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Philips Semiconductors Product data
_____________________________________________________________________________________________________________|

80C51 8-bit microcontroller family P80C3xX2: P80C5ExX2:
4K/8K/16K/32K ROM/OTP, low voltage (2.7 to 5.5 V), ’ P87C5XX’2

low Eower, hi(-Jh sBeed 530/33 MHz;

DESCRIPTION selectable modes of power reduction — idle mode and power-down

The Philips microcontrollers described in this data sheet are mode — are available. The idle mode freezes the CPU while

high-performance static 80C51 designs incorporating Philips’ allowing the RAM, timers, serial port, and interrupt system to

high-density CMOS technology with operation from 2.7 V to 5.5 V. continue functioning. The power-down mode saves the RAM

They support both 6-clock and 12-clock operation. contents but freezes the oscillator, causing all other chip functions to
) be inoperative. Since the design is static, the clock can be stopped

The P8xC31X2/51X2 and P8xC32X2/52X2/54X2/58X2 contain without loss of user data. Then the execution can be resumed from

128 byte RAM and 256 byte RAM respectively, 32 I/O lines, three the point the clock was stopped.

16-bit counter/timers, a six-source, four-priority level nested interrupt

structure, a serial 1/0 port for either multi-processor SELECTION TABLE

communications, 1/0 expansion or full duplex UART, and on-chip For applications requiring more ROM and RAM, as well as more

oscillator and clock circuits. on-chip peripherals, see the P89C66x and P89C51Rx2 data sheets.

In addition, the devices are low power static designs which offer a
wide range of operating frequencies down to zero. Two software

Type Memory Timers Serial Interfaces

g é e g _ % ’l\ZArEéE. Freq. Freq.
- e Sl g |sE| g 5 | ES [aeon | 3% |

sl 3lela|5|3|s|elslolzla] 8| o |85|83| £2| 28|22 mmn [

x & o T |lelzlae]l=]5]=]0]o < S |Ed| g5 | 82 | oo | MHY

P87C58X2 256B - 32K - 3 - - - I - - - - 32 6(2) I 12—clk 6-clk 30/33 0-16 0-30/33
P80C58X2 256B 32K - 3 - - - I - - - - 32 6(2) v 12—clk 6-clk 30/33 0-16 0-30/33
P87C54X2 256B - 16K 3 - - - I - - - - 32 6(2) I 12—clk 6-clk 30/33 0-16 0-30/33
P80C54X2 256B 16K - - 3 - - - I - - - - 32 6(2) I 12—clk 6-clk 30/33 0-16 0-30/33
P87C52X2 256B - 8K - 3 - - - I - - - - 32 6(2) v 12—clk 6-clk 30/33 0-16 0-30/33
P80C52X2 256B 8K - - 3 - - - I - - - - 32 6(2) I 12—clk 6-clk 30/33 0-16 0-30/33
P87C51X2 128B - 4K - 3 - - - I - - - - 32 6(2) I 12—clk 6-clk 30/33 0-16 0-30/33
P80C51X2 128B 4K - - 3 - - - I - - - - 32 6(2) v 12—clk 6-clk 30/33 0-16 0-30/33
P80C32X2 256B - - - 3 - - - I - - - - 32 6(2) - 12—clk 6-clk 30/33 0-16 0-30/33
P80C31X2 128B - - - 3 - - - I - - - - 32 6(2) - 12—clk 6-clk 30/33 0-16 0-30/33

NOTE:
1. I2C = Inter-Integrated Circuit Bus; CAN = Controller Area Network; SPI = Serial Peripheral Interface; PCA = Programmable Counter Array;
ADC = Analog-to-Digital Converter; PWM = Pulse Width Modulation
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Philips Semiconductors

Product data

80C51 8-bit microcontroller family
4K/8K/16K/32K ROM/OTP, low voltage (2.7 to 5.5 V),

low power, high speed (30/33 MHz)

P80C3xX2; P8BOC5xX2;
P87C5xX2

Table 1.  Special Function Registers
DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION RESET
SYMBOL DESCRIPTION ADDRESS | B LSB VALUE
ACC* Accumulator EOH E7 E6 E5 E4 E3 E2 El EO 00OH
AUXR# Auxiliary 8EH - - - - - - - AO XXXXXXX0B
AUXR1# Auxiliary 1 A2H - - - LPEPZ | WUPD 0 - DPS xxx000x0B
B* B register FOH F7 F6 F5 F4 F3 F2 F1 FO OOH
CKCON Clock Control Register 8FH - - - - - | - -1 x xxx00000B
DPTR: Data Pointer (2 bytes)
DPH Data Pointer High 83H 00H
DPL Data Pointer Low 82H 00OH
AF AE AD AC AB AA A9 A8
IE* Interrupt Enable A8H EA - ET2 ES ET1 | EXL | ETO | EXO | 0x000000B
BF BE BD BC BB BA B9 B8
IP* Interrupt Priority B8H - - PT2 PS PT1 PX1 PTO PX0 xx000000B
IPH# Interrupt Priority High B7H - - PT2H PSH PT1H | PX1H | PTOH PXO0H | xx000000B
87 86 85 84 83 82 81 80
PO* Port 0 80H AD7 | AD6 | AD5 | AD4 | AD3 | AD2 | AD1 [ ADO | FFH
97 96 95 94 93 92 91 90
P1* Port 1 90H - | -1 - -1 - 1] - [Jmx]| 12 FFH
A7 A6 A5 Ad A3 A2 Al AO
p2* Port 2 AOH AD15 | AD14 | AD13 | AD12 | AD11 | AD10 [ AD9 | AD8 | FFH
B7 B6 B5 B4 B3 B2 B1 BO
p3* Port 3 BOH RD | WR | T1 | T0 | INTL [INTO [ TXD | RxD | FFH
PCON#! | Power Control 87H smopbt | smobo | - | POF | GF1L | GFO | PD | IDL 00xx0000B
D7 D6 D5 D4 D3 D2 D1 DO
PSW* Program Status Word DOH cy [ ACc | FO | RSL | RSO [ ov [ - | P 000000x0B
RACAP2H# | Timer 2 Capture High CBH O00OH
RACAP2L# | Timer 2 Capture Low CAH 00H
SADDR# Slave Address A9H 00H
SADEN# Slave Address Mask B9H 00OH
SBUF Serial Data Buffer 99H XXXXXXXXB
9F 9E 9D 9C 9B 9A 99 98
SCON* Serial Control 98H SMOFE| smM1 | sM2 | REN | ™88 | RB8 [ TI | RI 00H
SP Stack Pointer 81H 07H
8F 8E 8D 8C 8B 8A 89 88
TCON* Timer Control 88H TF1 | TRL [ TFO | TRO | IEL | ITL [ 1EO | ITO OOH
CF CE CD cC CB CA c9 c8
T2CON* | Timer 2 Control C8H TF2 EXF2 | RCLK | TCLK | EXEN2 | TR2 | C/T2 | CP/RL2 | OOH
T2MOD# Timer 2 Mode Control C9H - - - - - - T20E DCEN | xxxxxx00B
THO Timer High O 8CH OO0H
TH1 Timer High 1 8DH OO0H
TH2# Timer High 2 CDH OO0H
TLO Timer Low O 8AH 00H
TL1 Timer Low 1 8BH 00H
TL2# Timer Low 2 CCH OO0H
TMOD Timer Mode 89H GATE | c¢T | M1 | Mo | GatTE | o1 | M1 | MmO 00H
NOTE:

Unused register bits that are not defined should not be set by the user’s program. If violated, the device could function incorrectly.
*  SFRs are bit addressable.

NEENEES

2003 Jan 24

SFRs are modified from or added to the 80C51 SFRs.
Reserved bits.
Reset value depends on reset source.
LPEP — Low Power EPROM operation (OTP only)
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Philips Semiconductors Product data

80C51 8-bit microcontroller family P80C3xX2: P80C5xX2:

4K/8K/16K/32K ROM/OTP, low voltage (2.7 t0 5.5 V), ’ .

low power, high speed (30/33 MHz) P87C5xX2
TMOD Address = 89H Reset Value = 00H

Not Bit Addressable

7 6 5 4 3 2 1 0
GATE| CIT M1 MO | GATE CIT M1 MO
- J J
' '
TIMER 1 TIMER O

BIT SYMBOL FUNCTION
TMOD.3/ GATE Gating control when set. Timer/Counter “n” is enabled only while “INTn” pin is high and
TMOD.7 “TRn” control pin is set. when cleared Timer “n” is enabled whenever “TRn” control bit is set.
TMOD.2/ CIT Timer or Counter Selector cleared for Timer operation (input from internal system clock.)
TMOD.6 Set for Counter operation (input from “Tn” input pin).

M1 MO OPERATING

0 0 8048 Timer: “TLn" serves as 5-bit prescaler.
0 1 16-bit Timer/Counter: “THn” and “TLn" are cascaded; there is no prescaler.
1 0 8-bit auto-reload Timer/Counter: “THn” holds a value which is to be reloaded

into “TLn" 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 only controlled by Timer 1 control bits.

1 1 (Timer 1) Timer/Counter 1 stopped.

SU01580
Figure 1. Timer/Counter 0/1 Mode Control (TMOD) Register
O/‘ TLn THn
‘ (5 Bits) (8Bits) f—»| TFn = Interrupt
T CT=1
Tn Pin Control
TRn
Timer n 4D07
Gate bit
INTn Pin I
d = 6 in 6-clock mode; d = 12 in 12-clock mode. SU01618

Figure 2. Timer/Counter 0/1 Mode 0: 13-Bit Timer/Counter

2003 Jan 24 15



Philips Semiconductors Product data

80C51 8-bit microcontroller family PSOC3xX2: PSOC5xX2:
4K/8K/16K/32K ROM/OTP, low voltage (2.7 t0 5.5 V), ’ .
low power, high speed (30/33 MHz) P87C5xX2

TL2 TH2
‘ (8-BITS) (8-BITS)
_ cit2=1 ‘
T2 Pin CONTROL
—
TR2  RELOAD I
TRANSITION
DETECTOR RCAP2L RCAP2H
i [ TF2
. TIMER 2
INTERRUPT
T2EXPIN —»] /\k o— o ‘ EXE2
CONTROL
*n =6 in 6-clock mode; n = 12 in 12-clock mode. EXEN2 5001623

Figure 9. Timer 2 in Auto-Reload Mode (DCEN = 0)

(DOWN COUNTING RELOAD VALUE)

FFH FFH

[— EXF2

OVERFLOW
‘ TL2 TH2 INTERRUPT
ClT2=1 L
T2 Pin
CONTROL
TR2 A COUNT

DIRECTION

1=UP

0=DOWN

RCAP2L RCAP2H
*n = 6 in 6-clock mode; n = 12 in 12-clock mode.
(UP COUNTING RELOAD VALUE) T2EX PIN SU01624

Figure 10. Timer 2 Auto Reload Mode (DCEN = 1)
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Philips Semiconductors

Product data

80C51 8-bit microcontroller family
4K/8K/16K/32K ROM/OTP, low voltage (2.7 to 5.5 V),
low power, high speed (30/33 MHz)

P80C3xX2; P8BOC5xX2;

P87C5xX2

SCON Address = 98H Reset Value = 00H
Bit Addressable 7 6 5 4 3 2 1 0
SMO | SM1 | SM2 | REN | TB8 | RB8 Tl RI
Where SMO, SM1 specify the serial port mode, as follows:
SMO SM1 Mode Description Baud Rate

0 0 0 shift register fosc/12 (12-clock mode) or fogc/6 (6-clock mode)

0 1 1 8-bit UART variable

1 0 2 9-bit UART fosc/64 or fosc/32 (12-clock mode) or fogc/32 or fosc/16 (6-clock mode)

1 1 3 9-bit UART variable
SM2 Enables the multiprocessor communication feature in Modes 2 and 3. In Mode 2 or 3, 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 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 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,
RB8 is not used.
TI Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode O, or at the beginning of the stop bit in the other
modes, in any serial 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 halfway through the stop bit time in the other
modes, in any serial reception (except see SM2). Must be cleared by software.
SU01626
Figure 12. Serial Port Control (SCON) Register
Baud Rate Timer 1
fosc SMOD —

Mode 12-clock mode 6-clock mode CIT Mode Reload Value
Mode 0 Max 1.67 MHz 3.34 MHz 20 MHz X X X X
Mode 2 Max 625 k 1250 k 20 MHz 1 X X X

Mode 1, 3 Max 104.2 k 208.4 k 20 MHz 1 0 2 FFH
Mode 1, 3 19.2 k 38.4k 11.059 MHz 1 0 2 FDH
9.6k 19.2 k 11.059 MHz 0 0 2 FDH
4.8k 9.6 k 11.059 MHz 0 0 2 FAH
2.4k 48k 11.059 MHz 0 0 2 F4H
1.2k 24k 11.059 MHz 0 0 2 E8H
137.5 275 11.986 MHz 0 0 2 1DH
110 220 6 MHz 0 0 2 72H

110 220 12 MHz 0 0 1 FEEBH

Figure 13. Timer 1 Generated Commonly Used Baud Rates
More About Mode 0 S6P2 of every machine cycle in which SEND is active, the contents

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 a 1/12 the oscillator frequency (12-clock mode) or
1/6 the oscillator frequency (6-clock mode).

Figure 14 shows a simplified functional diagram of the serial port in
Mode 0, and associated timing.

Transmission is initiated by any instruction that uses SBUF as a
destination register. The “write to SBUF” signal at S6P2 also loads a
1 into the 9th position of the transmit shift register and tells the TX
Control block to commence a transmission. The internal timing is
such that one full machine cycle will elapse between “write to SBUF”
and activation of SEND.

SEND enables the output of the shift register to the alternate output

function line of P3.0 and also enable SHIFT CLOCK to the alternate

output function line of P3.1. SHIFT CLOCK is low during S3, S4, and
S5 of every machine cycle, and high during S6, S1, and S2. At

2003 Jan 24
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of the transmit shift are shifted to the right one position.

As data bits shift out to the right, zeros come in from the left. When
the MSB of the data byte is at the output position of the shift register,
then the 1 that was initially loaded into the 9th position, is just to the
left of the MSB, and all positions to the left of that contain zeros.
This condition flags the TX Control block to do one last shift and
then deactivate SEND and set T1. Both of these actions occur at
S1P1 of the 10th machine cycle after “write to SBUF.”

Reception is initiated by the condition REN = 1 and R1 = 0. At S6P2
of the next machine cycle, the RX Control unit writes the bits
11111110 to the receive shift register, and in the next clock phase
activates RECEIVE.

RECEIVE enable SHIFT CLOCK to the alternate output function line
of P3.1. SHIFT CLOCK makes transitions at S3P1 and S6P1 of
every machine cycle. At S6P2 of every machine cycle in which
RECEIVE is active, the contents of the receive shift register are



Philips Semiconductors Product data

80C51 8-bit microcontroller family P80C3xX2: P80C5xX2:
4K/8K/16K/32K ROM/OTP, low voltage (2.7 t0 5.5 V), ’ .

low power, high speed (30/33 MHz) P87C5xX2

80C51 Internal Bus
TB8
Write
to —
SBUF S
Phase 2 Clock D Q SBUF TXD
(12 fosc in CL
12-clock mode;
fosc in 6-clock ‘ ‘ ‘ ‘ ‘ ‘
mode) | Zero Detector |
v I
Mode 2 Stop Bit Shift Data
Start  Gen.
TX Control
SMOD =1 ——»| +16 TX Clock T1 Send
Serial
R § Port
Interrupt
SMOD =0 +16
(SMOD is
PCON.7)
Sample RX Clock R1 éOBaSjF ——
1-t0-0 RX Control Shift
Transition | | Start
Detector 1FFH
A
i Bit Detector
Input Shift Register
(9 Bits)
RxD Load
SBUF
SBUF
Read
SBUF
80C51 Internal Bus
X
fl_Clock ] fl fl Ml 1 fl fl fl fl Ml fl fl fl
(| Write to SBUF
— Send | —
Data LSlPlI 1
N Transmit
Shift fl fl fl fl fl fl fl fl fl
™D NstartBit /oo Y b1 X p2 X ps X pa X s X o6 X b7 X 188 Y  SopBi
Tl I
Stop Bit Gen. | I
+ 16 Reset
RX
fl_Clock {] Ly 10 fl fl fl fl fl fl fl fl fl fl
Start
RxD |Bita /oo X b1 X b2 X b3 X b4 X bps X b X b7 X res Y stopBit
Bit Detector X
Sample Times | I— m m___m M m m |- Receive
Shift fl fl fl fl fl fl fl fl fl fl fl
RI I
sSU01627

Figure 16. Serial Port Mode 2
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Philips Semiconductors

Product data

80C51 8-bit microcontroller family

4K/8K/16K/32K ROM/OTP, low voltage (2.7 to 5.5 V),

low power, high speed (30/33 MHz)

P80C3xX2; P8BOC5xX2;
P87C5xX2

Timer 1 80C51 Internal Bus
Overflow
TB8
Write
to
SBUF S
Lo~ @ SBUF
= | XD
EEREEE
| Zero Detector |
Start Shift Data
TX Control
@—V TX Clock T1 Send
Serial
Port %
Interrupt
+ 16
R1 Load | — p
Sample RX Clock ook
1-t0-0 RX Control Shift
Transition Start
Detector
Bit Detector
Input Shift Register
(9 Bits)
RxD Load
SBUF
SBUF
Read
SBUF
80C51 Internal Bus
X
fl_Clock ) fl fl fl 1 fl fl fl fl fl fl fl fl
f| write to SBUF
— Sem | —
Data LSlPlI 1
N Transmit
Shift fl fl fl fl fl fl fl fl fl
™D \startBit /oo Y b1 X b2 X b3 X b4 X o5 X o6 X o7 X 188 Y  StopBi
Tl I
Stop Bit Gen. | I
RX + 16 Reset
flClock ) Ly Nl fl fl fl fl fl fl fl fl fl fl
Start
RxD |Bna /oo X b1 X b2 X b3 X pa X ps X b6 X o7 X res Y stopsi
Bit Detector i
Sample Times m__m m || — m__m m m |/ — Recelve
Shift fl fl fl fl fl fl fl fl fl fl fl
RI I
SU00542
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Figure 17. Serial Port Mode 3
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Philips Semiconductors

Product data

80C51 8-bit microcontroller family
4K/8K/16K/32K ROM/OTP, low voltage (2.7 to 5.5 V),
low power, high speed (30/33 MHz)

P80C3xX2; P8BOC5xX2;
P87C5xX2

Interrupt Priority Structure

IEO

Interrupt
INTT :/ IT1 IE1 Sources
TF1 -
T _
RI
TF2, EXF2 >
SU01521

Figure 21. Interrupt Sources

Interrupts

The devices described in this data sheet provide six interrupt
sources. These are shown in Figure 21. The External Interrupts
INTO and INT1 can each be either level-activated or
transition-activated, depending on bits ITO and IT1 in Register
TCON. The flags that actually generate these interrupts are bits IEO
and IE1 in TCON. When an external interrupt is generated, the flag
that generated it 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 external requesting source is
what controls the request flag, rather than the on-chip hardware.

The Timer 0 and Timer 1 Interrupts are generated by TFO and TF1,
which are set by a rollover in their respective Timer/Counter
registers (except see Timer 0 in Mode 3). 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 Rl and TI.
Neither of these flags is cleared by hardware when the service
routine is vectored to. In fact, the service routine will normally have
to determine whether it was RI or Tl that generated the interrupt,
and the bit will have to be cleared in software.

All of the bits that generate interrupts can be set or cleared by
software, with the same result as though it had been set or cleared
by hardware. That is, interrupts can be generated or pending
interrupts can be canceled in software.

Each of these interrupt sources can be individually enabled or
disabled by setting or clearing a bit in Special Function Register IE
(Figure 22). IE also contains a global disable bit, EA, which disables
all interrupts at once.

2003 Jan 24
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Priority Level Structure

Each interrupt source can also be individually programmed to one of
four priority levels by setting or clearing bits in Special Function
Registers IP (Figure 23) and IPH (Figure 24). A lower-priority
interrupt can itself be interrupted by a higher-priority interrupt, but
not by another interrupt of the same level. A high-priority level 3
interrupt can’t be interrupted by any other interrupt source.

If two request of different priority levels are received simultaneously,
the request of higher priority level is serviced. If requests of the
same priority level are received simultaneously, an internal polling
sequence determines which request is serviced. Thus within each
priority level there is a second priority structure determined by the
polling sequence as follows:

Source

IEO (External Int 0)
TFO (Timer 0)

IE1 (External Int 1)
TF1 (Timer 1)

RI+TI (UART)

TF2, EXF2 (Timer 2)

Priority Within Level
(highest)

ogakrwnPE

(lowest)

Note that the “priority within level” structure is only used to resolve
simultaneous requests of the same priority level.

The IP and IPH registers contain a number of unimplemented bits.
User software should not write 1s to these positions, since they may
be used in other 80C51 Family products.

How Interrupts Are Handled

The interrupt flags are sampled at S5P2 of every machine cycle.

The samples are polled during the following machine cycle. If one of

the flags was in a set condition at S5P2 of the preceding cycle, the

polling cycle will find it and the interrupt system will generate an

LCALL to the appropriate service routine, provided this

hardware-generated LCALL is not blocked by any of the following

conditions:

1. Aninterrupt of equal or higher priority level is already in
progress.

2. The current (polling) cycle is not the final cycle in the execution
of the instruction in progress.

3. The instruction in progress is RETI or any write to the IE or IP
registers.

Any of these three conditions will block the generation of the LCALL
to the interrupt service routine. Condition 2 ensures that the
instruction in progress will be completed before vectoring to any
service routine. Condition 3 ensures that if the instruction in
progress is RETI or any access to |IE or IP, then at least one more
instruction will be executed before any interrupt is vectored to.

The polling cycle is repeated with each machine cycle, and the
values polled are the values that were present at S5P2 of the
previous machine cycle. Note that if an interrupt flag is active but not
being responded to for one of the above conditions, if the flag is not
still active when the blocking condition is removed, the denied
interrupt will not be serviced. In other words, the fact that the
interrupt flag was once active but not serviced is not remembered.
Every polling cycle is new.



Philips Semiconductors

Product data

80C51 8-bit microcontroller family P80C3xX2; P80C5xX2:

4K/8K/16K/32K ROM/OTP, low voltage (2.7 to 5.5 V),

low power, high speed (30/33 MHz) P87C5xX2
IE Address = 0A8H Reset Value = 0X000000B
Bit Addressable
7 6 5 4 3 2 1 0
|EA|—|ET2|ES|ET1|EX1|ETO|EXO|
Enable Bit = 1 enables the interrupt.
Enable Bit = 0 disables it.
BIT SYMBOL FUNCTION
IE.7 EA Global disable bit. If EA = 0, all interrupts are disabled. If EA = 1, each interrupt can be individually
enabled or disabled by setting or clearing its enable bit.
IE.6 — Not implemented. Reserved for future use.
IE.5 ET2 Timer 2 interrupt enable bit.
IE.4 ES Serial Port interrupt enable bit.
IE.3 ET1 Timer 1 interrupt enable bit.
IE.2 EX1 External interrupt 1 enable bit.
IE.1 ETO Timer 0 interrupt enable bit.
IE.O EX0 External interrupt O enable bit.
su01522
Figure 22. Interrupt Enable (IE) Register
IP Address = 0B8H Reset Value = xx000000B
Bit Addressable
7 6 5 4 3 2 1 0
|—|—|PT2|PS|PT1|PX1|PTO|PXO|
Priority Bit = 1 assigns higher priority
Priority Bit = 0 assigns lower priority
BIT SYMBOL FUNCTION
IP.7 — Not implemented, reserved for future use.
IP.6 — Not implemented, reserved for future use.
IP.5 PT2 Timer 2 interrupt priority bit.
IP.4 PS Serial Port interrupt priority bit.
IP.3 PT1 Timer 1 interrupt priority bit.
IP.2 PX1 External interrupt 1 priority bit.
IP.1 PTO Timer 0 interrupt priority bit.
IP.O PX0 External interrupt O priority bit. SU01523
Figure 23. Interrupt Priority (IP) Register
IPH Address = B7H Reset Value = xx000000B
Bit Addressable 7 6 5 4 3 2 1 0
— — PT2H PSH PT1H | PX1H | PTOH | PXOH
Priority Bit = 1 assigns higher priority
Priority Bit = 0 assigns lower priority
BIT SYMBOL FUNCTION
IPH.7 — Not implemented, reserved for future use.
IPH.6 — Not implemented, reserved for future use.
IPH.5 PT2H Timer 2 interrupt priority bit high.
IPH.4 PSH Serial Port interrupt priority bit high.
IPH.3 PT1H Timer 1 interrupt priority bit high.
IPH.2 PX1H External interrupt 1 priority bit high.
IPH.1 PTOH Timer O interrupt priority bit high.
IPH.O PXOH External interrupt O priority bit high. SU01524

Figure 24. Interrupt Priority HIGH (IPH) Register

2003 Jan 24 34



Philips Semiconductors

Product data

80C51 8-bit microcontroller family

4K/8K/16K/32K ROM/OTP, low voltage (2.7 to 5.5 V),

low power, high speed (30/33 MHz)

P80C3xX2; P8BOC5xX2;
P87C5xX2

......... c1 4*7 c2 —»'47 C3 4>|<7 C4 4>|<7 C5
| ssP2 | S6 |
""""" | n n n N ] N ] P ]
\\ \\ \
(S
€ Interrupts Long Call to Interrupt Routine
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This is the fastest possible response when C2 is the final cycle of an instruction other than RETI or an access to IE or IP. SU00546

Figure 25.

The polling cycle/LCALL sequence is illustrated in Figure 25.

Note that if an interrupt of higher priority level goes active prior to
S5P2 of the machine cycle labeled C3 in Figure 25, then in
accordance with the above rules it will be vectored to during C5 and
C6, without any instruction of the lower priority routine having been
executed.

Thus the processor acknowledges an interrupt request by executing
a hardware-generated LCALL to the appropriate servicing routine. In
some cases it also clears the flag that generated the interrupt, and in
other cases it doesn't. It never clears the Serial Port flag. This has to
be done in the user’s software. It clears an external interrupt flag
(IEO or IE1) only if it was transition-activated. The
hardware-generated LCALL pushes the contents of the Program
Counter on to the stack (but it does not save the PSW) and reloads
the PC with an address that depends on the source of the interrupt
being vectored to, as shown in Table 8.

Execution proceeds from that location until the RETI instruction is
encountered. The RETI instruction informs the processor that this
interrupt routine is no longer in progress, then pops the top two
bytes from the stack and reloads the Program Counter. Execution of
the interrupted program continues from where it left off.

Note that a simple RET instruction would also have returned
execution to the interrupted program, but it would have left the
interrupt control system thinking an interrupt was still in progress,
making future interrupts impossible.

External Interrupts

The external sources can be programmed to be level-activated or
transition-activated by setting or clearing bit IT1 or ITO in Register
TCON. If ITx = 0, external interrupt x is triggered by a detected low
at the INTx pin. If ITx = 1, external interrupt x is edge triggered. In
this mode if successive samples of the INTx pin show a high in one
cycle and a low in the next cycle, interrupt request flag IEx in TCON
is set. Flag bit IEx then requests the interrupt.

Since the external interrupt pins are sampled once each machine
cycle, an input high or low should hold for at least 12 oscillator
periods to ensure sampling. If the external interrupt is
transition-activated, the external source has to hold the request pin
high for at least one cycle, and then hold it low for at least one cycle.
This is done to ensure that the transition is seen so that interrupt
request flag IEx will be set. IEx will be automatically cleared by the
CPU when the service routine is called.

If the external interrupt is level-activated, the external source has to
hold the request active until the requested interrupt is actually
generated. Then it has to deactivate the request before the interrupt
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Interrupt Response Timing Diagram

service routine is completed, or else another interrupt will be
generated.

Response Time

The INTO and INT1 levels are inverted and latched into IEO and IE1
at S5P2 of every machine cycle. The values are not actually polled
by the circuitry until the next machine cycle. If a request is active
and conditions are right for it to be acknowledged, a hardware
subroutine call to the requested service routine will be the next
instruction to be executed. The call itself takes two cycles. Thus, a
minimum of three complete machine cycles elapse between
activation of an external interrupt request and the beginning of
execution of the first instruction of the service routine. Figure 25
shows interrupt response timings.

A longer response time would result if the request is blocked by one
of the 3 previously listed conditions. If an interrupt of equal or higher
priority level is already in progress, the additional wait time obviously
depends on the nature of the other interrupt’s service routine. If the
instruction in progress is not in its final cycle, the additional wait time
cannot be more the 3 cycles, since the longest instructions (MUL
and DIV) are only 4 cycles long, and if the instruction in progress is
RETI or an access to IE or IP, the additional wait time cannot be
more than 5 cycles (a maximum of one more cycle to complete the
instruction in progress, plus 4 cycles to complete the next instruction
if the instruction is MUL or DIV).

Thus, in a single-interrupt system, the response time is always more
than 3 cycles and less than 9 cycles.

As previously mentioned, the derivatives described in this data
sheet have a four-level interrupt structure. The corresponding
registers are |E, IP and IPH. (See Figures 22, 23, and 24.) The IPH
(Interrupt Priority High) register makes the four-level interrupt
structure possible.

The function of the IPH SFR is simple and when combined with the
IP SFR determines the priority of each interrupt. The priority of each
interrupt is determined as shown in the following table:

PRIORITY BITS
INTERRUPT PRIORITY LEVEL
IPH.x IP.x
0 0 Level O (lowest priority)
0 1 Level 1
1 0 Level 2
1 1 Level 3 (highest priority)




Philips Semiconductors

Product data

80C51 8-bit microcontroller family
4K/8K/16K/32K ROM/OTP, low voltage (2.7 to 5.5 V),

P80C3xX2; P8BOC5xX2;

low power, high speed (30/33 MHz) P87C5xX2
ABSOLUTE MAXIMUM RATINGS 1. 2.3

PARAMETER RATING UNIT
Operating temperature under bias 0to +70 or —40 to +85 °C
Storage temperature range —65 to +150 °C
Voltage on EA/Vpp pin to Vgg 0to +13.0 Y,
Voltage on any other pin to Vgg -0.5t0 +6.5 \%
Maximum lp per I/O pin 15 mA
Power dissipation (based on package heat transfer limitations, not device power consumption) 15 w

NOTES:

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section

of this specification is not implied.

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maximum.
3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vgg unless otherwise

noted.

AC ELECTRICAL CHARACTERISTICS
Tamp = 0°C to +70°C or —40°C to +85°C

CLOCK FREQUENCY
RANGE
SYMBOL FIGURE PARAMETER OPERATING MODE POWER SUPPLY MIN MAX UNIT
VOLTAGE
llitcLcL 31 Oscillator frequency | 6-clock 5V + 10% 0 30 MHz
6-clock 27Vto55V 0 16 MHz
12-clock 5V + 10% 0 33 MHz
12-clock 27Vto55V 0 16 MHz
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Philips Semiconductors

Product data

80C51 8-bit microcontroller family

4K/8K/16K/32K ROM/OTP, low voltage (2.7 to 5.5 V),

P80C3xX2; P8BOC5xX2;

low power, high speed (30/33 MHz) P87C5xX2
AC ELECTRICAL CHARACTERISTICS (6-CLOCK MODE, 2.7 V TO 5.5 V OPERATION)
Tamb = 0 °C to +70 °C or =40 °C to +85 °C ; Vcc=2.7 V10 5.5V, Vgg = 0 V12345
Symbol Figure Parameter Limits 16 MHz Clock Unit
MIN MAX MIN MAX
1ltc el 31 Oscillator frequency 0 16 - - MHz
tLHLL 27 ALE pulse width tcLcL—10 - 52.5 - ns
tavLL 27 Address valid to ALE low 05tc cL-15 |- 16.25 - ns
tLLAX 27 Address hold after ALE low 05tc cL—25 |- 6.25 - ns
tLuv 27 ALE low to valid instruction in - 2 tcLcL -55 - 70 ns
tLLpL 27 ALE low to PSEN low 05tcicL-15 |- 16.25 - ns
tpLPH 27 PSEN pulse width 15tccL-15 |- 78.75 - ns
tpLiv 27 PSEN low to valid instruction in - 15tc cL-55 |- 38.75 ns
tpxiIx 27 Input instruction hold after PSEN 0 - 0 - ns
tpxiz 27 Input instruction float after PSEN - 05tc cL-10 |- 21.25 ns
taviv 27 Address to valid instruction in - 25tc cL-50 |- 101.25 ns
tpLAZ 27 PSEN low to address float - 10 - 10 ns
Data Memory
tRLRH 28 RD pulse width 3tcLcL —25 - 162.5 - ns
twiLwH 29 WR pulse width 3tcLcL —25 - 162.5 - ns
trLDV 28 RD low to valid data in - 25tc cL-50 |- 106.25 ns
tRHDX 28 Data hold after RD 0 - 0 - ns
tRHDZ 28 Data float after RD - tcLcL —20 - 42.5 ns
tLLpv 28 ALE low to valid data in - 4 tc oL 55 - 195 ns
tavDV 28 Address to valid data in - 45tc cL-50 |- 231.25 ns
fLowL 28, 29 ALE low to RD or WR low 1.5tcLcL —20 1.5tc L +20 73.75 113.75 ns
tavwiL 28,29 Address valid to WR low or RD low 2 tcLcL —20 - 105 - ns
tovwx 29 Data valid to WR transition 0.5tc L —30 - 1.25 - ns
twHOX 29 Data hold after WR 05tc cL—20 |- 11.25 - ns
tovwH 29 Data valid to WR high 3.5tc cL —10 - 208.75 - ns
tRLAZ 28 RD low to address float - 0 - 0 ns
twHLH 28,29 RD or WR high to ALE high 0.5tc cL—15 |[0.5tc cL +15 | 16.25 46.25 ns
External Clock
tcHex 31 High time 0.4tcicL tcieL—tolex | — - ns
tcLex 31 Low time 0.4 tc cL tcLeL —tcHex | — - ns
tcLcH 31 Rise time - 5 - - ns
tcHeL 31 Fall time - 5 - - ns
Shift register
txxL 30 Serial port clock cycle time 6 tcLcL - 375 - ns
tovxH 30 Output data setup to clock rising edge 5tcLcL —25 - 287.5 - ns
tXHQX 30 Output data hold after clock rising edge tcLcL —15 - 47.5 - ns
tXHDX 30 Input data hold after clock rising edge 0 - 0 - ns
txHDV 30 Clock rising edge to input data valid - 5tcLcL —133 - 179.5 ns
NOTES:

1. Parameters are valid over operating temperature range unless otherwise specified.
2. Load capacitance for port 0, ALE, and PSEN=100 pF, load capacitance for all outputs = 80 pF
3. Interfacing the microcontroller to devices with float time up to 45ns is permitted. This limited bus contention will not cause damage to port 0

drivers.

4. Parts are guaranteed by design to operate down to 0 Hz.
5. Data shown in the table are the best mathematical models for the set of measured values obtained in tests. If a particular parameter
calculated at a customer specified frequency has a negative value, it should be considered equal to zero.
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Philips Semiconductors

Product data

80C51 8-bit microcontroller family

4K/8K/16K/32K ROM/OTP, low voltage (2.7 to 5.5 V),
low power, high speed (30/33 MHz)

P80C3xX2; P8BOC5xX2;
P87C5xX2

EXPLANATION OF THE AC SYMBOLS

Each timing symbol has five characters. The first character is always
‘t’ (= time). The other characters, depending on their positions,
indicate the name of a signal or the logical status of that signal. The

designations are:

A — Address
C — Clock
D — Input data

H — Logic level high
| — Instruction (program memory contents)

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: tay | = Time for address valid to ALE low.

L — Logic level low, or ALE tiepe  =Time for ALE low to PSEN low.
< tHLL >
ALE
Ctavie | tuec |
> > tpLpH
<ty >
PSEN tpLiv
tLax
t —>
< tpLaz pXiz
tpxix —>
1
PORT 0 D— AO-A7 INSTR IN AO-A7
< taviv >
PORT 2 >< AO-AL5 >< AB-AL5

SU00006

Figure 27. External Program Memory Read Cycle

< twWHLH —>

< tupv >

< lw —><«————trlprp ————>|

tavLL

e D_

fax

<
—t - -

AO0-A7
FROM RI OR DPL

O tAVWL —>

tRHDZ

<— tripv —>
tRHDX —>| [

tRLAZ_

DATA IN AO0-A7 FROM PCL

tavpv

INSTR IN
N—

PORT 2

P2.0-P2.7 OR A8-A15 FROM DPF

>< AO0-A15 FROM PCH

SU00025
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Figure 28. External Data Memory Read Cycle
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Philips Semiconductors Product data

80C51 8-bit microcontroller family P80C3xX2: P80C5xX2:
4K/8K/16K/32K ROM/OTP, low voltage (2.7 t0 5.5 V), ’ .

low power, high speed (30/33 MHz) P87C5xX2

/*
##  as31 version V2.10 | *js* |
izl
23
##  source file: idd_ljmpl.asm
#t list file: idd_ljmp2.Ist created Fri Apr 20 15:51:40 2001
iz
B I G L B G S S i B g P 2
#0000 # AUXR equ O8Eh
#0000 # CKCON equ 08Fh
#
#
#0000 #org0
#
# LIMP_LABEL:
0000 /75;/8E;/01; # MOV  AUXR,#001h ; turn off ALE
0003 /02;/FF;/FD; # LIMP LIMP_LABEL ;jump to end of address space
0005 /00; # NOP
#
#FFFD # org Offfdh
#
# LIMP_LABEL:
#
FFFD /02;/FD;FF; # LIMP LIMP_LABEL
# NOP
#
#

[
SU01499

Figure 35. Source code used in measuring |  pp operational
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Philips Semiconductors

Product data

80C51 8-bit microcontroller family
4K/8K/16K/32K ROM/OTP, low voltage (2.7 to 5.5 V),
low power, high speed (30/33 MHz)

P80C3xX2; P8BOC5xX2;
P87C5xX2

Vee Vee
Icc lcc
Vee ¢ Vee
Vee Vee — RST Vee
RST PO K PO K
EA — el
(NC) XTAL2 (NC) XTAL2
CLOCK SIGNAL ——>»| XTAL1 CLOCK SIGNAL 3| XTAL1 =
Vss Vss
- SU00719 SU00720

Figure 36. | cc Test Condition, Active Mode
All other pins are disconnected

Figure 37. | cc Test Condition, Idle Mode
All other pins are disconnected

Vee-05 - - - -
cc 0.7Vce

0.2Vcce-0.1

0.45v

SU00009

Figure 38. Clock Signal Waveform for |
tcLen = terel = 5ns

cc Tests in Active and Idle Modes

Vee

f h

(NC) XTAL2

XTALL

Vss

) Ly

SU00016

Figure 39. | ¢ Test Condition, Power Down Mode
All other pins are disconnected. V. cc=2Vt055V
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Philips Semiconductors

Product data

80C51 8-bit microcontroller family
4K/8K/16K/32K ROM/OTP, low voltage (2.7 to 5.5 V),
low power, high speed (30/33 MHz)

P80C3xX2; P8BOC5xX2;
P87C5xX2

PROGRAMMING AND VERIFICATION CHARACTERISTICS
Tamb = 21 °C to +27 °C, Ve = 5 V+10%, Vsg = 0 V (See Figure 43)

SYMBOL PARAMETER MIN MAX UNIT
Vpp Programming supply voltage 125 13.0 \%
lpp Programming supply current 501 mA
1ltcLeL Oscillator frequency 4 6 MHz
taveL Address setup to PROG low 48tc oL
tGHAX Address hold after PROG 48tc oL
tbveL Data setup to PROG low 48tc oL
tGHDX Data hold after PROG 48tc oL
tEHSH pP2.7 (ENABLE) hlgh to Vpp 48tC|_C|_
tsHGL Vpp setup to PROG low 10 us
tGHSL Vpp hold after PROG 10 us
tGLGH PROG width 90 110 us
tavov Address to data valid 48tc oL
teLoz ENABLE low to data valid 48tcLcL
tEHQZ Data float after ENABLE 0 48tccL
tGHGL PROG hlgh to PROG low 10 Us

NOTE:
1. Not tested.
PROGRAMMING* VERIFICATION*
PLOPLT e ADDRESS ADDRESS
P2.0-P2.5 N\ Y /
P3.4
(A0 - A12) <— tavov
P0.0 - PO.7
(D0 - D7)
tbveL —> teHDX
favGL toHAX
ALE/PROG
lGLGH >| [« ~ tGHGL
tsHeL teHsL
LOGIC 1 LOGIC 1
EANpp
LOGIC 0
tEHSH —>| tELQV tEHQZ
P27 A
SU01414

NOTES:

*  FOR PROGRAMMING CONFIGURATION SEE FIGURE 40.

FOR VERIFICATION CONDITIONS SEE FIGURE 42.
**  SEE TABLE 9.
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Figure 43. Programming and Verification



Philips Semiconductors

Product data

80C51 8-bit microcontroller family
4K/8K/16K/32K ROM/OTP, low voltage (2.7 to 5.5 V),
low power, high speed (30/33 MHz)

P80C3xX2; P8BOC5xX2;
P87C5xX2

MASK ROM DEVICES

Security Bits

With none of the security bits programmed the code in the program
memory can be verified. If the encryption table is programmed, the
code will be encrypted when verified. When only security bit 1 (see
Table 11) is programmed, MOVC instructions executed from external
program memory are disabled from fetching code bytes from the
internal memory, EA is latched on Reset and all further programming

Table 11. Program Security Bits

of the EPROM is disabled. When security bits 1 and 2 are
programmed, in addition to the above, verify mode is disabled.

Encryption Array
64 bytes (87C51), or 32 bytes (87C52/4) of encryption array are
initially unprogrammed (all 1s).

PROGRAM LOCK BITS 1.2

SB1 SB2 | PROTECTION DESCRIPTION
1 U U No Program Security features enabled.
(Code verify will still be encrypted by the Encryption Array if programmed.)
2 P U MOVC instructions executed from external program memory are disabled from fetching code bytes from
internal memory, EA is sampled and latched on Reset, and further programming of the EPROM is disabled.

NOTES:
1. P - programmed. U — unprogrammed.
2. Any other combination of the security bits is not defined.

80C51X2 ROM CODE SUBMISSION

When submitting a ROM code for the 80C51X2, the following must be specified:

1. 4 kbyte user ROM data
2. 64 byte ROM encryption key
3. ROM security bits.

ADDRESS CONTENT BIT(S) COMMENT

000O0H to OFFFH DATA 7:0 User ROM Data
1000H to 103FH KEY 7:0 ROM Encryption Key
1040H SEC 0 ROM Security Bit 1
1040H SEC 1 ROM Security Bit 2

Security Bit 1:
1. External MOVC is disabled, and
2. EAis latched on Reset.

Security Bit 2: ~ When programmed, this bit inhibits Verify User ROM.

NOTE: Security Bit 2 cannot be enabled unless Security Bit 1 is enabled.

When programmed, this bit has two effects on masked ROM parts:

If the ROM Code file does not include the options, the following information must be included with the ROM code.

For each of the following, check the appropriate box, and send to Philips along with the code:

Security Bit #1: 0 Enabled [J Disabled
Security Bit #2: [J Enabled [J Disabled
Encryption: J No O Yes

80C52X2 ROM CODE SUBMISSION

If Yes, must send key file.

When submitting a ROM code for the 80C52X2, the following must be specified:

1. 8 kbyte user ROM data
2. 64 byte ROM encryption key
3. ROM security bits.
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Philips Semiconductors Product data

80C51 8-bit microcontroller family P80C3xX2: PSOC5EXxX2:
4K/8K/16K/32K ROM/OTP, low voltage (2.7 t0 5.5 V), ’ .
low power, high speed (30/33 MHz) P87C5xX2
ADDRESS CONTENT BIT(S) COMMENT

000O0H to 1FFFH DATA 7:0 User ROM Data

2000H to 203FH KEY 7:0 ROM Encryption Key

2040H SEC 0 ROM Security Bit 1

2040H SEC 1 ROM Security Bit 2

Security Bit 1: ~ When programmed, this bit has two effects on masked ROM parts:
1. External MOVC is disabled, and
2. EAis latched on Reset.

Security Bit 2: ~ When programmed, this bit inhibits Verify User ROM.
NOTE: Security Bit 2 cannot be enabled unless Security Bit 1 is enabled.
If the ROM Code file does not include the options, the following information must be included with the ROM code.

For each of the following, check the appropriate box, and send to Philips along with the code:

Security Bit #1: 0 Enabled [0 Disabled
Security Bit #2: [0 Enabled [J Disabled
Encryption: J No O Yes If Yes, must send key file.
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Philips Semiconductors

Product data

80C51 8-bit microcontroller family
4K/8K/16K/32K ROM/OTP, low voltage (2.7 to 5.5 V),

low power, high speed (30/33 MHz)

P80C3xX2; P8BOC5xX2;
P87C5xX2

80C54X2 ROM CODE SUBMISSION
When submitting a ROM code for the 80C54X2, the following must be specified:

1. 16 kbyte user ROM data
2. 64 byte ROM encryption key
3. ROM security bits.

ADDRESS CONTENT BIT(S) COMMENT
0000H to 3FFFH DATA 7:0 User ROM Data
4000H to 403FH KEY 7:0 ROM Encryption Key
FFH = no encryption
4040H SEC 0 ROM Security Bit 1
0 = enable security
1 = disable security
4040H SEC 1 ROM Security Bit 2

0 = enable security
1 = disable security

Security Bit 1: When programmed, this bit has two effects on masked ROM parts:
1. External MOVC is disabled, and
2. EAis latched on Reset.

Security Bit 2: When programmed, this bit inhibits Verify User ROM.

NOTE: Security Bit 2 cannot be enabled unless Security Bit 1 is enabled.

If the ROM Code file does not include the options, the following information must be included with the ROM code.

For each of the following, check the appropriate box, and send to Philips along with the code:

Security Bit #1:
Security Bit #2:

Encryption:
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[J Disabled
[J Disabled
O Yes

55

If Yes, must send key file.



Philips Semiconductors Product data

80C51 8-bit microcontroller family P80C3xX2: P80ChxX2:
4K/8K/16K/32K ROM/OTP, low voltage (2.7 to 5.5 V), ’ P87C5XXé

low power, high speed (30/33 MHz)

LQFP44: plastic low profile quad flat package; 44 leads; body 10 x 10 x 1.4 mm SOT389-1

o
pin1index 1 g ) * *8
/ ] bp L 7
= sl
L

EERLEELERE ‘,
@@~z
; 8

i

0 25 5mm
I T I |
scale

DIMENSIONS (mm are the original dimensions)

A
UNIT | pove | A1 | Az | As | bp | ¢ [DMVEM| e | Hp [ HE| L | Lp| v | w | y |Zp®|ZeM| o
0.15 | 1.45 0.45 | 0.20 | 10.1 | 10.1 12.15] 12.15 0.75 1144 | 114 | 7°
mm o 18 oo5 | 135925 00| 012 | 99 | 99 | 08 |1185| 1185 | |o0as| 02 | O2 | O | 55| 05| o0
Note

1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.

OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC JEITA PROJECTION

SOT389-1 138E08 MS-026 == @ 090607

ISSUE DATE
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