Philips Semiconductors Military Microprocessor Products

I/0 expanded CMOS microcontroller

Product specification

80C451/83C451

%

FEATURES
® 80C451 — CPU with RAM and 1/0

® 83C451 — 80C451 with mask- programmable ROM

® 68-pin LLCC and 64-pin DIP packages

- Seven 8-bit I/O ports (LLCC version)

— Six 8-bit ports and one 4-bit port (DIP version)
® Port 6 features.

— 8 datapins

- 4 control pins

— Direct MPU bus interface

— Parallel printer interface
® Pin compatible with 87C451 microcontroller

® On the microcontroller
- BOC51 CPU
— 4k x 8 ROM (83C451 only)
~ 128 x 8 RAM
- Two 16-bit imer/counters
~ Full-duplex serial 110
— Two external interrupts

® External memory addressing capablity
— 64k ROM and 64k RAM
® Low power consumption'

~ Normal operation
24mA typical @ 5V, 12MHz

— ldle mode
3mA typical @ 5V, 12MHz

— Power-down mode-
50pA typical @ 2V

DESCRIPTION

The Philips 80C451/83C451 1s an I/O expanded, single-chip
microcantroller fabricated with Philips high-density epitaxial CMOS
technology. Itis offered in a 68-pin LLCC and a 64-pin DIP. The
Phiiips CMOS technology combines the high-speed and
high-density charactenstics of HMOS with the low power of CMOS.
Philips epitaxial substrate minimizes latch-up sensitivity

The 80C451/83C451 1s a functional extension of the 80C31/80C51
microcontroller with three additional /O ports and four 1/0 control
lines. The LLCC version has a total of 68 pins  The DIP version
has a total of 64 pins. The four added control ines associated with
port 6 facilitate high-speed asynchronous /O functions.

The 80C451/83C451 includes a 4k x 8 ROM, a 128 x 8 RAM, 56
(LLCC) or 52 (DIP) I/O lines, two 16-bit timer/counters, a five
source, two priority level, nested interrupt structure; a senal /O port
for either a full-duplex UART, I/O expansion, or multiprocessar
communications, and on-chip osciliator and clock circuits

The 80C451/83C451 has two software selectable modes of reduced
activity for further power reduction, idle mode and power-down
mode Idle mode freezes the CPU while allowing the RAM, timers,
serial port, and interrupt system to continue functioning

Power-down mode freezes the oscillator, causing all other chip
functions to be Inoperative while maintaining the RAM contents.
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Philips Semiconductors Military Microprocessor Products Product specification

I/O expanded CMOS microcontroller 80C451/83C451
ORDERING INFORMATION
DESCRIPTION ORDER CODE PACKAGE DESIGNATOR?
68-Pin J Bend QFP 80C451/BMA, 83C451/BMA! GQCC1-J68
NOTES:

1. Factory will assign a unigue CVXXXX part number.
2. MIL-STD 1835 or Appendix A of 1995 Military Data Handbook

BLOCK DIAGRAM

PO.0-PO.7 P20-P2.7 P‘ 0-P47 P5.0-PS.7

= g I
| yrars 2 °“'VE"iI I DRIVERS k:[ comousmusl PORTS
e e

Pl.0-P17 P6.0-PE7 IOS UDS AFLAGBFLAG P3.0-P3.7

sesee . ecese
i— [ XXXX) a0ose (XXXX] [ XX1X) -i
PORT 0 PORT 2 PORT A PORT §
Yee DRIVERS DRIVERS RIVERS DRIVERS I
A
s 0 i i |
1
L | 1ot : 1y i |
| RAM ADDR RAM PORTO0 PORT 2 PORT 4 PORTS 4Kx8 |
| REGISTER LATCH LATCH LATCH atcH | | Eprom i
| g 1 g 1 |
: PROGRAM |
aooncss —1 |
| I REGISTER |
| STACK |
| POINTER |
| ] suren k||
|
e (] [ |
| AJ PCON | SCON| THOD| TCOH A - l
| ALU THe | TLo | TH1 MENTER |
T |
‘ SBUF| IE | 1P |
INTERRUPT, SERIAL PROGRAM |
| m PORT AND TIMER BLOCKS counTeR K—) [
T e |2 i Il |
5 |
w A
MmG § zK L—:\ ortR K |
controL | £ 2 |
ze -
PORT PORT 1 {
LATCH LATCH |
|
|
|
|
-

February 14, 1992 34

B 7110826 0084843 327 M



Philips Semiconductors Military Microprocessor Products

Product specification

I/O expanded CMOS microcontroller

80C451/83C451

PIN CONFIGURATION

INDEX

CORNER \ H

PIN Function Pin Function
1 EA 35 RST

2 P20/A8 36 P3O/Rx D
3 P2 1/A9 a7 P31/TxD
4 P22/A10 38 P3 2/NTG
5 P2 3/A11 39 P3 3/NTT
6 P2 4/A12 40 P3 4/T0

7 P2 5/A13 41 P3 5Tt

8 P2 8/A14 42 P3 6/WR
9 P2 7/A15 43 P3 7/AD
10 PO 7/AD7 44 P50

1 PO 6/AD6 45 P51

12 PO 5/AD5 46 P52

13 PO 4/AD4 47 P53

14 PO 3/AD3 48 P54

15 PO 2/AD2 49 P55

16 PO 1/ADD1 50 P56

17 PO 0/ADO 51 P57

18 Veo 52 XTAL2

19 P47 53 XTAL1

20 P46 54 Vss

21 P45 55

22 P44 56

23 P43 57 BFLAG
24 P42 58 AFLAG

25 P41 59 P60

26 P40 60 P61

27 P10 61 P62

28 P11 62 P63

29 P12 63 P64

30 P13 64 P65

31 P14 65 P66

32 P15 66 P§7

33 P16 67

34 P17 68 ALE

PIN DESCRIPTION

MNEMONIC PIN NUMBER NAME AND FUNCTION
DIP |LLCC | TYPE

Vss 50 54 Ground: OV reference

Vee 18 18 Power Supply: +5V

P0.0-P0.7 17-10 [ 1710 | /O | Port 0: An 8-bit open drain, bidirectional /0 port. Port 0 1s also the multiplexed low-order address
and data bus during accesses to external memory, and outputs instruction bytes during program
verificaton  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: An 8-bit bidirectional /O port with internal pull-ups. Port 1 receives the low-order address
bytes during program venfication. In the 83C451, port 1 can sink/source three LS TTL inputs, and
drive CMOS inputs without external pull-ups

P20-P27 2-9 2-9 /0 | Port 2: An 8-bit bidirectional IO port with internal pull-ups. Port 2 emits the high-order address
bytes during accesses to external memory and receives the high-order address bit and control
signals during program verification in the 83C451. Port 2 can sink/source three LS TTL nputs and
drive CMOS inputs without external pull-ups
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Philips Semiconductors Military Microprocessor Products Product specification

I/O expanded CMOS microcontroller 80C451/83C451

PIN DESCRIPTION (Continued)
MNEMONIC PIN NUMBER NAME AND FUNCTION

DIP |LLCC | TYPE

P3.0-P3.7 32.39 | 36-43 | O | Port 3: An 8-bit bidirectional IO port with internal pull-ups. Port 3 can sink/source three LS TTL
inputs and drive CMOS inputs without extemal pull-ups. Port3 also serves the B3C451 special
functions listed below:

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

33 a7 o TXD (P3.1): Serial output port

34 38 I TNTO (P3.2): External interrupt 0

35 39 | TNTT (P3.3); Extemal interrupt 1

36 40 | T0 (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-P4.3 22-19 /0 | Port4: A 4- or 8-bit bidirectional port with intemal pull-ups. Port 4 can sink/source three LS TTL
P4.0-P4.7 26-19 | 110 |inputs and drive CMOS inputs without extemal pull-ups.

P5.0-P5.7 40-47 | 44-51 | 110 | Port5: An 8-bit I/O port with internal pull-ups. Port 5 can sink/source thres LS TTL inputs and
drive CMOS inputs without external pull-ups.

P6.0-P6.7 55-62 | 59-66 | 110 | Port 6: A specialized 8-bit bidirectional I/O port with intenal 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, and in conjunction with four control pins that
serve the functions listed below.

Port 6 Contvol Lines:

0D5 51 55 1 ODS: Qutput data strobe

0S5 52 56 | OS: Input data strobe

BFLAG 53 57 [fe} BFLAG: A bidirectional I/O pin with internal pull-ups

AFLAG 54 58 /0 AFLAG: A bidiractional 1/O pin with internal pull-ups

RST 31 35 ! RESET: A High level on this pin for two. machine cycles while the oscillator is running resets the
device. An intemal pull-down resistor permits power-on reset using only a capacitor connected to
the Ve,

ALE 64 68 O | Address Latch Enable: An output for latching the Low byte of the address during accesses to

external memory. ALE is activated at a constant rate of 1/6 the oscillator frequency except during
an extemal data memory access, at which time one ALE is skipped. ALE can sink/source eight LS
TTL inputs and drive CMOS inputs without an external puil-up.

PSEN 63 67 O | Program Store Enable: This output is the read strobe to extemal program memory. PSENis
activated twice each machine cycle during fetches from external program memory; however, when
executing out of extemal program memiory, two activations of PSEN are skipped during each
access to external data memory. PSEN is not activated during fetches from internal program
memory. PSEN can sink/source eight LS TTL inputs and drive CMOS inputs without an external
pull-up.

EA 1 1 | Instruction Execution Control: When EA is held High, the CPU executes out of internal program
memory, unless the program counter exceeds OFFFH. When EA is held Low, the CPU executes
out of external program memory. EA must never be allowed to float.

XTAL1 49 53 | Crystal 1: An input to the inverting ampiifier that forms the oscillator. This input receives the
external oscillator when an external oscillator is used.
XTAL2 48 52 O | Crystal 2: Output of the inverting amplifier that forms the oscillator. This pin should be floated

when an external oscillator is used.

ABSOLUTE MAXIMUM RATINGS!

SYMBOL PARAMETER RATING UNIT

TstG Storage temperature range -65 to +150 °C

Vee Voltage from Ve to Vss? -0.5t0 +6.5 v

\ Voltage from any pin to Vgg? -0.5t0 Vg +0.5 \

PD Power dissipation 200 mwW
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Philips Semiconductors Military Microprocessor Products Product specification
I/O expanded CMOS microcontroller 80C451/83C451
DC ELECTRICAL CHARACTERISTICS
Tamb = -55°C t0 +125°C, V¢ = 5V + 10%, Vgg = OV.
SYMBOL PARAMETER TEST CONDITIONS LIMITS UNIT
MIN MAX
Vi Input Low voltage, except FA -0.5 0.2Vee-025 \
Vit Input Low voltage, EA -0.5 02Vec-045 v
Vi Input High voltage, except XTAL1, RST 02Vec+ | veos0s v
Vigs Input High voltage, XTAL1, RST 07Vec+0.2 | Veg +.05 v
VoL Output Low voltage, ports 1,2,3,4,5,6, AFLAG, BFLAG loL = 1.6mA% 0.45 Vv
VoL1 Output Low voltage, port 0, ALE, PSEN loL = 3.2mA* 0.45 \
VoH Output High voltage, ports 1,2,3,4,5,6, AFLAG, BFLAG Vee=5V+10%
lon = -60uA 24 v
lon = -25pA 0.75Vce v
loy =-10pA 09Vee \
Voui Output High voltage, port 0 in external bus mode, Vee=5V+10%
ALE, PSEN loH = -400pA 24
lon = -150pA 0 75Vce v
lon = -40pAS 0 9Vee \
i Logical 0 nput current, ports 1,2,3,4,5,6, AFLAG, BFLAG Veo 3 g\sl'vv”‘ = 75 uA
i Logical 1 to 0 transition current, ports 1,2,3,4,5.6, Voo =6V, Viy=2v -750 pA
i AFLAG, BFLAG
I Input leakage, current port 0, EA, 1D5, ODS Voc =5, 4, 6V, +10 RA
045V < Viy< Voo
RpsT Reset pulldown resistor 50 150 kQ
. Test freg= 1MHz,
9
Cio Pin capacitance’ Tamp = 25°C 10 pF
Ipp Power-down current Vee =2V 1o 6V6 75 pA
MAXIMUM Icc (mA)
FREQUENCY/SUPPLY OPERATING7 IDLE® UNITS
VOLTAGE 4.5v 5v10 5.5V 4.5V 5v10 5.5V
3.5MHz10 8.0 10.0 12.0 25 25 35 mA
B.0MHz10 13.0 19.0 21.0 3.0 3.5 4.5 mA
12MHz 20.0 25.0 30.0 3.5 4.0 5.0 mA

AC ELECTRICAL CHARACTERISTICS

Tamb = -55°C t0 +125°C, Vg = 5V + 10%,

outputs = 80 pF3

Vgs = OV, load capacitance for port 0, ALE, and PSEN = 100pF, load capacitance for all other

SYMBOL PARAMETER 12MHz CLOCK VARIABLE CLOCK (f = e o) UNIT
MIN MAX MIN MAX

Speed range (see ordernng code)

0 3.5 12
1fteLoL 1 35 16 MHz

2 05 12
tHLL ALE pluse width 127 2tcicL -40 ns
tavie Address valid to ALE Low 28 toLcL -55 ns
tLax Address hold after ALE Low 48 toLeL -35 ns
LTI ALE Low to valid instr in 234 HeLc -100 ns
fLLPL ALE Low to PSEN Low 43 toLcL -40 ns
tpLPH PSEN pulse width 205 3teLeL -45 ns
tpLiv PSEN Low to vaiid instr in 145 3toLcL -105 ns
tpxIx Input instr hold after PSEN 0 0 ns
texiz Input instr float after PSEN 59 toLeL -25 ns
taviv Address to vald instr in 312 SteLcL -105 ns
tpLAZ PSEN Low to address float 25 25 ns
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Philips Semiconductors Military Microprocessor Products Product specification

I/0O expanded CMOS microcontroller 80C451/83C451

AC ELECTRICAL CHARACTERISTICS (Continued)

SYMBOL PARAMETER 12MHz CLOCK VARIABLE CLOCK (f = 1/tcLcL) UNIT
MIN MAX MIN MAX
tALRH RD pulse width 400 6t oL -100 ns
tWiwH WR pulse width 400 6oL oL -100 ns
tRLDV D Low to valid data in 252 StoLoL -165 ns
tRHDX Data hold after RD 0 0 ns
tRHDZ Data float after RD 97 2tor oL -70 ns
tLLov ALE Low to valid data in 517 8tc oL -160 ns
tavov Address to valid data in 585 SteicL -165 ns
tuwe ALE Low to FID or WR Low 200 300 3toLoL -50 3toLoL +50 ns
tqvwx Data valid to WR transition 23 toLeL -60 ns
twHax Data hold after WR 33 toLer -50 ns
tRLAZ FD Low to address float 0 ] ns
tWHLH D or WR High to ALE High 43 123 toro -40 toLcL +40 ns
Port 6 Input (input rise and fall times < 5ns)
tiun DS width 270 3toLce +20 ns
tovin Data setup to TDS High 10 10 ns
tiHDX Data hold after DS 30 30 ns
trLL PEto DS 25 25 ns
tvev D3 to BFLAG (IBF) delay 130 130 ns
Port 6 ouput
toLoH ODS width 270 3toLcL +20 ns
tFvDv SEL to data out delay 85 85 ns
toLov ODS to data out delay 80 80 ns
toHDZ ODS to data float delay 35 35 ns
tovrv ODS to AFLAG (OBF) delay 100 100 ns
trLov PE to data out delay 120 120 ns
toHFH ODS High to AFLAG (SEL) delay 100 100 ns
NOTES:

1.

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

2. This product includes circuitry specifically designed for the protection on its internal devices from damaging effects of excessive static
charge. Nonatheless it is suggested that conventional precautions be taken to avoid applying voltages greater than the rated maximum.

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

4. Capacitive loading on ports 0 and 2 can cause spurious noise to be superimposed on the VoLg of ALE and ports 1 and 3. The noise is
caused by exteral 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 it could be desirable to qualify ALE with a Schmitt trigger, or use an address latch with a Schmitt trigger
STROBE input.

5. Capacitive loading on ports 0 and 2 can cause the Vo on ALE and PSEN to momentarily fall before the 0.9V specification when the
address bits are stabilizing.

6. Power-down Icg is measured with all output pins disconnected; EA = port 0 = Vg, XTAL2N.C.; RST = Vgs.

7. lgg is measured with all output pins disconnected; XTAL1 driven with tc; cH, toroL = 5ns, ViL = Vgg+ 0.5V, Vi = Voo -0.5V; XTAL2 N.C.;
EA = RST = Port 0 = V. leg will be slightly higher if a crystal osciliator is used.

8. Idie Igc is measured with all output pins disconnected; XTAL1 driven with to| ot toHeL = 5nS, ViL = Vag+ 0.5V, Vi = Vg -0.5V; XTAL2
N.C.; port 0 = Veg; EA = RST = Vgs.

9. Cip is measured initially and after any design changes which may affect capacitance.

10. This parameter is guaranteed, but not tested.

PORTS 4 AND 5 PORT 6

Ports 4 and 5 are bidirectional I/Q ports with internal pull-ups. Port 4 Port 6 is a special 8-bit bidirectional /O port with internal pull-ups.

is an 8-bit port (LLCC version) or a 4-bit port (DIP version). Port 4 (See Figure 1.) This port can be used as a standard I/O port, or in

and port 5 pins, with ones written to them, are pulted High by the strobed modes of operation in conjunction with four special control
internal pull-ups, and in that state can be used as inputs. Ports 4 lines: ODS3, DS, AFLAG, and BFLAG. Port 6 operating modes are
and 5 are addressed at the special function register addresses controlled by the port 6 control status register (CSR). Port 6 and the
shown in Table 2. CSR are addressed at the special function register addresses when

711082k 0084847 T7c IN
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in Table 2. The following four control pins are used in conunction
with port 6.

ODS: Output data strobe input for port 6. ODS can be programmed
to control the port 6 output dnivers and the output buffer full flag
(OBF), or to clear only the OBF flag bit in the CSR (output-always
mode) ODS 1s active Low for output driver control, The OBE flag
can be programmed to be cleared on the negative or positive edge
of

165 Input data strobe input for port 6 TDS 1s used to control the
port 6 nput latch and nput buffer full flag (IBF) bit n the CSR. The
input data latch can be programmed to be transparent when the DS
is Low and latched on the positive transition of TDS, or to laich only
on the positive transition of IDS  Correspondingly, the IBF flag is set
on the negative or positive transition of TD3.

AFLAG: A bidirectional IfO pin  AFLAG 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 be
output on port 6. This feature grants complete port 6 status to
external devices.

BFLAG: A bidirectional I/O pin  BFLAG 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 1s used as an
enable input, port 6 output drivers are in the High impedance state,
and the input latch does not respond to the TDS strobe when BFLAG
1s High  Both features are enabled when BFLAG is Low. This

feature facilitates the use of the 83C451 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 the port 6 1/0 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

CSR.0 — Input Buffer Full Flag (IBF) (Read only)

The IBFR bitis set to a logic 1 when port 6 data is loaded into the
input buffer under control of TDS. This can occur on the negative or
positive edge of TDS, as determined by CSR 2. 1BF 1s cleared when
the CPU reads the Input buffer register.

CSR.1 — Output Buffer Full Flag (OBF) (Read only)}

The OBF flag 1s set to a logic 1 when the CPU writes 1o the port 6
output data buffer OBF s cleared by the positive or negative edge
of ODS, as determined by CSR.3.

CSR.2 — IDS Mode Select (IDSM)

When CSR 2 = 0, a Low-to-High transition on the D3 pin sets the
IBF flag The port 6 input buffer is loaded on the DS positive edge
When CSR 2 = 1, a High-to-Low transition on the TDS pin sets the
IBF flag. The port 6 input buffer 1s transparent when DS 1s Low, and
latched when TDS 1s 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 DDS input clears
the OBF flag.

AFLAG BFLAG ODS PORT 6 11
| j l J
BFLAG & ODS
MODE DS
OUTPUT INPUT BUFFER
(CSR.68.7) DRIVERS (PEREAD) [®—] MODE
INPUT ’
BUFFER
‘ FULL EDGE/LEVEL
(CSR.0) SELECT
(CSR.2)
AFLAG
MODE Mux
(CSR.4&.5)
OUTPUT [ 1
BUFFER
FULL CONTROL/STATUS OUTPUT BUFFER
(CSR.1) REGISTER (CSR) (P6 WRITE)
{ INTERNAL BUS !

Figure 1. Port 6 Block Diagram
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CSR.4, CSR.5 — AFLAG Mode Select (MAQ, MA1)
Bits 4 and 5 select the mode of operation for the AFLAG pin, as
follows:

MA1 MAC AFLAG Function

0 0 Logic 0 output
0 1 Logic 1 output
1 0 OBF flag output (CSR.1)
1 1 Select (SEL) input mode

The select (SEL) mput mode is used to determine whether the port &
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 & data

CONTROL STATUS REGISTER

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 of operation for the BFLAG pin, as
follows:

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

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

BIT7 BIT 6 BIT 5 BIT 4 BIT3 BIT 2 BIT1 BITO
(CSR) MB1 | MBO MA1 MAO OBFC IDSM OBF IBF
Quiput
BFLAG AFLAG buffer Input Quiput Input
oot ot dear | stobe ful ful
mode 9 9
0 = Nega- _ - 0 = Output 0 = input
0/0 = Logic 0 output” 0/0 = Logic O output tive gd_ Z%?'t've data data
0/1 = Llogic 1 output* 0/t =Logic 1 output edge of TD'g buffer buffer
1/0 = IBF output 1/0 = OBF output* oDS empty empty
11 =PEinput 1/1 = SEL input 1=Low 1 = Output 1= Input
(4] = Select) © = Data) 1 = Positive | e;el of data data
4 = disable 1/O) (1 = Control/status) edge of s buffer buffer
ODS full full

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

SPECIAL FUNCTION REGISTER

Special function register addresses for the 83C451 are identical to
those of the BOC51, except for the additional registers listed in

Table 2.

Table 2. Special Function Register Adresses

REGISTER ADDRESS BIT ADDRESS
Name Symbol Address MSB LSB
Port4 P4 co C7 C6 C5 C4 C3 C2 C1 CO
Ports P5 cs CF CE CD CC CB CA C9 C8
Port6 data P6 D8 DF DE DD DC DB DA D9 D8
Port 6 control status CSR E8 EF EE ED EC EB EA E9 EB8

February 14, 1992
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ALE

tavLL

PORT 0 INSTHK>—<
———— taviv ‘-’
ADDRESS >
porr2 A0 sm-?)k; ADDRESS A15-AB 1 ADDRESS A15-A8

Figure 2. Program Memory Read Cycle

-
T Wy ————— WHLH ! /{/‘;

-

=/

fLiwe i P RLAH
i N
RHDZ
tLLax [ tRLDV —>
— tavpy — 1RHDX
!
PORT 0 Ty — A7-AQ DATA OUT
-7 ' __
:] |‘— 'RLAZ

ADDRESS
PORT2 AT SFR-PDL ADDRESS A15-A8 OR SFR.P2 )

Figure 3. Data Memory Read Cycle

WHLH
ALE F

e/

Liwe
tWLWH

favwi
tavwx twHQxX
taypv LLAX ke

PORT 0 D_< Am DATA OUT
e T

ADDRESS
PORT 2 OR SFR.F2 ADDRESS A15-A8 OR SFR-P2

-

Figure 4. Data Memory Write Cycle
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Figure 5. External Clock Drive Waveform
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NOTE:

AG inputs during testing are dnven at Vgg-0 5V for a logc *1= and 0 45 for a logic *0". For tming purposes & port pin 15 na longer floating when a 100mV change from

Timing measurements are made at Vigwan for a logic 17 and Viumax for a logic ‘07 load voltage occurs, and begins to float “when a 100mV change from the loaded
Von/Vou level occurs louloH > +20mA

Figure 7. Float Waveforms

Figure 6. AC Testing input, Output Waveforms
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Figure 8. Port 6. Output Waveforms
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Figure 9. Port 6 Select Mode Waveforms
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Figure 10. Port 6 Input Waveforms
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Figure 11. IBF Flag Output Waveforms
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INTERNAL STATE4 STATES l STATE S STATE 1 l STATE2 STATE 3 STATE4 STATES
cLOCK prlplelpipmliplrlelenle prlrelpslpelplope
XTAL2

v ] M

N THE SGAAL ISNOT
ACTIVATED DURING THE
EXECUTION OF A MOVX INSTRUCTION

EXTERNAL PROGRAM MEMORY FETCH THESE SIGNALS ARE NOT
ACTIVATED DURING THE EXECUTION OF A

PR p A D F Ny B
S Iy Ny Iy Ny

DATA PCLOUT DATA PCLOUT DATA PCL OUT
SAMPLED SAMPLED SAMPLED
je FLOAT >te—— FLONT ——n] j—— FLOAT ——»]

AB-15 l INDICATES ADDRESS TRANSITION I I

READ CYCLE
w | I
ADO-7 I l I I | I
DPLOR DATA
RMOUT SAMPLED | POL OUT
| FLOAT | (IF PROGRAM MEMORY
{5 EXTERNAL)
ABS I l
WRITE CYCLE
WH l I
PCLOUT (F PROGRAM
MEMORY IS
ADO-7 -—_J—;OH_I H
Rl OUT .
= DATA OUT _,l . PCL OUT EVEN (IF PROGRAM
‘ MEMORY IS INTERNAL)
A5 m |
PORT OPERATION
MOV PORT, SRC OLD DATA | NEW DATA
MOV DEST, P1
(NCLUDES INTO, INT1, T0, T1 N v
P1FIN SAM
SERIAL PORT SHIFT CLOCK PLED P1PINSAMPLED
/i RD SAMPLED RiD SAMPLED

q

(MODE 0)

NOTE: This diagram indicates when signals are ciocked nternally, however, the time tt takes the signals to propagats to the pins ranges from 25ns ta 125 ns This propagation delay
3 on bles such as and pin loading Propagation alsc varles from output to output and component to comonent Typically (Ta = 25°C, fully loaded), RD
and WH ion delays are 50ns; p delays for other signals are approximately 85ns These timing delays are n the AC

—Figure 12, Timing Waveforms
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Table 3. Special Function Register Adresses

Instruction Set

MNEMONIC DESCRIPTION BYTE CYCLES
Arithmetic operations
ADD ARn Add register to accumulator 1 1
ADD Adirect Add direct byte to accumulator 2 1
ADD A, @Ri Add indirect RAM to accumulator 1 1
ADD A,R#data Add immediate data to accumulator 2 1
ADDC A,Rn Add register to accumulator with carry 1 1
ADDC A.direct Add direct byte to A with carry flag 2 1
ADDC A @R Add indirect RAM to A with carry flag 1 1
ADDC A #data Add immediate data to A with carry flag 2 1
SuUBB A,Rn Subtract register from A with borrow 1 1
SUBB Adirect Subtract direct byte from A with borrow 2 1
SuBB A @Ri Subtract indirect RAM from A w/borrow 1 1
sueB A#data Subtract immed. data from A w/borrow 2 1
INC A Increment accumulator 1 1
INC Rn Increment register 1 1
INC direct Increment direct byte 2 1
INC @R Increment indirect RAM 1 1
DEC A Decrement accumulator 1 1
DEC Rn Decrement register 1 1
DEC direct Decrement direct byte 2 1
DEC @Ri Decrement indirect RAM 1 1
INC DPTR Increment data pointer 1 2
MUL AB Multiply A & B 1 4
DIV AB Dwvide Aby B 1 4
DA A Decimal adjust accumulator 1 1
Logical operations
ANL ARn AND register to accumulator 1 1
ANL Adirect AND direct byte to accumulator 2 1
ANL A @Ri AND indirect RAM to accumulator 1 1
ANL A #data AND immediate data to accumutator 2 1
ANL direct,A AND accumutator to direct byte 2 1
ANL direct,#data AND immediate data to direct byte 3 2
ORL ARn OR register to accumulator 1 1
ORL Adirect OR direct byte to accumulator 2 1
ORL A,@Ri OR indirect RAM to accumulator 1 1
ORL A #data OR immediate data to accumulator 2 1
ORL direct,A OR accumulator to direct byte 2 1
ORL direct,#data OR immediate data to direct byte 3 2
XRL ARn Exclusive-OR register to accumulator 1 1
XRL A direct Exclusive-OR direct byte to accumulator 2 1
XRL A,@RI Exclusive-OR indirect RAM to A 1 1
XRL A #data Exclusive-OR immediate data to A 2 1
XAL direct,A Exclusive-OR accumulator to direct byte 2 1
XRL direct,#data Exclusive-OR immediate data to direct 3 2
CLR A Clear accumulator 1 1
CPL A Complement accumutator 1 1
RL A Rotate accumulator let 1 1
RLC A Rotate A left through the carry flag 1 1
RR A Rotate accumulator nght 1 1
RRC A Rotate A right through carry flag 1 1
SWAP A Swap nibbles within the accumulator 1 1
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Data transfer
MOV ARn Move register to accumulator 1 1
MOV A direct Move direct byte to accumulator 2 1
MOV A@Ri Move indirect RAM to accumulator 1 1
MOV A #idata Move immediate data to accumulator 2 1
MOV Rn.A Move accumulator to register 1 1
MoV Rn,direct Move direct byte to register 2 2
MOV An #data Move immediate data to register 2 1
MOV direct,A Move accumulator to direct byte 2 1
MOV direct,Rn Move register to direct byte 2 2
MOV direct,direct Move direct byte to direct 3 2
MOV direct, @Ri Move indirect RAM to direct byte . 2 2
MOV direct, #data Move immediate data to direct byte 3 2
MOV @Ri,A Move accumulator to indirect RAM 1 1
MOV @Ry, direct Move direct byte to indirect RAM 2 2
Table 3. Instruction Set (Continued)
MNEMONIC I DESCRIPTION [ BYTE CYCLES

Data transter (continued)

MOV @Ri,#data Move immediate data to indirect RAM 2 1
MOV DPTR,#data16 Load data pointer with a 16-bit constant 3 2
MOVC A,@A + DPTR Move code byte relative to DPTR to A 1 2
MOVC A @A +PC Move code byte relative to PC to A 1 2
MOVX A.@Ri Move external RAM (8-bit addr) to A 1 2
MOVX A,@DPTR Move external RAM (16-bit addr) to A 1 2
MOVX @Ri,A Move A to external RAM (8-bit addr) 1 2
MOVX @DPTR,A Move A 10 external RAM (16-bit addr) 1 2
PUSH direct Push direct byte onto stack 2 2
POP direct Pop direct byte from stack 2 2
XCH ARn Exchange register with accumulator 1 1
XCH Adirect Exchange direct byte with accumulator 2 1
XCH A,@Ri Exchange indirect RAM with A 1 1
XCHD A#Ri Exchange low-order digit ind. RAM w/A 1 1

Boolean varlable manipulation

CLR c Clear carry flag 1 1
CLR bit Clear direct bit 2 1
SETB o] Set carry flag 1 1
SETB bit Set direct bit 2 1
CcPL o] Complement carry flag 1 1
CPL bit Complement direct bit 2 1
ANL ¢,bit AND direct bit to carry flag 2 2
ANL c,/bit AND complement of direct bit to carry 2 2
ORL ¢,bit OR direct bit to carry flag 2 2
ORL c,/bit OR complement of direct bit to carry 2 2
MOV C,bit Move direct bit to carry flag 2 1
MOV bit,C Move carry flag to direct bit 2 2
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Program and machine control

ACALL addr11 Absolute subroutine call 2 2
LCALL addr16 Long subroutine calt 3 2
RET Return from subroutine 1 2
RETI Return from interrupt 1 2
AJMP addr11 Absolute jump 2 2
LIJMP addr16 Long jump 3 2
SJIMP rel Short jJump (relative addr) 2 2
JMP @A + DPTR Jump indirect relative to the DPTR 1 2
JZ rel Jump if accumutator is zero 2 2
JNZ rel Jump f accumulator is not zero 2 2
JC rel Jump if carry flag is set 2 2
JNC rel Jump if no carry fiag 2 2
JB bit,rel Jump 1f direct bit set 3 2
JNB bit,ret Jump if direct bit not set 3 2
JBC bit,rel Jump if direct bit is set & clear bit 3 2
CJNE Adirect,rel Compare direct to A & jump If not equal 3 2
CJINE A #data,rel Comp. tmmed to A & jump If not equal 3 2
CJNE Rn #data,rel Comp immed to reg. & jump if not equal 3 2
CJNE @Ri,#data,rel Comp. immed. to ind. & jump if not equal 3 2
DJINZ Rn,rel Decrement register & jump if not zero 2 2
DJINZ direct,rel Decrement direct & jump If not zero 3 2
NOP No operation 1 1

Notes on data addressing modes:

Rn -Working register R0-R7

direct -128 internal RAM locations, any 1/Q port, control or status register

@Ri -Indirect internal RAM location addressed by register RO or R1

#data -8-bit constant included in instruction

#data16 -16-bit constant included as bytes 2 & 3 of instruction

bit -128 software flags, any 1/0 pin, control or status bit

Notes on program addressing modes:

addri16 -Destination address for LCALL & LIMP may be anywhere within the 64-kilobyte program memory address space

addrii -Destination address for ACALL & AJMP will be within the same 2-kilobyte page of program memory as the first byte of the

following instruction.
rel -SJMP and all conditional jumps include an 8-bit offset byte. Range is + 127 - 128 bytes relative to first byte of the following
instruction.
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Table 4. Special Function Register Adresses
Instruction Opcodes in Hexadecimal Order

HEX | NUMBER HEX NUMBER

CODE | OF BYTES MNEMONIC OPERANDS CODE | OF BYTES MNEMONIC OPERANDS
00 1 NOP 40 2 JC code addr
01 2 AJMP code addr 41 2 AJMP code addr
02 3 LJMP code addr 42 2 ORL data addr,A
03 1 RR A 43 3 ORL data addr,#data
04 1 INC A 44 2 ORL A, #data
05 2 INC data addr 45 2 ORL A,data addr
06 1 INC @R0 48 1 ORL A,@RO
07 1 INC @R1 a7 1 ORL A @Rt
08 1 INC RO 48 1 ORL ARO
09 1 INC R1 49 1 ORL A,R1
0A 1 INC R2 4A 1 ORL A,R2
0B 1 INC R3 4B 1 ORL A,R3
oc 1 INC R4 4C 1 . ORL A,R4
oD 1 INC R5 4D 1 ORL A,RS
OE 1 INC R6 4E 1 ORL A,RE
OF 1 INC R7 4F 1 ORL AR7
10 3 JBC bit addr, code addr 50 2 JNC code addr
11 2 ACALL code addr 51 2 ACALL code addr
12 3 LCALL code addr 52 2 ANL data addr,A
13 1 RRC A 53 3 ANL data addr,#data
14 1 DEC A 54 2 ANL A#data
15 2 DEC data addr 55 2 ANL A,data addr
16 1 DEC @Ro 56 1 ANL A,@Ro0
17 1 DEC @R1 57 1 ANL A,@R1
18 1 DEC RO 58 1 ANL A,RO
19 1 DEC Rt 59 1 ANL A,R1
1A 1 DEC R2 5A 1 ANL AR2
18 1 DEC R3 5B 1 ANL AR3
1Cc 1 DEC R4 5C 1 ANL A,R4
D 1 DEC R5 5D 1 ANL AR5
1E 1 DEC R6 5E 1 ANL AR6
1F 1 DEC R7 5F 1 ANL A,R7
20 3 JB bit addr, code addr 60 2 Jz code addr
21 2 AJMP code addr 61 2 AJMP code addr
22 1 RET 62 2 XRL data addr,A
23 1 RL A 63 3 XRL data addr,#data
24 2 ADD A #data 64 2 XRL A #idata
25 2 ADD A,data addr 65 2 XRL A, data addr
26 1 ADD A,@R0 66 1 XRL A,@R0
27 1 ADD A @R1 67 1 XRL A @R1
28 1 ADD A,RO 68 1 XRL A,RO
29 1 ADD AR1 69 1 XRAL AR1
2A 1 ADD AR2 6A 1 XRL AR2
2B 1 ADD AR3 6B 1 XRL A,R3
2C 1 ADD AR4 6C 1 XRL A,R4
2D 1 ADD AR5 6D 1 XRL AR5
2E 1 ADD AR6 6E 1 XRL A,R6
2F 1 ADD AR7 6F 1 XRL AR7
30 3 JNB bit addr, code addr 70 2 JNZ code addr
31 2 ACALL code addr 71 2 ACALL code addr
32 1 RETI 72 2 ORL C,bit addr
33 1 RLC A 73 1 JMP @A + DPTR
34 2 ADDC A#data 74 2 MoV A #data
35 2 ADDC A,data addr 75 3 MoV data addr,#data
36 1 ADDC A,@RO 76 2 MOV @RO,#data
37 1 ADDC A,@R1 77 2 MOV @R1,#data
a8 1 ADDC A,RO 78 2 MOV RO, #data
39 1 ADDC AR1 79 2 MOV R1,#data
3A 1 ADDC AR2, 7A 2 MOV R2 #data
3B 1 ADDC AR3 78 2 MOV R3,#data
3C 1 ADDC A,R4 7C 2 MOV R4 #data
3D 1 ADDC AR5 7D 2 MOV RS, #data
3E 1 ADDC A,R6 7E 2 MOV R6,#data
3F 1 ADDC AR7 7F 2 MOV R7,#data
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Table4.  Instruction Opcodes in Hexadecimal Order {Continued)
HEX NUMBER HEX NUMBER
cODE | OF BYTES MNEMONIC OPERANDS CODE | OF BYTES MNEMONIC OPERANDS
80 2 SJMP code addr Co 2 PUSH data addr
81 2 AJMP code addr C1 2 AJMP code addr
82 2 ANL C.bit addr c2 2 CLR bit addr
83 1 MovC A@A +PC c3 1 CLR Cc
84 1 Div AB Cc4 1 SWAP A
85 3 MoV data addr,data addr c5 2 XCH A, data addr
86 2 Mov data addr,@R0 Ccé 1 XCH A.@R0
87 2 MOV data addr, @R1 Cc7 1 XCH A,@R1
88 2 MOV data addr,RQ c8 1 XCH ARQ
89 2 MOV data addr,R1 C9 1 XCH AR1
8A 2 MOV data addr,R2 CA 1 XCH AR2
8B 2 MOV data addr,R3 cB 1 XCH AR3
8C 2 MOV data addr,R4 cC 1 XCH A,R4
8D 2 MOV data addr,RS cD 1 XCH AR5
8E 2 MOV data addr,R6 CE 1 XCH ARG
8F 2 MOV data addr,R7 CF 1 XCH AR7
90 3 MOV DPTR,#data DO 2 POP data addr
91 2 ACALL code addr D1 2 ACALL code addr
92 2 MOV bit addr,C D2 2 SETB bit addr
93 1 MOvC A @A+ DPTR D3 1 SETB o]
94 2 SUBB A #data D4 1 DA A
95 2 SUBB A data addr Ds 3 DJINZ data addr,code addr
96 1 SuBB A,@R0 D6 1 XCHD A,@R0
97 1 SuBB A @Ri1 b7 1 XCHD A @Rt
98 1 SuBB ARO D8 2 DJNZ RO,code addr
99 1 sSuBg AR1 D9 2 DUNZ R1,code addr
9A 1 SuUBB AR2 DA 2 DJUNZ R2,code addr
98 1 SuBB AR3 DB 2 DJNZ R3,code addr
9C 1 sues A,R4 DC 2 DINZ R4,code addr
9D 1 SUBB AR5 DD 2 DJNZ R5,code addr
9E 1 SuUBB AR6 DE 2 DJINZ R6,code addr
9F 1 suBB AR7 DF 2 DJNZ R7,code addr
A0 2 ORL C./bit addr EO 1 MOVX A,@ DPTR
Al 2 AJMP code addr E1 2 AJMP code addr
A2 2 MoV C,bit addr E2 1 MOVX A,@R0
A3 1 INC DPTR E3 1 MOVX A,@R1
A4 1 MUL AB E4 1 CLR A
A5 reserved E5 2 MOV A, data addr
A6 2 MOV @R0,data addr E6 1 MOV A, @R0
A7 2 MOV @R1,data addr E7 1 MOV A @R1
A8 2 MOV R0,data addr E8 1 MOV A,RO
A9 2 MOV R1,data addr E9 1 MOV AR1
AA 2 MOV R2,data addr EA 1 MoV AR2
AB 2 MOV R3,data addr EB 1 MoV A,R3
AC 2 MOV R4,data addr EC 1 MOV A.R4
AD 2 MoV RS5,data addr ED 1 MoV AR5
AE 2 Mov R6,data addr EE 1 MoV A,R6
AF 2 MOV R7.data addr EF 1 MOVX AR7
BO 2 ANL C./bit addr FO 1 MOVX @ DPTR,A
B1 2 ACALL code addr F1 2 ACALL code addr
B2 2 CPL bit addr F2 1 MOVX @RO0,A
B3 1 CPL o F3 1 MOVX @R1,A
B4 3 CJUNE A #data,code addr F4 1 CPL A
B5 3 CJNE A,data addr,code addr F5 2 MOV data addr,A
B6 3 CJNE @R0,#data,code addr Fé 1 Mov @RO,A
B7 3 CJUNE @R1 #data,code addr F7 1 MoV @R1,A
B8 3 CJNE RO, #data,code addr F8 1 MOV RO.A
B9 3 CJINE R1,#data,code addr Fg 1 MoV R1,A
BA 3 CJUNE R2,#data,code addr FA 1 MOV R2,A
BB 3 CJUNE R3,#data,code addr FB 1 MOV R3,A
BC 3 CJUNE R4, #data,code addr FC 1 MOV R4,A
BD 3 CJNE R5#data,code addr FD 1 MOV R5.A
BE 3 CJNE R6,#data,code addr FE 1 MOV R6.A
BF 3 CJINE R7,#data,code addr FF 1 MOV R7.A
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