I/0 pin with internal pull-ups

RST 31 35 | Reset: A high on this pin for twa 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 Vec.

ALE/PROG 64 68 O | Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the address during
an access 10 external memory. ALE is activated at a constantrate 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 dur-
ing EPROM programming.

PSEN 63 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 outof external
program memory, two activations of PSEN are skipped during each access to external program
memory. PSEN is not activated during fetches from intemnal program memory. PSEN can sink/source
eight LS TTL inputs and drive CMOS inputs without an external pull-up. This pin should be tied fow dur-
ing programming.

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

XTALY 49 53 | Crystal 1: Input to the inverting oscillator amplifier that forms the oscillator. This input receives the ex-
temal 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 floated when
an external oscillator is used.
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80C451/83C451/87C451

PORTS 4 AND S

Ports 4 and 5 are bidirectional IO 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. 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 I/O port
with internal pull-ups {see Figure 1). This port
can be used as a standard |/O port, or in
strobed modes of operation in conjunction
with four special control lines: ODS, 103,
AFLAG, and BFLAG. Port 6 operating modes
are controlled by the port 6 control status reg-
ister (CSR). Port 6 and the CSR are ad-
dressed at the special function register
addressas shown in Table 1. The following
four control pins are used in conjunction with
port 6:

BDS - Output data strobe for port 6. ODS
can be programmed to control the port 6 out-
put drivers and the output buffer full flag
(OBF), of to clear only the OBF flag bitin the
CSR (output-always mode). DDS is active
low for output driver control. the OBF flag can

be programmed to be cleared on the negative
or positive edge of ODS.

DS - Input data strobe for port 6. IDS is
used to control the port 6 input latch and in-
put buffer full flag (1BF) bit in the CSR. The
input data latch can be programmed to be
transparent when T0S is low and latched on
the positive transition of TDS, or to fatch only
on the positive transition of TDS. Correspond-
ingly, 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 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.

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 ot 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-impedarce state, and the in-
put latch does not respond to the TDS strobe
when BFLAG is high. Both features are en-
abled when BFLAG is low. This feature facili-
tates the use of the SCBXC451 in bused
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
port 6 data is loaded into the input buifer un-
der control of TUS. This can occur on the neg-
ative or positive edge of TDS, 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 fiag is set to a fogic
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.

Tabiae 1. Special Function Register Addresses
REGISTER ADDRESS BIT ADDRESS
Name Symbol Address MSB LsB
Port 4 P4 Cco C7 C6 C5 C4 C3 C2 C1 Co
Port§ P5 c8 CF CE CD CC CB CA C9 C8
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 EB
PORT 6
AFLAG  BFLAG OUS oS
BFLAG/ODS [ J
MODE I
(CSR.6.7) OUTPUT INPUT oS
BUFFER
DRIVERS o READ) MODE
INPUT BUFFER
FULL (CSR.0) T
FLA E y
o yes EDGE'LEVEL

] OUTPUT BUFFER
FULL (CSR.1)

CONTROL/STATUS

REGISTER (CSR) {P6 WRITE}

i U

SELECT (CSR.2)

INTERNAL BUS

Figure 1. Port 6 Block Diagram

February 1, 1990

232



Philips Components-Signetics Application Specific Product

CMOS single-chip 8-bit microcontroller

CSR.2 IDS Mode Select (IDSM) - When
CSR.2 = 0, a low-to-high transition on the
IDS pin sets the IBF flag. The Port 6 input
buffer is loaded on the TDS positive edge.
When CSR.2 = 1, a high-to-low transition on
the TOS pin sets the IBF flag. Port 6 input
buffer is transparent when IDS is low, and
latched when TDS is high.

CSR.3 Output Buffer Full Fiag 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 oper-
ation for the AFLAG pin as follows:

Table 2. Control Status Register (CSR)

MA1 MAO AFLAG Function
0 0 Legic 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 deter-
mine 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 &
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 regis-
ter.

CSR.6, CSR.7 BFLAG Mode Select (MBO,
MB1) - Bits 6 and 7 select the mode opera-

Product specification
80C451/83C451/87C451
tion as follows:

MB1 MBO BFLAG Function
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, TDS and DDS inputs
are disabled when BFLAG input is high.
When the BFLAG input is low, the port is en-
abled for I/0.

SPECIAL FUNCTION REGISTER
ADDRESSES

Special function register addresses for the
device are identical to those of the BOCS1,
except for the additional registers listed in
Table 1.

Bit7 Bit6 Bit 5 Bit 4 Bit3 Bit 2 Bit 1 Bit0
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 Fuli Flag Full
Mode
0/0 = Logic 0 output* 0/0 = Logic O output* 0 = Negative 0 = Negative 0 = Qutput 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 = 1BF output 1/0 = OBF output 1 = Positive 1 = Positive empty 1 = input data
1/1 = PE input 1/1 = SEL input edge o ODS edge o IDS 1 = Qutput butfer full
(0 = Select) (0 = Select) data buffer full
(1 = Disable O) {1 = Control/status)

NOTE:

*Output-always mode: MB1 = 0, MA1 = 1, and MAO = 0. In this mode
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ABSOLUTE MAXIMUM RATINGS'- 23

1.

PARAMETER RATING UNIT
Operating temperature under bias 0to+70 °C
—40to +85

Storage temperature range —651t0 +150 °Cc
Voltage on any other pin to Vss 0510 +6.5 \
Power dissipation (based on package heat transfer limitations, 15 w
not device power consumption}

NOTES:

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the devica. 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.

. This praduct 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.

. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vsg unless otherwise

noted.

DC ELECTRICAL CHARACTERISTICS
Ta =0°C to +70°C or ~40°C to +85°C, V¢ =5V £20%, Vgg = OV (BOC451, 83C451)
Ta = 0°C to +70°C or —40°C to +85°C, Vg¢ = 5V £10%, Vsg = OV (87C451)

TEST LIMITS
SYMBOL PARAMETER CONDITIONS MIN TYPICAL' MAX UNIT
Vi Input low voltage; except EA 0.5 0.2Vec0.1 v
Vi Input low voltage to EA 0 0.2Vec-0.3 v
Vik Input high voltage; except XTAL1, RST 0.2Vec+0.9 Vec+0.5 Vv
Vini Input high voltage; XTAL1, RST 0.7Vee Vec+0.5 v
Vou Output low voltage; ports 1, 2, 3 loL = 1.6mA2 0.45 Vv
Vou Output low voltage; port 0, ALE, PSEN loL = 3.2mA2 0.45 Vv
Vo Output high voltage; ports 1,2, 3,4,5. 6 low = —60pA, 24 ]
lop = —25uA 0.75Vce v
lon = —10pA 0.9Vce Vv
Vou1 gsu_tEp'%;ahigh voltage (port 0in external bus mode, ALE, low = —8O0pA, 2.4 Vv
lon = —300pA 0.75V¢e \
lon = —BOYA 0.9Vee \
L Logical 0 input current,; ports 1,2, 3,4,5,6 Vin = 0.45V -50 uA
e Logical 1-to-0 transition current; ports 1,2, 3 See note 4 -650 pA
] Input leakage current; port 0 Vin = ViLor Viy +10 pA
lce Power supply current: See note 6
Active mode @ 12MHz5 1.5 25 mA
Idle mode @ 12MHz5 13 4 mA
Power down mode 3 50 pA
Rrst Internal reset pull-down resistor 50 300 kohm
Cio Pin capacitance’ — DIP package 15 pF
—~ PLCC package 10 pF

NOTES:

1.
2.

~No

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.

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..

. Capacitive loading on ports 0 and 2 may cause the Vo on ALE and PSEN to momentarily tall below the 0.9V specification when the ad-

dress bits are stabilizing.

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

mum value when V, is approximately 2V.

. lccMAX at ather 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. IccMAX is given in mA. See Figure 13.

. See Figures 14 through 17 for lcc test conditions.

Cio applies to ports 1 through 6, AFLAG, BFLAG, XTAL1, XTAL2.
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AC ELECTRICAL CHARACTERISTICS
Ta = 0°C 10 +70°C or ~40°C 10 +85°C, Ve = 5V £20%, Vg = OV (B0C451, 83C451)!-2
Ta = 0°C to +70°C or —40°C 1o +85°C, Ve = 5V £10%, Vgs = OV (87C451)
12MHz CLOCK VARIABLE CLOCK
SYMBOL | FIGURE PARAMETER MIN MAX MIN MAX UNIT
1AcLoL Oscillator froquency:  Speed Versions
SC8XC451 B 0.5 12 MHz
SC8XC451 C 35 12 MHz
SC8XC451 G 35 16 MHz
L 2 ALE pulse width 127 2o 0140 ns
tavLL 2 Address valid 1o ALE low 28 tcre 55 ns
LAx 2 Address hold after ALE low 48 toLe 35 ns
tuv 2 ALE fow to valid instruction in 234 4 c—100 ns
wpL 2 ALE low to PSEN low 43 tereL—40 ns
toLpH 2 PSEN puise width 205 3t o145 ns
oLy 2 PSEN low to valid instruction in 145 Moo -105 ns
tpxix 2 Input instruction hold after PSEN 0 0 ns
texiz 2 Input instruction fioat after PSEN 59 toLeL—25 ns
tayiv 2 Address to valid instruction in 312 StocL-105 ns
tpLaz 2 PSEN iow to address float 10 10 ns
Data Memory
taLAH 3,4 |RD pulse width 400 6tcLc—100 ns
tWLWH 3.4 WH pulse width 400 61c o —100 ns
taLov 3,4 RD low to valid data in 252 StccL—165 ns
tRHDX 3.4 Data hold after RD o] 0 ns
lRHDZ 3.4 Data fioat after AD 97 20 -70 ns
oV 3.4 ALE low to valid data in 517 8ig o -150 ns
tavov 3,4 Address to valid data in 585 OtcLcL—165 ns
LWL 3,4 ALE low to RD or WH low 200 300 3ig o150 3toLoL+50 ns
tavwL 3,4 Addrass valid to WR low or RD low 203 4tcLcL 130 ns
tavwx 3.4 Data valid to WH transition 23 tcieL—60 ns
twHax 3,4 Data hold after WR 33 oL 50 ns
tRuaz 3.4 RD low 10 address float 0 0 ns
tWHLH 3,4 RD or WR high to ALE high 43 123 teLe—40 to oL +40 ns
Shift Register
txuxt 5 Serial port clock cycle time 1.0 12tc00 us
tavxH 5 Output data setup to clock rising edge 700 10tg ¢ ~133 ns
txHaX 5 Output data hold after clock rising edge 50 2o -117 ns
tXHOX 5 Input data hold after clock rising edge 0 o] ns
txHov 5 Clock rising edge to input data valid 700 10t ¢ —133 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 = BOpF.
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AC ELECTRICAL CHARACTERISTICS (Continued)
12MHz CLOCK VARIABLE CLOCK
SYMBOL | FIGURE PARAMETER MIN | MAX MIN I MAX UNIT
Port 6 input (Input rise and fall times = 5ns)
trLen 8 PE width 270 3t oL +20 ns
o 8 TOS width 270 3t c+20 ns
toviH 8 Data setup to IDS high or PE high 1] 0 ns
tiHDx 8 Data hold after TDS high or PE high 30 ns
tvev 9 D5 1o BFLAG (IBF) delay 130 130 ns
Port 6 output
toLoH 6 ODS width 270 BteLoL+20 ns
tevov 7 SEL to data out delay 85 85 ns
toLov 6 ODS to data out delay 80 80 ns
toHpz 6 ODS to data float delay 35 35 ns
fovrv 6 ODS to AFLAG (OBF) delay 100 100 ns
trLpv 6 PE to data out delay 120 120 ns
tomFH 7 ODS to AFLAG (SEL) delay 100 100 ns
External Clock
teHex 10 High time 20 20 ns
terex 10 Low time 20 20 ns
toLen 10 Rise time 20 20 ns
Torct 10 Fall time 20 20 ns
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EXPLANATION OF THE AC SYMBOLS P - PSEN
Each timing symbol has five characters. The first character is Q - Outputdata
always 't (= ime). 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 - WHsignal

C - Clock X — No longer a valid logic level

D - Inputdata Z - Float

H - Logic level high Examples: tyy = Time for address valid to ALE low.
| — Instruction (program memory contents) tupL = Time for ALE low to PSEN low.

L - Logic level low, or ALE

Wy %
ALE

taviL

FEEN

7
e >—
) AO-A15 X AS-A1S

Figure 2, External Program Memory Read Cycle

ALE
N\
e twHiLH
/ AN
Yoy
e twL {RLRH
RO
V
\\ /|
taviL ‘l tax ¢ taoy —> M > rHoz
|
> taaz RHDX
Y AO-A7 4 \
PORTQ >—< FROM R OR DPL { oaam AO-A7 FROM PCL INSTRIN
N N
- tavwi
tavov >
—
PORYT 2 >< P2.0-P2.7 OR A3-A15 FROM DPH AG-A15 FROM PCH
N
Figure 3. External Data Memory Read Cycle
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e
=/ N/

— W twiwi »

(LLAL_l

tavie tavwx

{ Ao-A7
PoATo — | FROM Ri OR DPL DATA OUT X >< AO-A7 FROM PCL >—@

|e— taywi ——>

y
PORT 2 >q\ P2.0-P2.7 OR A8-A15 FROM DPH y A0-A15 FROM PCH

Figure 4. External Data Memory Write Cycle

)

twHax

INSTRUCTION | ° | 1 | =2 | s | | s I s | 7 | e |

l‘—lXLxL"{
cLock A I S I I I A A B

OUTPUT DATA v l‘“xml
—F N\ X X X X X X X _/
WRITE TO SBUF oo "l |" Yo . :“

3

CLEAR R

ALE

SETHI

Figure 5. Shift Register Mode Timing
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OBF {AFLAG) N N
ovev tovev
N
PE (BFLAG) I
toLoH
o5 N\
toLov toHoz
PORT &
[ trLoy >

Figure 6. Port 6 Output

vos /'

SEL {AFLAG)

PORT &

Figure 7. Port 6 Select Mode

L teLrn
PE (BFLAG) L
L tiun
143 I \S
toviH Yoz
PORT 6
Figure 8. Port 6 Input
N
1BF (BFLAG)
| tvrv vFy
L-
10;:4

Figure 9. IBF Flag Output
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Vec05 - - - -
cc 0.7vce

0.45v 0.2v¢c~0.1

Figure 10. External

Clock Drive

AC inputs during testing are driven at Vo —0.5 for alogic '1' and 0.45V for a logic '0".
Timing measurements are made at V4 min for a logic 1" and V);_for a logic 0",

Figure 11. AC Testing Input/Output

Vee-0.5
ce® 0.2Vec+0.9 VLoAD+0.1V - TIMING o YoH-0.1¥
VLOAD - REFERENCE
0.2Voc~0.1 VLOAD-0.1V POINTS ~a VoIV
0AsY
NOTE: NOTE:

For timing purposes, a poft is no longer floating when a 100mV change from load
vohage occurs, and begins to float when a 100mV changs from the loaded Vor/
VoL level occurs. Ign/ioL 2 » 20mA.

Figure 12. Float Waveform

% MAX ACTIVE MODE
25 /
iccmA 20 4
15 yd TYP ACTIVE MODE
w0 //
s // MAX IOLE MODE
___——"/
|} TYPIDLE MODE
AMHz  BMHz  12MHz  16MHz
FREQ AT XTAL1
Figure 13. l¢c vs. FREQ
Valid only within frequency specifications
of the device under test
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Yec Yce
L lec
Vee vee
Yoo Yce RST Vee
EX = ®
=
(NC) XTAL2 Vee (NC) XTAL2 =
7
CLOCK SIGNAL———>{ XTAL1 CLOCK SIGNAL_— ] XTAL1 -+
oS
Vgs o05 Vss is1:3
oUs
Figure 14. l¢c Test Condition, Active Mode Figure 15. Igc Test Condition, 1dle Mode
All other pins are disconnected All other pins are disconnected

Vee05 - - - -
0.45V

0.7Vce
0.2Vp 0.1

Figure 16. Clock Signal Waveform for Icc Tests in Active and ldie Modes
teicH = touoL = Sns

Ycc
=
vee
——{ RsT vee
N po K
B Ll
(NC)————] XTAL2 =
Yce
—»| XTALt T
¥ss s
oos F——

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

The 87C451 is programmed by using a modi-
fied Quick-Puise Prograrming™ algorithm. It
differs from older methods in the value used
for Vpp (programming supply voltage) and in
the width and number of the ALE/FROG
pulses.

The B7C451 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 Corporation.

Table 3 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 18 and 19. Figure 20 shows
the circuit configuration for normal program
memory verification.

Quick-Pulse Programming

The setup for microcontroller quick-pulse pro-
gramming is shown in Figure 18. Note that
the 87C451 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 18. The code byte 1o be pro-
grammed into that location is applied to port
0. AST, PSEN and pins of ports 2 and 3 spe-
cified 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 address-
es O 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 pragram 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 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 0 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 tabie contents in order to cor-
rectly decode the verification data. The en-
cryption table itself cannot be read out.

Table 3. 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
Phitips

(031H) = 90H indicates 87C451

Program/Verify Algorithms

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

The recommended srasure procedure is ex-
posure 1o ultraviolet light (at 2537 angstroms)
to an integrated dose of at least 15W-sec/
cm2 Exposing the EPROM to an ultraviolet
lamp of 12,000uW/cm? rating for 20 to 39
minutes, at a distance of about 1 inch, should
be sufficient.

Erasure leaves the array in an all 1s state.

MODE RST PSEN ALE/PROG EA/Vpp P27 P2.6 P3.7 P36
Read signature 1 0 1 1 0 0 0 0
Program code data 1 0 0" Vpp 1 (o} 1 1
Verify code data 1 0 1 1 0 0 1 1
Pgm encryption table 1 0 o* Vpp 1 0o 1 0
Pgm lock bit 1 1 0 [0 Vpp 1 1 1 1
Pgm lock bit 2 1 0 o* Vpp 1 1 o] o]

NOTES:

1.0 = Valid low for that pin, '1 = valid high for that pin.

2. Vpp = 12,75V 10.25V.

3. Voo = 5V110% during programming and verification.
*ALE/PROG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100us (+10us) and high for a

minimum of 10us.

~Trademark phrase of Intel Corporation.
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Vee

Vss

AO-A7 ) ) Po \1—’ PGM DATA
1 RST EANpp +32.75Y
1 :] Pas ALE/PROG 25 100us PULSES TO GROUND
1 ————» Py 87Cas51 PSEN 0
_L—h XTAL2 P27 !
4oz 1 P2 °
XTALY P2.0-P2.4 \1——’ A8-A12

. ’|= 25 PULSES jl
ALEPROG: DI I | I | I | I | ........
l_[_l
‘\’ 10us MIN "l }‘ 103410 —}

Figure 19, PROG Waveform

+5Y
Ycc
AO-A7 J P [ PGM DATA
1 ———» AST EAVpp f&——— ¢
1 ————> R ALEPHOG [¢—— !V
1 — P 87CAS51 PSEN j¢&——— ©
_IT XTAL2 P27 je——— - 0 ENABLE
450 3 P2g [ O
XTALY P2.0-P24 K AB-A12
Vs

Figure 20. Program Verificatlon
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS
Ta =219C to +27°C, Vg = 5V+10%, Vgg = OV (See Figure 21)
SYMBOL PARAMETER MIN MAX UNIT
Vpp Programming supply voitage 128 13.0 A
lpp Programming supply current 50 mA
eLeL Oscillator frequency 4 6 MHz
taveL Address setup to PHOG low 481e oL
taHax Address hold after PROG 48tocL
toveL Data setup to PROG low 48100
GHOX Data hold after PROG 48t oL
tensH P2.7 (ENABLE) high to Vpp 48tc oL
tsHGL Vpp setup to PROG low 10 us
fGHsL Vpp hold after PROG 10 us
Lete] PROG width 90 110 us
tavov Address to data valid 481 ¢
teLoz ENABLE low to data valid 48t cL
tenaz Data fioat after ENABLE 0 48teicL
toHaL PROG high to PROG low 10 ks
PROGRAMMING* VERIFICATION®
%
PLOPL? (] ADDRESS b ADDRESS H
P20-P24 N
[« tavav
GHDX
taHax
ALE/PROG
GHsL
LOGIC 1 LOGIC 1
EAVpp
teLov teHaz
P27
*FOR PROGRAMMING VERIFICATION SEE FIGURE 18.
FOR VERIFICATION CONDITIONS SEE FIGURE 20.
Figure 21. EPROM Programming and Verification
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