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Low-voltage single-chip 8-bit microcontroller

80CL32/80CL52

DESCRIPTION

The 80CL52 is manufactured in an advanced
CMOS technology. The instruction set of the
80CL52 is based on that of the 8051. The
BOCLS52 is an 8-bit general purpose
microcontroller especially suited for cordless
telephone applications. The device has low
power consumption and a wide range of
supply voltage. For emulation purposes, the
85CL781 (Piggy-back version) with 256 bytes
of RAM is recommended. The 80CL52 has
two software selectable modes of reduced
activity for further power reduction: {dle and
Power-down. The BOCL52 also functions as
an arithmetic processor having facilities for
both binary and BCD arithmetic plus
bit-handling capabilities. The instruction set
consists of over 100 instructions: 49
one-byte, 46 two-byte, and 16 three-byte.

FEATURES

* Full static 80C51 CPU

¢ 8-bit CPU, ROM, RAM, IO in a single
package

® 8K x 8 ROM, expandable externally to 64K
bytes

® 256 bytes RAM, expandable externally to
64K bytes

® Four B-bit ports, 32 I/O lines
® Three 16-bit timer/event counters

® Extornal memory expandabie up to 128K,
external ROM

@ up to 64K and/or RAM up to 64K

® On-chip oscillator suitable for RC, LC,
quartz crystal or ceramic resonator

® Fourteen source, fourteen vector intermupt

T47-(7- D7
® Full duplex serial UART

® Enhanced architecture with:

- non-page oriented instructions

- direct addressing
four eight byte RAM register banks
stack depth limited only by available
intemal RAM (max. 256 bytes)
multiply, divide, subtract and compare
instructions

® Power-down and |DLE instructions

® Wake-up via external interrupts at Port 1
® Single supply voltage of 1.8 V1o 6.0 V
® Frequency range of 32 kHz to 12 MHz
® Very low current consumption

¢ Operating temperature range: —40 to
+85°C

structure with two priority levels
ORDERING INFORMATION
PHILIPS PART ORDER PHILIPS NORTH AMERICA 3
NUMBER PART MARKING PART ORDER NUMBER TEMPERATURE RANGE °C DRAWING
ROMiess ROM ROMiess ROM AND PACKAGE FREQUENCY NUMBER
P8OCL32HFP | PBOCLS2HFP | PBOCL32HFP N | PBOCLS2HFP N | —40 to +85 40-Pin Plastic DIP! 32KHz to 12MHz | SQT129
PBOCL32HFH | PBOCLS2HFH | PBOCL32HFH B | PSOCLS52HFH B | -40 to +85 44-Pin Plastic QF P2 32KHz to 12MHz | SOT205
NOTES:
1. DIP = Dual In-line Package
2. QFP = Quad Flat Pack
3. Parts ordered by the Philips North America part number will be marked with the Philips part marking.
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INT2T2 P10 [1] Voo %
INT3/T2EX P1.1 2] PO.0 ADO o § g
T4 P12 3] 3] Po.1AD1 EEEEE § §§ §
INTS P13 [3] Po.2 ADZ 22?5;2;3;;;2
INT6 P14 (3] €] Po3 ADS [oa o] ] ] oo ] e o e s ol
INT7 P1.5 [6] PO.4 AD4 4
T8 P16 (7] PO.5 ADS PrsaNT? (1] 33] Po.4/AD4
NTe P17 [E] PO.6 ADS P1.6NTs [2] 32] PosiADs
RST (3] PO.7 AD? PrL7aNT9 3] 31] Posias
Rt [4] [30] Po.77aD7
RxD/data P3.0 [10] ® 5] A
TxDiclock P21 [13] ALE PaoRxDidets (5] ) w
TS P32 [i2 5| PSEN xe [€] 80CLS2HFH
Pa.1TXD/clock 7 ] 27] MLE
TNTT P33 [13) P27 A1S P3.2ANTU [8 26] PsER
To P34 [14] P26 A14 Pa3RTT E [25] P27/A15
T1P3s [i] 6] P25A13 P34 [10} 24] pasiara
WH Pa.6 [16} P24 A12 P3.5T1 [11] 23] Pasiana
FoPe7 17 Fasnl [nz{[rof [rafs] ve] 171 | rof o f21] 2]
XTAL2 [19] P22 A10 oy ma®@gg e W
XTAL1 [ig P2.1 A8 %S;gfé”g;ggg
vss 9 P2028 £s 2 gg g
January 1993 217




PHILIPS INTERNATIONAL LOE D W 711082k 0055719 317 EEPHIN

Philips Semiconductors Microcontroller Products Objective specification
Low-voltage single-chip 8-bit microcontroller 80CL32/80CL52
PIN DESCRIPTIONS
PIN DESIGNATION FUNCTION
40 P1.OANT2/T2 Port 1: Port 1 is an 8-bit bidirectional O port with internal pullups. Port 1 pins that have 1s
41 P1.1/INT3/T2EX written to them are pulled HIGH by the intemal pullups, and in that state can be used as inputs.
42 P1.2INT4 The Port 1 output buffer can sink/source 4 LS TTL loads. As inputs, Port 1 pins that are
43 P1.3/INTS extemally pulled LOW will source current (I in the characteristics) due to the internal
44 P1.4/INT6 pullups.Port 1 also serves the alternative functions INT2 to INT9, and Timer T2 external input.
1 P1.5ANT7
2 P1.6/INT8
3 P1.7/INT9
4 RST Reset: A high level on this pin for two machine cycles while the oscillator is running resets the
device.
5,7-13 P3.0-P3.7 Port 3: Port 3 is an 8-bit bidirectional IO port with internal pull-ups. The Port 3 output buffers

can sink/source 4 LS TTL inputs. Port 3 pins that have 1s written to them are pulled HIGH by
the intemal pull-ups, and in that state can be used as inputs. As inputs, Port 3 pins that are
externally pulled LOW will source current (ly_in the characteristics) due to the intemal pull-ups.

5 P3.0/RXD/data RXD/data: serial port receiver data input (asynchronous)or data input/output (synchronous)

7 P3.1/TXD/clock TXD/clock: serial port transmitter data output (asynchronous) or clock output (synchronous)

8 P3.2/NTO INTO: External interrupt 0.

9 P3.3/NTT. INT1: External interrupt 1.

10 P3.4/T0 To: Timer 0 external input.

1" P3.5T1 T1: Timer 1 external input.

12 P3.6WR WR: External data memory write strobe.

13 P3.7RD RD: Extemnal data memory read strobe.

14 XTAL2 Crystal output: output of the inverting amplitier of the oscillator. Left open when external clock

is used.Crystal input: input to the inverting amplifier of the oscillator, also the input for an exter-
nally generated clock source.

15 XTAL1 Crystal input: Input to the inverting amplifier of the oscillator; also the input for an externally
generated clock source.
16 Vss Ground: Circuit ground potential.
17 Test/ Vgg Test Input: must be connectd to Vss or left open.
18-25 P2.0-P2.7 Port 2: Port 2 is an 8-bit bidirectional /0 port with internal pullups. Port 2 pins that have 1s writ-

ten to them are pulled HIGH by the internal pullups, and in that state can be used as inputs. The
Port 2 output buffer can sink/source 4 LS TTL loads. Port 2 emits the high-order address byte
during accesses 1o external memory that use 16-bit addresses (MOVX @DPTR). In this applica-
tion it uses the strong intemal pullups when emitting 1s. During accesses to extemnal memory
that use 8-bit addresses (MOVX @Ri). Port 2 emits the contents of the P2 Special Function
Register.

26 PSEN Program store enable output: read strobe 1o external program memory. When executing code
out of external program memory, PSEN is activated twice each machine cycle. However, during
each access to external data memory two PSEN activations are skipped.

27 ALE Address Latch Enable: output pulse for latching the low byte of the address during access to
external memory. ALE is emitted at a constant rate of 1/6 of the oscillator frequency, and may
be used for external timing or clocking purposes.

29 EA External Access: When EAis held High the CPU executes out of intemal program memory
{unless the program counter exceeds 1FFFH). Hokling EA LOW forces the CPU to execute out
of external memory regardiess of the value of the program counter.

30-37 P0.0-P00.7 Port 0: Port 0 is an 8-bit open drain bidirectional IO port. As an open drain output port it can
sink 8 LS TTL loads. Port 0 pins that have 1s written to them float, and in that state will function
as high impedance inputs. Port Q is also the multiplexed low order address and data bus during
access to external memory. In this application it uses strong internal pull-ups when emitting logic
1s.Power supply

38 Voo Powar supply.
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1.0 FUNCTIONAL DESCRIPTION

General

The 80CL52 is a stand-alone
high-performance CMOS microcontroller
designed for use in real-time applications
such as instrumentation, industrial control,
intelligent computer peripherals and
consumer products.

The device provides hardware features,
architectural enhancements and new
instructions to function as a controller for
applications requiring up to 64K bytes of
program memory and/or up to 64K bytes of data
storage.

The 80CL52 contains a non-volatile 8K byte x
8 read-only program memory; a static 256 byte
x 8 read/write data memory; 32 /O lines; three
16-bit timer/event counters; a fourteen-source
two priority-level, nested interrupt structure and
on-chip oscillator and timing circuit.

The device has two software selectable modes
of reduced activity for power reduction; IDLE
and Power-down. The Idle mode freezes the
CPU while aflowing the RAM, timers, serial VO
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.

In addition, the device provides a standard
UART serial interface.

CPU timing

A machine cycle consists of a sequence of 6
states. Each state time lasts for two oscillator
periods, thus a machine cydle takes 12
oscillator periods or 1 ms if the oscillator
frequency is 12 MHz.

Note: This datasheet covers only the special
features of the BOCLS52. For details on the
80CL52 core and the 12C-bus functions see the
user manual:

SINGLE-CHIP 8-BIT MICROCONTROLLER
{USER MANUAL)
= The MAB8051/C51 microcontroller
family.

1.1 Memory organization

The 80CL52 has a 8K Program Memory
{ROM) plus 256 bytes of Data Memory
(RAM) on board. The device has separate
address spaces for Program and Data
Memory (see Figure 1). Using Ports PO and
P2, the BOCL52 can address up to 64K bytes
of external memory. The CPU generates both
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read and write signals (RD and WR) for
external Data Memory accesses, and the
read strobe (PSEN) for external Program
Memory.

1.1.1 Program Memory

The 80CL52 contains 8K bytes of internal
ROM. After reset the CPU begins execution
at location 0000H. The lower 8K bytes of
Program Memory can be implemented in
either on-chip ROM or external Memory. If
the EA pin is strapped to Vpp, then program
memory fetches from addresses 000H
through 1FFFH are directed to the internal
ROM. Fetches from addresses 2000H
through FFFFH are directed to external ROM.
Program counter values greater than 1FFFH
are automatically addressed to external
memory regardless of the state of the EA pin.

Please note that the first version of 80CL52
does not support automatic memory
switching for addresses greater than
1FFFH. For customers using more than 8k
byte memory it is recommended to work in
external mode only. The automatic memory
switching will be supported by a second
version of 80CL52, becoming avallable in
the 2nd half of 1993.

1.1.2 Data Memory

The 80CL52 contains 256 bytes of internal
RAM and 32 Special Function Registers
(SFRY). Figure 1 shows the intemal Data
Memory space divided into the Lower 128,
the Upper 128, and the SFR space. Internal
RAM locations 0-127 are directly and
indirectly addressable. Internal RAM
locations 128-255 are only indirectly
addressable. The special function register
locations 128-255 are only directly
addressable.

1.1.3 Special Function Registers

The upper 128 bytes are the address
locations of the SFRs. Figure 3 shows the
Special Function Register (SFR) space.
SFRs include the port latches, timers,
peripheral control, serial I/Q registers, etc.
These registers can only be accessed by
direct addressing. There are 128 bit
addressable locations in the SFR address
space (SFRs with addresses divisible by
eight).

1.1.4 Addressing
The BOCL52 has five methods for addressing
source operands:

- Register
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- 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 data type, addressing methods
and operands involved. For operations other
than MOVs, the destination operand is also a
source operand.

Access to memory addressing is as follows:
- Registers in one of the four register

banks through register, direct or indirect.

Internat RAM (256 bytes) through direct

or register-indirect.

Special Function Register through

Direct.

External data memory through

Register-Indirect

Program memory look-up tables through

Base-Register-plus

index-Register-indirect.

1.2 /0 Facilities

1.2.1 Ports

The 80CL52 has 32 I/O lines treated as 32
individually addressable bits or as four
parallel 8-bit addressable ports. Port 0, 1, 2
and 3 perform the following alternate
functions:

- Port O: provides the multiplexed low-order
address and data bus for
expanding the device with
standard memories and
peripherals.

-Port 1:
(1) provides the inputs for the
external interrupts INT2 / INTO.
(2) External counter/capture of Timer 2

- Port 2: provides the high-order address
when expanding the device with
external program

- Port 3: pins can be configured individually to
provide:

(1) external interrupt request inputs
(2) counter input

(3) control signals to read and write to
extemnal memories

(4) UART input and output
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0To enable a Port 3 pin alternate function, the
Port 3 bit latch in its SFR must contain a logic
1.

Each port consists of a latch (Special Function
Registers PO to P3), an output driver and an
input buffer. Ports 1,2,3 have intarnal pull-ups.
Figure 4(a) shows that the strong transistor p1
is turned on for only 2 oscillator periods after a
0-to-1 transition in the port latch. When on, it
tums on p3 (a weak pull-up) through the
inverter. This inverter and p3 form alatch which
hold the 1. In Port 0 the pull-up p1 is only on
when emitting 1s for external memory access.
Writing a 1 to a Port 0 bit latch leaves both
outputtransistors switched off so the pin can be
used as a high-impedance input.

1.2.2 Port Options

that the options of port P1.6/P1.7 are fixed to
28 (open drain) on the first version of
80CL52. A second version of 80CL52 will
become available in the 2nd half of 1983,
where all options can be chosen for port
P1.6/P1.7.

Option 1: Standard Port; quasi-bidirectional
IO with pull-up. The strong
booster pull-up p1 is tuned on for
two oscillator periods after a 0-to-1
transition in the port [atch (see
Figure 4(a)).

Option 2: Open drain; quasi-bidirectional /0
with n-channel open drain output.
Use as an output requires the
connection of an external pull-up
resistor (see Figure 4(c)). This
option does not include the intemal

Option 3: Push-Pull; output with drive
capability in both polarities. Under
this option, pins can only be used
as outputs (see Figure 4(b)).

The definition of port options for port 0 is slightly
different. Two cases have to be examined.
First, accesses to external memory (EA=0O or
access above the built -in memory boundary),
second, /0 accesses.

External Memory Accesses

Option 1: True 0 and 1 are written as address
to the extornal memory (strong
pull-up is used).

Option 2: An external pull-up resistor is
needed for external accesses.

Option 3: Not allowed for external memory
accesses as the port can only be

Thirty of the 32 parallel port pins may be rotection diode against Von for used as output.
individually configured with one of the gon P16andpi
following options (see Figure 4). Please note ’ ’
STRONG PULL UP
2 OSCILLATOR PERIODS WY
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P P3
] h’ i A
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@ =
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°
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Figure 4, Ports
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/O Accesses:

Option 1: When writing a 1 to the port-latch,
the strong pull-up p1 will be on for
2 oscillator periods. No weak
pull-up exists. Without an external
pull-up, this option can be used as
a high-impedance input.

Option 2: Open drain; quasi-bidirectional ¥O
with n-channel open drain output.
Use as an output requires the
connection of an extemal pull-up
resistor (see Figure 4(c}).

Option 3: Push-Pull; output with drive
capability in both polarities. Under
this option, pins can only be used
as outputs.

Option S: SET; after reset this pin will be
initialized HIGH.
Option R: RESET; after reset this pin will be
initialized LOW.
1.3 Timer/event counter
The 80CL52 contains three 16-bit
Timer/Counter registers; Timer 0, Timer 1 and
Timer2 which can perform the following
functions:
- Measure time intervals and pulse
durations
« Countevents
- Generate interrupts requests

Timer 0 and Timer 1 can be independently
programmed to operate as follows:
- Mode 0; B-bit timer or counter with
divide-by-32 prescaler
Mode 1; 16-bit time-interval or event
counter
Mode 2; 8-bit time interval or event
counter with automatic reload upon
overflow
- Mode 3; Timer 0 establishes TLO and
THO as two separate counters.

In the "Timer” function, the register is
incremented every machine cycle. Since a
machine cycle consists of 12 oscillator periods,
the countrateis 1/12 of the oscillatorfrequency.

In the "Counter” function, the register is
incremented in response to a 1-to-0 transition.
Since it takes 2 machine cycles (24 oscillator
periods) to recognize a 1-to-0 transition, the
maximum count rate is 1/24 of the oscillator
frequency. To ensure a given level is sampled,
it should be held for at least one full machine
cycle.

1.3.1 Timer 2

Timer 2 is a 16-bit Timer/Counter. Like Timers
0 and 1, it can operale either as a timer or as

an event counter. This is selected by bit C/T2
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in the Special Function Register T2CON
(Figure 5). It has three operating modes:
"capture”, "auto-load” and "baud rate
generator”, which are selected by bits in
T2CON as shown in Table 1.

Table 1 Timer 2 Operating Modes

RTCLK | CP/RLS | TR2 Mode

[} 0 1 16-bit
Auto-Reload

[ 1 1 16-bit
Capture

1 X 1 Baud Rate
Generator

X X 0 (off)

In the Capture Mode there are two options
which are selected by bit EXEN2 in T2CON. If
EXEN2=0, then Timer 2 is a 16-bit timer or
counter which upon overflowing sets bit TF2,
the Timer 2 overflow bit, which can be used to
generate an interrupt. f EXEN2=1, then Timer
2 siill does the above, but with the added
feature that a 1-t0-0 transition at external input
T2EX causes the current value in the Timer 2
registers, TL2 and TH2, to be captured into
registers RCAP2L and RCAP2H, respectively.
In addition, the transition at T2EX causes bit
EXF2in T2CON to be set, and EXF2, like TF2,
can generate an interrupt. The Capture Mode
is illustrated in Figure 6.

in the auto-reload mode there are again two
options, which are selected by bit EXEN2 in
T2CON. If EXEN2=0, then when Timer 2 rolls
over it not only set TF2 but also causes the
Timer 2 registers 1o be reloaded with the 16-bit
value in registers RCAP2L and RCAP2H,
which are preset by software. If EXEN2=1, the
Timer 2 still does the above, but with the added
feature that a 1-to-0 transition at external input
T2EX will also frigger the 16-bit reload and set
EXF2.

The auto-relaod mode is illustrated in Figure 7.

The baud rate generator mode is selected by
RTCLK=1. It will be described in conjunction
with the serial port.

Conversion already in progress is aborted
when the Power-down mode is entered. The
result of a completed conversion (ADCI = lagic
1) remains unaffected when entering the Idle
mode.

1.4 idle and Power-down
operation

Idle mode operation permits the interrupt,
serial ports, timer blocks continue functioning
while the clock to the CPU is halted.
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The following functions remain active during
Idle mode. These functions may generate an
interrupt or reset and thus end the Idle mode.
- Timer 0, Timer 1, Timer 2
- SIo

- External interrupt

The Power-down operation freezes the
oscillator. The Power-down mode can only be
activated by setting the PD bit in the PCON

register.

1.4.1 Power control register (PCON)
These special modes are activated by
software via the Special Function Register
PCON. its hardware address is 87H. [PCON
is not bit addressable.]

7 6 5 4 3 2 1 0
fea ] - IEm[ESnIET:IEnIETo]EmI

Bit Symbol Function

PCON.7 SMOD Double Baud rate bit. When
set to logic 1 the baud rate

is doubled when the serial
port SIO0 is being used in
modes 1,2, or 3.
PCON.& (reserved)
PCON.S (reserved)
PCON.4 {reserved)
PCON.3 GF1 General-purpose flag bit
PCON.2 GFO  General-purpose flag bit
PCON.1 PD Power-down bit. Setting
this bit activates
Power-down mode.
PCON.0 iDL Idie mode bit. Setting this

bit activates the Idle mode

Iflogic 1s are written to PD and IDL at the same
time, PD takes precedence. The reset value of
PCON is (0XX00000).

1.4.2 Power-down mode

The instruction setting PGON.1 is the last
executed prior to going into the Power-down
mode. In Power-down mode the oscillator is
stopped. The contents of the on-chip RAM
and SFRs are preserved. The port pins
output the values held by their respective
SFRs. ALE and PSEN are held LOW,

1.4.3 Wake-up mode

Setting the PD flag in the PCON register
forces the controller into the Power-down
mode. Setting this flag enables the controller
to be woken-up from the Power-down mode
with either the external interrupts INT2 / INT9,
or a reset operation.
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MsB LsB

TF2 | EXF2| GF2 |RTCLK|EXEN2| TRz | C/T2 |CP/RCY

SM0O SM1 Mode Description Baud Rate
0 0 0 shift register fosc/ 12
0 1 1 B-bit UART variable
1 0 2 9-bit UART fosc/64 or fosc/32
1 1 3 9-bit variable UART
Symbol Position Name and significance
TF2 T2CON 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,
EXF2 T2CON Timer 2 extemal flag set when either a capture or reload is caused by a negative

transition on T2EX and EXEN = 1. When Timer 2 interrupt is enabled, EXF2 — 1 will
cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be cleared by
software.

RTCLK T2CON.4 Transmit clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its
receive and transmit clock in modes 1 and 3. TLCK = 0 causes Timer 1 overflows to be
used for the receive and 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 for Timer 2. A logic 1 starts the timer.

c/rz T2CON.1 Timer or counter select. (Timer 2)
0 = Internal timer (OSC/12)
1 = External event counter (falling edge triggered)

C/ALZ T2CON.1 Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if
EXEN2 = 1. When cleared, auto-reloads will oceur either with Timer 2 overflows or
negative transitions at T2EX when EXEN2 = 1. When either RCLK = 1 or TCLK = 1, this
bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.

GF2 General purpose flag bit
Figure 5. T2CON: Timer/Counter 2 Control Register
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Figure 6. Timer 2 in Capture Mode
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Figure 7. Timer 2 in Auto-Reload Mode
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Figure 8. Wake-up Operation

The wake-up operation after power-down in
this controller has two basic approaches:

1.4.3.1 Wake-up using INT2 7 INT9

IFINT2 to INT are enabled, the 80CL52 can
be woken-up from power-down mode with the
external interrupts. To ensure that the
oscillator is stable before the controller
restarts, the internal clock will remain inactive
for 1536 oscillator periods. This is controlied
by an on-chip delay counter.

1.4.3.2 Wake-up using RESET

To wake-up the 80CL52 the RESET pin has
10 be kept HIGH for a minimum of 24 periods.
The on-chip delay counter is inactive. The
user has to ensure that the oscillator is stable
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betfore any operation is attempted. Figure 8
illustrates the two possibilities for wake-up.

1.4.4 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 idie mode. The status of the
external pins during Idle mode is shown in
Table 1.

227

There are two methods used to terminate the
Idie mode. Activation of any enabled interrupt
will cause PCON.0 to be cleared by
hardware, terminating Idle mode. The
interrupt is serviced, and following the
return-from-interrupt instruction RETI, the
next instruction to be executed will be the one
which follows the instruction that wrote a logic
1to PCON.O.

Flag bits GFO and GF1 may be used to
determine whether the interrupt was received
during normal execution or during Idie moda.
For example, the instruction that writes to
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PCON.0 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 method of terminating the Idie
mode is with an external hardwarae reset. Since
the oscillator is still running, the hardware reset
is required to be ac{ﬁy&?or two machine cycles
(24 oscillator periods) to complete the reset
operation.

Reset redefines all SFRs, but does not affect
the on-chip RAM.

In the Power-down mode, Vpp may be reduced
to minimize power consumption. However, the
supply voltage must not be reduced until
Power-down mode is active, and must be held
active until the oscillator has restarted and
stabilized.

The status of the external pins during Idle and
Power-down mode is shown in Table 2. if the
Power-down mode is activated whilst
accessing external memory, port data held in
the Special Function Register P2 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 Figure 4(a)).

1.5 Standard serlal interface
SI00: UART

This serial port is full duplex, meaning it can
transmit and receive 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 register.
{However, if the first byte still hasn't been read
by the time reception of the second byte is
complete, one of the bytes will be lost). The
serial port receive and transmit registers are
both accessed at Special Function Register
SOBUF. Writing to SOBUF loads the transmit
register, and reading SOBUF loads the transmit
register, and reading SOBUF accesses a
physically separate receive register.

The serial port can operate in 4 modes:
Mode 0: Serial data enters and exits through
RxD. TxD outputs the shift clock. 8 bits are

transmitted/received (LSB first). The baud is
fixed at 1/12 the oscillator frequency.

Mode 1: 10 bits are transmitted (through TxD}
or received (through RxD): a start bit (0), 8data
bits (LSB first), and a stop bit (1). On receive,
the stop bit goes into RB8 in Special Function
Register SCON. The baud rate is variable.

Mode 2: 11 bits are transmitted (through TxD)
or received (through RxD): start bit (0), 8 data
bits (LSB first), a programmable Sth 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. Or, for example, the parity bit (P, in the
PSW) couldbe movedinto TBB. On receive, the
9th data bit goes into RB8 in Special Function
Register 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)
orreceived (through RxD): a start bit (0), 8 data
bits (LSB first), a programmable 9th data bitand
a stop bit (1). In fact, Mode 3 is the same as
Mode 2 in all respects except baud rate. The
baud rate in Mode 3 is variable.

In all four modes, transmission is initiated by
any instruction that uses SOBUF as a
destination register. Reception is initiated in
Mode 0 by the condition Rl = 0 and REN = 1.
Reception is initiated in the other modes by the
incoming start bitif REN = 1.

1.5.3 Multipr: com icati

Modes 2 and 3 have a special provision for
multiprocessor communications. In these
modes, 9 data bits are received. The 9th one
goes into RB8. Then comes a stop bit. The
port can be programmed such that when the
stop bit is received, the serial port interrupt
will be activated only if RB8 = 1. This feature
is enabled by setting bit SM2 in SCON. A
way to use this feature in multiprocessor
systems is as follows.

When the master processor wants to transmit
a block of data to one of several slaves, it first
sends out an address byte which identifies the
targetslave. Anaddress byte differs fromadata
bytein thatthe 9th bitis 1inan address byte and
0in a data byte. With SM2 = 1, no slave will be
interrupted by a data byte. An address byte,
however, will interrupt all slaves, so that each
slave can examine the received byte and see
if it is being addressed. The addressed slave

Table 2. Status of the External Pins During Idle and Power-down Mode

will clear its SM2 bit and prepare to receive the
data bytes that will be coming. The slaves that
weren't being addressed leave their SM2s set
and go on about their business, ignoring the
coming data bytes.

SM2 has no effectin Mode 0, andin Mode 1 can
be used to check the validity of the stop bit. In
a Mode 1 reception, if SM2 = 1, the receive
interruptwill not be activated unless a valid stop
bit is received.

1.5.2 Serial port control register

The serial port controt and status register is
the Special Function Register SOCON, shown
in Figure 8. The register contains not only the
mode selaction bits, but also the 9th data bit
for ransmit and receive (TB8 and RB8), and
the serial port interrupt bits (Tl and RI).

Baud Rates

The baud rate in Mode 0 is fixed: Mode 0
Baud Rate = Oscillator Frequency / 12. The
baud rate in Mode 2 depends on the value of
bit SMOD in Special Function Register
PCON. If SMOD = 0 (which is the value on
reset), the baud rate is 1/64 the oscillator
frequency. If SMOD = 1, the baud rate is 1/32
the oscillator frequency.

Mode 2 Baud Rate = (25MOD /84)(Oscillator
Frequency)

The baud rates in Modes 1 and 3 are
determined by the Timer 1 or Timer 2 overflow
rate.

Using Timer 1 to generate baud rates
When Timer 1 is used as the baud rate
generator, the baud rates in Modes 1 and 3
are determined by the Timer 1 overflow rate
and the value of SMOD as follows:

Modes 1,3 Baud Rate = (25MO0 /32)(Timer 1
Overflow Rate)

The Timer 1 interrupt should be disabled in this
application. The Timer itself can be configured
for either "timer” or "counter” operation, and in
any of its 3 running modes. In most typical
applications, it is configured for “timer
operation, in the auto-reload mode (high nibble
of TMOD = 0010B). In that case the baud rate
is given by the formula:

MODE MEMORY ALE PSEN PORT 0 PORT 1 PORT 2 PORT 3
idie (1) internat 1 1 Port Data Port Data Port Data Port Data
Idle (1} external 1 1 Floating Port Data Address Port Data
Power-down internal 0 o Port Data Port Data Port Data Port Data
Power-down external 0 0 Floating Port Data Port Data Port Data
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MsSB LSB

T R1

SMO'SM1 |SM2|RENIYBG I RBe

Where SM0, SM1 specify the serial port mode, as follows:

SMO0 SM1_Mode Description Baud Rate
[ [ 0 shift register fosc/ 12
0 1 1 8-bit UART variable
1 0 2 9-bit UART fosc/64 or fosc/32
1 1 3 9-bit variable UART

- SM2

Enables the multiprocessor communication feature in Modes 2 and 3. In Mode 2 or 3, if SM2 is set to 1 then Rl will not be activated if the
received 9th data bit (RB8) is 0. In Mode 1, if SM2=1 then R1 will not be activated if a valid stopbit was not received. In Mode 0, SM2
should be 0.

-REN
Enables serial reception. Set by software to enable reception. Clear by software to disable reception.

-TB8
Is the 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired.

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

T
Is transmit interrupt flag. Set by hardware at the end of the 8th time in Mode 0, or at the beginning of the stop bit in the other modes, in
any senal transmission. Must be cleared by software.
-RI
Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or haltway through the stop bit time in the other modes, in
any serial reception except (see SM2). Must be cleared by software.

Figure 9. Serial Port control (SCON) Register

Mode 1, 3 Baud Rate = {(25MOD /32) x  Modes 1,3 Baud Rate = (Timer 2 Overflow 1 in T2CON. Note that a rollover in TH2 does
{Oscillator Frequency)} / {12 x (256 - (TH1)} Rate)/ 16 not set TF2, and will not generate an interrupt.
Therefore, the Timer 2 interrupt does not have
to be disabled when Timer 2is in the baud rate
generator mode. Note too, thatif EXEN2 is set,
a 1-10-0 transition in T2EX will set EXF2 but will
notcause areload from (RCAP2H, RCAP2L) to
(TH2, TL2). Thus when Timer 2isinuse as a
baud rate generator, T2EX can be used as an

Onecanachieve very low baudrateswith Timer  The Timer can be configured for either "timer”
1 by leaving the Timer 1 interruptenabled, and  or "counter” operation. In the most typical
configuring the Timer to run as a 16-bit imer  applications, it is configured for “timer"
(high nibble of TMOD = 0001B), and'using the  operation{C/T2 = 0). "Timer" operationis a litle
Timer 1 interrupt to do a 16-bit software reload.  ditferent for Timer 2 when it's being used as a
Table 2lists various commonly usedbaudrates  baud rate generator. Normally, as a timer is

and how they can be obtained from Timer 1. would increment every machine cycle (thus at extra external interrupt, if desired.
1/12 the oscillator frequency). As a baud rate
Using Timer 2 to generate baud rates generator, however, it increments every state It should be noted that when Timer 2is running

Timer 2 is selected as the baud rate

- . time (thus at 1/2 the oscillator frequency). In  (TR2 = 1) in “timer” function in the baud rate
generator by setting RTCLK in T2CON

thatcase the baud rate is given by the formula.  generator mode, one should not try to read or

(Figure 10). Setting RTCLK puts Timer 2 into Modes 1.3 Baud Rate = (Osillator F ) write TH2 or TL2. Under these conditions the
its baud rate generator mode, as shown in odes 1,3 Baud Rate = (Oscillator Frequency) : ing i :
Figure 10. /{32 x (65536 - (RCAP2H, RCAP2L)} imer is being incremented every state time,

and the results of a read or write may not be
The baud rate generator mode is similar tothe ~ where (RCAP2H, RCAP2L) is the content of ~ accurate. The RCAP registers may be read, but
auto-reload mode, in that a rollover in TH2 RCAP2H and RCAP2L taken as a 16-bit shouldn't be written to, because a write might

causesthe Timer 2registerstobe reloadedwith  unsigned integer. overlap a reload and cause write and/or reload
the 16-bit value in registers RCAP2H and . . errors. Tumn the Timer off (clear TR2) before
RCAP2L, which are preset by software. Timer 2 as a baud rate generator is shown in  a5cagsing the Timer 2 or RCAP register, in this

Figure 10. This Figure is valid only if RTCLK = case.
Now, the baud rates in Modes 1 and 3 are
determined by Timer 2's overflow rate as
follows:
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Table 3. Timer 1 Generated Commonly Used Baud Rates

TIMER 1
BAUD RATE fosc SMOD cT MODE RELOAD VAIUE
Mode 0 Max: 1 MHz 12 MHz X X X x
Mode 2 Max: 375 K 12 MHz 1 X X X
Modes 1,3:62.5K 12 MHz 1 0 2 FFH
19.2K 11.059 MHz 1 0 2 FDH
96K 11.059 MHz [ 0 2 FDH
48K 11.059 MHz 0 0 2 FAH
24K 11.059 MHz 0 0 2 FAH
1.2K 11.059 MHz 0 0 2 E8H
137.5K 11.986 MHz 0 0 2 1DH
110 6 MHz 0 0 2 72H
110 12 MHz o 0 1 FEEBH
TIMER 1

OVERFLOW

/——————— NOTE: OSC. FREQ. IS DIVIDED BY 2, NOT 12
[ 2 eme

TCIT!=1
T2 PN

RCAP2L RCAP2H

T2EX PIN — _\_ d}/O— :r?r::::wr"

EXEN2

L NOTE AVAILABILITY OF ADDITIONAL EXTERNAL INTERRUPT

Figure 10. Timer 2 in Baud Rate Generator Mode
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1.6 Interrupt system
External events and the real-time-driven
on-chip peripherals require service by the
CPU asynchronous to execution of any
particular section of code. To tie the
asynchronous activities of these functions to
normal program execution, a multiple-source,
two-priority-level, nested interrupt system is
provided. The 80CL52 acknowledges
interrupt requests from fourteen sources as
follows:

= INTO through INT9

- Timer O, Timer 1, and Timer 2

1.6.1 External Interrupts INT2 / INT9

Port 1 lines serve an alternative purpose as
seven additional interrupts INT2 to INT9.
When enabled, each of these lines may
"wake-up" the device from Power-down
mode. Using the IX1 register, each pin may
be initialized to either active HIGH or LOW.
1RQ1 is the interrupt request flag register.
Each flag, if the interrupt is enabled, will be
set on an interrupt request but must be
cleared by software, i.e. via the interrupt
software or when the interrupt is disabled.

Each interrupt vectors to a separate location in

source can be individually enabled or disabled
by corresponding bits in the interrupt Enable
Registers (IE, IED). The priority level is selected
via the Interrupt Priority register (IPO, IP1). All

" enabled sources can be globally disabled or

enabled.

The port 1 interTupts are level sensitive. A port
1 interrupt will be recognized when a level
(HIGH or LOW depending on Interrupt Polarity
Register IX1) on P1x is held active for at least
one machine cycle. The Interrupt Request is
not served until the next machine cycle.

- UART program memory for its service routine. Each
INTERRUPT IENO/ 1Port PRIORITY
SOURCES REGISTERS
HGH
P4 P
X0 * 0—eTo -
| © Low X1 IEN1 1RG1
o—e'tc o«
- o -
il ! o o H > 2 %
- * O—eto 2
! ° pros— > x
o o—e'tt o
b aiiandian mu gl rse—{ H > [ xt
|
X6 > 0—eTo =/g '_D'*_:
| P14 o v X6
X3 0 o—oJl?: =/g w
i : ma— H >0 xs
X * o—eto 2 3
| (o w —_—
3 po—H >0 — x4
X7 %—r}’c - ¢
! ° 3 P11 l_D“r @ X3
T oot o« e ) —o
I [+ [~
! 3 —{H T x2
X3 PP =/C & 1.0 | o
I © g
4
X8 oot g -
! WAKE-UP
S0 - o—f‘l’& =/g
|
x « o010 3
|
|
xo «O—e10 L
! ]
!
GLOBAL
ENABLE

Figure 11, interrupt System

Figure 12. External Interrupt Configuration
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Interrupt enable register IENO, IEN1

1.6.2 Interrupt Vectors

1ENO (A8H) 1P1(B8H) Vector  Source
Jea JerzJesi Jeso fert Jexi Jew Jexo | [rxo Joxa Joxs [oxs Joxs [oxe [pxa [pxz]  (highest)
X0 0003H Extemal/0
Bit Symbol Function Bit Symbol Function X5 0053H External 5
IENO.7 EA  General enable/disable IP1.7 PX9 Extemal interrupt 9 priority level g 000BH  Timer0
control IP1.6 PX8 External interrupt 8 priority level 12 00033 Timer 2
0 = no interrupt is enabled IP1.5 PX7 External interrupt 7 pricrity level  yg 005BH External 6
1 = any individually enabled  IP1.4 PX6 External interrupt 6 priority level x4 0013H External 1
interrupt will be accepted IP1.3 PX5 External interrupt 5 priority level  yo 003BH  External 2
IENO.E - Enable T2 enterrupt IP1.2 PX4 Extemalinterrupt 4 priority level  y7 0063H Extemal 7
IENO.5 ES1 MustbesettoObytheuser IP1.1 PX3 External interrupt 3 priority level ¢ 001BH  Timer1
IENO4 ESO Enable UART SIOinterrupt  IP1.0 PX2 Extemnal interrupt 2 priority level  x3 0043H External 3
IENO.3 ET1  Enable timer T1 interrupt X8 0068H External 8
IENO.2 EX1  Enable external interrupt 1 () 0023H UART
IENO.1 ETO  Enable Timer TO interrupt X4 004BH External 4
IEN0O.0O EXO0  Enable external interrupt 0 X9 0073H Extornal 9
Interrupt polarity register 1X1 ({lowest)
IEN1 (E8H) 1X1 (E9H) Interrupt priority
[ o [ [ [ [ [ [o] - [1n [ [0 [ [0 [ o ] Eachintruntprry surcs cam o st
either high or low priority. if both priorities are
Bit Symbol Function Bit Symbol Function requested simultanecusly, the controller will
IEN1.7 EX9 Enable external interrupt 9 IX1.7 1L9 External interrupt 9 polarity level  branch to the high priority vector.
IEN16 EX8 Enable external interrupt 8 iX1.6 IL8 External interrupt 8 polarity level o .
IEN1.5 EX7 Enable external interrupt?  IX1.5 IL7 External interrupt 7 polarity level A low priority interrupt can only be interrupted
IEN1.4 EX6 Enabloexternalinterrupté  1X1.4 IL6 Externalinterrupt 6 polarity level Dy @ high priority interrupt. A high- priority
IEN1.3 EX5 Enable externalinterrupt5  IX1.3 IL5 Externalinterrupt 5 polarity level  interrupt routine cannot be interrupted.
IEN1.2 EX4 Enable external interrupt 4 I1X1.2 IL4 Extemnal interrupt 4 polarity level
IEN1.1 EX3  Enable external interrupt 3 IX1.1 IL3 Extemalinterrupt 3 polarity level 163 Rela} ed reqlsters ;
IENT EX2  Enabl i X10 Iz E i 2 volarity lovel The following registers are used in
0 nable external interrupt 2 . xternal interrupt 2 polarity level conjunction with the interrupt system:
where 0 = interrupt disabled SFR
1= interrupt enabled Regi Fi ! Add
Interrupt priority register 1P0, IP{ Interrupt request flag register IRQ1 1X1 interrupt polarity E9H
1P0 (B8H) IRQ1 (COH) register
[- Jer2[esi[esoJoriJoxs Joro Jowo | [10o [ 18 107 108 Jros [rae [ 1as 102 | IRQ1 Interru;tnﬂ COH
request flay
Bit Sym Bit Symbol Function regismer ¢
IRQ1.7 IQ9 External interrupt 9 request flag
bol Function IRQ1.6 1Q8 Extemal interrupt 8 request flag IEND '"'9";"' enable  ASH
Po7 - Unused . IRQ1.5 1Q7 External interrupt 7 request flag register
P06  PT2  Timer 2interrupt priority IRQ1.4 106 External interrupt & request flag IENt  Interruptenable  ESH
lovel IRQ1.3 IQ5 External interrupt 5 request flag register
IP0.5  PS1  Unused L IRQ1.2 1Q4 Extemal interrupt 4 request flag (INT2-INT9)
IP0.4 PSO0  UART SIO interrupt priority : L
level IRQ1.1 1Q3 External !nterrupta request flag PO Interrupt priority B8H
. L IRQ1.0 IQ2 External interrupt 2 request flag register
1P0.3  PT1  Timer 1 interrupt priority
level Writing either a "1" or "0" to an 1X1 register bit IP1 Interrupt priority F8H
IP0.2 PX1  External interrupt 1 priority sets the polarity level of the corresponding register
lovel external interrupt to active HIGH or LOW (INT2-INT9)
IP0.1  PTO  Timer O interrupt priority respectively.
level
IPO.0  PX0  External interrupt O priority

level
Interrupt priority is as follows:
0 = low priority
1 = high priority
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1.7 Oscillator registers XTAL1 . To drive the device with an external trimmer for frequency adjustment.

The on-chip oscillator circuitry of the B0CLS2 clock source, apply the extemal clock signal to A 4.7 MQ bias resistor is needed

is a single-stage inverting amplifier biased by XTAL1, and leave XTAL2 to float, as shown in for use in paraliet with the crystal.

an intemal feedback resistor (Figure 13). For
operation as a standard quartz oscillator, no
external components are needed (except at
32 kHz). When using extemal capagitors,
ceramic resonators, coils and RC networks to
drive the oscillator, five different
configurations are supported (see Figure 14
and oscillator options).

In the Power-down mode the oscillator is
stopped and XTAL1 is pulled HIGH. The
oscillator inverter is switched off to ensure no
current will flow regardless of the voltage at

Fig. 14(f). There are no requirements on the
duty cycle of the extemal clock, since the input
to the internal clocking circuitry is buffered by a
flip-flop.

Osc. 2: Figure 14(e): An option for
low-power, low-frequency
operations using LC components
or quartz.

The following options are provided for optimum

on-chip oscillator performance. Please state

option when ordering.

Osc .3: An option for medium frequency
range applications.

Osc. 4. An option for high frequency range
1.7.1 Oscillator options (see Figure 14) applications.

32kHz: Figure 14(c). An option for 32 kHz RC:  Figure 14(g). An option for an RC
clock applications with external oscillator.

80CL52

Ypp

I~

Vop

\®_

TO INTERNAL
TIMING CIRCUITS

vpo

XTAL1

XTAL2

Figure 13. Oscillator
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QUARTZ
STANDARD OSCILLATOR 32KHZ
GUARTZ WITH EXTERNAL| OSCILLATOR
OSCILLATOR CAPACITORS
XTALt XTAL2 XTAL1 XTAL2 XTALY XTAL2
(A) (] ©
CERAMIC
RESONATOR LC-OSCILLATOR
XTAL1 XTALY
(0) (E)
RC-OSCILLATO!
XTAL1 XTAL2
NC.
Voo ;
@)
Figure 14. Alternative Osclilator Configurations
OSCILLATOR TYPE SELECTION GUIDE
C1 EXT. (pF) C2 EXT. (pF) MAX. RESONATOR
RESONATOR f(MHz) OPTION MIN. MAX, MIN. MAX. SERIES RESISTANCE
15kQ (1)
Quartz 0.032 32 kHz 5 15 0 0 600 Q
Quartz 1.0 OSC. 2 0 30 [ 30 100Q
Quartz 3.58 0SC. 2 0 15 0 15 75Q
Quartz 4.0 08C.2 0 20 0 20 60 Q
Quartz 6.0 0sC. 3 0 10 0 10 80Q
Quartz 10.0 0SC. 4 0 15 0 15 40Q
Quartz 12.0 0SC. 4 0 10 0 10 100
PXE 0.455 0SC. 2 40 50 40 50 100Q
PXE 1.0 0S8C. 2 15 50 15 50 00
PXE 358 0sC. 2 0 40 0 40 10Q
PXE 4.0 0OSC. 2 0 40 0 40 100
PXE 6.0 0SC. 2 0 20 [¢] 20 5Q
PXE 10.0 0OSC. 3 0 15 0 15 8Q
PXE 12.0 0SC. 4 10 40 10 40 6Q
Lc 0SC. 2 20 90 20 90 10pH=1Q
100 pH =5 Q
1mH=75Q
NOTE:

1. 32 kHz quartz crystals with a series resistance higher than 15 kQ will reduce the guaranteed supply voltage range to 2.5 -3.5V. The
equivalent circuit data of the internal oscillator compares with that of matched crystals.
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OSCILLATOR EQUIVALENT CIRCUIT PARAMETERS (see Figure 15)

PARAMETER OPTION SYMBOL CONDITION MIN. TYPR MAX. UNIT
Transconductance 32kHz Om T =4+25°; Vpp = 4.5V - 15 - us
Osc.2 Om T=4259; Vgp = 4.5V 200 600 1000 ps
Osc.3 Om T =4+25°C; Vpp = 4.5V 400 1500 4000 us
Osc.4 Om T =+25°C; Vpp = 4.5V 1000 4000 10000 us
Input Capacitance 32 kHz C1, - 3.0 - pF
Osc. 2 C1, - 8.0 - pF
Osc. 3 c1 - 8.0 - pF
Osc. 4 C1; - 8.0 - pF
Output Capacitance 32 kHz C2; - 23 - pF
Osc. 2 C2; - 8.0 - pF
Osc. 3 c2 - 8.0 - pF
Osc. 4 Cc2, - 8.0 - pF
Output Capacitance 32 kHz R2 - 3800 - kQ
Osc. 2 R2 - 65 - kQ
Osc. 3 R2 - 18 - kQ
Osc. 4 R2 - 50 - kQ
R¢
XTAL1 ’ 1 ’ XTAL2
cy; vy 1 Sm [] Ry :|F c2y
SCHMTY
TRIGGER
—3
Figure 15. Equivalent Circuit Diag
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1.7.3 RC Osclilator (see Figure 16)
The externally adjustable RC-oscillator has a
frequency range from 100 kHz to 500 kHz.

1.8 Reset circuitry
To initialize the 80CLS2, a reset is performed
by either of two methods:

- via the RST pin

- via a power-on-reset

It leaves the internal registers as follows:

fosc
(kHz}

Theinternal RAMis notaffected by reset. When
Vpp is tumed on the RAM contents are
indeterminate.

1.8.1 Power-on reset

The BOCL52 contains on-chip circuitry which
switch the port pins to the customer defined
logic level as soon as Vpp exceeds 1.3 V. As
soon as the minimum supply voltage is
reached, the oscillator will start up. However,
to ensure that the oscillator is stable before
the controller starts, the clock signals are

REGISTER CONTENT gated away from the CPU for a further 1536
gcc $$ gggg ° oscillator periods.
DPL [ 2 4 6 : . .
0000 0000 RC{us) Ahysteresis of approximately 50mV atatypical
DPH 0000 0000 power-on switching level of 1.3 V will ensure
1EQ 0000 0000 Figure 16. Frequency as a correct operation.
:g(‘) Q?(gg (())ggg Function of RC An automatic reset can be obtained at
P 00000000 B Tom capachor Atpowr-on,he volsge on
1X1 e oy :
Ra1 0000000 The reset siale of the port pins is U FSTpinisequalto Voo minus hecapacir
PCH 0000 0000 mask programmable and can therefors be a?:it,or discharges through the. intomal
PCL 0000 0000 defined by the user. The standard reset value registor R N 98 d gl'h ia th
for port PO-P3 is 1111 1111. F Tpst 10 ground. The larger the
PCON 0XXX 0000 capacitor, the more slowly Vggy dacreases.
PO-P3 111111 The resetinput to the 80CL52 is RST pin 15. A VrsT mustremain above the lower threshold of
SO0BUF XXXX XXXXK Schmitt trigger qualifies the input for noise the Schmitt trigger long enough to effect a
SOCON 0000 0000 rejection. The output of the Schmitt trigger is complete reset. The time required is the
SP 0000 0111 sampled by the reset circuitry every machine  oscillator start-up time, plus 2 machine cycles.
TN THe  oocogoee vl _ , 1.9 INSTRUCTION SET
TLO, TLY. TL2 0000 0000 Aresetis accomplished by hold_mg the RST pin Th(? SOCLS? uses a powe_rfm instmcﬁ.on set
e HIGH for at least two machine cycles (24  which permits the expansion of on-chip CPU
TMOD 0000 0000 oscillator periods), while the oscillator is  peripherals and optimizes byte efficiency and
PSW 0000 0000 running. The CPU responds by generating an  gxecution speed. Assigned opcodes add new
RCAP2L 0000 0000 internal reset. Port pins adopt their reset state  high-power operation and permit new
RCAP2H 0000 0000 immediately after RST goes HIGH. During  addressing modes. The instruction set
reset ALE and PSEN are held HIGH. consists of 49 single-byte, 46 two-byte and
The external reset is asynchronous to the 16 three-Abyle instn_Jcﬁons._ When using a 12
internal clock. The RST pin is sampled during MHz osalla_tor, 64 |nstrpct|ons e)fef:ute in1
State 5, Phase 2 of every machine cycle. After ™S @nd 45 in 2 y1s. Multiply and divide
a HIGH is detected at the RST pin, an internal  MSructions execute in 4 us.
reset is repeated every cycle until RST goes
LOW.
RST l ; GIRGUITRY

SCHMITT
TRIGGER

Figure 17. Reset Configuration at RST Pin
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SWITCHING LEVEL
POR / \S
SUPPLY HYSTERESIS
VOLTAGE

POWER-ON
RESET (INTERNAL)

OSCILLATOR  eee—
P,

S— L

/

.

START-UP
TIME
1536 OSCILLATOR
PERIODS DELAY
Figure 18. Power-on Reset Switching Level
vee

5
M
1™}

80CL52

RRpst

Figure 19. Recommended Power-on Reset Circuitry
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INSTRUCTION SET
BYTES OPCODE
MNEMONC DESCRIPTION ICYCLES (HEX.)
Arithmetic Operations
ADD ARr Add register to A 1 1 2s*
ADD A direct Add direct byte to A 2 1 25
ADD A@R Add indirect RAM to A 1 1 26,27
ADD A #data Add immediate data to A 1 1 24
ADDC ARr Add register to A with carry flag 1 1 3"
ADDC  Adirect Add direct byte to A with carry flag 2 1 35
ADDC A@R 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 ARr Subtract register from A with borrow 1 1 9"
SUBB  Adirect 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 Subtractimmediate 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 @R Increment indirect RAM ] 1 086, 07
DEC A Decrement A 1 1 14
DEC Rr Decrement register 1 1 1
DEC direct Decrement direct byte 2 1 15
DEC @R Decrement indirect RAM 1 1 16,17
INC DPTR Increment data painter 1 2 A3
MUL AB Multiply A & B 1 4 Ad
DIv AB Divide Aby B 1 4 84
DA A Decimal adjust A 1 1 D4
Logic Operations

ANL ARr AND register to A 1 1 5*
ANL A direct AND direct byte to A 2 1 55
ANL A@R AND indirect RAM to A 1 1 56,57
ANL A #data AND immediate data to A 2 1 54
ANI directA 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 Adirect OR direct byte to A 2 1 45
ORL A @Ri ORindirect 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
XAL A@Ri Exclusive-OR indirect RAM ta A 1 1 66, 67
XRL A #data Exclusive-OR immediate data to A 2 1 64
XRL direct A Exclusive-OR 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
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INSTRUCTION SET (Continued)

BYTES OPCODE
MNEMONC DESCRIPTION /CYCLES (HEX.)
Logic Operations (Continued)
CPL A Complement A 1 1 F4
RL A Rotate A left 1 1 23
RLC A Rotate A left through the carry fiag 1 1 33
RR A Rotate A right 1 1 03
RRC A Rotate A right throught the carry flag 1 1 13
SWAP A Swap nibbles within A 1 1 C4
Data transfer
MOVt ARr Move register to A 1 1 E*
MOV Adirect Move directbyte to A 2 1 ES
MoV A@R Move indirect RAM to A 1 1 E§, 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 Rrjdata Move immediate data to register 2 1 7"
MOV direct, A Mave 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 A8, A7
MOV @Ri #data Move immediate data to indirect RAM 2 1 76,77
MOV DPTR,#datai6 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 E3, E3
MOVX  A@DPTR Move external RAM (16-bit address) to A 1 2 E0
MOVX @RiA Move A to external RAM (8-bit address) 1 2 F2,F3
MOVX @DPTRA MOV A to external RAM (1 6-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 ARr Exchange register with A 1 1 c*
XCH A direct Exchange direct byte with A 2 1 Cc5
XCH A @Ri Exchange indirect RAM with A 1 1 Ce,C7
XCHD A@Ri Exchange LOW-order digit indirect RAM with A 1 1 D6, D7
Bit-Operations
CLR o] Clear carry flag 1 1 C3
CLR bit Clear direct bit 2 1 c2
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,/it AND direct bit to carry flag 2 2 BO
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INSTRUCTION SET (Continued)

BYTES OPCODE
MNEMONIC DESCRIPTION ICYCLES (HEX.)
Bit-Operations (Continued)
ORL C bit ) OR direct bit to carry flag 2 2 72
ORL C /it 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 addri1 Absolute subroutine call 2 2 **1addr
LCALL addris Long subroutine call 3 2 12
RET Return from subroutine 1 2 22
RETI addr11 Return from interrupt 1 2 32
AJMP  addrts Absolute jump 2 2 **1addr
LIMP ol Long jump 3 2 02
SJMP  rel Short jump (relative address) 2 2 80
JMP @A+DPTR Jump indirect relative to the DPTR 1 2 73
JZ rel Jumpif A is zero 2 2 60
JNZ rel Jump if A is not zero 2 2 70
Je rel Jump if carry flag is set 2 2 40
JNC rel Jump if no carry flag 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
CJINE  Adirect rel Compare direct to A and jump if not equal 3 2 BS
CJNE A #data,rel Compare immediate to A and jump if not equal 3 2 B4
CJNE  Rr#data,rel Compare immediate to reg. and jump if not equal 3 2 B*
CJNE  @Ri,#data,rel Compare immediate to ind. and jump if not equal 3 2 B8, B7
DJNZ  Rrrel Decrement register and jump if not zero 2 2 D*
DJINZ  directrel Decrement direct and jump if not zero 3 2 Ds
NOP No operation 1 1 00

NOTES:

Data addressing modes:

Rr = Working register RO - R7

direct = 128intarnal RAM locations and any special function register (SFR)

@Ri = Indirect internal RAM {ocation addressed by register RO or R1.

#data = 8-bit constant included in instruction

#data = 16-bit constant included in instruction

bit = Direct constant included in instruction

addri6 = ; g&brg sd::ggggon address. Used by LCALL and LUMP. The branch will be anywhere within the 84K-byte program memory

addaril = 11-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2K-byte page of program memory as

the first byte of the following instruction.
rel = Signed (two's complement) 8-bit offset byte. Used by SMJP and all conditional jumps. Range is -128 to +128 bytes relative to first
byte of the following instruction,

Hexadecimal opcode cross-reference
* B,9ABCDEF

" 11,31,51,71,91,B1, D1, F1.
“**01,21,41,61,81, A1, C1, EL.
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2.0 RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
PARAMETER SYMBOL MiN. MAX. UNIT
Supply voltage (pin 40) Voo 05 +85 Vv
Allinput voltages v -0.5 Vpp+0.5 v
DC current into any input or cutput I, lo - 5 mA
Total power dissipation Pt - 300 mwW
Storage temperature range Tag -85 +150 °C
Operating ambient temperature range Tamb -40 +85 °C
Operating junction temperature T - 125 °C
3.0 DC CHARACTERISTICS
Vpp = 1.8V; Vgg = OV; Tamp = ~40 to +B85°C; all voltages with respect to Vss; unless otherwise specified.
TEST LIMITS
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
Voo Supply voltage 1.8 6.0 \
RAM retention voltage in power-down mode 1.0 — 8.0 v
oo Supply current:
Operating (note 1) Voo = 5V, fok = 12 MHz — — thf mA
Vpp = 3V; to = 3.58 MHz — — tbf mA
{dle mode (note 2) Voo =5V, fox = 12 MHz — —_ tbf mA
Vop = 3V fo = 3.58 MHz — - tbf mA
Ipp Power-down (note 3) Vpp = 1.8V; Tamy =25 °C - —_ 10 mA
Vi Input voltage LOW (note 6) Vss < Vi< Vpp Vss — 0.3Vpo Vv
Vi Input voltage HIGH (note 6) 0.7Vpp — Voo v
+h Input leakage current (port 0, EA) 10 HA
loL Output sink current LOW Voo=5V;VoL=04V 186 —_ — mA
Vop=25V;VoL=04V 0.7 0.7 —_— mA
-lon Output source current HIGH, push-pull options only Vpp=5V; Voy=Vpp04V 1.6 16 — mA
Voo =3V, Voy=Vpp-04V 0.7 0.7 — mA
-l {nput current logic 0 Vop=5V;VN=04V — — 100 HA
Vop=3V,Vn=04V — —_ 50 HA
-l Input current logic 0, 1-10-0 transition Vpp =5V; Viy = Vpp/2 — — 1.0 mA
Vpp = 3V; Viy = Vpp/2 — — 500 kA
__ET RST pull-down resistor 10 — 200 kQ

NOTES TO DC CHARACTERISTICS:

1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t; = t = 10 ns; Vi = Vsg;vin = Voo : XTAL2
not connected; EA = RST + PORT 0 = VDD.

2. The idle mode supply current is measured with afl output pins disconnected; XTAL 1 driven with t =ty = 10 ns; Vi = Vs ; Viu = Vpp : XTAL2
is not connected; EA = PORT 0 = Vpp.

3. The power-down current is measured with all autput pins disconnected; XTAL 1 not connected; EA = Port 0 = Vpp; RST = Vgs.

4. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be surerimposed on the LOW level output voltaqe of ALE, Port
1 and Port 3 pins when these pins make a 1-10-0 transition during bus operations. In the most adverse conditions (capacitive loading>100
pF) the noise pulse on the ALE line may exceed 0.8 V. In this event it may be required to qualify ALE with a Schmitt trigger, or use an
address latch with a Schmitt trigger strobe input.

5. 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% of
Vpp specification when the address bits are stabilizing.
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4.0 AC CHARACTERISTICS

Vop = 5 V; Vgg = 0 V; Tymp, = -40 10 +85 °C; C_ = 50 pF for Port 0; ALE and PSEN, Cy =40 pF for all other outputs unless otherwise specified.
PROGRAM MEMORY (See Figure 20)

12MHz VARIABLE CLOCK
PARAMETER SYMBOL MIN. MAX MIN. MAX UNIT

ALE pulse duration 1Ty 127 - 2tck-40 - ns
Address set-up time to ALE tar 43 - tck-40 - ns
Address hold time to ALE [T 48 - tex-35 - ns
Time from ALE to control pulse PSEN tc 58 - tek-25 - ns
Time from ALE to valid instruction input tuv - 233 - 4tck-100 ns
Contro! pulse duration PSEN tcc 215 - 3tek-35 - ns
Time from PSEN to valid instruction input e - 215 - 3tek-125 ns
Input instruction hold time after PSEN to 0 - 0 - ns
Input instruction float delay after PSEN tor - 83 - tck-20 ns
Address valid after PSEN tac 75 - tck-8

Address to valid instruction input tav - 302 - Sigk-115

Address float time to PSEN tarc 12 - 0 - ns

EXTERNAL DATA MEMORY (See Figures 21 and 22)
12MHz VARIABLE CLOCK
PARAMETER SYMBOL MIN. MAX MIN. MAX. UNIT

RD pulse duration tar 400 - Btck-100 - ns
WR pulse duration tww 400 - 6tck-100 - ns
Address hold time after ALE | 48 - tck-35 - ns
RD to valid data input trRo - 150 - Stci-165 ns
Data float delay after RD tora - 97 - 2tck-70 ns
Time from ALE to valid data input o - 517 - 8tck-150 ns
Address to valid data input tap - 585 - Stck-165 ns
Time from ALE to RD and WR tw 200 300 3tok-50 | 3tok+50 ns
Time from address to RD and WR taw 203 - 4tck-130 - ns
Time from RD or WR HIGH to ALE HIGH twHLH 43 123 tok-40 tok+40 ns
Data valid to WR transition towx 23 - tok-60 - ns
Data set-up time before WR tow 433 - Ttek-150 - ns
Data hold time after WR twp 33 - tck-50 - ns
Address float delay after RD twarR - 12 - 12 ns

NOTE TO THE AC CHARACTERISTICS:

1. Lngerfacing the 80CL52 to devices with float times up to 75 ns is permitted. This fimited bus contention will not cause damage to Port 0
rivers.
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PORTD——( ADO TO AD? Estmu’r)( ADO TO AD7 )—@_
WMFC —| L— .l L_ ta
AV
PORT2 >( ADDRESS A8 TO A5 >( ADDRESS A8 TO A15 )(

Figure 20. Read from Program Memory
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taw RD ‘oFR
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ADDRESS A8 TO A15 OR PORT 2 OUT

A
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Figure 21. Read from Data Memory
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ADDRESS A8 TO A15 OR PORT 2 OUT X

y
PORT2 )+

Figure 22. Write to Data Memory
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ONE MACHINE CYCLE ONE MACHINE CYCLE
s1 ' s2 s3 S4 ss L s6 s1 s2 s3 | s 85 ‘ s6
p1 P2 [P1 P2|P1 P2|Pi P2 [Pt P2P1 P2 [P P2| P P2l P1 P2|P1 P2|Pt P2[P1 P2
XTAL1
DOTTED LINES INPUT
ARE VAU WHEN !
RD OR WR
ARE ACTIVE | I_.I I__.| '.__I |
- _I’_,_—I 1
! |
ONLY ACTIVE | |
DURING A READ ] I I l | I | l l
FROM EXTERNAL PSEN
DATA MEMORY | |
|
ONLY ACTIVE — !
DURING A WRITE t
TO EXTERNAL | | I |
DATA MEMORY ! |
| i
WR
I !
l |
EXTERNAL
PROGRAM | |
MEMORY | |
FETCH | |
PORT 2 T‘ I ADDRESS A8-A1S I ADDRESS AS-A15 | ADDRESS AS-A15 I ADDRESS As-Als
h
t
' |
' |
|
NsT]__JADDRE: insT]__fADORESS] DDRESS]
BUS N A AT DATA OUTPUT OR DATA INPUT AT
(PORT 0)
READ OR WRITE | |
OF EXTERNAL | |
DATA MEMORY | |
;
t
PORTZ | I ADDRESS A8-A1S I ADDRESS A8-A15 OR PORT 2 OUT I ADDRESS M—Abs
! [
! |
PORT 02,3 =) +
ouTPUT ! OLD DATA ‘ NEW DATA |
1
| |
| .
PORT 1 | OLD DATA I NEW DATA i
OUTPUT |
| ]
I |
| I_I I__l |
PORT0.23 __ |
OuTPUT T |
| SAMPLING TIME OF /0 PORT PINS DURING INPUT
| |
| M M
PORT 1 }
oUTPUT f
| |
SERIAL | !
PORT
CLOCK . |
Figure 23. Instruction Cycle Timing
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5.0 CHARACTERISTICS CURVES

0.7Vpp 0.7 Vpp
0.9 Vpp
TEST
0.4 Vpp
03Vpp 0.3 vpp
Figure 24. AC Testing Input Waveform
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[
1mA1 i ,01
IXTAL
(MHz)
—ip 1
10-1
[
1ot |
' ' 102
Vpp2 Vop
[ 2 4 [
Voo (V)
Figure 25, input Current Figure 26. Frequency Operating Range
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o To be
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Figure 27. Typical Operating Current vs
Frequency and Vpp, Tam, = 25°C.

Tobe Jo be
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2
2

1
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Figure 28. Typlcal Idle Current vs Frequency Figure 29. Typical Power-Down Current vs
and Vpp, Tamb = 25°C. Frequency and Vpp, Tamib = 25°C.
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