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CMOS single-chip 8-bit microcontroller 80C451/83C451/87C451
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B — 491908
DESCRIPTION FEATURES PIN CONFIGURATIONS
The Philips 8XC451 is an /O expanded ® 80C51 based architecture
single-chip microcontroller fabricated with ) X
Philips high-density CMOS technology. ® 68-pin LCC and 64-pin DIP packages: ERV [1] 4] ALEPROG
Phili|?§ 9pitaxial substrate minimizes fatch-up ~ Seven 8-bit /0 ports (LCC version) P20/As [2] 63| PSEN
sensitivity. ~ Six 8-bit ports and one 4-bit port (DIP P.1/As [3] Pe.y
The 8XC451 is a functional extension of the version) p2.27a10 [4] pes
87C51 microcontrolier with three additional ® Port 6 foatures: P2.2/A1 [E] P&
IO ports and four /O control lines. The LCC Eight data pi a2 {g] Po4
version has a total of 68 pins. Four control = Eight data pins P2
lines associated with port 6 facilitate — Four control pins P2.5/A13 [7] 3] P63
high-speed asynchronous I/O functions, ~ Direct MPU bus interface P2.6/A14 [2] PS.2
The 8XC451 includes a 4k x 8 ROM — Parallel printer interface P2.TIA1S E 6| P
(830451) EPROM (870451), a 128 x 8 RAM, ® On the microcontroller: Po.77AD7 [19 Pa.o
56 (LCC) or 62 (Df:P) O lines, two 16-bit ~ 4k x8 ROM (830451) Po.5/AD8 [1] AFLAG
lovel,nestod tomupt st a sl O 48 EPROM (870451) PosiaDs [ BrLAa
port for either a full duplex UART, 110 ROMiess version (80C451) Po.4/AD4 [13 o3
expansion, or muti-processor — 1288 R.AM ] Po.3/ADS [14 ovs
communications, and on-chip oscillator and - Two 16-bit counter/timers Po.2/AD2 [19 Ves
clock. circuits. The 80C451 includes all of the ~ Two external interrupts PO.1/AD1 XTAL1
BRSOCJM features except the on-board 4k x 8 © Extornal memory addressing capabllity PO.0/ADO [77] XTAL2
. —~ 64k ROM and 64k RAM Vee P57
The 87C451 has 4k of EPROM on-chip as . P43 ] P56
program memory and is otherwise identical to ~ ® Low power consumption:
the 83C451. — Normal operation: less than 24mA at 5V, P2 ) pas
The 8XC451 has two software selectable 12MHz Pt :5':
modes of reduced activity for further power ~ ldle mode Peo 5
reduction; idle mode and power-down mode. ~ Power-down modo 1.0 4 P52
Idle mode freezes the CPU while allowing the P11 P51
RAM, timers, serial port, and interrupt system P12 P50
to continue functioning. Power-down mode L PA7NAD
freezes the oscillator, causing all other chip : W
functions to be inoperative while maintaining P14 P
the RAM contents. P15 P3.5m1
P16 B P3AMO
p1.7 [ P3.3ARTT
RST [31] P3.2/RT0
P3.0/RxD 32 P3.UTxD
2 1 6
10 ° heo
Lec
26 144
27 a3
SEE NEXT PAGE FOR LCC PIN FUNCTIONS
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PART NUMBER SELECTION
ROMless ROM EPROM TEMPERATURE °C AND PACKAGE FREQUENCY
SCB0C4A51CCN64 | SC83C451CCN64 | SC87C451CCN64 0 to +70, plastic DIP 3.5to0 12MHz
SCBOC451CGN64 | SCB83C451CCENE4 | SCB7C451CGNB4 0 to +70, plastic DIP 3.5 to 16MHz
SC80C461CCA68 | SCB83C451CCAB8 | SCB7C451CCA6G8 0 to +70, plastic LCC 3.5to 12MHz
SCB80C451CGAB8 | SCB3C451CGA68 | SCB7C451CGAGS 0 to +70, plastic LCC 3.5 to 16MHz
SCBOC451ACNG4 | SCB3C451ACN64 | SCB7C451ACN6G4 —40 to +85, plastic DIP 3.5 to 12MHz
SCB0C451AGN64 | SCB83C451AGNG4 | SCB7C451AGN6G4 —40 to +85, plastic DIP 3.5 to 16MHz
SCB0C451ACAG8 | SCB83C451ACAE8 | SC87C451ACASBS —40 to +85, plastic LCC 3.5to 12MHz
SC80C451AGAG8 | SC83C451AGAG8 | SCB87C451AGASS —40 to +85, plastic LCC 3.5 to 16MHz
SC87C451CCIA 0 to +70, ceramic DIP 3.5 to 12MHz
SC87C451CGIA 0 to +70, ceramic DIP 3.5 to 16MHz
8C87C451CCL68 0 to +70, ceramic LCC 3.5 to 12MHz
SCB87C451CGL6S 0 to +70, ceramic LCC 3.5 to 16MHz
SC87C451ACIA —40 to +85, ceramic DIP 3.5 to 12MHz
SC87C451ACL68S —40 to +85, ceramic LCC 3.5to 12MHz
SC87C451AGIA ~40 to +85, ceramic DIP 3.5 to 16MHz
SC87C451AGL6ES —40 to +85, ceramic LCC 3.5 to 16MHz
LCC PIN FUNCTIONS LOGIC SYMBOL
9 1 61
Vee Vss
10 ° 60 N
XTAL1 5] >
Lec > >ad D >
<> o ADDRESS AND
2 N a4 = = “ ’, | &« [ DATABUS
<—»| &>
}—I_> <> <>
o “ l ) XTAL2 < | <
1 >
T 3w - =
3.0/ -
3 PaiAe 37  P3AMOD RST =3 e 5l &
4 P22AI0 38 P32iNTO EAN;e —) «>' g
A — 2
7 P25AI3 41 P3S&TI ] ALEPROG <>
8 P2gAl4 42 P36AWH 5[ ro—» R—> <3 5
9 P27AIS 43 P3IMD 5| moe— < «>
10  P0.7/AD7 44 P50 Z| INT8 —»> <> <« «
1t .6/ 45 P54 2 2 e —»
12 POSADS 46 P52 INTT E]e] >i-E—> L AppRESs BUS
13 PO4/ADA 47  ps3 B r—>sl 3 |2 28—
14 PO.WAD3 48 P54 g n—%1 0 < —
15 PO.JAD2 49 P55 5l WRe— 1\l «> —>
16 P0.1/AD1 80 P56 oL RD<«— = D= B
17 PO.VADO 51 P57 b [« > 5
18 Ve 52 XTAL2 <> <> T p
19 P47 53 XTALI <> «—>| S [ PORT4(DIF)
20 Pig 54 Ve o <> |l I
21 P45 55 D05 £ > > &
2 pag 56 WS Rle || §
23 P43 67 BFLAG <« —| &
24 P42 58  AFLAG |« >
25 PAd 5 P60 =
26 P40 60 P61 >
27 P10 61 P62 05 —» bilid
% bz G pea PORT 6 CONTROL 05 ¥ fe»lk
Pi3 & Pos SOONTROL prace—s| |«>| §
31 P4 65 P66 AFLAG <> <>
2 Pis 66 P67 <>
33 Pi6 67 <>
4 Pi7 68  ALEFROG _—
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BLOCK DIAGRAM
Po.0-PO.7 P2.0-P27 PA.O-PA7 P5.0-57
R 12 2 e 21111 g 0404 w111 1
: DANERS opn?\fgnzs DR DPngﬂgés :
Vi F4Y 7S
=< ﬁ |
VSSI N\ A A4 :
= } I'}’ééé?&f":ﬂ RAW I | LRToH I ' LR I I paren “ Pﬁ?gﬁ ”no:t'f(ef’:ou II
sl |
I I
| ‘ |
|| neobren = EX |
|
| L - =t
' I ™P2 | | ™P1 I REGISTER i
| |
I ]
I ‘_"9 ALU PCON | SCON | TMOD] TCON K= Bvren K= |
| THO | TLO | THI |
I Tt ro |
sBuF| € | ! |
[ Pew INTERRUPT, SERIAL WERTER = |
| z PORT AND TIMER BLOCKS i
[ 1 [
i i el
mI g fi d }
o] oo, 38K . ‘ =1 |
nsr—:» gt ﬁ I - :
TR T (o [ |
: OSCILLATOR < I !
| A = P | |
XTAL1 XTAL2 |
[l P1.o-P1.7 P6.0-P6.7 s UWAFLAEFLAG P3.0-P3.7
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PIN DESCRIPTION
PIN NO.

MNEMONIC| DiP | LCC | TYPE | NAME AND FUNCTION

Vss 50 54 | Ground: OV reference.

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

P0.0-0.7 17-10 | 17-10 | 110 | Port 0: Port 0 is an open-drain, bidirectional 'O port. Poit 0 is also the multiplexed data and low-order
address bus during accesses to extemal 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 | 170 | Port1:Port 1 is an 8-bit bidirectional 1O port with internal pull-ups. Port 1 receives the low-order
address bytes during program memoty verification. Port 1 can sink/source three LS TTL inputs, and
drive CMOS inputs without external pull-ups.

P2.0-P2.7 29 29 1O | 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 extemal 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 extemnal pull-ups.

P3.0-P3.7 | 3230 {35-43| 1O | Port 3: Port 3is an 8-bit bidirectional /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 f RxD (P3.0): Serial input port

33 a7 O | TxD (P3.1): Serial output port

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

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

35 40 1 TO (P3.4): Timer O external input

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

38 42 O | WR (P3.6): External data memory write strobe

39 43 O | RD(P3.7): External data memory read strobe
P4.0-P43 |22-19 1O | Port 4: Port 4 is a 4/8-bit (DIP/LCC) bidirectional 1/0 port with internal pull-ups. Port 4 can sink/source
P4.0-P4.7 26-19 /O | three LS TTL inputs and drive CMOS inputs without external pull-ups.

P5.0-P5.7 | 40-47 | 44-51 | /O | Port 5: Part 5 is a 4/8-bit (DIP/LCC) bidirectional 1/O port with internai pull-ups. Port 5 can sink/source
three LS TTL inputs and drive CMOS inputs without extemal pull-ups.

P6.0-P6.7 15562 |59-66 | 1/0 |Port6:Port8 is a specialized 8-bit bidirectional /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:

[o1013 51 55 | | ODS: Output data strobe

IDS 52 56 | | D5: Input data strobe

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

AFLAG 64 58 110 | AFLAG: Bidirectional /O 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 Vg.

ALE/FROG | 64 68 /O | Address Latch Enable/Program Pulse: Output pulse for fatching 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 extemal pull-ups. This pin is also the
program pulse during EPROM programming.

PSEN 63 67 O | Program Store Ensble: The read strobe to 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 external program
memory. PSEN is not activated during fetches from internal program memary. PSEN can sink/source
cight LS TTL inputs and drive CMOS inputs without an external pult-up. This pin should be tied low
during programming.

EANpp 1 1 | Instruction Execution Control/Programming Supply Voltage: When EAis held high, the CPU
execules out of internal program memory, unless the program counter exceeds OFFFH. When ER is
held low, the GPU 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 49 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 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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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. Port 4 and 5
are addressed at the special function register
addressas shown in Table 1.

PORT 6

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 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 IDS 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 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:

Port& is a spacial 8-bit biditectional VO port o /i o/ pien tenoedance ot and the MAT MAO AFLAG Function

with internal pull-ups (see Figure 1), This port input latch does not respond to the TDS ()} 0 Logic 0 output

can be used as a standard /0 port, or in strobo when BFLAG is high. Both features o 1 Logic 1 output

strobed modes of aperation in conjunction are enabled when BFLAG s low. This feature 1 0 OBF flag output (CSR.1)
with four special control lines: DS, IDS, facilitates tho use of the SC8XCAS1 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:

ODS - Output data strobe for port 6. ODS
can be programmed to control the port 6
output drivers and the output butfer full flag
(OBF), or to clear only the OBF fiag 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 8 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 contro! 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 I loaded Into the input buffer MB1 MBO 'BFLAG Function

or positive edge of ODS. under controf of IDS. This can occur on the 0 0 Logic 0 output

TOS — input data strobe for port 6. DS is used  negative or positive edge of 105, 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) bit in the CSR. The input  the CPU reads the input buffer register. 1 1 Port enable (PE)

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

AFLAG - AFLAG 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 output buffer full flag.
AFLAG can also be programmed to be an
input which selects whether the contents of

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 detetmined by
CSRa3.

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

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

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
Table 1.

Table 1. Speclal Function Register Addresses
REGISTER ADDRESS BIT ADDRESS
NAME SYMBOL AADDRESS MSB LSB
Port 4 P4 Go C7 C6 C5 C4 €3 C2 C1 CoO
Port5 P5 cs8 CF CE CD CC CB CA ¢9 ¢cCs8
Port 6 data Pé D8 DF DE DD DC DB DA D9 D8
Port 6 control status CSR E8 EF EE ED EC EB EA E9 E8
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PORT 6
T
L INPUT o5
ER
(35“ ;FEAD) MODE
LL (CSRO) T
EDGE/LEVEL
SELECT (CSR.2)
OUTPUT BUFFER
FULL (CSR.1)
|coumousurus I OUTPUT BUFFER |
REGISTER (CSR) (P WRITE)
¢ INTERNAL BUS )
Figure 1. Port 6 Block Diagram
Table 2. Control Status Register (CSR)
Bit7 Bit6 BItS Bit4 Bit3 Bit2 Bit 1 Bito
MB1 MBo MA1 MA0 OBFC IDSM OBF IBF
BFLAG Mode Select AFLAG Mode Select Output Buffer Input Data QOutput 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 = 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 = iBF output 1/0 = OBF output 1 = Positive 1 = Low level empty 1 = Input data
1/1 = PE input 1/1 = SEL Input edge 0 ODS of IDS 1 = Output buffer 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, port 6 is always enabled for cutput. 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 —65to +150 °C
Voltage on any other pin to Vsg -0.51o0 +6.5 v
Power dissipation (based on package heat transfer limitations, not device power consumption) 1.5 w
NOTES:
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and

functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section
of this specification is not implied.

2. This product includes cireuitry 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 Vs unless otherwise
noted.
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DC ELECTRICAL CHARACTERISTICS
Tamn = 0°C o +70°C or ~40°G 10 +85°C, Ve = 5V £20%, Vs = OV (80C451, 83C451)
Tamb = 0°C 10 +70°C or ~40°C to +85°C, Vg = 5V +10%, Vs = OV (87C451)

TEST LIMITS
SYMBOL PARAMETER CONDITIONS MIN TYPICAL! MAX UNIT
Vi Input low voltage; except EA -0.5 0.2Vge-0.1 \
Vit Input low voltage to EA [ 0.2Vgc-0.3 v
Viv Input high voltage; except XTAL1, RST 0.2Vpc+0.9 Vec10.5 \
Vit Input high voltage; XTAL1, RST 0.7Veo Vegot0.5 A
Voi Output low voltage; ports 1, 2, 3 lop = 1.6mA2 0.45 \
Voii Output low voltage; port 0, ALE, PSEN lo = 3.2mA? 0.45 v
Vou Output high voltage; ports 1, 2,3, 4,5, 6 lon = —60pA, 24 v
lor =—25pA 0.78Veo v
lon =—10pA 0.9Veo \
Vout Output high voltage (port 0 in extemnal bus mode, ALE, lox =~800uA, 24 \)
PSEN)? low = —300pA 0.75Vco v
Ton = —80pA 0.9V v
I, Logical 0 input current,; ports 1, 2, 3,4, 5, 6 Vi =045V 50 HA
i3 Logical 1-t0-0 transition current; ports 1, 2, 3 Seenote 4 -850 HA
I Input leakage current; port 0 Vin=ViorVy %10 pA
leo 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
Co Pin capacitance? — DIP package 16 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 Vior 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..

8. Capacitive loading on ports 0 and 2 may cause the Vg on ALE and PSEN to momentarily fall below the 0.9Vgg 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 Vyy is approximately 2V.

5. legMAX at other frequencles is given by:

Active mode: IngMAX = 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 lcg test conditions.
. Cio applies to ports 1 through 6, AFLAG, BFLAG, XTAL1, XTAL2,

6.
7.
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AC ELECTRICAL CHARACTERISTICS
Tamp = 0°C t0 +70°C or —40°C to +85°C, Vg = 5V $20%, Vgg = OV (80C451, 83C451)".2
Tamb = 0°C 10 +70°C or —40°C to +85°C, Vg = BV +£10%, Vsg = 0V (87C451)
12MHz CLOCK VARIABLE CLOCK
SYMBOL | FIGURE PARAMETER MIN MAX MIN MAX UNIT
1tcioL Oscillator frequency: Speed Versions
SC8XC451 B 05 12 MHz
SC8XC451 [¢] 35 12 MHz
SC8XC451 G 35 16 MHz
tomy, 2 ALE pulse width 127 2g 0140 ns
taviL 2 Address valid to ALE low 28 teLc-55 ns
tiax 2 Address hold after ALE low 48 tor 35 ns
[T 2 ALE low to valid instruction in 234 4tcy o1 ~100 ns
tLLpL 2 ALE low to PSEN low 43 toLcL—40 ns
toLpH 2 PSEN pulse width 205 3toLci—45 ns
teLv 2 PSEN low to valid instruction in 145 3t o1—105 ns
tpxx 2 Input instruction hold after PSEN 0 0 ns
tpxiz 2 Input instruction float after PSEN 59 to1oL—25 ns
taviv 2 Address fo valid instruction in 312 StoLcL—105 ns
toraz 2 PSEN low to address float 10 10 ns
Data Memory
taLRH 3,4 RD pulse width 400 Bty 1 —100 ns
fwiwd 3,4 WR pulse width 400 6t o —100 ns
tRLDV 3,4 RD low to valid data in 252 Stg cL—165 ns
tRHDX 3,4 Data hold after RD 0 0 ns
tRHDZ 3,4 Data float after RD 97 2to c1~70 ns
tov 3,4 ALE low to valid data in 517 8tci o —150 ns
tavov 3,4 Address to valid data in 585 OtcLcl—-165 ns
LawL 3,4 ALE low to AD or WR low 200 300 StoLo-60 3toLcL+50 ns
tavw 3,4 Address valid to WR low or RD low 203 AteLci—130 ns
tavwx 3,4 | Data valid to WR transition 23 terc-60 ns
twHax 3,4 Data hold after WR 33 toLeL~50 ns
taraz 3,4 RD low to address float 0 0 ns
twHe 3,4 RD or WR high to ALE high 43 123 tcLo—40 toLcL+40 ns
Shift Register
txa. 5 Saerial port clock cycle time 1.0 12tcioL ps
tavxu 5 Output data setup to clock rising edge 700 10te g —133 ns
tarax 5 Qutput data hold after clock rising edge 50 oo -117 ns
tXHDX 5 Input data hold after clock rising edge 0 0 ns
txHov 5 Clock rising edge to input data valid 700 10tg ¢ ~133 ns

NOTES: SEE NEXT PAGE
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AC ELECTRICAL CHARACTERISTICS (Continued)
Tamb = 0°C to +70°C or —40°C to +85°C, Vg = 5V +20%, Vgg = OV (80C451, 83C451)1.2
Tamb = 0°C to +70°C or —40°C to +85°C, Vg = 5V £10%, Vg = OV (87C451)
12MHz CLOCK VARIABLE CLOCK
SYMBOL | FIGURE PARAMETER MIN MAX MIN MAX UNIT
Port 6 input (input rise and fall times = 5ns)
teLrn 8 PE width 270 3tgLcL+20 ns
tiLe 8 DS width 270 3tcLcl.+20 ns
tovi 8 Data setup to IDS high or PE high 0 0 ns
tipx 8 Data hold after IDS high or PE high 30 30 ns
tvpv 9 105 to BFLAG (IBF) delay 130 130 ns
Port 6 output
toLoH ] ODS width 270 3teLcL+20 ns
trvov 7 SEL to data out delay 85 85 ns
toLov 6 ODS to data out delay 80 80 ns
toHnz 6 ODS to data ficat delay 35 35 ns
tovry 6 ODS to AFLAG (OBF) delay 100 100 ns
trLov 6 PE to data out delay 120 120 ns
toHFH 7 ODS to AFLAG (SEL) delay 100 100 ns
External Clock
toHox 10 High time 20 20 ns
teLex 10 Low time 20 20 ns
foLeH 10 Rise time 20 20 ns
tosor, 10 | Falltime 20 20 ns
NOTES:

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

2, Load capacitance for port 0, ALE, and PSEN = 100pF, load capacitance for all other outputs = 80pF.

February 5, 1992

288




" PHILIPS INTERNATIONAL SkE D B 711082k 00388L2 347 MEPHIN

Philips Semiconductors Microcontroller Products Product specification
CMOS single-chip 8-bit microcontroller 80C451/83C451/87C451
7 1-49-19-08

EXPLANATION OF THE AC SYMBOLS
Each timing symbol has five characters. The P — PSEN
first character is always 't (= ime). The other  Q —~ Output data

characters, depending on their positions, R ~ AD signal

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

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

A — Address W - WH signal

C - Clock X — No longer a valid logic level

D - Inputdata . Z - Float

H - Logiclevel high Examples: tay = Time for address valid

I - Instruction (program memory contents) to ALE fow.

L - Logic level low, or ALE teepL = Time for ALE low to
PSEN low.

Iz —

teLpn
e— Ry —>
__f
tax <— tpg
4
PORTO >——< A0-A7
N
[« taww — |
4
PORT2 >( AO-ATS >< AB-A15
N

Figure 2. External Program Memory Read Cycle

AE _/—\
N
€— twHLH
._./ \—/
fLov >
tuwe tRLpy —>|
RD
V
J \\ /]
tavLL > » tax  [<—taov —> > oz
> taiaz taHDx > !‘—‘
4 — \
A0-A7
PoRTO >—-<\moumonnp‘_ <\ DATAIN )< AG-A7 FROM PCL >—@
TavwL
tavov >
PORT2 4
L P2.0-P2.7 OR AS-A15 FROM DPH X A0-A15 FROM PCH

Figure 3. External Data Memory Read Cycle
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taviL [€ > tavwx i twHox

V
PORTO >—<\mem’,m DATA OUT X >< A0-A7 FROM PCL >—< INSTRIN

4
PORT2 W\ P2.0-P2.7 OR AS-A15 FROM DPH >< A0-A15 FROM PCH

Figure 4. External Data Memory Write Cycle

INSTRUCTION I

ALE

S T e N S T A R I I R I

en

GLOCK

NN Y e Y Y Y I e
o fe— [ |

OUTPUT DATA
WWNTE TO 8BUF

INPUT DATA

CLEAR R

\XXXLXXK7

I "I l“ YxHox
txupv s&rn

Figure 5. Shift Register Mode Timing
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OBF (AFLAG) N N
= tovey R Lovev
N //
PE (BFLAG)
toLow >
— N\, )4
»| toov toHpz
Fome le— trLpy —>]

Figure 6. Port 6 Output

SEL (AFLAG)

PORTS

Figure 7. Port 6 Select Mode

e >
PE (BFLAG) L {
» buH >
v
s
tovin » » Unpz
PORT 8
Figure 8. Port 6 Input
AY - N
|BF (BFLAG) N =
4—» tvev ¢ » UEVY
ws A

Figure 9. IBF Flag Output
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[+ % ZVGM 1

teHeL

Figure 10. External Clock Drive

Vee-05
0.2VCG10.9 VLoAD+0.1V . TIMING r Voi-0.1v
Vioao V4 "T&Tﬁ?e ~a
045V 02¥ec 01 VLOAD-0V VoLs0.1V
NOTE: NOTE:
AC nputs during testing are driven at VGG ~0.6 for a loglc '1' and 0.45V for a fogic 0%, For timing purposes, a port Is no longer floating when a 100mY change from kad

Thing measurements are made at Vi min for a logic "1* and Vy)_ for a logic ‘0", voltage occurs, and begins (o fleat when a 100mV change from the loaded Vo
VoL leve! oceurs. lopyloL > + 20mA.

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

3 / MAX ACTIVE MODE
25
20
lomA 15 | — TYP ACTIVE MODE
10 //
§ // MAX IDLE MODE
/
7‘4// VP IDLE MODE
—-—-—'—’-—-
AMHz  8MHz  12MHz  16MHz
FREQ AT XTAL1

VALID ONLY WITHIN FREQUENCY SPECIFICATIONS OF THE DEVICE UNDER TEST.

Figure 13. lgc vs. FREQ
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Yee vee
Icc Icc‘
Yo l \/
cc
Vco vee RST vee
ji. K] il K
= - o
(NC) XTAL2 Ve (NG) XTAL2 =
CLOCK SIGNAL——>§ XTAL1 s CLOCK SIGNAL——»{ XTAL1 A
| Vss Vss s
1 = L =

Figure 14. Igc Test Condition, Active Mode
All other pins are disconnected

Figure 15. l¢c Test Condition, ldle Mode
All other pins are disconnected

Vog05 - - - -
_71 0.7V¢e
045V 0.2¥gc-0.1

tchoL —»|

Figure 16. Clock Signal Waveform for I Tests in Active and Idle Modes
teLc = toneL = Sns

Yee
Icc
Vee
r RST Voo
- EX
[ L
(mC)——] XTALZ =
Veo
XTAL1 T
Vss ws
oS

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

The 87C451 is programmed by using a
modified Quick-Pulse Programming™
algotithm. 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 micrecontroller 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 coda byte to be
programmed into that focation 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

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 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
‘Vetify 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
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

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 fo 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 agresment 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
isr d that an opaque label be
placed over the window, For elevated
temperature or environments where solvents
are being used, apply Kapton tape Fluorglas
part number 23455, or equivalent.

The recommended erasure procedure is
exposure to ultraviolet light (at 2537
angstroms) to an integrated dose of at least
156W-sec/em?. 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.

in Figure 19.
gure encryption table itself cannot be read out.
Table3. EPROM Progamming Modes
MODE RST PSEN ALE/PROG | EANVpp P2.7 P2.6 P3.7 P3.6

Read signature 1 0 1 1 0 0 0 0
Program code data 1 0 o Vep 1 0 1 1
Verify code data 1 0 1 1 0 0 1 1
Pgm encryption table 1 0 o* Vep 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=12,76V 10.25V,

8. Voo =5V110% dunng programming and verification,

*

minimum of 10ps.

™MTrademark phrase of Intel Corporation.
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P po K PGM DATA

RST EANpp [« +12.75Y
X1 ALE/FRGG f&——— 25 100ps PULSES TO GROUND

XTAL2 P2y fe———— 1

p2g f&—— 0

XTAL1 p20-P24 K A8-A12

Vss

._I\
—V/
—_—]
1 =~ P37 87C451 PSEN j¢—— ©
T
T

Figure 18. Programming Configuration

. |I= 25 PULSES ,I
ALEFROG? o | l l I l | | | | ........
L
‘\" 1038 MIN —>| |I= 1048410 ‘}
ALEFROGE o |—| |_|

Figure 19, PROG Waveform

+5Y
. Voo
A0-A7 A pi Fo PGM DATA
1 ———» RST EAVpp fe——— 1
1 ——— > P36 ALEPHOG f6e——— 1
1 ———> P37 87C451 PSEN je———— 0

_L'j——— XTAL2 p27 je———— 0 ERABLE
Mz ] P26 f¢«——— 0
XTAL1 P20-F2.4 /1_. Ag-A12
vss

Figure 20. Program Verification
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS
Tamb = 21°C to +27°C, Vo = 5V+10%, Vs = OV (See Figure 21)

SYMBOL PARAMETER MIN MAX UNIT
Vep Programming supply voltage 12.5 13.0 \
Ipp Programming supply current 50 mA
ftcrer, Oscillator frequency 4 6 MHz
tavaL Address setup to PROG low 48tcLel
taHax Address hold after PROG 48tcicl,
tovaL Data setup to PROG low 481101
tarnx Data hold after PROG 48tor oL
tensH P2.7 (ENABLE) high to Vpp 48lcLoL
tshal Vpp setup to PROG low 10 ps
teHsL Vpp hold after PROG 10 us
'G.GH PROG width 90 110 us
tavav Address to data valid 48tcc1
teLoz ENABLE low to data valid 48tg o
tenoz Data float after ENABLE Y 48icicL
teHaL PROG high to PROG low 10 us

PROGRAMMING* VERIFICATION*
Y N
FLe-p17 ——-<\ ADDRESS ) ADDRESS >——
< tavav
y— N
s ———— o (omor p——
N—— A
taHpx
tGHAX
ALEFROG
tahsL
LOGK 1 LoGic1
EANpp
terav teHaz
P27
ERRBLE *FOR PROGRAMMING VERIFICATION SEE FIGURE 18,
FOR VERIFICATION CONDITIONS SEE FIGURE 20.
Figure 21. EPROM Programming and Verification
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