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1

FEATURES

80C51 CPU

32 kbytes on-chip ROM, expandable externally to
64 kbytes Program Memory address space

P83C524:

— 16 kbytes on-chip ROM, expandable externally from
32 kbytes to 64 kbytes Program Memory address
space (address space 16 k to 32 k not usable)

P80C528:
— ROMless version of P83C528
P83C528:

— 32 kbytes on-chip ROM, expandable externally from
32 kbytes to 64 kbytes Program Memory address
space

EPROM versions are available: see separate data sheet
P87C524 and P87C528

512 bytes on-chip RAM, expandable externally to
64 kbytes Data Memory address space

Four 8-bit I/O ports

Full-duplex UART compatible with the standard 80C51
and the 8052

Two standard 16-bit timer/counters

An additional 16-bit timer (functionally equivalent to the
timer 2 of the 8052)

On-chip Watchdog Timer (WDT) with an own oscillator
Bit-level 12C-bus hardware serial I/O Port

7-source and 7-vector interrupt structure with 2 priority
levels

Up to 3 external interrupt request inputs

Two programmable power reduction modes (ldle and
Power-down)

Termination of Idle mode by any interrupt, external or
WDT (watchdog) reset

Wake-up from Power-down by external interrupt,
external or WDT reset

ROM code protection

XTAL frequency range: 3.5 MHz to 16 MHz and
3.5 MHz to 24 MHz

All packaging pin-outs fully compatible to the standard
8051/8052.
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2 GENERAL DESCRIPTION

The P83C524 and P83C528 single-chip 8-bit
microcontrollers are manufactured in an advanced CMOS
process and are derivatives of the PCB80C51
microcontroller family. These devices provide architectural
enhancements that make them applicable in a variety of
applications in general control systems, especially in those
systems which need a large ROM and RAM capacity on
chip.

The P83C524 and P83C528 contain a non-volatile

16 k x 8 respectively 32 k x 8 read-only program memory,
a volatile 512 bytes x 8 read/write data memory, four 8-bit
1/0 ports, two 16-bit timer/event counters (identical to the
timers of the 80C51), a 16-bit timer (identical to the timer 2
of the 8052), a multi-source, two-priority-level, nested
interrupt structure, two serial interfaces (UART and
bit-level 12C-bus), a watchdog timer (WDT) with a separate
oscillator, an on-chip oscillator and timing circuits. For
systems that require extra capability, the P83C524 and
P83C528 can be expanded using standard TTL
compatible memories and logic.

The device also functions as an arithmetic processor
having facilities for both binary and BCD arithmetic plus
bit-handling capabilities. The P83C524 and P83C528
have the same instruction set as the PCB80C51 which
consists of over 100 instructions: 49 one-byte, 46 two-byte
and 16 three-byte. With a 16 MHz crystal, 58% of the
instructions are executed in 750 ns and 40% in 1.5 ps.
Multiply and divide instructions require 3 ps.
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3 QUICK REFERENCE DATA

SYMBOL PARAMETER CONDITION MIN. MAX. UNIT
P83C524, P80C528, P83C528 (see characteristics tables for extended temperature range versions)
Vbp supply voltage range 4.5 55 \
Ibp supply current: operating modes 16 MHz Vpp =55V, fci.k =16 MHz |- 33 mA
lip supply current: Idle mode 16 MHz Vpp =55V, fcik =16 MHz |- 6 mA
lpD supply current: Power-down mode 2V £ Vpp £ Vpp max. - 100 HA
Piot total power dissipation - 1 W
Tstg storage temperature range -65 +150 °C
Tamb operating ambient temperature range -40 +85 °C
4 ORDERING INFORMATION
EXTENDED PACKAGE TEMPERATURE | FREQ.
TYPE NUMBER | NaAME DESCRIPTION VERSION | RANGE (°C) (MHZ)
ROMless
P80C528EBP DIP40 plastic dual in-line package; SOT129-1 |0to +70 3.5t0 16
P8OC528EFP 40 leads (600 mil) -40to +85
P80C528IBP Oto +70 35t024
P80C528IFP —-40 to +85
P80C528EBA PLCC44 | plastic leaded chip carrier; 44 leads SOT187-2 |0to +70 3.5t016
P80C528EFA -40 to +85
P80C528IBA 0to +70 35t024
P80C528IFA -40 to +85
P80C528EBB QFP44 | plastic quad flat package; SOT307-2 |[0to+70 3.5t016
P80C528EFB 44 |leads (lead length 1.3 mm); —40 to +85
P80C528IBB body 10 x 10 > 1.75 mm 0to +70 351024
P80C528IFB -40 to +85
ROM
P83C524EBP DIP40 plastic dual in-line package; SOT129-1 |(0to +70 3.5t016
P83C524EFP 40 leads (600 mil) -40to +85
P83C524IBP 0to +70 35t024
P83C524IFP -40 to +85
P83C524EBA PLCC44 | plastic leaded chip carrier; 44 leads SOT187-2 |[0to +70 3.5t0 16
P83C524EFA -40 to +85
P83C524IBA Oto +70 3.5t024
P83C524IFA -40 to +85
P83C524EBB QFP44 | plastic quad flat package; SOT307-2 |[0to+70 3.5t0 16
PS3C524EFB 44 leads (lead length 1.3 mm); —40 to +85
P83C524IBB body 10 x 10 x 1.75 mm 0to +70 3510 24
P83C524IFB -40 to +85
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EXTENDED PACKAGE TEMPERATURE | FREQ.
TYPE NUMBER | NAME DESCRIPTION VERSION | RANGE (°C) (MHZ)
P83C528EBP DIP40 plastic dual in-line package; SOT129-1 |(0to +70 3.51t0 16
P83C528EFP 40 leads (600 mil) -40 to +85
P83C528IBP 0to +70 3.5t0 24
P83C528IFP -40 to +85
P83C528EBA PLCC44 | plastic leaded chip carrier; 44 leads SOT187-2 [0to +70 3.5t0 16
P83C528EFA -40 to +85
P83C528IBA 0to +70 3.5t024
P83C528IFA -40 to +85
P83C528EBB QFP44 | plastic quad flat package; SOT307-2 |[0to +70 3.5t016
P83C528EFB 44 leads (lead length 1.3 mm); —40 to +85
P83C528IBB body 10 x 10 x 1.75 mm 0to +70 3.51t0 24
P83C528IFB -40 to +85
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6 FUNCTIONAL DIAGRAM
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7 PINNING INFORMATION
7.1  Pinning

T2 PLO[ 1] J [40] VDD

T2EX PL11[2| [39] PO.0 ADO
P12 3] [38] PO.1 AD1
P13 [4| 37] PO.2 AD2

PL4[5 | [36] PO.3 AD3
P15 [6 | 35] P0.4 AD4

scL P16 [ 7] [34] PO.5 ADS
SDA P1.7 [ 8| 33] P0.6 AD6
RST [9 ] 32] P0.7 AD7
RXD / data P3.0 [10] ggggggg [31] EA
TXD/clock P3.1[11] P83C528 [30] ALE
INTO P3.2 [12] [29] PSEN
INT1 P3.3 [13] 28] P2.7 A15

T0 P3.4 [14] [27] P2.6 A14
T1 P35 [15] 26] P25 A13

WR P3.6 [16] [25] P2.4 AL2
RD P3.7 [17] [24] P2.3 ALL
XTAL2 [18] 23] P2.2 A0

XTAL1 [19] [22] P2.1 A9
Vss [20] [21] P2.0 A8

MBC453

Fig.3 Pin configuration DIP40 (SOT129-1).
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Fig.4 Pin configuration QFP44 (SOT307-2).
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MBC452

18]
XTAL2 [20]
Vss [22]

n.c. E
P2.0/A8[24]
P2.1/A9 25
P2.2/ A10 [26]

XTALL|[ 21]

RD/P3.7

P2.3/A11[27
P2.4/A12 [ 28]

WR / P3.6

Fig.5 Pin configuration PLCC44 (SOT187-2).
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7.2

Pin description

Table 1 Pin description for P83C524, P80C528 and P83C528; see note 1

SYMBOL P DESCRIPTION
SOT 129-1 | SOT 187-2 | SOT 307-2
P1.0-P1.7|1to 8 2-9 1-3, Port 1: 8-bit quasi-bidirectional 1/O Port. Port 1 can sink/source
(1n.c) 40-44 one TTL (= 4 LSTTL) input. It can drive CMQS inputs Without_
(39 n.c) external pull-ups, except P1.6 and P1.7 which have open drain

outputs.
Port 1 alternative functions:

T2 1 2 40 P1.0 Timer/event counter 2 external event counter input

(falling edge triggered)

T2EX 2 3 41 P1.1 Timer/event counter 2 capture/reload trigger or external

interrupt 2 input (falling edge triggered)

SCL 7 8 2 P1.6 I2C-bus Serial Port clock line

SDA 8 9 3 P1.7 I2C-bus Serial Port data line.

RST 9 10 4 RESET: a HIGH level on this pin for two machine cycles while the
oscillator is running, resets the device. An internal pull-down
resistor permits power-on reset using only a capacitor connected
to Vpp. After a WDT overflow this pin is pulled HIGH while the
internal reset signal is active.

P3.0-P3.7 | 10-17 11,13-19 |5,7-13 Port 3: 8-bit quasi-bidirectional /O Port with internal pull-ups.

(12 n.c) (6 n.c.) Port 3 can sink/source one TTL (=4 LSTTL) input. It can drive
CMOS inputs without external pull-ups.
Port 3 alternative functions:

RXD/data |10 1 5 P3.0 Serial Port data input (asynchronous) or data

input/output (synchronous)
TXD/clock |11 13 7 P3.1 Serial Port data output (asynchronous) or clock output
(synchronous)

INTO 12 14 8 P3.2 external interrupt O or gate control input for timer/event
counter O

INTL 13 15 9 P3.3 external interrupt 1 or gate control input for timer/event
counter 1

TO 14 16 10 P3.4 external input for timer/event counter 0

T1 15 17 11 P3.5 external input for timer/event counter 1

WR 16 18 12 P3.6 external data memory write strobe

RD 17 19 13 P3.7 external data memory read strobe.
The generation or use of a Port 3 pin as an alternative function is
carried out automatically by the P83C528 provided the associated
Special Function Register (SFR) bit is set HIGH.

XTAL2 18 20 14 Crystal input 2 : output of the inverting amplifier that forms the

oscillator. This pin left open-circuit when an external oscillator
clock is used (see Figures 22 and 23).

1997 Dec 15
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SYMBOL

PIN

SOT 129-1

SOT 187-2

SOT 307-2

DESCRIPTION

XTAL1

19

21

15

Crystal input 1 : input to the inverting amplifier that forms the
oscillator, and input to the internal clock generator. Receives the
external oscillator clock signal when an external oscillator is used
(see Figures 22 and 23).

Vss

20

22

16

Ground : circuit ground potential.

P2.0-P2.7

21-28

24-31
(23 n.c)

18-25
(17 n.c)

Port 2: 8-bit quasi-bidirectional /O Port with internal pull-ups.
During access to external memories (RAM/ROM) that use 16-bit
addresses (MOVX @DPTR) Port 2 emits the high-order address
byte (A8 to A15). Port 2 can sink/source one TTL (=4 LSTTL)
input. It can drive CMOS inputs without external pull-ups.

PSEN

29

32

26

Program Store Enable output : read strobe to the external
program memory via Port 0 and Port 2. It is activated twice each
machine cycle during fetches from external program memory.
When executing out of external program memory two activations of
PSEN are skipped during each access to external data memory.
PSEN is not activated (remains HIGH) during no fetches from
external program memory. PSEN can sink/source 8 LSTTL inputs.
It can drive CMOS inputs without external pull-ups.

ALE

30

33

27

Address Latch Enable output : latches the LOW byte of the
address during access to external memory in normal operation. It
is activated every six oscillator periods except during an external
data memory access. ALE can sink/source 8 LSTTL inputs. It can
drive CMOS inputs without an external pull-up.

31

35
(34n.c)

29
(28 n.c.)

External Access input : when during RESET, EA is held at a TTL
HIGH level, the CPU executes out of the internal program ROM,
provided the program counter is less than 32768. When EA is held
ata TTL LOW level during RESET, the CPU executes out of
external program memory via Port 0 and Port 2. EA is not allowed
to float.

P0.0-PO.7

32-39

36-43

30-37

Port 0: 8-bit open drain bidirectional 1/0 Port. It is also the
multiplexed low-order address and data bus during accesses to
external memory (ADO to AD7). During these accesses internal
pull-ups are activated. Port O can sink/source 8 LSTTL inputs.

Vbp

40

44

38

Power supply : +5 V power supply pin during normal operation,
Idle mode and Power-down mode.

Note

1. To avoid a 'latch-up' effect at power-on, the voltage on any pin (at any time) must not be higher than Vpp +0.5 V or

lower than Vss —0.5 V respectively.

1997 Dec 15
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8 FUNCTIONAL DESCRIPTION
8.1 General

The P83C524, P80C528 and P83C528 are stand-alone
high-performance microcontrollers designed for use in real
time applications such as instrumentation, industrial
control, medium to high-end consumer applications and
specific automotive control applications.

In addition to the 80C51 standard functions, the devices
provide a number of dedicated hardware functions for
these applications. The P83C524 and P83C528 are
control-oriented CPUs with on-chip program and data
memory. They can be extended with external program
memory up to 64 kbytes. They can also access up to

64 kbytes of external data memory. For systems requiring
extra capability, the P83C524 and P83C528 can be
expanded using standard memories and peripherals.

The P83C524, P80C528 and P83C528 have two software
selectable modes of reduced activity for further power
reduction: Idle and Power-down. The Idle mode freezes
the CPU while allowing the RAM, timers, serial ports and
interrupt system to continue functioning. The Power-down
mode saves the RAM contents but freezes the oscillator
causing all other chip functions to be inoperative except
the WDT if it is enabled. The Power-down mode can be
terminated by an external reset, a WDT overflow, and in
addition, by either of the two external interrupts.

8.2 Instruction Set Execution

The P83C524, P80C528 and P83C528 use the powerful
instruction set of the 80C51. Additional SFRs are
incorporated to control the on-chip peripherals. The
instruction set consists of 49 single-byte, 46 two-byte and
16 three-byte instructions. When using a 16 MHz
oscillator, 64 instructions execute in 750 ns and 45
instructions execute in 1.5 s. Multiply and divide
instructions execute in 3 us (see Chapter 18).

9 MEMORY ORGANIZATION

The central processing unit (CPU) manipulates operands
in three memory spaces; these are the 64 kbyte external
data memory (of which the lower 256 bytes reside in the
internal AUX-RAM), 512 byte internal data memory
(consisting of 256 bytes standard RAM and 256 bytes
AUX-RAM) and the 64 kbyte internal and external program
memory.

1997 Dec 15

9.1 Program Memory

The program memory address space of the P83C528
comprises an internal and an external memory portion.
The P83C528 has 32 kbyte of program memory on-chip.
The program memory can be externally expanded up to 64
kbyte. If the EA pin is held HIGH, the P83C528 executes
out of the internal program memory unless the address
exceeds 7FFFH. Locations 8000H through OFFFFH are
then fetched from the external program memory. If the EA
pin is held LOW, the P83C528 fetches all instructions from
the external program memory. Fig.6 illustrates the
program memory address space.

By setting a mask programmable security bit the ROM
content is protected i.e. it cannot be read out by any test
mode or by any instruction in the external program
memory space. The MOVC instructions are the only ones
which have access to program code in the internal or
external program memory. The EA input is latched during
RESET and is 'don't care' after RESET. This
implementation prevents reading from internal program
code by switching from external program memory to
internal program memory during MOVC instruction or an
instruction that handles immediate data. Table 2 lists the
access to the internal and external program memory by the
MOVC instructions when the security bit has been setto a
logical one. If the security bit has been set to a logical 0
there are no restrictions for the MOVC instructions.

64 K
EXTERNAL
32768 i
32767 ( 32767 W
INTERNAL EXTERNAL
EA=1) (EA=0)
16383 |- ]
0 0
e

PROGRAM MEMORY MBC456 - 1

(1) Only for P83C524.

Fig.6 Program Memory Address Space.
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Table 2

Internal and external program memory access with security bit set

ACCESS TO INTERNAL

ACCESS TO EXTERNAL

INSTRUCTION PROGRAM MEMORY PROGRAM MEMORY
MOVC in internal program memory YES YES
MOVC in external program memory NO YES

9.2 Internal Data Memory

The internal data memory is divided into three physically
separated parts: 256 byte of RAM, 256 byte of AUX-RAM,
and a 128 byte special function area (SFR). These parts
can be addressed as follows (see Table 3 and Fig.11):

* RAM 0 to 127 can be addressed directly and indirectly
as in the 80C51. Address pointers are RO and R1 of the
selected register bank.

*« RAM 128 to 255 can only be addressed indirectly.
Address pointers are RO and R1 of the selected register
bank.

* AUX-RAM 0 to 255 is indirectly addressable as the
external data memory locations 0 to 255 with the MOVX
instructions. Address pointers are RO and R1 of the
selected register bank and DPTR. When executing from
internal program memory, an access to AUX-RAM 0 to
255 will not affect the ports PO, P2, P3.6 and P3.7.

» the SFRs can only be addressed directly in the address
range from 128 to 255.

An access to external data memory locations higher than
255 will be performed with the MOVX DPTR instructions in
the same way as in the 80C51 structure, i.e. with PO and
P2 as data/address bus and P3.6 and P3.7 as write and
read timing signals (see Figures 7, 8, 9 and 10). Note that
the external data memory cannot be accessed with RO and
R1 as address pointer.

Fig.11 shows the internal and external data memory
address space. Fig.12 shows the Special Function
Register (SFR) memory map. Four 8-bit register banks
occupy locations 0 through 31 in the lower RAM area. Only
one of these banks may be enabled at a time. The next 16
bytes, locations 32 through 47, contain 128 directly
addressable bit locations.

The stack can be located anywhere in the internal 256 byte
RAM. The stack depth is only limited by the available
internal RAM space of 256 bytes. All registers except the
Program Counter and the four 8-bit register banks reside
in the SFR address space.

Table 3 Internal data memory access
LOCATION ADDRESSED
RAM 0 to 127 DIRECT and INDIRECT
RAM 128 to 255 INDIRECT only
AUX-RAM 0 to 255 INDIRECT only with MOVX
Special Function Register (SFR) 128 to 255 DIRECT only

1997 Dec 15
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F—one machine cycle “‘ one machine cycle 47
| st | s2 | s3 | s4 | ss5 | s6 | si1 | s2 | s3 | s4 | ss5 | s |
ALE
PSEN
RD
WR
P2 P2 OUT
PO PO OUT
MBC457
a. Without a MOVX.
“ cycle 1 “‘ cycle 2 “
| s1 | s2 | s3 | s4 | s5 | s6 | s1 | s2 | s3 | s4 | s5 | s6 |
ALE
PSEN
RD
WR
P2 P2 OUT
PO PO OUT
MBC458
b. With a MOVX to the AUX-RAM (read and write).
Fig.7 Internal program memory execution.
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F cycle 1 —r cycle 2 —‘
| s1 | s2 | s3 | s4 | s5 s6 | s1 | s2 | s3 | s4 | s5 | s6 |
ALE
PSEN
. |
WR
P2 P2 OUT X DPH OUT X P2 OUT
DPL \ / DATA \
PO PO OUT X
ouT IN
/ \—/ MBC459
a. With a MOVX to the External Data Memory (read).
r cycle 1 —r cycle 2 —‘
| s2 | s3 | s4 | s5 | s6 | s1 | s2 | s3 | s4 | ss5 | se |
ALE
PSEN
RD
o | |
P2 P2 OUT X DPH OUT X P2 OUT
PO PO OUT X 85# X DATA OUT >—
MBC460
b. With a MOVX to the External Data Memory (write).
Fig.8 Internal program memory execution (continued).
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‘47 one machine cycle 4>‘<7 one machine cycle 47

| s1 | s2 | s3 | s4 | s5 | s6 | s1 | s2 | s3 | s4 | s5 | s6 |

v [ ] I e

P2 PCH OUT X PCH OUT X PCH OUT X PCH OUT X PCH OUT

PO INST PCL \ /INST\ / PCL \ /INST\ / PCL \ /INST\ PCL
IN> <OUT/ \IN // \ out / \IN // \ out / \ IN / <OUT>

MBC461

a. Without a MOVX.

‘A cycle 1 T‘ cycle 2 “

v [ ] 1
I L

RD
WR
P2 PCHOUT X PCH OUT X ADDRH OUT X PCH OUT
00 INST PCL INST ADDRL PCL
IN ouT IN ouT ouT
(read)
P2 PCHOUT X PCH OUT X ADDRH OUT X PCH OUT
INST PCL INST ADDRL PCL
PO IN ouT IN ouT X DATA OUT X ouT >
(write) MBC462

b. With a MOVX to the AUX-RAM (read and write).

Fig.9 External program memory execution.
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‘A cycle 1 “A cycle 2 >

RD |
WR
P2 PCH OUT X PCH OUT X DPH OUT X PCH OUT
PO INST PCL INST DPL \ / DATA \ PCL
IN ouT IN out / \_IN / ouT
MBC463
a. With a MOVX to the External Data Memory (read).
‘A cycle 1 ~r cycle 2 -
| s1 | s2 | s3 | s4 | s5 | s6 | s1 | s2 | s3 | s4 | s5 | s6

P2 PCH OUT X PCH OUT X DPH OUT X PCH OUT
INST PCL INST DPL PCL
PO IN ouT IN ouT X DATA OUT X ouT >

MBC464

b. With a MOVX to the External Data Memory (write).

Fig.10 External program memory execution (continued).
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SHARED
ADDRESS LOCATION

FF FF FF FFFF
UPPER == SPECIAL =
128 BYTES
128 BYTES FUNCTION
R REGISTERS =]
) 80 80 EXTERNAL
AUX - RAM TERN

N
a
[}
@
<
=5
m
n
<
m
<
o
bs|
<

7F

INTERNAL
RAM

00 00 0100
DATA MEMORY

irr?gilrségtr direct byte
addressing addressing MBC466 - 1

Fig.11 Internal and external data memory address space.
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REGISTER BIT MNEMONIC / DIRECT BYTE
MNEMONIC BIT ADDRESS (HEX) ADDRESS (HEX)
/—)% /—)%
| |
| |
3 FFH
B | Fm [ re [ Fs [ Fa [ 3] Fr2J[F | Fo FOH
acc | E7 [ es | E5 | E4 | E3 | E2 | E1 | EO | EOH
S1INT DAH
S1BIT DM
SDI/ | scf
SDO | SCO | CLH | BB | RBF | WBF | STR | ENS
S1SCS DF DE DO DC DB DA D9 D8 D8H
CY | AC | FO | RSI [ RSO | ov | FI P
psw | D7 | p6 | ps | pa | b3 | b2 | b1 | Do | pom
TH2 CDH
TL2 CCH
RCAP2H cBH
RCAP2L CAH
TF2 | EXF2 | RCLK | TCLK |EXEN2| TR2 | c/t2 |CPRL2
T2coN | CcF | cE | co | cc | cB | cA | cg | cs | csH
- [ Ps1 | PT2 | PS | PTL | PX1L | PTO | PX0
® | B | BE | BD | BC | BB | BA | B9 | B8 | BSH
P3 | B7 [ B6 | B5 | B4 | B3 | B2 | BL | BO | BOH
EA | ESL | ET2 | ES | ET1 | EXI | ETO | EXO
E | AF | AE | AD | AC | AB | AA | A9 | A8 | asH
WDCON ASH
P2 | A7 [ a6 | As [ a4 | a3 [ A2 | a1 [ A0 | AoH
SBUF 99H
SMO | SML | SM2 | REN | TB8 | RBS | TI RI
scoN | 9F | o | op | oc | 9B | 9A | 99 | 98 | ogH
PL [ o7 [ 96 [ o5 [ 94 [ 93 [ 92 [ o1 [ o0 90H
THL 8DH
THO 8CH
T 8BH
TLO 8AH
TMOD 89H
TFL | TR1 | TFO | TRO | IEL | IT1 | IEO | ITO
TCON 8F 8E 8D 8C 8B 8A 89 88 88H
PCON 87H
DPH 83H
DPL 82H
sP 81H
po | 87 [ 8 | 8 [ 84 | 83 [ 8 | 8L | 80 | 80H

MBC465 - 1

Fig.12 Special Function Register (SFR) memory map.
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9.3  Addressing

The P83C528 has five modes for addressing:
* Register

* Direct

* Register-Indirect

¢ Immediate

» Base-Register plus Index-Register-Indirect.

The first three methods can be used for addressing
destination operands. Most instructions have a
‘destination/source’ field that specifies the data type,
addressing methods and operands involved. For
operations other than MOVs, the destination operand is
also a source operand.

Access to memory addresses is as follows:

* Register in one of the four 8-bit register banks through
Register, Direct or Register-Indirect addressing.

e 512 bytes of internal RAM through Direct or
Register-Indirect addressing. Bytes 0-127 of internal
RAM may be addressed directly/indirectly. Bytes
128-255 of internal RAM share their address location
with the SFRs and so may only be addressed indirectly
as data RAM. Bytes 0-255 of AUX-RAM can only be
addressed indirectly via MOVX.

¢ SFR through Direct addressing at address locations
128-255.

« External data memory through Register-Indirect
addressing.

« Program memory look-up tables through Base-Register
plus Index-Register-Indirect addressing.
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10 1/O FACILITIES

The P83C528 has four 8-bit ports. Ports 0-3 are the same
as in the 80C51, with the exception of the additional
function of Port 1. Port lines P1.0 and P1.1 may be used
as inputs for Timer 2, P1.1 may also be used as an
additional (third) external interrupt request input. Port lines
P1.6 and P1.7 may be selected as the SCL and SDA lines
of Serial Port SIO1 (12C). Because the 12C-bus may be
active while the device is disconnected from Vpp, these
pins are provided with open drain drivers. Pins P1.6 and
P1.7 do not have pull-up devices when used as ports.

Ports 0, 1, 2, and 3 perform the following alternative
functions:

¢ Port 0: provides the multiplexed low-order address and
data bus used for expanding the P83C528 with standard
memories and peripherals.

« Port 1: pins can be configured individually to provide:
external interrupt request input (external interrupt 2);
external inputs for Timer/counter 2; SCL and SDA for
the 12C interface.

e Port 2: provides the high-order address bus when
expanding the P83C528 with external program memory
and/or external data memory.

e Port 3: pins can be configured individually to provide:
external interrupt request inputs (external interrupt 0/1);
external inputs for Timer/counter 0 and
Timer/counter 1; Serial Port receiver input and
transmitter output control-signals to read and write
external data memory.

Bits which are not used for the alternative functions may be
used as normal bidirectional I/O pins. The generation or
use of a Port 1 or Port 3 pin as an alternative function is
carried out automatically by the P83C528 provided the
associated SFR bit is HIGH. Otherwise the port pin is held
at a logical LOW level.

from port latch

!

strong pull-up +5V
2 oscillator
periods > ——d 2
»— p
— —
»—' pl =»— p3
1/0 PIN
_ PORT
> —t

n

input data

Oﬂ INPUT
BUFFER

read port pin

A\ 4

MLA513

Fig.13 1/0O buffers in the P83C528 (Ports 1, 2 and 3 except P1.6 and P1.7).
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11 TIMERS/COUNTERS

The P83C528 contains three 16-bit timer/counters, Timer
0, Timer 1 and Timer 2, and one 8-bit timer, the Watchdog
Timer T3. Timer 0, Timer 1 and Timer 2 may be
programmed to carry out the following functions:

¢ measure time intervals and pulse durations
* count events
* generate interrupt requests.

11.1 Timer 0 and Timer 1

Timers 0 and 1 each have a control bitin TMOD SFR that
selects the timer or counter function of the corresponding
timer. In the timer function, the register is incremented
every machine cycle. Thus, one can think of it as counting
machine cycles. Since a machine cycle consists of 12
oscillator periods, the count rate is %3, of the oscillator
frequency.

In the counter function, the register is incremented in
response to a HIGH-to-LOW transition at the
corresponding external input pin, TO or T1. In this function,
the external input is sampled during S5P2 of every
machine cycle. When the samples show a HIGH in one
cycle and a LOW in the next cycle, the counter is
incremented. Thus, it takes two machine cycles (24
oscillator periods) to recognize a HIGH-to-LOW transition.
There are no restrictions on the duty cycle of the external
input signal, but to ensure that a given level is sampled at
least once before it changes, it should be held for at least
one full machine cycle.

Timer 0 and Timer 1 can be programmed independently to
operate in one of four modes:

Mode 0
Mode 1
Mode 2
Mode 3

8-bit timer/counter with divide-by-32 prescaler
16-bit timer/counter
8-bit timer/counter with automatic reload

Timer 0: one 8-bit timer/counter and one 8-bit
timer. Timer 1: stopped.

1997 Dec 15
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When Timer 0 is in Mode 3, Timer 1 can be programmed
to operate in Modes 0, 1 or 2 but cannot set an interrupt
request flag and generate an interrupt. However, the
overflow from Timer 1 can be used to pulse the Serial Port
transmission-rate generator. With a 16 MHz crystal, the
counting frequency of these timer/counters is as follows:

« in the timer function, the timer is incremented at a
frequency of 1.33 MHz (oscillator frequency divided by
12).

« in the counter function, the frequency handling range for
external inputs is 0 Hz to 0.66 MHz.

Both internal and external inputs can be gated to the timer
by a second external source for directly measuring pulse
duration.

The timers are started and stopped under software control.
Each one sets its interrupt request flag when it overflows
from all logic 1's to all logic O's (respectively, the automatic
reload value), with the exception of Mode 3 as previously
described.
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11.1.1 TIMER/COUNTER MODE CONTROL REGISTER (TMOD)

Table 4 Timer/Counter Mode Control register (address 89H)

7

6

5 4 3 2 1 0

TIMER 1

TIMER O

GATE

CIT

GATE CIT M1 MO

ML | MO

Table 5 Description of the TMOD bits

BIT SYMBOL FUNCTION
TIMER 1
7 GATE Timer 1 gating control : when set, Timer/counter '1' is enabled only while 'INT1' pin is
HIGH and 'TR1' control bit is set. When cleared, Timer/counter '1' is enabled whenever
"TR1' control bit is set.
6 CIT Timer or counter selector : cleared for timer operation (input from internal system
clock). Set for counter operation (input from T1' input pin).
5 M1 operating mode : see Table 6.
4 MO operating mode : see Table 6.
TIMER O
3 GATE Timer 0 gating control : when set, Timer/counter '0' is enabled only while 'INTO' pin is
HIGH and 'TRO' control bit is set. When cleared, Timer/counter '0' is enabled whenever
‘TRO' control bit is set.
2 CIT Timer or counter selector : cleared for timer operation (input from internal system
clock). Set for counter operation (input from TO' input pin).
1 M1 operating mode : see Table 6.
0 MO operating mode : see Table 6.

Table 6 TMOD M1 and MO operating modes

M1 MO FUNCTION
0 0 8-bit timer/counter : 'THx' with 5-bit prescaler.
0 1 16-bit timer/counter : 'THx' and 'TLX' are cascaded, there is no prescaler.
1 0 8-bit autoload timer/counter : 'THx' holds a value which is to be reloaded into 'TLX'
each time it overflows.
1 1 Timer 0: TLO is an 8-bit timer/counter controlled by the standard Timer O control bits.
THO is an 8-bit timer controlled by Timer 1 control bits.
1 1 Timer 1: Timer/counter 1 stopped.
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11.1.2 TIMER/COUNTER CONTROL REGISTER (TCON)

Table 7 Timer/Counter Control register (address 88H)

7 6 5 4 3 2 1 0
TF1 TR1 TFO TRO IE1 IT1 IEO ITO

Table 8 Description of the TCON bits

BIT SYMBOL FUNCTION

7 TF1 Timer 1 overflow flag : set by hardware on timer/counter overflow. Cleared when
interrupt is processed.

6 TR1 Timer 1 run control bit : set/cleared by software to turn timer/counter ON/OFF.

5 TFO Timer 0 overflow flag : set by hardware on timer/counter overflow. Cleared when
interrupt is processed.

4 TRO Timer O run control bit : set/cleared by software to turn timer/counter ON/OFF.

3 IE1 Interrupt 1 edge flag : set by hardware when external interrupt is detected. Cleared
when interrupt is processed.

2 IT1 Interrupt 1 type control bit : set/cleared by software to specify falling edge/LOW level
triggered external interrupt.

1 IEO Interrupt O edge flag : set by hardware when external interrupt is detected. Cleared
when interrupt is processed.

0 ITO Interrupt O type control bit : set/cleared by software to specify falling edge/LOW level

triggered external interrupt.
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11.2 Timer 2

Timer 2 is functionally similar to the Timer 2 of the 8052AH. Timer 2 is a 16-bit timer/counter which is formed by two
SFRs, TL2 and TH2. Another pair of SFRs, RCAP2L and RCAP2H, form a 16-bit capture register or a 16-bit reload
register. Like Timer 0 and 1, Timer 2 can operate either as timer or as event counter. This is selected by bit C/T2 in the
T2CON SFR. The timer has three operating modes: ‘capture’, ‘autoload' and 'baud rate generator', which are selected
by bits in the T2CON SFR (see Table 9).

Table 9 Timer 2 operating modes

RCLK + TCLK CP/RL2 TR2 MODE
0 0 1 16-bit automatic reload
0 1 1 16-bit capture
1 X 1 baud rate generator
X X 0 OFF

11.2.1 TIMER 2 CONTROL REGISTER (T2CON)
Table 10 Timer 2 Control register (address C8H)

7 6 5 4 3 2 1 0
TF2 EXF2 RCLK TCLK EXEN2 TR2 CIT2 CP/RL2

Table 11 Description of the T2CON bits

MNEMONIC | POSITION FUNCTION

TF2 T2CON.7 Timer 2 overflow flag : set by a Timer 2 overflow and must be cleared by software. TF2
will not be set when either RCLK =1 or TCLK = 1. When Timer 2 interrupt is enabled,
TF2 = 1 (see EXF2).

EXF2 T2CON.6 Timer 2 external flag : set when either a capture or reload is caused by a negative
transition on T2EX and EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will
cause the CPU to vector to Timer 2 interrupt routine.

RCLK T2CON.5 Receive clock flag : when set, causes the Serial Port to use Timer 2 overflow pulses for
its receive clock in Modes 1 and 3. RCLK = 0 causes Timer 1 overflows to be used for
the receive clock.

TCLK T2CON.4 Transmit clock flag : when set, causes the Serial Port to use Timer 2 overflow pulses
for its transmit clock in Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used
for the transmit clock.

EXEN2 T2CON.3 Timer 2 external enable flag : when set, allows a capture or reload to occur as a result

of a negative transition on T2EX if Timer 2 is not being used to clock the Serial Port.
EXEN2 = 0 causes Timer 2 to ignore events at T2EX.

TR2 T2CON.2 Start/stop control : alogic 1 starts Timer 2. A logic O stops Timer 2.

CIT2 T2CON.1 Timer/counter select : 0 = internal timer (OSC/12). 1 = external event counter (falling
edge triggered).

CP/RL2 T2CON.O0 Capture/reload flag : when set, capture will occur on negative transitions at T2EX if

EXEN2 = 1. When cleared, reloads will occur upon either Timer 2 overflows or negative
transitions at T2EX if EXEN2 = 1. When either RCLK = 1 or TCLK = 1, this bit is ignored
and the timer is forced to reload upon overflow.
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11.2.2 CAPTURE MODE

In the capture mode (see Fig.14) there are two options
which are selected by bit EXEN2 in T2CON. If EXEN2 = 0,
then Timer 2 is a 16-bit timer/counter which on overflow
sets bit TF2 (Timer 2 overflow bit). TF2 can be used to
generate an interrupt. If EXEN2 = 1, Timer 2 operates as
above, with the added feature that a HIGH-to-LOW
transition at the external input T2EX causes the current
value in Timer 2 registers (TL2 and TH2) to be captured
into registers RCAP2L and RCAP2H, respectively. The
HIGH-to-LOW transition of T2EX also causes bit EXF2 in
T2CON to be set. EXF2 can be used to generate an
interrupt.

11.2.3 AUTOMATIC RELOAD MODE

In the automatic reload mode (see Fig.15)there are two
options which are selected by bit EXEN2 in T2CON. If
EXEN2 = 0, then a Timer 2 overflow sets TF2 and causes
the Timer 2 registers to be reloaded with the 16-bit value
in registers RCAP2L and RCAP2H, which are preset by
software.

If EXEN2 = 1, Timer 2 operates as above, with the added
feature that a HIGH-to-LOW transition at the external input
T2EX triggers the 16-bit reload and sets EXF2.

11.2.4 BAUD RATE GENERATOR MODE

The baud rate generator mode (see Fig.16) is selected by
RCLK =1 and/or TCLK = 1 in T2CON. Overflows of either
Timer 2 or Timer 1 can be used independently for
generating baud rates for transmit and receive. The baud
rate generation by Timer 1 and/or Timer 2 is used for the
Serial Port in Mode 1 and Mode 3. The baud rate
generation mode is similar to the automatic reload mode,
in that a rollover in TH2 causes the Timer 2 registers to be
reloaded with the 16-bit value in registers RCAP2L and
RCAP2H, which are preset by software. The baud rate for
the Serial Port in Modes 1 and 3 are determined by
Timer 2's overflow rate as follows:

Timer 2 overflow rate
16

Timer 2 can be configured for either 'timer' or ‘counter'
operation. In timer operation a prescaler divides the
oscillator frequency by 2 (by 12 in the previous modes) and
the baud rate is given by the formula:

Baud Rate =

oscillator frequency
32 x [65536 —(RCAP2H,RCAP2L) ]

In this mode an overflow of Timer 2 does not set TF2. If
EXEN2 =1, a HIGH-to-LOW transition at pin T2EX sets
EXF2 and can be used to generate an interrupt.

Baud Rate =

| control
EXEN2

OSC[—»|+12 —
1 CM2=0
TL2 TH2
— | @ » » =
|© @BITS) | @BITS) TF2
_T Ccim2=1
T2 PIN control
TR2 — .
timer 2
— interrupt
transition
detector RCAP2L RCAP2H
T2EXPIN —» Y_ =T: » EXF2 |
MBC468 - 1

Fig.14 Timer 2 in capture mode.
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Fig.15 Timer 2 in automatic reload mode.

oscC | +12 _
1 C/T2=0
—_—— - TL2 TH2
» _—
| © 8BITS) | (8BITS) TF2
_T Cm2=1
T2 PIN control
TR2
reload |
transition RCAP2L | RCAP2H
detector
T2EXPIN —» ¥_ :Tc o] Exro |
|contro|
EXEN2

timer 2
interrupt

MBC469 - 1

TIMER 1
overflow
(note: divided by 2
not by 12)
OSCI—»|+2 —
1 C/T2=0
TL2 TH2
—_—— | T »
|© @BITS) | @BITS)
] cz=a |
T2 PIN control
TR2 4_‘_ 4_]
—o
transition RCAP2L RCAP2H
detector
"TIMER 2"
T2EXPIN —» Y_ =To —» EXF2 —> interrupt
(addi_tional external
|c0ntro| interrupt)
EXEN2

—— — TC

Fig.16 Timer 2 in baud rate generator mode.

— — RCLK

+16 |—» RX CLOCK

LK

+16 [—» TX CLOCK

MBC470 - 1
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11.3 Watchdog Timer T3

The Watchdog Timer (WDT) see Fig.17, consists of an
11-bit prescaler and an 8-bit timer formed by SFR T3. The
prescaler is incremented by an on-chip oscillator with a
fixed frequency of 1 MHz. The maximum tolerance on this
frequency is =50% and +100%. The 8-bit timer increments
every 2048 cycles of the on-chip oscillator. When a timer
overflow occurs, the microcontroller is reset and a
reset-output-pulse of 16 x 2048 cycles of the on-chip
oscillator is generated at pin RST. The internal RESET
signal is not inhibited when the external RST pin is kept
LOW by e.g. an external reset circuit. The RESET signal
drives Ports 1, 2 and 3 outputs into the High state and Port
0 into high impedance, no matter if the XTAL-clock is
running or not.

The WDT is controlled by WDCON SFR with the direct
address location A5H. WDCON can be read and written by
software. A value of A5H in WDCON halts the on-chip
oscillator and clears both the prescaler and Timer T3. After
RESET, WDCON contains A5H. Every value other than
A5H in WDCON enables the WDT. When the WDT is
enabled it runs independent of the XTAL-clock.

Timer T3 can be read on the fly. Timer T3 can be written
only if WDCON has previously been loaded with 5AH,
otherwise T3 and the prescaler are not affected. A
successful write operation to T3 also clears the prescaler
and clears WDCON. During a read or write operation
addressing T3, the output of the on-chip oscillator is

inhibited to prevent timing problems due to asynchronous
increments of T3. To prevent an overflow of the WDT, the
user program has to reload T3 within periods that are
shorter than the programmed Watchdog time interval. This
time interval is determined by the 8-bit reload value that is
written into register T3.

[256 - (T3) ] x2048
on-chip oscillator frequency
The advantages of this implementation are:

Watchdog time interval =

¢ Only an internal reset connection to the microcontroller
core

e The Power-down mode and the Watchdog (WDT)
function can be used concurrently

* The WDT also monitors the XTAL oscillator. In case of a
failure the port outputs are forced to a defined High state

 Interference will not disable the WDT because it is
unlikely that it will force WDCON to A5H

« Tolerances of the on-chip oscillator can be adjusted by
testing the T3 value and adapting the reload value

e The WDT can be enabled and disabled under control of
the user software. This gives the possibility to use both
the Watchdog function and the Power-down function

¢ The direct address A5H of WDCON and its disable value
A5H will not unintentionally be present at a random
location in the field of program code, except for
immediate data, because the opcode A5H is not used in
the instruction set.

@ ﬁ )
WDCON 11-BIT 8 - BIT TIMER ﬂer—ﬂow
PRESCALER
T3 1]
V
1) ), . . DD
5AH AS5H clear 4o clear 4 input A write A read A clear4a

] O
e lbs

]

RD-T3

R
ON - CHIP - RST
OSCILLATOR
Vss
halt
«>{ RST

@ this signal is active if WDCON
contains this hex value

internal
RESET

—~7 (|

MBC471 -1

Fig.17 Watchdog Timer T3.
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12 SERIAL PORT (UART)

The Serial Portis functionally similar to the implementation
in the 8052AH, with the possibility of two different baud
rates for receive and transmit with Timer 1 and Timer 2 as
baud rate generators. It is full duplex, meaning it can
receive and transmit simultaneously. It is also
receive-buffered, meaning it can commence reception of a
second byte before a previously received byte has been
read from the receive register. However, if the first byte still
has not been read by the time the reception of the second
byte is complete, one of the bytes will be lost. The Serial
Port receive and transmit registers are both accessed as
SBUF SFR. Writing to SBUF loads the transmit register,
and reading SBUF accesses the physically separate
receive register. The Serial Port can operate in one of four
modes:

Mode O serial data enters and exits through RXD. TXD
outputs the shift clock. 8 bits are
transmitted/received: 8 data bits (LSB first). The

baud rate is fixed at 1/12 the oscillator frequency.

Mode 1 10 bits are transmitted (through TXD) or received
(through RXD): a start bit (0), 8 data bits (LSB
first), and a stop bit (1). On receive, the stop bit
goes into RB8 in SCON SFR. The baud rate is

variable.

Mode 2 11 bits are transmitted (through TXD) or received
(through RXD): a start bit (0), 8 data bits (LSB
first), a programmable 9th data bit, and a stop bit
(1). On transmit, the 9th data bit (TB8 in SCON)
can be assigned the value of 0 or 1. For example,
the parity bit (P, in the PSW) could be moved into
TB8. Onreceive, the 9th data bit goes into RB8 in
SCON, while the stop bit is ignored. The baud
rate is programmable to either 1/32 or 1/64 the
oscillator frequency.

Mode 3 11 bits are transmitted (through TXD) or received
(through RXD): a start bit (0), 8 data bits (LSB

first), a programmable 9th data bit, and a stop bit
(2). In fact, Mode 3 is the same as Mode 2 in all
respects except the baud rate. The baud rate in

Mode 3 is variable.
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In all four modes, transmission is initiated by any
instruction that uses SBUF as a destination register. In
Mode 0, reception is initiated by the condition Rl = 0 and
REN = 1. Reception is initiated by incoming start bit if
REN = 1 in the other modes.
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12.1 Serial Port Control Register (SCON)
Table 12 Serial Port Control register (address 98H)

7 6 5 4 3 2 1 0
SMO SM1 SM2 REN TB8 RB8 Tl RI

Table 13 Description of the SCON bits

BIT SYMBOL FUNCTION
7 SMO see Table 14.
6 SM1 see Table 14.
SM2 Enables the multiprocessor communication feature in Modes 2 and 3 . In these

modes, if SM2 is set to 1 then RI will not be activated if the received 9th data bit (RB8) is
0. In Mode 1, if SM2 = 1, then RI will not be activated if a valid stop bit is not received. In
Mode 0, SM2 should be 0.

4 REN Enables serial reception . Set and cleared by software as required.

3 TB8 9th data bit that will be transmitted in Modes 2 and 3 . Set and cleared by software
as required.

2 RBS8 In Modes 2 and 3, RB8 is the 9th data bit that is received . In Mode 1, if SM2 = 0,
RB8 is the stop bit that is received. In Mode 0, RB8 is not used.

1 TI Transmit interrupt flag . It is set by hardware at the end of the 8th bit time in Mode 0, or
at the beginning of the stop bit in the other modes. Tl must be cleared by software.

0 RI Receive interrupt flag . It is set by hardware at the end of the 8th bit time in Mode 0, or

halfway through the stop bit time in the other modes (except: see SM2). Rl must be
cleared by software.

12.2 SMO and SM1 operating modes (SCON)
SCON bits SM0 and SM1 can operate in the following modes (see Table 14):

Table 14 SMO and SM1 operating modes

MODE SMO SM1 DESCRIPTION BAUD RATE
0 0 0 shift register YViofosc
1 0 1 8-bit UART variable
2 1 0 9-bit UART Yaafosc, Yeafosc
3 1 1 9-bit UART variable
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13 BIT-LEVEL I2C INTERFACE

This bit-level serial /0 interface supports the 12C-bus (see
Fig.18). P1.6/SCL and P1.7/SDA are the serial I/O pins.
These two pins meet the 12C specification concerning the
input levels and output drive capability. Consequently,
these pins have an open drain output configuration. All
four modes of the 12C-bus are supported:

master transmitter
master receiver
slave transmitter
slave receiver.

The advantages of the bit-level I2C hardware compared
with a full software 12C implementation are:

the hardware can generate the SCL pulse

testing a single bit (RBF respectively, WBF) is sufficient
as a check for error free transmission.

The bit-level 12C hardware operates on serial bit level and
performs the following functions:

filtering the incoming serial data and clock signals
recognizing the START condition

generating a serial interrupt request Sl after reception of
a START condition and the first falling edge of the serial
clock

recognizing the STOP condition
recognizing a serial clock pulse on the SCL line
latching a serial bit on the SDA line (SDI)

stretching the SCL LOW period of the serial clock to
suspend the transfer of the next serial data bit

setting Read Bit Finished (RBF) when the SCL clock
pulse has finished and Write Bit Finished (WBF) if there
is no arbitration loss detected (i.e. SDA = 0 while

SDO =1)

setting a serial clock LOW-to-HIGH detected (CLH) flag

setting a Bus Busy (BB) flag on a START condition and
clearing this flag on a STOP condition

releasing the SCL line and clearing the CLH, RBF and
WBF flags to resume transfer of the next serial data bit

generating an automatic clock if the single bit data
register S1BIT is used in master mode.
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The following functions must be done in software:

« handling the 12C START interrupts

« converting serial to parallel data when receiving

« converting parallel to serial data when transmitting
« comparing the received slave address with its own
* interpreting the acknowledge information

« guarding the I2C status if RBF or WBF = 0.
additionally, if acting as master:

e generating START and STOP conditions

« handling bus arbitration

« generating serial clock pulses if S1BIT is not used.

Three SFRs control the bit-level 12C interface: S1INT,
S1BIT and S1SCS.
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Fig.18 Bit level I12C interface block diagram.
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13.1

I2C Interrupt Register (S1INT)

Table 15 12C Interrupt register (address DAH) 1)

7

6

5 4 3 2 1 0

SI

X

X X X X X X

Note

1. Sl bit: writing a logic 0 clears this bit, writing a logic 1 has no effect.

Table 16 Description of the S1INT bits

BIT

SYMBOL

FUNCTION

7

SI

Serial Interrupt request (Sl) flag : if a START condition occurs the Sl flag in the S1INT
SFR is set on the falling edge of the filtered serial clock. If SI = 1 is detected during a
transfer this can be a 'spurious START error condition. If no transfer is taking place the
Sl = 1is a START from an external master. Provided the bits EA and ES1 in IE SFR are
set, Sl then generates an interrupt so that a slave address receive routine can be
started. Sl can be cleared by accessing the S1BIT register or by writing '00' to S1INT.
Also after reception of a START condition, the LOW period of the clock pulse is
stretched, suspending the serial transfer to allow the software to take action. This clock
stretching is ended by a read or write access to S1BIT.

6t00

X = undefined during read, don't care during write.

13.2 Single-bit Data Register with |

2C Auto-clock (S1BIT)

Table 17 Single-bit Data register with 12C Auto-clock (address D9H)()

7 6 5 4 3 2 1 0
READ
SDI 0 0 | 0 | 0 | 0 | 0 | 0
WRITE
SDO X x | x | x | x | x | x

Note

1. Access of the S1BIT SFR clears Sl, CLH, RBF and WBF. It starts the auto-clock if SCO = 0.

Table 18 Description of the S1BIT bits

BIT SYMBOL FUNCTION
7 SDO/SDI Serial Data Output (SDO) and the filtered Serial Data Input (SDI) . SDI data is latched
on the rising edge of the filtered serial clock. S1BIT.7 accesses the same memory
locations as S1SCS.7. S1BIT SFR is not bit-addressable.
6t00 - X =don't care.
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13.2.1 READING OR WRITING THE S1BIT SFR

Reading or writing the S1BIT SFR starts an 12C bit /O
sequence: some flags are cleared (SI, CLH, RBF, WBF),
clock stretching is finished and the auto-clock is started.
An auto-clock pulse is 'OR-ed' with SCO and thus will be
output only if the SCO flag has been setto 0. SCO =1
inhibits the auto-clock start, so a dummy read or write of
S1BIT SFR can be used to finish clock stretching and clear
SI, CLH, RBF and WBEF if the auto-clock is not used.

The auto-clock is an active HIGH SCL pulse that starts 28
XTAL clock periods after the SDI read or SDO write via
S1BIT. The duration of the auto-clock pulse is 100 XTAL
clock periods. If the SCL line is kept LOW by any device
that wants to hold up the bus transfer, the auto-clock
counter waits after 20 XTAL clock periods so that the
auto-clock pulse length will be at least 80 XTAL clock
periods (5 ps at fosc = 16 MHz).

13.3 Control and Status Register for the |

Every bit I/0 should be followed by a RBF or WBF bit test.
A bit transfer has been finished successfully if after reading
a bit the RBF flag is 1 or after writing a bit the WBF flag is
1. When after reading a bit the RBF flag is still 0, the bus
status just before the S1SCS status read can be
determined as follows:

« if CLH = 0 then a bus device is still stretching the clock

« if SCI = 1 while CLH = 1 then the SCL pulse is not
finished

« if BB = 0 there has been a STOP condition.

When after writing a bit the WBF flag is still 0 and none of
the 3 status conditions mentioned for RBF are found then
a 'bus arbitration lost' condition will be the cause. This can
be determined also from the states of the received bit and
the last transmitted bit; 'arbitration loss' if SDO = 1 and
SDI = 0.

2C-bus (S1SCS)

Table 19 Control and Status register for the I2C-bus (address D8H)

7 6 5 4 3 2 1 0

READ

sbi | sci® | cth® | BB | RBF® | WBF® | STR | ENS
WRITE

sbpo | sco | cLH® | X | X | X | stR | ENs
Notes
1. SDI and SCI bits : read-modify-write operations like 'SETB bit' or 'CLR bit' access SDO and SCO for reading and

writing.
2. CLH bit: writing a logic 0 clears this bit, writing a 1 has no effect.

RBF and WBF bits : writing a logic 0 to CLH also clears these bits.
4. X =don't care.
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Table 20 Description of the S1SCS bits

BIT SYMBOL FUNCTION

7 SDO/SDI Serial Data Output and the filtered Serial Data Input . SDI data is latched on the rising
edge of the filtered serial clock. S1SCS.7 accesses the same memory locations as
S1BIT.7. Access of the data bit via S1SCS will not start an auto-clock pulse.

6 SCO/SCI Serial Clock Output and the filtered Serial Clock Input . Serial clock output SCO is
'OR-ed' with the auto-clock. If SCO = 1 the auto-clock output is inhibited. The internal
clock stretching logic and external devices can pull the SCL line LOW. If the auto-clock
is not used, the SCL line has to be controlled by setting SCO = 1, waiting for CLH = 1
and setting SCO = 0 after the specified SCL HIGH time. (Because of the input filter,
CLH will be set at least 8 XTAL clock periods after the SCL LOW-to-HIGH transition.)
5 CLH Serial Clock LOW-to-HIGH transition flag : set with a rising edge of the filtered serial
clock. CLH = 1 indicates that, since the last CLH reset, a new valid data bit has been
latched in SDI. CLH can be reset by writing a 0 to S1SCS.5 or by a read/write of S1BIT.
Clearing CLH also clears RBF and WBF.

4 BB Bus Busy flag : indicating that there has been a START condition that was not yet
followed by a STOP condition.

3 RBF Read Bit Finished flag : indicating a successful bit read.

RBF = 1 implies the following conditions:
CLH = 1: SCL had a rising edge
SCI = 0: the SCL pulse has finished
Sl = 0: no START condition occurred
BB = 1: no STOP condition occurred
The RBF flag can be cleared by clearing the CLH flag.

2 WBF Write Bit Finished flag : indicating a successful bit write. The same conditions as for
RBF are true and also no 'arbitration loss' condition occurred. Arbitration is lost if a

1 data bit in SDO was over-ruled on SDA by an external device. The WBF flag can be
cleared by clearing the CLH flag.

1 STR STRetch control flag . STR = 1 enables stretching of all SCL LOW periods. This allows
the processor in I2C slave mode to react on a fast master. The STR flag remains set
until cleared by writing a 0 to S1SCS.1.

The STretch (ST) flag (not readable) pulls the serial clock LOW while ST = 1. The ST
flag is set on the falling edge of the filtered serial clock if STR = 1. It is also set after
reception of a START condition, regardless of the STR contents. ST is cleared with a
read or write of S1BIT.

0 ENS ENable Serial I/0 flag . ENS = 1 enables the START detection and clock stretching
logic. ENS = 0 can be used to switch off the I2C-bus hardware. Note that the SDO and
SCO control flags must be set to 1 before ENS is set to avoid pulling SCL or SDA lines
to 0.
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14 INTERRUPT SYSTEM

The P83C528 contains the same interrupt structure as the
PCB80C51BH, but with a seven-source interrupt structure
with two priority levels (see Fig.19).

The External Interrupts INTO and INT1 can each be either
level-activated or transition-activated, depending on bits
ITOand IT1in TCON SFR. The flags that actually generate
these interrupts are bits IEOQ and IE1 in TCON. When an
external interrupt is generated, the corresponding request
flag is cleared by the hardware when the service routine is
vectored to, only if the interrupt was transition-activated. If
the interrupt was level-activated then the interrupt request
flag remains set until the external interrupt pin INTx goes
high.

The Timer 0 and Timer 1 Interrupts are generated by TFO
and TF1, which are set by a rollover in their respective
timer/counter register (except for Timer 0 in Mode 3 of the
serial interface). When a Timer interrupt is generated, the
flag that generated it is cleared by the on-chip hardware
when the service routine is vectored to.

The Serial Port Interrupt is generated by the logical 'OR' of
RI and TI. Neither of these flags is cleared by hardware.
The service routine will normally have to determine
whether it was Rl or Tl that generated the interrupt, and the
bit will have to be cleared by software.

The Timer 2 Interrupt is generated by the logical OR of TF2
and EXF2. Neither of these flags is cleared by hardware.
In fact the service routine may have to determine whether
itwas TF2 or EXF2 that generated the interrupt, and the bit
will have to be cleared by software.

An additional (third) external interrupt is available, if Timer
2 is not used as timer/counter or if Timer 2 is used in baud
rate generator mode. That external interrupt 2 is falling
edge triggered. It shares the Timer 2 interrupt vector,
interrupt enable and interrupt priority bits. If bit
T2CON.3/EXEN2 = 1, a HIGH-to-LOW transition at pin
P1.1/T2EX sets the interrupt request flag T2CON.6/EXF2
and can be used to generate an external interrupt.
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The I2C interrupt is generated by Sl in S1INT. This flag has
to be cleared by software. All of the bits that generate
interrupts can be set or cleared by software, with the same
result as though they had been set or cleared by hardware,
with the exception of the 12C interrupt request flag S,
which cannot be set by software. That is, interrupts can be
generated or pending interrupts can be cancelled in
software.

INTO —e_ IE0 |—»
T
TF2
Sl >
TFO > interrupt
> sources
0

INTL —e~_ IE1 |—>
OO
TF1 >
I

) >

MBC481 - 1

RI

Fig.19 P83C528 Interrupt Sources.
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14.1 Interrupt Enable Register (IE)
Table 21 Interrupt Enable register (address A8H)

7 6 5 4 3 2 1 0
EA ES1 ET2 ES ET1 EX1 ETO EX0

Table 22 Description of the IE bits

BIT SYMBOL FUNCTION
7 EA general enable/disable control:

0 = NO interrupt is enabled
1 = ANY individually enabled interrupt will be accepted

6 ES1 enable bit-level | 2C 1/O interrupt
5 ET2 enable Timer 2 interrupt

4 ES enable Serial Port interrupt

3 ET1 enable Timer 1 interrupt

2 EX1 enable External interrupt 1

1 ETO enable Timer O interrupt

0 EXO enable External interrupt O

14.2 Interrupt Priority Register (IP)
Table 23 Interrupt Priority register (address B8H)

7 6 5 4 3 2 1 0
- PS1 PT2 PS PT1 PX1 PTO PX0
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14.3 Interrupt Vectors

The interrupt vectors are listed in Table 25.

Table 24 Description of the IP bits

BIT SYMBOL FUNCTION
7 - reserved

6 PS1 Bit-level | 2C interrupt priority level

5 PT2 Timer 2 interrupt priority level

4 PS Serial Port interrupt priority level

3 PT1 Timer 1 interrupt priority level

2 PX1 External interrupt 1 priority level

1 PTO Timer O interrupt priority level

0 PXO0 External interrupt 0 priority level

Table 25 Interrupt vectors

NUMBER SOURCE PRIORITY WITHIN LEVEL VECTOR ADDRESS
1 IEO (highest) 0003H
2 TF2+EXF2 - 002BH
3 SI (12C) - 0053H
4 TFO - 000BH
5 IE1 - 0013H
6 TF1 - 001BH
7 RI + TI (lowest) 0023H
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15 IDLE AND POWER-DOWN OPERATION

The Power-down operation freezes the oscillator. The

1dl d i its the int t ial port d Power-down mode can only be activated by setting the PD
e mode operation permits the interrupt, serial ports an bit in the PCON register (see Fig.20).

timer blocks to function while the CPU is halted. The
following functions remain active during Idle mode. These
functions may generate an interrupt or reset and thus end
the Idle mode:

e Timer O, Timer 1, Timer 2, Watchdog Timer
* UART, I2C-Interface
e External interrupt

XTAL2 XTALL

— OSCILLATOR [—1

=

CLOCK
GENERATOR

interrupts
serial ports
timer blocks

CPU

IDL

MBC477 - 1

Fig.20 Internal Idle and Power-down clock configuration.
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15.1 Power Control Register (PCON)

Special modes are activated by software via the PCON SFR. PCON is not bit addressable. The reset value of PCON is

0XXX0000.

Table 26 Power Control Register (address 87H)

7

6

5 4 3

SMOD

- - GF1

GFO

PD

IDL

Table 27 Description of the PCON bits

BIT SYMBOL FUNCTION
7 SMOD Double Baud rate bit : when set to logic 1 the baud rate is doubled when Timer 1 is
used to generate baud rate, and the Serial Port is used in modes 1, 2 or 3.
6 - reserved for future use
5 - reserved for future use
4 - reserved for future use
3 GF1 general-purpose flag bit
2 GFO general-purpose flag bit
1 PD Power-down bit : setting this bit activates Power-down mode
0 IDL Idle mode bit : setting this bit activates the Idle mode.
Notes

1. |Iflogic 1s are written to PD and IDL at the same time, PD takes precedence.

2. User software should not write 1s to reserved bits. These bits may be used in future 80C51 family products to invoke
new features.
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15.2 Idle Mode

The instruction that sets PCON.0 is the last instruction
executed in the normal operating mode before Idle mode
is activated. Once in the Idle mode, the CPU status is
preserved in its entirety: the Stack Pointer, Program
Counter, Program Status Word, Accumulator, RAM and all
other registers maintain their data during Idle mode. The
status of external pins during Idle mode is shown in
Table 28.

There are three ways to terminate the Idle mode:

« Activation of any enabled interrupt will cause PCON.0 to
be cleared by hardware terminating Idle mode. The
interrupt is serviced, and following return from interrupt
instruction RET]I, the next instruction to be executed will
be the one which follows the instruction that wrote a
logic 1 to PCON.0.

* The flag bits GFO and GF1 may be used to determine
whether the interrupt was received during normal
execution or during the Idle mode. For example, the
instruction that writes to PCON.O can also set or clear
one or both flag bits. When Idle mode is terminated by
an interrupt, the service routine can examine the status
of the flag bits.

« The second way of terminating the Idle mode is with an
external hardware reset. Since the oscillator is still
running, the hardware reset is required to be active for
two machine cycles (24 oscillator periods) to complete
the reset operation.

« The third way of terminating the Idle mode is by internal
watchdog reset.

15.3 Power-down Mode

The instruction that sets PCON.1 is the last executed prior
to going into the Power-down mode. The oscillator is
stopped. Note that the Power-down mode also can be
entered when the watchdog has been enabled. The
Power-down mode can be terminated by an external
RESET in the same way as in the 80C51 or in addition by
any one of the two external interrupts, IEO or IE1 (see
Section 15.4). A reset generated by the WDT terminates
the Power-down mode in the same way as an external
RESET.

The status of the external pins during Power-down mode
is shown in Table 28. If the Power-down mode is activated
while in external program memory, the port data that is
held in the P2 SFR is restored to Port 2. If the data is a
logic 1, the port pin is held HIGH during the Power-down
mode by the strong pull-up transistor p1 (see Fig.13).

Table 28 Status of the external pins during Idle and Power-down modes

MODE MEMORY ALE PSEN PORT 0 PORT 1 PORT 2 PORT 3
Idle internal 1 1 port data port data port data port data
Idle external 1 1 floating port data address port data
Power-down internal 0 0 port data port data port data port data
Power-down external 0 0 floating port data port data port data
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15.4 Wake-up from Power-down Mode

Table 29 Internal registers status after a RESET

The Power-down mode of the P83C528 can also be REGISTER CONTENTS
terminated by any one of the two external interrupts, IEO or ACC 00H
IE1. A termination with an external interrupt does not affect
the internal data memory and does not affect the Special B 00H
Function Registers (SFRs). This gives the possibility to DPH, DPL O00H
exit Power-down without changing the port output levels. IE 0000 0000B
To terminate the Power-down mode with an external N P X000 0000B
interrupt, IEO or IE1 must be switched to be level-sensitive
and must be enabled. The external interrupt input signal PCH, PCL 00H
INTO and INT1 must be kept LOW till the oscillator has PCON 0XXX 0000B
restarted and stabilized (see Fig.21). PSW 00H
In order to prevent any interrupt priority problems during PO to P3 FFH
wake-up, the priority of the desired wake-up interrupt SBUF Indeterminate
should be higher than the priorities of all other enabled SCON 00H
interrupt sources. The instruction following the one that put
the device into the Power-down mode will be the first one SP 07H
which will be executed after an interrupt has been TCON OOH
serviced. TMOD 00H
THO, TLO OOH
TH1, TL1 O0H
T2CON OOH
TH2, TL2 O0H
RCAP2H, RCAP2L OOH
S1BIT X000 0000B
S1INT OXXX XXXXB
S1SCs XXX0 0000B
T3 OOH
WDCON A5H
internal timing stopped —r Cl—»rf Cl—»rf Cl—»rf c2—
power down > IDLE MODE ———=— LCALL

oscillator start up
min. 20 ms

oscillator stopped —|

INTO /INT1

--—— interrupts are polled —

INTO 2 cycles
INT1 1 cycle

<— interrupt routine

}

set external

interrupt latch

Fig.21 Wake up by external interrupt input.

MBC508 - 1
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16 OSCILLATOR CIRCUIT

The oscillator circuit of the P83C528 is a single-stage
inverting amplifier in a Pierce oscillator configuration. The
circuitry between the XTAL1 and XTAL2 is basically an
inverter biased to the transfer point. Either a crystal or
ceramic resonator can be used as the feedback element to
complete the oscillator circuitry. Both are operated in
parallel resonance. XTALL1 is the high gain amplifier input,
and XTAL2 is the output (see Fig.22). To drive the
P83C528 externally, XTAL1 is driven from an external
source and XTAL2 left open-circuit (see Fig.23).

c1
3 N XTALL
N 1
20 pF J_
]
c2
3 I XTAL2
N 11
20 pF

MBC473

Fig.22 P83C528 oscillator circuit.

17 RESET CIRCUIT

The reset circuitry for the P83C528 is connected to the
reset pin RST. A Schmitt trigger is used at the input for
noise rejection. The output of the Schmitt trigger is
sampled by the reset circuitry every machine cycle.

A reset is accomplished by holding the RST pin HIGH for
at least two machine cycles (24 oscillator periods). The
CPU responds by executing an internal reset. During reset
ALE and PSEN output a HIGH level. In order to perform a
correct reset, this level must not be affected by external
elements.

With the P83C528, the RST line can also be pulled HIGH
internally by a pull-up transistor activated by the WDT T3.
The length of the reset pulse from T3 is 16 x 2048 cycles
of the on-chip watchdog oscillator. If the WDT is also used
to reset external devices, the usual capacitor arrangement
should not be connected to RST pin. Instead, an extra
circuit should be used to perform the Power-on Reset
operation. It should be remembered that a Timer T3
overflow, if enabled, will force a reset condition to the
P83C528 by an internal connection, whether the output
RST is tied LOW or not (see Fig.24).

The internal reset is executed during the second cycle in
which RST is pulled HIGH and is repeated every cycle until
RST goes LOW. It leaves the internal registers as shown
by Table 29.

external clock ° XTAL1
(not TTL compatible)
XTAL2
not connected

MBC472

Fig.23 Driving the P83C528 from an
external source.

VbD

=) overflow

timer T3
SCHMITT
TRIGGER

RESET
RST l; _ | circuitrRY
on-chip e MBC476 - 1

resistor | |RRsT

Fig.24 On-chip reset configuration.
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17.1 Power-on reset

When Vpp is turned on, and provided its rise-time does not
exceed 10 ms, an automatic reset can be obtained by
connecting the RST pin to Vpp via a 2.2 pF capacitor.
When the power is switched on, the voltage on the RST pin
is equal to Vpp minus the capacitor voltage, and
decreases from Vpp as the capacitor charges through the
internal resistor (Rrst) to ground. The larger the capacitor,
the more slowly Vrst decreases. Vrst must remain above
the lower threshold of the Schmitt trigger long enough to
effect a complete reset. The time required is the oscillator
start-up time, plus 2 machine cycles, or 16 x 2048 cycles
of the on-chip watchdog oscillator if it is running, whichever
is longer (see Fig.25).

Vbb

+ VbD
= 22pF

P83C528

RST

RRsT

MBC474

Fig.25 Power-on reset.

1997 Dec 15

45



Philips Semiconductors Product specification

8-hit microcontrollers P83C524; P80C528; P83C528

18 INSTRUCTION SET

The instruction set consists of 49 single-byte, 46 two-byte and 16 three-byte instructions. When using a 12 MHz
oscillator, 64 instructions execute in 1 cycle (1 ps) and 45 instructions execute in 2 cycles (2 ps). Multiply and divide
instructions execute in 4 cycles (4 pus).

Table 30 Instruction set description: Arithmetic operations

MNEMONIC DESCRIPTION BYTES | CYCLES OTISI?XD)E

Arithmetic operations

ADD A,Rr Add register to A 1 1 2*
ADD A,direct Add direct byte to A 2 1 25
ADD A, @RI Add indirect RAM to A 1 1 26, 27
ADD A #data Add immediate data to A 2 1 24
ADDC ARr Add register to A with carry flag 1 1 3*
ADDC A direct Add direct byte to A with carry flag 2 1 35
ADDC A @Ri Add indirect RAM to A with carry flag 1 1 36, 37
ADDC A #data Add immediate data to A with carry flag 2 1 34
SUBB A,Rr Subtract register from A with borrow 1 1 o*
SUBB A.,direct Subtract direct byte from A with borrow 2 1 95
SUBB A,@Ri Subtract indirect RAM from A with borrow 1 1 96, 97
SUBB A #data Subtract immediate data from A with borrow 2 1 94
INC A Increment A 1 1 04
INC Rr Increment register 1 1 o*
INC direct Increment direct byte 2 1 05
INC @Ri Increment indirect RAM 1 1 06, 07
DEC A Decrement A 1 1 14
DEC Rr Decrement register 1 1 1*
DEC direct Decrement direct byte 2 1 15
DEC @RI Decrement indirect RAM 1 1 16, 17
INC DPTR Increment data pointer 1 2 A3
MUL AB Multiply A and B 1 4 Ad
DIV AB Divide A by B 1 4 84

DA A Decimal adjust A 1 1 D4
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Table 31 Instruction set description: Logic operations

MNEMONIC DESCRIPTION BYTES | CYCLES OTISI?XD)E

Logic operations

ANL ARr AND register to A 1 1 5*
ANL A.direct AND direct byte to A 2 1 55
ANL A @RI AND indirect RAM to A 1 1 56, 57
ANL A #data AND immediate data to A 2 1 54
ANL direct,A AND A to direct byte 2 1 52
ANL direct,#data AND immediate data to direct byte 3 2 53
ORL ARr OR register to A 1 1 4*
ORL A, direct OR direct byte to A 2 1 45
ORL A,@Ri OR indirect RAM to A 1 1 46, 47
ORL A #data OR immediate data to A 2 1 44
ORL direct,A OR A to direct byte 2 1 42
ORL direct,#data OR immediate data to direct byte 3 2 43
XRL A,Rr Exclusive-OR register to A 1 1 6*
XRL A.direct Exclusive-OR direct byte to A 2 1 65
XRL A @RI Exclusive-OR indirect RAM to A 1 1 66, 67
XRL A#data Exclusive-OR immediate data to A 2 1 64
XRL direct,A Exclusive-OR A to direct byte 2 1 62
XRL direct,#data Exclusive-OR immediate data to direct byte 3 2 63
CLR A Clear A 1 1 E4
CPL A Complement A 1 1 F4

RL A Rotate A left 1 1 23
RLC A Rotate A left through the carry flag 1 1 33

RR A Rotate A right 1 1 03
RRC A Rotate A right through the carry flag 1 1 13
SWAP A Swap nibbles within A 1 1 C4
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Table 32 Instruction set description: Data transfer

MNEMONIC DESCRIPTION BYTES | CYCLES OTISI?XD)E
Data transfer
MOV  ARr Move register to A 1 1 E*
MOV  Adirect (note 1) Move direct byte to A 2 1 E5
MOV A @Ri Move indirect RAM to A 1 1 E6, E7
MOV  A#data Move immediate data to A 2 1 74
MOV  RrA Move A to register 1 1 F*
MOV  Rrdirect Move direct byte to register 2 2 A*
MOV  Rr#data Move immediate data to register 2 1 7*
MOV  direct,A Move A to direct byte 2 1 F5
MOV  direct,Rr Move register to direct byte 2 2 8*
MOV  direct,direct Move direct byte to direct 3 2 85
MOV  direct,@Ri Move indirect RAM to direct byte 2 2 86, 87
MOV  direct,#data Move immediate data to direct byte 3 2 75
MOV @RI,A Move A to indirect RAM 1 1 F6, F7
MOV  @Ri,direct Move direct byte to indirect RAM 2 2 A6, A7
MOV  @Ri#data Move immediate data to indirect RAM 2 1 76, 77
MOV  DPTR,#data 16 Load data pointer with a 16-bit constant 3 2 90
MOVC A ,@A+DPTR Move code byte relative to DPTR to A 1 2 93
MOVC A ,@A+PC Move code byte relative to PC to A 1 2 83
MOVX A,@Ri Move external RAM (8-bit address) to A 1 2 E2, E3
MOVX A,@DPTR Move external RAM (16-bit address) to A 1 2 EO
MOVX @Ri,A Move A to external RAM (8-bit address) 1 2 F2, F3
MOVX @DPTR,A Move A to external RAM (16-bit address) 1 2 FO
PUSH direct Push direct byte onto stack 2 2 Co
POP direct Pop direct byte from stack 2 2 DO
XCH A,Rr Exchange register with A 1 1 C*
XCH A.direct Exchange direct byte with A 2 1 C5
XCH A, Q@RI Exchange indirect RAM with A 1 1 Ce6, C7
XCHD A,@Ri Exchange LOW-order digit indirect RAM with A 1 1 D6, D7
Note

1. MOV A,ACC is not permitted.
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Table 33 Instruction set description: Boolean variable manipulation, Program and machine control

MNEMONIC DESCRIPTION BYTES | CYCLES OTISI?XD)E

Boolean variable manipulation

CLR C Clear carry flag 1 1 C3
CLR bit Clear direct bit 2 1 Cc2
SETB C Set carry flag 1 1 D3
SETB  bit Set direct bit 2 1 D2
CPL C Complement carry flag 1 1 B3
CPL bit Complement direct bit 2 1 B2
ANL C,bit AND direct bit to carry flag 2 2 82
ANL C./bit AND complement of direct bit to carry flag 2 2 BO
ORL C,bit OR direct bit to carry flag 2 2 72
ORL C./bit OR complement of direct bit to carry flag 2 2 A0
MOV  C,bit Move direct bit to carry flag 2 1 A2
MOV  bit,C Move carry flag to direct bit 2 2 92
Program and machine control

ACALL addril Absolute subroutine call 2 2 eladdr
LCALL addri6 Long subroutine call 3 2 12
RET Return from subroutine 1 2 22
RETI Return from interrupt 1 2 32
AJMP  addrll Absolute jump 2 2 ¢ laddr
LIMP  addrl6 Long jump 3 2 02
SIMP  rel Short jump (relative address) 2 2 80
JMP @A+DPTR Jump indirect relative to the DPTR 1 2 73

Jz rel Jump if A'is zero 2 2 60
INZ rel Jump if A'is not zero 2 2 70

JC rel Jump if carry flag is set 2 2 40
JNC rel Jump if carry flag is not set 2 2 50

JB bit,rel Jump if direct bit is set 3 2 20
JNB bit,rel Jump if direct bit is not set 3 2 30
JBC bit,rel Jump if direct bit is set and clear bit 3 2 10
CINE A.direct,rel Compare direct to A and jump if not equal 3 2 B5
CINE A#datarel Compare immediate to A and jump if not equal 3 2 B4
CINE Rr#data,rel Compare immediate to register and jump if not 3 2 B*

equal
CINE @Ri#data,rel Compare immediate to indirect and jump if not 3 2 B6, B7
equal

DJIJNZ Riurel Decrement register and jump if not zero 2 2 D*
DJNZ direct,rel Decrement direct and jump if not zero 3 2 D5
NOP No operation 1 1 00
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Table 34 Description of the mnemonics in the Instruction set

MNEMONIC

DESCRIPTION

Data addressing

modes

Rr

working register RO-R7.

direct 128 internal RAM locations and any special function register (SFR).

@RI indirect internal RAM location addressed by register RO or R1 of the actual register bank.

#data 8-bit constant included in instruction.

#data 16 16-bit constant included as bytes 2 and 3 of instruction.

bit direct addressed bit in internal RAM or SFR.

addr16 16-bit destination address. Used by LCALL and LIMP. The branch will be anywhere within the
64 kbytes program memory address space.

addril 11-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2 kbytes
page of program memory as the first byte of the following instruction.

rel Signed (two's complement) 8-bit offset byte. Used by SIMP and all conditional jumps. Range is

—-128 to +127 bytes relative to first byte of the following instruction.

Hexadecimal opcode cross-reference

*

8,9,A,B,C,D,E,F

11, 31,51, 71, 91, B1, D1, F1.

¢

01, 21, 41, 61, 81, A1, C1, E1.
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First hexadecimal character of opcode

~ Second hexadecimal character of opcode

—

! 0 1 2 3 4 5 6 | 7 8|9[A[B|C|D|E]F
0 NOP AIMP LIMP RR INC INC INC @Ri INC Rr
addrll | addr1é A A direct 0 | 1 0|1]|2]3|4]|5]6]|7
1 JBC ACALL | LCALL RRC DEC DEC DEC @Ri DEC Rr
bit,rel addrll | addrlé A A direct 0 | 1 o|1|2|3]4]|5]6]7
) JB AIMP RET RL ADD ADD ADD A,@Ri ADD A,Rr
bit,rel addr1l A A #data A,direct 0 | 1 0|1|2|3]4]|5]6]7
3 IJNB ACALL RET] RLC ADDC ADDC ADDC A,@Ri ADDC A,Rr
bit,rel addr1l A A #data A, direct 0 | 1 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7
4 JC AIJMP ORL ORL ORL ORL ORL A,@Ri ORL A,Rr
rel addril | direct,A | direct,#data A #data A direct 0 | 1 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7
5 IJNC ACALL ANL ANL ANL ANL ANL A, @Ri ANL A,Rr
rel addril | direct, A | direct#data A #data A,direct 0 | 1 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7
5 Jz AJMP XRL XRL XRL XRL XRL A, @Ri XRL A,Rr
rel addrll direct,A direct,#data A #data A,direct 0 | 1 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7
; INZ ACALL ORL JMP MOV MOV MOV @Ri #data MOV Rr,#data
rel addr11 C,bit @A+DPTR A #data direct,#data 0 | 1 0|1|2|3]4]|5]6]7
8 SIMP AIJMP ANL MOVC DIV MOV MOV direct, @Ri MOV direct,Rr
rel addr1l C,bit A @A+PC AB direct,direct 0 | 1 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7
9 MOV ACALL MOV MOVC SUBB SUBB SUBB A,@Ri SUB A,Rr
DTPR,#datal6 | addril bit,C A @A+DPTR A #data A,direct 0 | 1 0|1|2|3]4]|5]6]7
A ORL AJMP MOV INC MUL MOV @Ri,direct MOV Rr,direct
C,/bit addril | bitC DPTR AB o | 1 0|1|2|3]4]|5]6]7
B ANL ACALL CPL CPL CJINE CJINE CJINE @RI #data,rel CJINE Rr,#data,rel
C,/bit addr1l bit C A#data,rel | A,direct,rel 0 | 1 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7
c PUSH AJMP CLR CLR SWAP XCH XCH A @RI XCH A,Rr
direct addr11 bit C A A direct 0 | 1 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7
b POP ACALL | SETB SETB DA DINZ XCHD A,@Ri DJNZ Rr,rel
direct addr11 bit C A direct,rel 0 | 1 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7
£ MOVX AIMP MOVX A, @Ri CLR MOV MOV A,@Ri MOV A,Rr
A,@DTPR addri1l 0 | 1 A A,direct o | 1 0|1]2|3]4]|5]|6]7
E MOVX ACALL MOVX @Ri,A CPL MOV MOV @Ri,A MOV Rr,A
@DTPR,A addr11 o | 1 A direct,A o | 1 0|1]2]3]|4]|5]6]|7
Note

1. MOV A, ACC is not a valid instruction.
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19 LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134)

SYMBOL PARAMETER MIN. MAX. UNIT
Vbp supply voltage range -0.5 +6.0 \
\/ all input voltages -0.5 Vpp +0.5 \
Piot total power dissipation - 1 W
Tstg storage temperature range -65 +150 °C
Tamb operating ambient temperature range:
version xBx 0 +70 °C
version xFx -40 +85 °C
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20 DC CHARACTERISTICS

Vpp =5V +10%; Vgs =0V, Tamp = 0 to +70°C; —40 to +85°C. All voltages with respect to Vsg unless otherwise

specified.
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Supply
Vbp supply voltage range 4.5 5.5 Y
Ibb supply current operating modes, Vbbmax: 16 MHz - 33 mA
note 1 Voomax: 24 MHz 43 mA
b supply current Idle mode, note 2 Vbpmax, 16 MHz - 6 mA
Vbpmax, 24MHz 7.5 mA
lpD supply current Power—-down mode 2V <£Vpp £ Vppmax; Note 3 | - 100 HA
Inputs
ViL LOW level input voltage -0.5 0.2Vpp—0.1 |V
(except EA, P1.6, P1.7)
' LOW level input voltage EA -0.5 0.2Vpp-0.3 |V
VL2 LOW level input voltage P1.6, P1.7 note 6 -0.5 0.3 Vpp \%
VIH HIGH level input voltage 0.2 Vpp +0.9 | Vpp +0.5 \%
(except RST, XTAL1, P1.6, P1.7)
ViH1 HIGH level input voltage RST, XTAL1 0.7 Vpp Vpp +0.5 \
V|H2 HIGH level input voltage P1.6, P1.7 | note 6 0.7 Vpp 55 \%
IiL LOW level input current V=045V - -50 A
Ports 1, 2 and 3
(except P1.6 and P1.7)
It input current HIGH-to-LOW transition |V, =2.0V - -650 HA
Ports 1, 2 and 3
(except P1.6 and P1.7)
I input leakage current Port 0, EA 0.45 <V, < Vpp - +10 HA
ILi2 input leakage current P1.6 and P1.7 [0V <V,<55V - +10 HA
O0V<Vpp<55V
Outputs
VoL LOW level output voltage lo=1.6 mA;notes6and7 |- 0.45 \%
Ports 1, 2 and 3
(except P1.6 and P1.7)
Vor1 LOW level output voltage lo.=3.2mA;notes4and7 |- 0.45 \%
Port 0, ALE, PSEN
VoL2 LOW level output voltage loL = 3.0 mA; note 7 - 0.40 \%
P1.6 and P1.7
VoH HIGH level output voltage lon = —60 pA,; 24 - \Y
Ports 1, 2 and 3 Vpp =5V +10% 0.75 V B
(except P1.6 and P1.7) L = o5 LA 12 oD
OH= "o |t 0.9 Vpp -
lon = -10 pA
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SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VoH1 HIGH level output voltage lon = =800 PA; 2.4 - \
PortOin in external bus mode, Vpp =5 V+ 10% 075V _
ALE, PSEN, RST oot = 300 WA UTeD
OH = HA; 0.9Vpp _
lon = —80 PA; note 5
RRrsT RST pull-down resistor 50 150 kQ
Cio 1/0 pin capacitance test frequency = 1 MHz; - 10 pF
Tamb =25 °C

Notes to the DC characteristics

1. Conditions for:

a) The operating supply current is measured with all output pins disconnected; XTAL1 driven with t; =t = 5 ns;
VL =Vgs +0.5 V; V|4 = Vpp —0.5 V; XTAL2 not connected; EA = RST = Port 0 = P1.6 = P1.7 = Vpp;
the WDT is disabled (by the external RESET).

Conditions for:

a) The Idle mode supply current is measured with all output pins disconnected; XTALL driven with t; = tr = 5 ns;
VL =Vss +0.5V; V|4 = Vpp —0.5 V; XTAL2 not connected; the WDT is disabled; EA = RST = Vgg;
Port 0 = P1.6 = P1.7 = Vpp.

Conditions for:

a) The Power-down current is measured with all output pins disconnected; XTAL2 not connected;
WDT is disabled; EA = RST = XTAL1 = Vgg; Port 0 = P1.6 = P1.7 = Vpp.

Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the LOW level
output voltage of ALE, Port 1 and Port 3. The noise is due to external bus capacitance discharging into the Port O
and Port 2 pins when these pins make a HIGH-to-LOW transition during bus operations. In the worst cases
(capacitive loading > 100pF), the noise pulse on the ALE line may exceed 0.8 V. 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 Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PSEN to momentarily
fall below the 0.9 Vpp specification when the address bits are stabilizing.

The input threshold voltage of P1.6 and P1.7 (SIO1) meets the 12C specification, so a voltage below 0.3 Vpp will be
recognized as a logic 0 while an input above 0.7 Vpp will be recognized as a logic 1.

Under steady state (non-transient) conditions, lo. must be externally limited as follows:
a) Maximum lg, per port pin:10 mA.
b) Maximum lg, per 8-bit port:- Port 0: 26 mA; Ports 1, 2 and 3: 15 mA.

¢) Maximum total I, for all output pins: 71 mA. If o, exceeds the test condition,
VoL may exceed the related specification.

d) Pins are not guaranteed to sink current greater than the listed test conditions.

Ibp max. at other frequencies can be derived from Fig.26 where f is the external oscillator frequency in MHz;
Ibp Max. is given in mA.
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Valid only within frequency specifications of device under test.

Fig.26 Ipp as a function of frequency.
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21 AC CHARACTERISTICS

21.1 AC Characteristics 16 MHz version
See notes 1, 2 and 3 in Section 21.2; Cl = 100 pF for Port 0, ALE and PSEN; C, = 80 pF for all other outputs unless
otherwise specified.

16 MHZ VARIABLE CLOCK
SYMBOL PARAMETER UNIT
MIN. MAX. MIN. MAX.

External program memory

tLHLL ALE pulse duration 85 - 2 tck—40 - ns
taviL address set-up time to ALE 8 - tck—55 - ns
tLLAX address hold time after ALE 28 - tck—35 - ns
tLuv time from ALE to valid instruction input - 150 - 4 tck—100 ns
tLLpL time from ALE to control pulse PSEN 23 - tck—40 - ns
tpLpy control pulse duration PSEN 143 - 3 tek—45 - ns
teLiv time from PSEN to valid instruction input - 83 - 3 tck—105 ns
tpxix input instruction hold time after PSEN 0 - 0 - ns
texiz input instruction float delay after PSEN - 38 - tck=25 ns
taviv address to valid instruction input - 208 - 5 tck—105 ns
tpLaz address float time to PSEN - 10 - 10 ns
External data memory

tLHLL ALE pulse duration 85 - 2 tck—40 - ns
tavLL address set-up time to ALE 8 - tck—55 - ns
tLLAX address hold time after ALE 28 - tck—35 - ns
tRLRH RD pulse duration 275 - 6tck-100 |- ns
tWLWH WR pulse duration 275 - 6 tck—100 - ns
tRLDY RD to valid data input - 148 - 5tck-165 |ns
tRHDX data hold time after RD 0 - 0 - ns
tRHDZ data float delay after RD - 55 - 2 tck-70 ns
tLLpz time from ALE to valid data input - 350 - 8 tck—150 ns
tavDv address to valid data input - 398 - 9 tck—165 ns
tLLwL time from ALE to RD or WR 138 238 3 tck=50 3 tck+50 ns
tavwL time from address to RD or WR 120 - 4tck-130 |- ns
twHLH time from RD or WR HIGH to ALE HIGH 23 103 tck—40 tck+ 40 ns
tovwx data valid to WR transition 3 - tck—60 - ns
tovwH data set-up time before WR 288 - 7 tck=150 |- ns
twHox data hold time after WR 13 - tck—50 - ns
tRLAZ address float delay after RD - 0 - 0 ns
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21.2 AC Characteristics 24 MHz version
See notes 1, 2 and 3.; Cl = 100 pF for Port 0, ALE and PSEN; C_ = 80 pF for all other outputs unless otherwise
specified.

24 MHZ VARIABLE CLOCK
SYMBOL PARAMETER UNIT
MIN. MAX. MIN. MAX.

External program memory

tLHLL ALE pulse duration 43 - 2 tck—40 - ns
tAVLL address set-up time to ALE 17 - tck—25 - ns
tLLax address hold time after ALE 17 - tck—25 - ns
tLLv time from ALE to valid instruction input - 102 - 4 tck—65 ns
tLpL time from ALE to control pulse PSEN 17 - tck—25 - ns
tPLPH control pulse duration PSEN 80 - 3 tck—45 - ns
teLiv time from PSEN to valid instruction input - 65 - 3 tck—60 ns
tpxix input instruction hold time after PSEN 0 - 0 - ns
tpxiz input instruction float delay after PSEN - 17 - tck—25 ns
taviv address to valid instruction input - 128 - 5 tck—80 ns
tpLaz address float time to PSEN - 10 - 10 ns
External data memory

tLHLL ALE pulse duration 43 - 2 tck—40 - ns
taviL address set-up time to ALE 17 - tck—25 - ns
tLLAX address hold time after ALE 17 - tck—25 - ns
tRLRH RD pulse duration 150 - 6 tck—100 |- ns
twiwk WR pulse duration 150 - 6tck-100 |- ns
trLpv RD to valid data input - 118 - 5 tek—90 ns
tRHDX data hold time after RD 0 - 0 - ns
tRHDZ data float delay after RD - 55 - 2 tex—28 ns
tLpz time from ALE to valid data input - 183 - 8 tck—150 ns
tavDV address to valid data input - 210 - 9 tck—165 ns
tL LWL time from ALE to RD or WR 75 175 3 tek=50 3 tek+50 ns
tAvwL time from address to RD or WR 92 - 4 tck=75 - ns
twHLH time from RD or WR HIGH to ALE HIGH 17 67 tck—25 tck+ 25 ns
tovwx data valid to WR transition 12 - tck=30 - ns
tovwH data set-up time before WR 162 - 7tck-130 |- ns
twHOX data hold time after WR 17 - tck—25 - ns
tRLAZ address float delay after RD - 0 - 0 ns

Notes to the AC Characteristics 16 and 24 MHz versions
1. Forthe AC Characteristics the following conditions are valid:
a) P83C52x EBx: Vpp =5V +£10%; Vss =0 V; Tgmp = 0 to +70 °C; tck min. = 63 ns
b) P83C52x EFx: Vpp =5V £10%; Vss = 0 V; Tamp = —40 to +85 °C; tck min. = 63 ns.
tek min. = 1/f max. (maximum operating frequency); tck = clock period (see section for timing symbol definitions).
The maximum operating frequency is limited to 16/24 MHz and the minimum to 3.5 MHz (all versions IXx/Exx).
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22 12C CHARACTERISTICS (BIT-LEVEL)

SYMBOL PARAMETER INPUT OUTPUT I2C SPEC | UNIT

SCL timing

tHD:sTA START condition hold time > 14 tck; note 1 note 2 >4.0 us
tLow SCL LOW time > 16 tek note 2 >4.7 us
tHIGH SCL HIGH time > 14 tck; note 1 > 80 tck; note 3 >4.0 us
trc SCL RISE time <1;note 4 note 5 <1.0 us
tec SCL FALL time <0.3; note 4 <0.3; note 6 <0.3 Hs
SDA timing

tsu;paT data set-up time > 250 ns note 2 > 250 ns
tHD:DAT data hold time >0ns note 2 >0 ns
tsu:sTA repeated START set-up time =14 tck; note 1 note 2 >4.7 us
tsu:sTo STOP condition set-up time > 14 tck; note 1 note 2 >4.0 Hs
tBUE bus free time > 14 tck; note 1 note 2 >4.7 us
trRD SDA RISE time <1;note 4 note 5 <1.0 Hs
trD SDA FALL time < 300 ns; note 4 <0.3; note 6 <0.3 us
Notes

1. Atfck = 3.5 MHz, this evaluates to 14 x 286 ns = 4 ys, i.e. the bit-level I2C interface can respond to the 12C protocol
for fc k 23.5 MHz.

2. This parameter is determined by the user software, it has to comply with the 12C specification.

This value gives the auto-clock pulse length which meets the 12C specification for the specified XTAL1 clock
frequency range. Alternatively, the SCL pulse may be timed by software.

4. Spikes on SDA and SCL lines with a duration of less than 4 x fc ¢ will be filtered out.

The RISE time is determined by the external bus line capacitance and pull-up resistor, it must be <1 ps.

6. The maximum capacitance on bus lines SDA and SCL is 400 pF.
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23 XTAL1 CHARACTERISTICS

Oscillator circuitry: crystal capacitors: C1 = C2 = 20 pF (see Fig.31).

Table 36 External clock drive XTAL

VARIABLE CLOCK
SYMBOL PARAMETER UNIT
MIN. MAX.
felk clock frequency 35 24 MHz
tck clock period 42 286 ns
tHiGH HIGH time 17 tek = tLow ns
tLow LOW time 17 tck — tHIGH ns
t RISE time - 5 ns
tf FALL time - 5 ns
tey cycle time (tcy = 12 tck) 0.5 3.43 us
24 SERIAL PORT CHARACTERISTICS
See Table 37 and Fig.32.
Table 37 Serial Port Timing: Shift Register Mode
Vpp =5V £10%; Vgs =0 V; Tamp =0 °C to 70 °C; Load Capacitance = 80 pF
24 MHZ OSCILLATOR VARIABLE
SYMBOL PARAMETER OSCILLATOR UNIT
MIN. MAX. MIN. MAX.
txixL Serial Port clock cycle time 0.5 - 12 tck - us
tovxH output data setup to clock rising edge 283 - 10 tck—133 | - ns
txHox output data hold after clock rising edge 23 - 2 tck—60 - ns
tXHDX input data hold after clock rising edge 0 - 0 - ns
txHDV clock rising edge to input data valid - 283 - 10 tck—133 | ns
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START or repeated START condition

tRD

| repeated START condition |

STOP condition

START condition

SDA
(input / output)
scL
(input / output)
-
tHD;STA  tLow 'HIGH tsu;pAT1 'HD:DAT

Fig.27 12C interface timing.
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- tipL =
~tavi> ~—— tpLpH
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- tpLv [+

PSEN

tpxiz —=
UpXIX - ‘f

INSTR IN N AO - A7

PORT 0 }

PORT 2

A8 - A15 >< A8 - Al

X

MBC483 - 1

Fig.28 External program memory read cycle.
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Fig.29 External data memory read cycle.

SJ3||01U020.21W 1IQ-8

82¢50€8d -8¢5008d -¥¢S0£8d

$1019NpuodIWaS sdijiyd

uolealnads 19npoid



ST 994 /66T

€9

ALE /

~— LWHLH —

PSEN /

~ twL " twLwH———

>

tAvLL

=t | Ax>

~—- tovwx - LWHQX

tovwH ——

A0 - A7
from Rl or DPL

DATA OUT >< >< AO - A7 from PCL INSTR IN

<7tAVWL4>

PORT 2 ><

P2.0 - P2.7 or A8 - A15 from DPH

>< A8 - AL5 from PCH

MBC486 - 1

Fig.30 External data memory write cycle.

SJ3||01U020.21W 1IQ-8

82¢50€8d -8¢5008d -¥¢S0£8d

$1019NpuodIWaS sdijiyd

uolealnads 19npoid



Philips Semiconductors Product specification

8-hit microcontrollers P83C524; P80C528; P83C528

20V 20V
24V
D test points —
/ \
0.45V
0.8V 0.8V
a)

(
- float >
2.4V 2.4V
20V 20V
0.8V 0.8V
045V 045V
(b) MBC480

AC testing inputs are driven at 2.4 V for alogic 1 and 0.45 V for a logic 0. Timing measurements
are taken at 2.0 V for a logic 1 and 0.8 V for logic 0 see (a). The float state is defined as the point
at which a Port 0 pin sinks 3.2 mA or sources 400 PA at the voltage test levels see (b).

Fig.31 AC testing input, output waveform (a) and float waveform (b).

MBC479

See Table 36.

Fig.32 External clock drive XTALL.

1997 Dec 15 64



Philips Semiconductors Product specification

8-bit microcontrollers P83C524; P80C528; P83C528
INSTRUCTON | o | 1 | =2 | 3 | 4 | s | & | 7 | 8 |
ALE
IXLXL

CLOCK

OUTPUT DATA

WRITE TO SBUF

INPUT DATA
—_

}

CLEARRI

See Table 37.

] ‘¢tXHQX
*‘ tovxH T

\ A I X X X o x X/

—oleIXHDX A
‘ SETTI

MBC475 SET RI

— Iy HDV[*

Fig.33 Shift register mode timing waveforms.
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‘47 one machine cycle :F one machine cycle 4>‘
S1 S2 S3 S4 S5 S6 S1 S2 S3 S4 S5 S6
P1 P2 P1 P2 P1 P2 P1 P2 P1 P2 P1 P2 P1 P2 P1 P2 P1 P2 P1 P2 P1 P2 P1 P2
XTAL1
INPUT
ALE
dotted lines
are valid when
RD or WR are
active
PSEN
only active
during a read —
from external RD
data memory
only active
during a write _—
to external WR
data memory
BUS address address
external (PORT 0) AO - A7 A0 - A7
program
memory
fetch
PORT 2 | address A8 - A15 | address A8 - A15 | address A8 - A15 | address A8 - A15
BUS inst. address inst. address . address
ad or (PORT 0) b 'AO - A7 - AO- A7 data output or data input |—| AO - A7 |—[
write of
external data
memory
PORT 2 | address A8 - Al15 | address A8 - A15 or Port 2 out | address A8 - A15
gﬁ?;UT old data | new data
PORT
INPUT
‘ sampling time of 1/0 port pins during input (including INTO and INT1) ‘
SERIAL
PORT —| | ,7
CLOCK
MBC487 - 1
Fig.34 Instruction cycle timing.
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25.1 Timing symbol definitions

Oscillator:
feuk = clock frequency
tck = clock period

Timing symbols (acronyms):

Each timing symbol has five characters. The first character
is always a't' (= time). the remaining four characters of the
symbol (typed in subscript), depending on their relative
positions, indicate the name of a signal or the logical status
of that signal. the designations are as follows:

A =address
C =clock
D = input data

H = logic level HIGH
| = instruction (program memory contents)
L = Logic level LOW or ALE

P = PSEN
Q = output data
R = RD signal
t = time
V = valid
W = WR signal
X =no longer a valid logic level
Z = float
Examples:

tavLL = time for address valid to ALE LOW
t.LpL = time for ALE LOW to PSEN LOW
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26 PACKAGE OUTLINES

DIP40: plastic dual in-line package; 40 leads (600 mil) SOT129-1
2 - D > - Mg >
&
o
5 |
£ T
= /! |1 o)
7] 2 A
vy T4 ¥ \ [
X - ‘ }
L |
- fa |
f ‘ L.
-z 2] -
1
(eq) -
— b
40 ‘ r 21 My >
A
/ pin 1 index
e S L
y
1 20
0 10 mm
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A Aq Az ® (6 z®
UNIT max. min. max. b b, c D E e el L Mg My w max.
1.70 0.53 0.36 52.50 14.1 3.60 15.80 17.42
mmo|o4r 1051 )40 gg | 038 | 023 | 5150 | 137 | 2% | 1924 | 305 | 1524 | 1590 | 0254 | 225
. 0.067 | 0.021 | 0.014 | 2.067 0.56 0.14 0.62 0.69
inches 0.19 0.020 0.16 0.045 | 0015 | 0009 | 2028 0.54 0.10 0.60 012 0.60 0.63 0.01 0.089
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
REFERENCES
VERSION PROJECTION | ISSUEDATE
IEC JEDEC EIAJ
SOT129-1 051G08 MO-015AJ = @ 9952_311_1} A
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PLCC44: plastic leaded chip carrier; 44 leads SOT187-2
\ RN |
| / N [ P
, \ [ ‘
| | |
| \{ /
A\ N s ‘
€p e
O]y
39 29 |
e e s i e e e e Y—&a 1
1 il 28 ‘E
40} ‘ Elj
O | 1
44[] ‘ 1
gl —— - —— 8 e
[ T pin 1 index \ [
i | g i
0 | 7l
6] ‘ [118 Kk,
B Y X ! i
bk -y - T | I - - i ! Y
i 7 =
S =v@lA]
E —| ZD [
: 8]
Hp =[v@[s]
0 5 10 mm
|
scale
DIMENSIONS (millimetre dimensions are derived from the original inch dimensions)
Ay Ay (1) (1) kq ZD(l) ZE(l)
UNIT| A min. A3z max. bp b, | D E e ep eg | Hb | Hg k max. Lp \ w y max.| max. B
457 0.53 | 0.81 |16.66|16.66 16.00(16.00 | 17.65|17.65| 1.22 1.44
mm | 419 | 051 | 025 | 3.05 | 535 | 566 |16.51|16.51| 27 |14.99|14.99 |17.40|17.40| 1.07 | 951 | 1,00 | 018 | 0.18 | 0.10 | 2.16 | 2.16 .
45
) 0.180 0.021|0.032 | 0.656 | 0.656 0.630 | 0.630 | 0.695 | 0.695 | 0.048 0.057
inches| 3 g5 |0-020 | 0.01 | 0.12 | 53130026 | 0.650 | 0.650 | °-05 | 0590 | 0.590 | 0.685| 0.685 | 0.042 | 020 | 0.0 | 0-007|0-007 | 0.004 0.085 0.085
Note
1. Plastic or metal protrusions of 0.01 inches maximum per side are not included.
TLINE REFERENCES EUROPEAN
\?I;JRSION PR%J%CTlON ISSUE DATE
IEC JEDEC EIAJ
SOT187-2 112E10 MO-047AC E} @ 95-02-25
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QFP44: plastic quad flat package; 44 leads (lead length 1.3 mm); body 10 x 10 x 1.75 mm SOT307-2
| //\\\ |
[] l , \} | \
ST A AT e Aulainiainiatainiaininl;
N // c*/

[A]
HAARARARARA=
=Y | e
- =i
E= = 2 *
f— | Q
EE-:+;3;7 E He A A2 Al( j‘\j I »y
E= ‘ S=em | 14 | +
- o :l:l%% % L %*\fe
3-4%\"(% pin 1 |r‘1dex % | ij,
li.'—_H#HHHH:IHHHHIIIH ‘ -detailx
S ARERE o | EvEm
D (8]
Hp <{=[v @8]
0 2.5 5mm
| scl’alle - |

DIMENSIONS (mm are the original dimensions)

A
UNIT | 2 | A1 | Az [ Az | bp | ¢ |[DDIEW | e [ Hy | HE| L | Lp | Q v w y |zpW|zgW| o
0.25 | 1.85 0.40 | 0.25 | 10.1 | 10.1 129 | 129 0.95 | 0.85 1.2 | 1.2 | 10°
mm | 210 | 505 | 1.65 | 925 | 020 | 014 | 99 | 99 | 98 | 123 | 123] 13 | 055 | 0.75 | 015|015 | 01 | 55 | gg | g0
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION PROJECTION ISSUE DATE
IEC JEDEC EIAJ

SOT307-2 E @ 95-02-04
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27 SOLDERING

27.1 Introduction

There is no soldering method that is ideal for all IC
packages. Wave soldering is often preferred when
through-hole and surface mounted components are mixed
on one printed-circuit board. However, wave soldering is
not always suitable for surface mounted ICs, or for
printed-circuits with high population densities. In these
situations reflow soldering is often used.

This text gives a very brief insight to a complex technology.
A more in-depth account of soldering ICs can be found in

our “IC Package Databook” (order code 9398 652 90011).

27.2 DIP
27.2.1 SOLDERING BY DIPPING OR BY WAVE

The maximum permissible temperature of the solder is
260 °C; solder at this temperature must not be in contact
with the joint for more than 5 seconds. The total contact
time of successive solder waves must not exceed

5 seconds.

The device may be mounted up to the seating plane, but
the temperature of the plastic body must not exceed the
specified maximum storage temperature (Tsg may)- If the
printed-circuit board has been pre-heated, forced cooling
may be necessary immediately after soldering to keep the
temperature within the permissible limit.

27.2.2 REPAIRING SOLDERED JOINTS

Apply a low voltage soldering iron (less than 24 V) to the
lead(s) of the package, below the seating plane or not
more than 2 mm above it. If the temperature of the
soldering iron bit is less than 300 °C it may remain in
contact for up to 10 seconds. If the bit temperature is

between 300 and 400 °C, contact may be up to 5 seconds.

27.3 PLCC and QFP
27.3.1 REFLOW SOLDERING

Reflow soldering techniques are suitable for all PLCC and
QFP packages.

The choice of heating method may be influenced by larger
PLCC or QFP packages (44 leads, or more). If infrared or
vapour phase heating is used and the large packages are
not absolutely dry (less than 0.1% moisture content by
weight), vaporization of the small amount of moisture in
them can cause cracking of the plastic body. For more
information, refer to the Drypack chapter in our “Quality
Reference Handbook” (order code 9397 750 00192).
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Reflow soldering requires solder paste (a suspension of
fine solder particles, flux and binding agent) to be applied
to the printed-circuit board by screen printing, stencilling or
pressure-syringe dispensing before package placement.

Several methods exist for reflowing; for example,
infrared/convection heating in a conveyor type oven.
Throughput times (preheating, soldering and cooling) vary
between 50 and 300 seconds depending on heating
method. Typical reflow peak temperatures range from
215 to 250 °C.

27.3.2 WAVE SOLDERING

27321 PLCC

Wave soldering techniques can be used for all PLCC
packages if the following conditions are observed:

* A double-wave (a turbulent wave with high upward
pressure followed by a smooth laminar wave) soldering
technique should be used.

¢ The longitudinal axis of the package footprint must be
parallel to the solder flow.

< The package footprint must incorporate solder thieves at
the downstream corners.

27.3.2.2 QFP

Wave soldering is not recommended for QFP packages.
This is because of the likelihood of solder bridging due to
closely-spaced leads and the possibility of incomplete
solder penetration in multi-lead devices.

CAUTION

Wave soldering is NOT applicable for all QFP

packages with a pitch (e) equal or less than 0.5 mm.

If wave soldering cannot be avoided, for QFP
packages with a pitch (e) larger than 0.5 mm, the
following conditions must be observed:

¢ A double-wave (a turbulent wave with high upward
pressure followed by a smooth laminar wave)
soldering technique should be used.

¢ The footprint must be at an angle of 45  ° to the board
direction and must incorporate solder thieves
downstream and at the side corners.
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27.3.2.3 Method (PLCC and QFP) A mildly-activated flux will eliminate the need for removal

. . of corrosive residues in most applications.
During placement and before soldering, the package must PP

be fixed with a droplet of adhesive. The adhesive can be
applied by screen printing, pin transfer or syringe
dispensing. The package can be soldered after the Fix the component by first soldering two diagonally-
adhesive is cured. opposite end leads. Use only a low voltage soldering iron
(less than 24 V) applied to the flat part of the lead. Contact
time must be limited to 10 seconds at up to 300 °C. When
using a dedicated tool, all other leads can be soldered in
one operation within 2 to 5 seconds between

270 and 320 °C.

27.3.3 REPAIRING SOLDERED JOINTS

Maximum permissible solder temperature is 260 °C, and
maximum duration of package immersion in solder is

10 seconds, if cooled to less than 150 °C within

6 seconds. Typical dwell time is 4 seconds at 250 °C.

28 DEFINITIONS

Data sheet status

Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of this specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

29 LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.

30 PURCHASE OF PHILIPS 12C COMPONENTS

=y

Purchase of Philips I2C components conveys a license under the Philips’ I12C patent to use the
components in the 12C system provided the system conforms to the 12C specification defined by
| I Philips. This specification can be ordered using the code 9398 393 40011.
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