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Product data

80C51 8-hit microcontroller family

(30/33 MHz), two 400KB | 2C interfaces

16 KB OTP/ROM,
512B RAM, low voltage (2.7 to 5.5 V), low power, high speed

P8xC660X2/661X2
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DESCRIPTION

The devices are Single-Chip 8-Bit Microcontrollers manufactured in
an advanced CMOS process and are derivatives of the 80C51
microcontroller family. The instruction set is 100% compatible with
the 80C51 instruction set.

The devices support 6-clock/12-clock mode selection by
programming an OTP bit (OX2) using parallel programming. In
addition, an SFR bit (X2) in the clock control register (CKCON)
also selects between 6-clock/12-clock mode.

These devices have either one or two 12C interfaces, capable of
handling speeds up to 400 kbits/s (Fast I12C). They also have four
8-bit I/0 ports, three 16-bit timer/event counters, a multi-source,
four-priority-level, nested interrupt structure, an enhanced UART and
on-chip oscillator and timing circuits.

The added features of the P8xC66xX2 make it a powerful
microcontroller for applications that require pulse width modulation,
high-speed 1/0, 12C communication, and up/down counting
capabilities such as motor control.

FEATURES
® 80C51 Central Processing Unit
— 16 kbytes OTP (87C660X2, 87C661X2)
— 16 kbytes ROM (83C660X2, 83C661X2)
512 byte RAM
Boolean processor
— Fully static operation
— Low voltage (2.7 V to 5.5 V at 16 MHz) operation

® 12-clock operation with selectable 6-clock operation (via software
or via parallel programmer)

Memory addressing capability
— Up to 64 kbytes ROM and 64 kbytes RAM

Power control modes:

— Clock can be stopped and resumed
— Idle mode
— Power-down mode
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CMOS and TTL compatible

Two speed ranges at Ve =5V
— 0 to 30 MHz with 6-clock operation
— 0to 33 MHz with 12-clock operation

Parallel programming with 87C51 compatible hardware interface
to programmer

RAM expandable externally to 64 kbytes

Programmable Counter Array (PCA)
- PWM
— Capture/compare

PLCC and LQFP packages
Extended temperature ranges
Dual Data Pointers

Security bits (3 bits)
Encryption array - 64 bytes
8/9 interrupt sources

Four interrupt priority levels
Four 8-bit I/O ports

One I12C serial port interface has a selectable data transfer mode,
either 400 kB/sec Fast-mode or 100 kB/sec Standard-mode
(8xC660X2 and 8xC661X2)

A second I12C serial port interface has the 400 kB/sec Fast
data-transfer mode only and selectable slew rate control of the
output pins (8xC661X2)

Full-duplex enhanced UART
— Framing error detection
— Automatic address recognition

Three 16-bit timers/counters TO, T1 (standard 80C51) and
additional T2 (capture and compare)

Programmable clock-out pin
Asynchronous port reset

Low EMI (inhibit ALE, slew rate controlled outputs, and 6-clock
mode)

Wake-up from Power Down by an external interrupt

853-2416 30396
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80C51 8-bit microcontroller family 16 KB OTP/ROM, 512B P8xC660X2/661X2
RAM, low voltage (2.7 to 5.5 V), low power, high speed (30/33
MHz), two 400KB I2C interfaces
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2003 Oct 02 4



Philips Semiconductors

Product data

80C51 8-hit microcontroller family 16 KB OTP/ROM, 512B

RAM, low voltage (2.7 to 5.5 V), low power, high speed (30/33
MHz), two 400KB I2C interfaces

P8xC660X2/661X2

PIN DESCRIPTIONS

PIN NUMBER
MNEMONIC TYPE NAME AND FURNCTION
PLCC LQFP

Vss1 22 16 | Ground: 0V reference.

Vsso 34 28 | Ground: Additional ground pin (may be left open).

Vss3 12 6 | Ground: Additional ground pin (may be left open).

Vee 44 38 | Power Supply: This is the power supply voltage for normal, idle, and power-down
operation.

P0.0-0.72 43-36 37-30 1/0 Port 0: Port 0 is an open-drain, bidirectional I/O port. Port O pins that have 1s
written to them float and can be used as high-impedance inputs. Port O is also the
multiplexed low-order address and data bus during accesses to external program
and data memory. In this application, it uses strong internal pull-ups when emitting 1s.

P1.0-P1.72 2-9 40-44, 1/0 Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups on all pins.

1-3 Port 1 pins that have 1s written to them are pulled HIGH by the internal pull-ups and
can be used as inputs. As inputs, port 1 pins that are externally pulled LOW will
source current because of the internal pull-ups. (See DC Electrical Characteristics:
h).

Alternate functions for P8xC660X2/661X2 Port 1 include:
2 40 1/0 T2 (P1.0): Timer/Counter 2 external count input/Clockout (see Programmable
Clock-Out)
3 41 | T2EX (P1.1): Timer/Counter 2 Reload/Capture/Direction Control
4 42 | ECI (P1.2): External Clock Input to the PCA
5 43 110 CEXO (P1.3): Capture/Compare External I/O for PCA module 0
6 44 1/0 CEX1 (P1.4): Capture/Compare External /O for PCA module 1
7 1 /10 CEX2 (P1.5): Capture/Compare External I/O for PCA module 2
8 2 1/0 SCL (P1.6): 12C bus clock line (open drain)
9 3 110 SCL (P1.7): 12C bus data line (open drain)

P2.0-P2.72 24-31 18-25 1/0 Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that
have 1s written to them are pulled HIGH by the internal pull-ups and can be used
as inputs. As inputs, port 2 pins that are externally being pulled LOW will source
current because of the internal pull-ups. (See DC Electrical Characteristics: Ij).
Port 2 emits the high-order address byte during fetches from external program
memory and during accesses to external data memory that use 16-bit addresses
(MOVX @DPTR). In this application, it uses strong internal pull-ups when emitting
1s. During accesses to external data memory that use 8-bit addresses (MOV @Ri),
port 2 emits the contents of the P2 special function register.

P3.0-P3.72 11, 5,7-13 1/0 Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that

13-19 have 1s written to them are pulled HIGH by the internal pull-ups and can be used
as inputs. As inputs, port 3 pins that are externally being pulled LOW will source
current because of the pull-ups. (See DC Electrical Characteristics: I}, ). Port 3 also
serves the special features of the P8xC660X2/661X2, as listed below:

11 5 | RxD (P3.0): Serial input port

13 7 (0] TxD (P3.1): Serial output port

14 8 | INTO (P3.2): External interrupt O

15 9 | INT1 (P3.3): External interrupt 1

16 10 | CEX3/TO (P3.4): Timer 0 external input; capture/compare external I/O for PCA
module 3

17 11 | CEX4/T1 (P3.5): Timer 1 external input; capture/compare external I/O for PCA
module 4

18 12 0 WR (P3.6): External data memory write strobe

19 13 0 RD (P3.7): External data memory read strobe

RST2 10 4 | Reset: A HIGH on this pin for two machine cycles while the oscillator is running,
resets the device. An internal resistor to Vgg permits a power-on reset using only
an external capacitor to Vcc.

SCL1 23 17 I/0 | Second I12C bus clock line (open drain) (P8xC661X2)

SDA1 1 39 1/0 Second 12C bus data line (open drain) (P8xC661X2)
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RAM, low voltage (2.7 to 5.5 V), low power, high speed (30/33
MHz), two 400KB I2C interfaces

P8xC660X2/661X2

CLOCK CONTROL REGISTER (CKCON)
This device allows control of the 6-clock/12-clock mode by means of
both an SFR bit (X2) and an OTP bit. The OTP clock control bit

0OX2, when programmed by a parallel programmer (6-clock mode),
supersedes the X2 bit (CKCON.0). The CKCON register is shown
below in Figure 1.

CKCON Address = 8Fh Reset Value = x0000000B
Not Bit Addressable
7 6 5 4 3 2 1 0
- - - - - - - X2

BIT SYMBOL FUNCTION

CKCON.7 - Reserved.

CKCON.6 Reserved.

CKCON.5 Reserved.

CKCON.4 Reserved.

CKCON.3 Reserved.

CKCON.2 Reserved.

CKCON.1 Reserved.

CKCON.0 X2 CPU clock; 1 =6 clocks for each machine cycle, 0 = 12 clocks for each machine cycle

SU01689

Figure 1. Clock control (CKCON) register

Also please note that the clock divider applies to the serial port for
modes 0 & 2 (fixed baud rate modes). This is because modes 1 & 3
(variable baud rate modes) use either Timer 1 or Timer 2.

Below is the truth table for the CPU clock mode.
Table 1.

OX2 clock mode bit X2 bit CPU clock mode

(can only be set by (CKCON.0)

parallel programmer)

erased 0 12-clock mode
(default)

erased 1 6-clock mode

programmed X 6-clock mode
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RESET

A reset is accomplished by holding the RST pin HIGH for at least
two machine cycles (12 oscillator periods in 6-clock mode, or

24 oscillator periods in 12-clock mode), while the oscillator is running.
To ensure a good power-on reset, the RST pin must be HIGH long
enough to allow the oscillator time to start up (normally a few
milliseconds) plus two machine cycles. At power-on, the voltage on
Ve and RST must come up at the same time for a proper start-up.
Ports 1, 2, and 3 will asynchronously be driven to their reset
condition when a voltage above V |y (min.) is applied to RST.

The value on the EA pin is latched when RST is deasserted and has
no further effect.
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80C51 8-hit microcontroller family 16 KB OTP/ROM, 512B
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LOW POWER MODES
Stop Clock Mode

The static design enables the clock speed to be reduced down to

0 MHz (stopped). When the oscillator is stopped, the RAM and
Special Function Registers retain their values. This mode allows
step-by-step utilization and permits reduced system power
consumption by lowering the clock frequency down to any value. For
lowest power consumption the Power Down mode is suggested.

Idle Mode

In the idle mode (see Table 2), the CPU puts itself to sleep while all
of the on-chip peripherals stay active. The instruction to invoke the
idle mode is the last instruction executed in the normal operating
mode before the idle mode is activated. The CPU contents, the
on-chip RAM, and all of the special function registers remain intact
during this mode. The idle mode can be terminated either by any
enabled interrupt (at which time the process is picked up at the
interrupt service routine and continued), or by a hardware reset
which starts the processor in the same manner as a power-on reset.

Power-Down Mode

To save even more power, a Power Down mode (see Table 2) can
be invoked by software. In this mode, the oscillator is stopped and
the instruction that invoked Power Down is the last instruction
executed. The on-chip RAM and Special Function Registers retain
their values down to 2 V and care must be taken to return V¢ to the
minimum specified operating voltages before the Power Down Mode
is terminated.

Either a hardware reset or external interrupt can be used to exit from
Power Down. Reset redefines all the SFRs but does not change the
on-chip RAM. An external interrupt allows both the SFRs and the
on-chip RAM to retain their values.

To properly terminate Power Down, the reset or external interrupt
should not be executed before V¢ is restored to its normal
operating level and must be held active long enough for the
oscillator to restart and stabilize (normally less than 10 ms).

With an external interrupt, INTO and INT1 must be enabled and
configured as level-sensitive. Holding the pin LOW restarts the
oscillator but bringing the pin back HIGH completes the exit. Once
the interrupt is serviced, the next instruction to be executed after
RETI will be the one following the instruction that put the device into
Power Down.

LPEP

The EPROM array contains some analog circuits that are not
required when V¢ is less than 3.6 V but are required for a Ve
greater than 3.6 V. The LPEP bit (AUXR.4), when set, will
powerdown these analog circuits resulting in a reduced supply
current. This bit should be set ONLY for applications that operate at
aVcclessthan4 V.

POWER-ON FLAG

The Power-On Flag (POF) is set by on-chip circuitry when the V¢
level on the P8xC66xX2 rises from 0 to 5 V. The POF bit can be set
or cleared by software allowing a user to determine if the reset is the
result of a power-on or a warm start after powerdown. The V¢ level
must remain above 3 V for the POF to remain unaffected by the V¢
level.
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Design Consideration

When the idle mode is terminated by a hardware reset, the device
normally resumes program execution, from where it left off, up to
two machine cycles before the internal reset algorithm takes control.
On-chip hardware inhibits access to internal RAM in this event, but
access to the port pins is not inhibited. To eliminate the possibility of
an unexpected write when Idle is terminated by reset, the instruction
following the one that invokes Idle should not be one that writes to a
port pin or to external memory.

ONCEO Mode

The ONCE (“On-Circuit Emulation”) Mode facilitates testing and
debugging of systems without the device having to be removed from
the circuit. The ONCE Mode is invoked by:

1. Pull ALE LOW while the device is in reset and PSEN is HIGH;
2. Hold ALE LOW as RST is deactivated.

While the device is in ONCE Mode, the Port O pins go into a float
state, and the other port pins and ALE and PSEN are weakly pulled
HIGH. The oscillator circuit remains active. While the device is in
this mode, an emulator or test CPU can be used to drive the circuit.
Normal operation is restored when a normal reset is applied.

Programmable Clock-Out

A 50% duty cycle clock can be programmed to come out on P1.0.

This pin, besides being a regular I/O pin, has two alternate

functions. It can be programmed:

1. to input the external clock for Timer/Counter 2, or

2. to output a 50% duty cycle clock ranging from 61 Hz to 4 MHz at a
16 MHz operating frequency in 12-clock mode (122 Hz to 8 MHz in
6-clock mode).

To configure the Timer/Counter 2 as a clock generator, bit C/T2 (in
T2CON) must be cleared and bit T20E in T2MOD must be set. Bit
TR2 (T2CON.2) also must be set to start the timer.

The Clock-Out frequency depends on the oscillator frequency and
the reload value of Timer 2 capture registers (RCAP2H, RCAP2L)
as shown in this equation:

Oscillator Frequency
n x (65536 — RCAP2H, RCAP2L)

n= 2 in 6-clock mode
4 in 12-clock mode

Where (RCAP2H,RCAP2L) = the content of RCAP2H and RCAP2L
taken as a 16-bit unsigned integer.

In the Clock-Out mode Timer 2 roll-overs will not generate an
interrupt. This is similar to when it is used as a baud-rate generator.
It is possible to use Timer 2 as a baud-rate generator and a clock
generator simultaneously. Note, however, that the baud-rate and the
Clock-Out frequency will be the same.



Philips Semiconductors

Product data

80C51 8-bit microcontroller family 16 KB OTP/ROM, 512B P8xC660X2/661X2
RAM, low voltage (2.7 to 5.5 V), low power, high speed (30/33

MHz), two 400KB I2C interfaces

of the receiving device (7 bytes) and the data direction bit. In this
case the data direction bit (R/W) will be logic 0, and we say that
a “W" is transmitted. Thus the first byte transmitted is SLA+W.
Serial data is transmitted 8 bits at a time. After each byte is
transmitted, an acknowledge bit is received. START and STOP
conditions are output to indicate the beginning and the end of a
serial transfer.

. Master Receiver Mode:

The first byte transmitted contains the slave address of

the transmitting device (7 bits) and the data direction bit. In this
case, the data direction bit (R/W) will be logic 1, and we say that
an “R” is transmitted. Thus the first byte transmitted is SLA+R.
Serial data is received via P1.7/SDA while P1.6/SCL outputs the
serial clock. Serial data is received 8 bits at a time. After each
byte is received an acknowledge bit is transmitted. START and
STOP conditions are output to indicate the beginning and end of
a serial transfer.

. Slave Receiver Mode:

Serial data and the serial clock are received through P1.7/SDA
and P1.6/SCL. After each byte is received, an acknowledge bit is

transmitted. START and STOP conditions are recognized as the
beginning and end of a serial transfer. Address recognition is
performed by hardware after reception of the slave address and
direction bit.

4. Slave Transmitter Mode:

The first byte is received and handled as in the slave receiver
mode. However, in this mode, the direction bit will indicate that
the transfer direction is reversed. Serial data is transmitted via
P1.7/SDA while the serial clock is input through P1.6/SCL.
START and STOP conditions are recognized as the beginning
and end of a serial transfer.

In a given application, SIO1 may operate as a master and as a
slave. In the slave mode, the SIO1 hardware looks for its own slave
address and the general call address. If one of these addresses is
detected, an interrupt is requested. When the microcontroller wishes
to become the bus master, the hardware waits until the bus is free
before the master mode is entered so that a possible slave action is
not interrupted. If bus arbitration is lost in the master mode, SIO1
switches to the slave mode immediately and can detect its own
slave address in the same serial transfer.

VbD
Rp Rp
i SDA
12C bus {
scL
PL7/SDA  P1.6/SCL
PEXCBEXX2 OTHER DEVICE WITH OTHER DEVICE WITH
12C INTERFACE 12C INTERFACE
suUo01748
Figure 15. Typical | 2C Bus Configuration
A -
! ! ‘ ! ' sToP
<o ! — --- =CONDITION
| ‘ |
\ ‘ R ‘ | REPEATED
‘ | Y (s " = START
‘ - ‘ | CONDITION
‘ | & SIAVEADDRESS —  »a  —»f " - ‘ !
\ \ RIW ACKNOWLEDGMENT | \
! ! DIRECTION SIGNAL FROM RECEIVER \ \
\ ! BIT ‘ !
| ‘ - - \ ‘
! | | )
‘ | ACKNOWLEDGMENT | \
! | SIGNAL FROM RECEIVER CLOCK LINE HELD LOW WHILE | |
‘ | INTERRUPTS ARE SERVICED | |
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| | | |
T | ! |
SCL ! 1 2 7 8 9 1 2 3-8 9 ‘ w
|
Los ACK ACK , PIs !
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START ARE TRANSFERRED
CONDITION SU00965

Figure 16. Data Transfer on the | 2C Bus
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SERIAL CLOCK GENERATOR

This programmable clock pulse generator provides the SCL clock
pulses when SIO1 is in the master transmitter or master receiver
mode. It is switched off when SIO1 is in a slave mode. In standard
speed mode, the programmable output clock frequencies are:
fosc/120, fosc/9600, and the Timer 1 overflow rate divided by eight.
The output clock pulses have a 50% duty cycle unless the clock
generator is synchronized with other SCL clock sources as
described above.

TIMING AND CONTROL

The timing and control logic generates the timing and control signals
for serial byte handling. This logic block provides the shift pulses for
S1DAT, enables the comparator, generates and detects start and
stop conditions, receives and transmits acknowledge bits, controls
the master and slave modes, contains interrupt request logic, and
monitors the 12C bus status.

CoNTROL REGISTER, SICON

This 7-bit special function register is used by the microcontroller to
control the following SIO1 functions: start and restart of a serial
transfer, termination of a serial transfer, bit rate, address recognition,
and acknowledgment.

STATUS DECODER AND STATUS REGISTER

The status decoder takes all of the internal status bits and
compresses them into a 5-bit code. This code is unique for each 12C
bus status. The 5-bit code may be used to generate vector
addresses for fast processing of the various service routines. Each
service routine processes a particular bus status. There are 26
possible bus states if all four modes of SIO1 are used. The 5-bit
status code is latched into the five most significant bits of the status
register when the serial interrupt flag is set (by hardware) and
remains stable until the interrupt flag is cleared by software. The
three least significant bits of the status register are always zero. If
the status code is used as a vector to service routines, then the
routines are displaced by eight address locations. Eight bytes of
code is sufficient for most of the service routines (see the software
example in this section).

The Four SIO1 Special Function Registers:  The microcontroller
interfaces to SIO1 via four special function registers. These four
SFRs (S1ADR, S1DAT, S1CON, and S1STA) are described
individually in the following sections.

The Address Register, SIADR: The CPU can read from and write
to this 8-bit, directly addressable SFR. S1ADR is not affected by the
SI01 hardware. The contents of this register are irrelevant when
SIO1 is in a master mode. In the slave modes, the seven most
significant bits must be loaded with the microcontroller’'s own slave
address, and, if the least significant bit is set, the general call
address (00H) is recognized; otherwise it is ignored.

7 6 5 4 3 2 1 0

S1ADR (DBH) X ‘ X ‘ X ‘ X GC

own slave address

The most significant bit corresponds to the first bit received from the
I2C bus after a start condition. A logic 1 in S1ADR corresponds to a
HIGH level on the I2C bus, and a logic 0 corresponds to a LOW
level on the bus.

The Data Register, SIDAT: S1DAT contains a byte of serial data to
be transmitted or a byte which has just been received. The CPU can
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read from and write to this 8-bit, directly addressable SFR while it is
not in the process of shifting a byte. This occurs when SIOl isin a
defined state and the serial interrupt flag is set. Data in SIDAT
remains stable as long as Sl is set. Data in S1DAT is always shifted
from right to left: the first bit to be transmitted is the MSB (bit 7), and,
after a byte has been received, the first bit of received data is
located at the MSB of S1DAT. While data is being shifted out, data
on the bus is simultaneously being shifted in; SIDAT always
contains the last data byte present on the bus. Thus, in the event of
lost arbitration, the transition from master transmitter to slave
receiver is made with the correct data in S1DAT.

7 6 5 4 3 2 1 0

SlDAT(DAH)‘ SD7 ‘ SD6 ‘ SD5 ‘ SD4 ‘ SD3 ‘ SD2 ‘ SD1 ‘SDO ‘

—=———————— shift direction

SD7 - SDO:

Eight bits to be transmitted or just received. A logic 1 in SIDAT
corresponds to a HIGH level on the 12C bus, and a logic 0
corresponds to a LOW level on the bus. Serial data shifts through
S1DAT from right to left. Figure 20 shows how data in S1DAT is
serially transferred to and from the SDA line.

S1DAT and the ACK flag form a 9-bit shift register which shifts in or
shifts out an 8-bit byte, followed by an acknowledge bit. The ACK
flag is controlled by the SIO1 hardware and cannot be accessed by
the CPU. Serial data is shifted through the ACK flag into S1IDAT on
the rising edges of serial clock pulses on the SCL line. When a byte
has been shifted into S1DAT, the serial data is available in S1DAT,
and the acknowledge bit is returned by the control logic during the
ninth clock pulse. Serial data is shifted out from S1DAT via a buffer
(BSD7) on the falling edges of clock pulses on the SCL line.

When the CPU writes to S1DAT, BSD7 is loaded with the content of
S1DAT.7, which is the first bit to be transmitted to the SDA line (see
Figure 21). After nine serial clock pulses, the eight bits in SIDAT will
have been transmitted to the SDA line, and the acknowledge bit will
be present in ACK. Note that the eight transmitted bits are shifted
back into S1DAT.

The Control Register, SICON: The CPU can read from and write
to this 8-bit, directly addressable SFR. Two bits are affected by the
SIO1 hardware: the Sl bit is set when a serial interrupt is requested,
and the STO bit is cleared when a STOP condition is present on the
I2C bus. The STO bit is also cleared when ENS1 = “0”.

7 6 5 4 3 2 1 0

S1CON (D8H)‘ CR2 ‘ ENS1 ‘ STA ‘ STO ‘ S| ‘ AA‘ CR1 ‘ CRO ‘

ENS1, THE SIO1 ENABLE BIT

ENS1 =“0": When ENS1 is “0”, the SDA and SCL outputs are in a
high impedance state. SDA and SCL input signals are ignored, SIO1
is in the “not addressed” slave state, and the STO bit in SICON is
forced to “0”. No other bits are affected. P1.6 and P1.7 may be used
as open drain I/O ports.

ENS1 =“1" When ENS1 is “1”, SIO1 is enabled. The P1.6 and P1.7
port latches must be set to logic 1.

ENS1 should not be used to temporarily release SIO1 from the 12C
bus since, when ENSL is reset, the 12C bus status is lost. The AA
flag should be used instead (see description of the AA flag in the
following text).
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Table 7. 400 kbytes | 2C interface serial clock rates
BIT FREQUENCY (kHz) AT f gg¢ in 6X MODE fosc DIVIDE BY
CR2 |CR1 |CRO |3MHz 6 MHz 12 MHz 16 MHz 24 MHz 30 MHz
1 0 0 25 50 100 133 200 250 120
1 0 1 2 4 8 10 15 19 1600
1 1 0 38 75 150 200 300 375 80
1 1 1 50 100 200 267 400 500 60
0 0 0 100 200 400 533 800 1000 30
0 0 1 4 8 15 20 30 38 800
0 1 0 150 300 600 800 1200 1500 20
0 1 1 200 400 800 1067 1600 2000 15
BIT FREQUENCY (kHz) AT f osc in 12X MODE fosc DIVIDE BY
CR2 |[CR1 |CRO |[3MHz 6 MHz 12 MHz 16 MHz 24 MHz 33 MHz
1 0 0 13 25 50 67 100 138 240
1 0 1 1 2 4 5 8 10 3200
1 1 0 19 38 75 100 150 206 160
1 1 1 25 50 100 133 200 275 120
0 0 0 50 100 200 267 400 550 60
0 0 1 2 4 8 10 15 21 1600
0 1 0 75 150 300 400 600 825 40
0 1 1 100 200 400 533 800 1100 30
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More Information on SIO1 Operating Modes:
modes are:
— Master Transmitter

The four operating

— Master Receiver
— Slave Receiver
— Slave Transmitter

Data transfers in each mode of operation are shown in Figures
22-25. These figures contain the following abbreviations:

may switch to the master receiver mode by loading S1DAT with
SLA+R).

Master Receiver Mode: In the master receiver mode, a number of
data bytes are received from a slave transmitter (see Figure 23).
The transfer is initialized as in the master transmitter mode. When
the start condition has been transmitted, the interrupt service routine
must load S1DAT with the 7-bit slave address and the data direction
bit (SLA+R). The Sl bit in SLICON must then be cleared before the
serial transfer can continue.

Abbreviation Explanation When the slave address and the data direction bit have been

S Start condition transmitted and an acknowledgment bit has been received, the

SLA 7-bit slave address serial interrupt flag (SI) is set again, and a number of status codes in
5\/ &ﬁﬁg E:tt ((LHCI)(\;/\ll_ilcleevve?Iaé:tsSIEAG) S1STA are possible. These are 4QH, 48H, or 38H for the master

A Acknowledge bit (LOW level at SDA) mode anq also 68H, 78H, or BOH |f the slave mode was enabled

A Not acknowledge bit (HIGH level at SDA) (AA = logic 1). The appropriate action to be taken for each of these
Data 8-bit data byte status codes is detailed in Table 10. ENS1, CR1, and CRO are not

p Stop condition affected by the serial transfer and are not referred to in Table 10.

In Figures 22-25, circles are used to indicate when the serial
interrupt flag is set. The numbers in the circles show the status code
held in the S1STA register. At these points, a service routine must
be executed to continue or complete the serial transfer. These
service routines are not critical since the serial transfer is suspended
until the serial interrupt flag is cleared by software.

When a serial interrupt routine is entered, the status code in SISTA
is used to branch to the appropriate service routine. For each status
code, the required software action and details of the following serial
transfer are given in Tables 9-13.

Master Transmitter Mode: In the master transmitter mode, a
number of data bytes are transmitted to a slave receiver (see
Figure 22). Before the master transmitter mode can be entered,
S1CON must be initialized as follows:

After a repeated start condition (state 10H), SIO1 may switch to the
master transmitter mode by loading S1DAT with SLA+W.

Slave Receiver Mode: In the slave receiver mode, a number of
data bytes are received from a master transmitter (see Figure 24).
To initiate the slave receiver mode, SIADR and S1CON must be
loaded as follows:

S1ADR (DBH) GC

own slave address

The upper 7 bits are the address to which SIO1 will respond when
addressed by a master. If the LSB (GC) is set, SIO1 will respond to
the general call address (00H); otherwise it ignores the general call
address.

7 6 5 4 3 2 1 0
7 6 5 4 3 2 1 0
S1CON (D8H) CR2 ENS1 ‘ STA ‘ STO ‘ S| ‘ AA CR1 CRO
bit i S1CON (D8H)‘ CR2 ‘ ENS1 ‘ STA ‘ STO ‘ Sl ‘ AA‘ CR1 ‘ CRO ‘
1 0 0 0 X [—  bitrate = —

rate

CRO, CR1, and CR2 define the serial bit rate. ENS1 must be set to
logic 1 to enable SIOL. If the AA bit is reset, SIO1 will not
acknowledge its own slave address or the general call address in
the event of another device becoming master of the bus. In other
words, if AA is reset, SIO0 cannot enter a slave mode. STA, STO,
and S| must be reset.

The master transmitter mode may now be entered by setting the
STA bit using the SETB instruction. The SIO1 logic will now test the
I2C bus and generate a start condition as soon as the bus becomes
free. When a START condition is transmitted, the serial interrupt flag
(SI) is set, and the status code in the status register (S1STA) will be
08H. This status code must be used to vector to an interrupt service
routine that loads S1DAT with the slave address and the data
direction bit (SLA+W). The Sl bit in SITCON must then be reset
before the serial transfer can continue.

When the slave address and the direction bit have been transmitted
and an acknowledgment bit has been received, the serial interrupt
flag (SI) is set again, and a number of status codes in S1STA are
possible. There are 18H, 20H, or 38H for the master mode and also
68H, 78H, or BOH if the slave mode was enabled (AA = logic 1). The
appropriate action to be taken for each of these status codes is
detailed in Table 9. After a repeated start condition (state 10H). SIO1
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X 1 0 0 0 1 X X

CRO, CR1, and CR2 do not affect SIO1 in the slave mode. ENS1
must be set to logic 1 to enable SIO1. The AA bit must be set to
enable SIO1 to acknowledge its own slave address or the general
call address. STA, STO, and S| must be reset.

When S1ADR and S1CON have been initialized, SIO1 waits until it
is addressed by its own slave address followed by the data direction
bit which must be “0” (W) for SIO1 to operate in the slave receiver
mode. After its own slave address and the W bit have been
received, the serial interrupt flag (1) is set and a valid status code
can be read from S1STA. This status code is used to vector to an
interrupt service routine, and the appropriate action to be taken for
each of these status codes is detailed in Table 11. The slave
receiver mode may also be entered if arbitration is lost while SIO1 is
in the master mode (see status 68H and 78H).

If the AA bit is reset during a transfer, SIO1 will return a not
acknowledge (logic 1) to SDA after the next received data byte.
While AA is reset, SIO1 does not respond to its own slave address
or a general call address. However, the 12C bus is still monitored
and address recognition may be resumed at any time by setting AA.
This means that the AA bit may be used to temporarily isolate SIO1
from the 12C bus.
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60H 80H 80H AOH

-t

N\\N

LAST DATA BYTE RECEIVED IS

|

NOT ACKNOWLEDGED PorS
88H
ARBITRATION LOST AS MST AND ! _
ADDRESSED AS SLAVE : A
68H

RECEPTION OF THE GENERAL CALL ADDRESS EE\NEQRQ \\\\\ \\ \ \\\\
AND ONE OR MORE DATA BYTES CALL A DATA DATA M PorsS |
NN\ \\\\\ \\\\\ AN\\N

EEEEE

N\

N PorS

ANNN\N

-t

LAST DATA BYTE IS NOT ACKNOWLEDGED

|

ARBITRATION LOST AS MST AND ADDRESSED AS SLAVE BY GENERAL CALL A

Q FROM MASTER TO SLAVE
NN

FROM SLAVE TO MASTER

: Data ;' A ANY NUMBER OF DATA BYTES AND THEIR ASSOCIATED ACKNOWLEDGE BITS
THIS NUMBER (CONTAINED IN S1STA) CORRESPONDS TO A DEFINED STATE OF THE I2C BUS. SEE TABLE 11.

SU00973

Figure 24. Format and States in the Slave Receiver Mode
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Table 11.  Slave Receiver Mode
APPLICATION SOFTWARE RESPONSE
STATUS STATUS OF THE
CODE I2C BUS AND TO/FROM S1DAT TO S1ICON NEXT ACTION TAKEN BY SIO1 HARDWARE
(S1STA) | SIO1 HARDWARE SstAa lsto | st 1 2A
60H Own SLA+W has No S1DAT action or X 0 0 0 Data byte will be received and NOT ACK will be
been received; ACK returned
has been returned no S1DAT action X Data byte will be received and ACK will be returned
68H Arbitration lost in No S1DAT action or X 0 Data byte will be received and NOT ACK will be
SLA+R/W as master; returned
Own SLA+W has
been received, ACK | no S1IDAT action X 0 0 1 | Data byte will be received and ACK will be returned
returned
70H General call address | No S1DAT action or X 0 0 0 | Data byte will be received and NOT ACK will be
(O0H) has been returned
{)eeceer:vrz%?\gdK has no S1DAT action X 0 0 1 Data byte will be received and ACK will be returned
78H Arbitration lost in No S1DAT action or X 0 0 0 Data byte will be received and NOT ACK will be
SLA+R/W as master; returned
General call address
R%SKbﬁzg tr)zc;a]lved, no S1DAT action X 0 0 1 Data byte will be received and ACK will be returned
returned
80H Previously addressed | Read data byte or X 0 0 0 Data byte will be received and NOT ACK will be
with own SLV returned
address; DATA has
been received; ACK | read data byte X 0 0 1 | Data byte will be received and ACK will be returned
has been returned
88H Previously addressed | Read data byte or 0 0 0 0 | Switched to not addressed SLV mode; no recognition
with own SLA; DATA of own SLA or General call address
byte has been read data byte or 0 0 0 1 | Switched to not addressed SLV mode; Own SLA will
received; NOT ACK be recognized; General call address will be
has been returned recognized if SIADR.O = logic 1
read data byte or 1 0 0 0 | Switched to not addressed SLV mode; no recognition
of own SLA or General call address. A START
condition will be transmitted when the bus becomes
free
read data byte 1 0 0 1 | Switched to not addressed SLV mode; Own SLA will
be recognized; General call address will be
recognized if SIADR.O = logic 1. A START condition
will be transmitted when the bus becomes free.
90H Previously addressed | Read data byte or X 0 0 0 | Data byte will be received and NOT ACK will be
with General Call; returned
DATA byte has been
received; ACK has read data byte X 0 0 1 | Data byte will be received and ACK will be returned
been returned
98H Previously addressed | Read data byte or 0 0 0 0 | Switched to not addressed SLV mode; no recognition
with General Call; of own SLA or General call address
DATA byte has been | read data byte or 0 0 0 1 | Switched to not addressed SLV mode; Own SLA will
received; NOT ACK be recognized; General call address will be
has been returned recoghized if SLADR.O = logic 1
read data byte or 1 0 0 0 | Switched to not addressed SLV mode; no recognition
of own SLA or General call address. A START
condition will be transmitted when the bus becomes
free
read data byte 1 0 0 1 | Switched to not addressed SLV mode; Own SLA will
be recognized; General call address will be
recognized if SLADR.O = logic 1. A START condition
will be transmitted when the bus becomes free.
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Table 11. Slave Receiver Mode (Continued)
APPLICATION SOFTWARE RESPONSE
STATUS STATUS OF THE
CODE I2C BUS AND TO/FROM S1DAT TO S1CON NEXT ACTION TAKEN BY SI01 HARDWARE
(S1STA) SI01 HARDWARE SstAa lsto | st 1 2A
AOH A STOP condition or No STDAT action or 0 0 0 0 | Switched to not addressed SLV mode; no recognition
repeated START of own SLA or General call address
condition has been No STDAT actionor [ 0 0 0 1 | Switched to not addressed SLV mode; Own SLA will
received while still be recognized; General call address will be
addressed as recognized if SIADR.O = logic 1
SLV/REC or SLV/TRX | No STDAT action or 1 0 0 0 | Switched to not addressed SLV mode; no recognition
of own SLA or General call address. A START
condition will be transmitted when the bus becomes
free
No STDAT action 1 0 0 1 Switched to not addressed SLV mode; Own SLA will
be recognized; General call address will be
recognized if SIADR.O = logic 1. A START condition
will be transmitted when the bus becomes free.
Table 12. Slave Transmitter Mode
APPLICATION SOFTWARE RESPONSE
STATUS STATUS OF THE
CODE I2C BUS AND TO/FROM S1DAT TO S1CON NEXT ACTION TAKEN BY SIO1 HARDWARE
(S1STA) SI01 HARDWARE SstAa lsto | st 1 2a
A8H Own SLA+R has Load data byte or X 0 0 0 Last data byte will be transmitted and ACK bit will be
been received; ACK received
has been returned load data byte X Data byte will be transmitted; ACK will be received
BOH Arbitration lost in Load data byte or X 0 Last data byte will be transmitted and ACK bit will be
SLA+R/W as master; received
Own SLA+R has
been received, ACK o4 data byte X 0 0 1 | Data byte will be transmitted; ACK bit will be received
has been returned
B8H Data byte in SIDAT Load data byte or X 0 0 0 Last data byte will be transmitted and ACK bit will be
has been transmitted; received
Q}%;\?;ds been load data byte X 0 0 1 Data byte will be transmitted; ACK bit will be received
COH Data byte in SIDAT No S1DAT action or 0 0 0 01 | Switched to not addressed SLV mode; no recognition
has been transmitted; of own SLA or General call address
NOT ACK has been | no S1DAT action or 0 0 0 1 | Switched to not addressed SLV mode; Own SLA will
received be recognized; General call address will be
recognized if SIADR.O = logic 1
no S1DAT action or 1 0 0 0 | Switched to not addressed SLV mode; no recognition
of own SLA or General call address. A START
condition will be transmitted when the bus becomes
free
no S1DAT action 1 0 0 1 Switched to not addressed SLV mode; Own SLA will
be recognized; General call address will be
recognized if SLADR.O = logic 1. A START condition
will be transmitted when the bus becomes free.
C8H Last data byte in No S1DAT action or 0 0 0 0 Switched to not addressed SLV mode; no recognition
S1DAT has been of own SLA or General call address
transmitted (AA=0); | no S1DAT action or 0 0 0 1 | Switched to not addressed SLV mode; Own SLA will
ACK has been be recognized; General call address will be
received recognized if SLADR.O = logic 1
no S1DAT action or 1 0 0 0 | Switched to not addressed SLV mode; no recognition
of own SLA or General call address. A START
condition will be transmitted when the bus becomes
free
no S1DAT action 1 0 0 1 | Switched to not addressed SLV mode; Own SLA will
be recognized; General call address will be
recognized if SIADR.O = logic 1. A START condition
will be transmitted when the bus becomes free.
2003 Oct 02 49




Philips Semiconductors

Product data

80C51 8-hit microcontroller family 16 KB OTP/ROM, 512B
RAM, low voltage (2.7 to 5.5 V), low power, high speed (30/33

MHz), two 400KB I2C interfaces

P8xC660X2/661X2

SPECIAL FUNCTION REGISTERS

S1ADR GC DB
S1DAT DA
S1STA 0 0 0 D9
SI1CON | CR2 | ENSll STA | STO | Sl AA CR! CRO | D8
PSW DO
IPO | pPs1 | B8
IENO EA | | ES1 | AB
Pi | P17 | pis| %
80
INTERNAL DATA RAM
7F
BACKUP ORIGINAL VALUE OF NUMBYTMST 53
NUMBYTMST NUMBER OF BYTES AS MASTER 52
SLA SLA+R/W TO BE TRANSMITTED TO SLA 51
HADD HIGHER ADDRESS BYTE INTERRUPT ROUTINE 50
4F
=F SLAVE TRANSMITTER DATA RAM =
STD 48
2 SLAVE RECEIVER DATA RAM =
SRD 40
= MASTER RECEIVER DATA RAM =
MRD 38
2 MASTER TRANSMITTER DATA RAM =
MTD 30
R1 19
RO 18
00
SU00978
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I STATE : 20, SLA+W have been transmitted, NOT ACK has been received
I' ACTION : Transmit STOP condition.

.sect mts20
.base 0x120

0120  75D8D5 mov S1CON,#ENS1_NOTSTA_STO_NOTSI_AA_CRO
I'set STO, clr SI

0123 DODO pop  psw

0125 32 reti

I STATE : 28, DATA of S1IDAT have been transmitted, ACK received.
I' ACTION : If Transmitted DATA is last DATA then transmit a STOP condition,
! else transmit next DATA.

.sect mts28
.base 0x128

0128 D55285 djnz  NUMBYTMST,NOTLDAT1 1 JMP if NOT last DATA
012B  75D8D5 mov  S1CON,#ENS1_NOTSTA_STO_NOTSI_AA_CRO
Iclr SI, set AA
012E 01B9 ajmp RETmt
.sect mts28sh
.base 0x0b0
00BO  75D018 NOTLDAT1: mov  psw,#SELRB3
00B3  87DA mov S1DAT,@rl
00B5  75D8C5 CON: mov S1CON,#ENS1_NOTSTA_NOTSTO_NOTSI_AA_CRO
Iclr SI, set AA
00B8 09 inc rl
00B9 DODO RETmt : pop  psw
ooBB 32 reti

I STATE : 30, DATA of S1IDAT have been transmitted, NOT ACK received.
I' ACTION : Transmit a STOP condition.

.sect mts30

.base 0x130
0130 75D8D5 mov S1CON#ENS1_NOTSTA_STO_NOTSI_AA CRO
I'set STO, clIr SI
0133 DODO pop  psw
0135 32 reti

I STATE : 38, Arbitration lost in SLA+W or DATA.
I' ACTION : Bus is released, not addressed SLV mode is entered.
! A new START condition is transmitted when the 1IC bus is free again.

.sect mts38

.base 0x138
0138 75D8ES mov S1CON#ENS1_STA NOTSTO_NOTSI_AA CRO
013B 855352 mov  NUMBYTMST,BACKUP
013E 01B9 ajmp RETmt
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7 6 5 4 3 2 1 0

IE (OA8H) EA EC ET2 ES ET1 EX1 ETO EXO0

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 EC PCA interrupt enable bit
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 O interrupt enable bit.
IE.O EXO External interrupt O enable bit. SU01290
Figure 31. |E Registers
7 6 5 4 3 2 1 0
IP (OB8H) - PPC PT2 PS PT1 PX1 PTO PX0

Priority Bit = 1 assigns high priority
Priority Bit = 0 assigns low priority

BIT SYMBOL FUNCTION
IP.7 - -
IP.6 PPC PCA interrupt priority bit
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.0 PX0 External interrupt O priority bit. SU01291
Figure 32. IP Registers
7 6 5 4 3 2 1 0
IPH (B7H) - PPCH | PT2H PSH PT1IH | PX1H | PTOH | PXOH

Priority Bit = 1 assigns higher priority

Priority Bit = O assigns lower priority
BIT SYMBOL FUNCTION
IPH.7 - -
IPH.6 PPCH PCA interrupt priority bit
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. SU01292

Figure 33. IPH Registers
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Expanded Data RAM Addressing

The P8xC660X2/661X2 has internal data memory that is mapped
into four separate segments: the lower 128 bytes of RAM, upper 128
bytes of RAM, 128 bytes Special Function Register (SFR), and

256 bytes expanded RAM (ERAM) (768 bytes for the RD2).

The four segments are:
1. The Lower 128 bytes of RAM (addresses 00H to 7FH) are
directly and indirectly addressable.

2. The Upper 128 bytes of RAM (addresses 80H to FFH) are
indirectly addressable only.

3. The Special Function Registers, SFRs, (addresses 80H to FFH)
are directly addressable only.

4. The 256/768-bytes expanded RAM (ERAM, 00H — 1FFH/2FFH)
are indirectly accessed by move external instruction, MOVX, and
with the EXTRAM bit cleared, see Figure 48.

The Lower 128 bytes can be accessed by either direct or indirect
addressing. The Upper 128 bytes can be accessed by indirect
addressing only. The Upper 128 bytes occupy the same address
space as the SFR. That means they have the same address, but are
physically separate from SFR space.

When an instruction accesses an internal location above address
7FH, the CPU knows whether the access is to the upper 128 bytes
of data RAM or to SFR space by the addressing mode used in the
instruction. Instructions that use direct addressing access SFR
space. For example:

MOV 0AOH,#data

accesses the SFR at location 0AOH (which is P2). Instructions that
use indirect addressing access the Upper 128 bytes of data RAM.
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For example:
MOV @RO0,acc

where RO contains 0AOH, accesses the data byte at address 0AOH,
rather than P2 (whose address is 0AOH).

The ERAM can be accessed by indirect addressing, with EXTRAM
bit cleared and MOVX instructions. This part of memory is physically
located on-chip, logically occupies the first 256/768 bytes of external
data memory in the P8xC660X2/661X2.

With EXTRAM = 0, the ERAM is indirectly addressed, using the
MOVX instruction in combination with any of the registers RO, R1 of
the selected bank or DPTR. An access to ERAM will not affect ports
PO, P3.6 (WR#) and P3.7 (RD#). P2 SFR is output during external
addressing. For example, with EXTRAM = 0,

MOVX @RO0,acc

where RO contains 0AOH, accesses the ERAM at address 0AOH
rather than external memory. An access to external data memory
locations higher than the ERAM will be performed with the MOVX
DPTR instructions in the same way as in the standard 80C51, so
with PO and P2 as data/address bus, and P3.6 and P3.7 as write
and read timing signals. Refer to Figure 49.

With EXTRAM = 1, MOVX @Ri and MOVX @DPTR will be similar
to the standard 80C51. MOVX @ Ri will provide an 8-bit address
multiplexed with data on Port 0 and any output port pins can be
used to output higher order address bits. This is to provide the
external paging capability. MOVX @DPTR will generate a 16-bit
address. Port 2 outputs the high-order eight address bits (the
contents of DPH) while Port O multiplexes the low-order eight
address bits (DPL) with data. MOVX @Ri and MOVX @DPTR will
generate either read or write signals on P3.6 (WR) and P3.7 (RD).

The stack pointer (SP) may be located anywhere in the 256 bytes
RAM (lower and upper RAM) internal data memory. The stack may
not be located in the ERAM.
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AC ELECTRICAL CHARACTERISTICS (12-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 v1.2.34

Symbol Figure Parameter Limits 16 MHz Clock Unit
MIN MAX MIN MAX
llitcLcL 55 Oscillator frequency 0 16 MHz
tLHLL 50 ALE pulse width 2tccL—10 115 ns
tavLL 50 Address valid to ALE LOW tcLcL —15 47.5 ns
tLLAX 50 Address hold after ALE LOW tcLcL —25 37.5 ns
tLuv 50 ALE LOW to valid instruction in 4tc oL —55 195 ns
tLpL 50 ALE LOW to PSEN LOW tcLcL —15 475 ns
tpLpH 50 PSEN pulse width 3tcLeL 15 172.5 ns
tpL v 50 PSEN LOW to valid instruction in 3tcLcL —55 1325 ns
tpxix 50 Input instruction hold after PSEN 0 0 ns
tpxiz 50 Input instruction float after PSEN tcLeL —10 52.5 ns
taviv 50 Address to valid instruction in 5tcLcL -50 262.5 ns
tpLaz 50 PSEN LOW to address float 10 10 ns
Data Memory
tRLRH 51 RD pulse width 6 tc oL —25 350 ns
twiLwH 52 WR pulse width 6 tcLcL —25 350 ns
tRLDV 51 RD LOW to valid data in 5 tcLcL =50 262.5 ns
tRHDX 51 Data hold after RD 0 0 ns
tRHDZ 51 Data float after RD 2 tcicL —20 105 ns
tLLDv 51 ALE LOW to valid data in 8 tcLcL -55 445 ns
tavDv 51 Address to valid data in 9 teLcL -50 512.5 ns
towe 51, 52 ALE LOW to RD or WR LOW 3tcLeL —20 3tcLeL +20 167.5 207.5 ns
tavwL 51,52 Address valid to WR LOW or RD LOW 4 tocL —20 230 ns
tovwx 52 Data valid to WR transition tcLeL —30 32.5 ns
twHOX 52 Data hold after WR tcLeL =20 42,5 ns
tovwH 52 Data valid to WR HIGH 7 tcLcL —10 427.5 ns
tRLAZ 51 RD LOW to address float 0 0 ns
tWHLH 51, 52 RD or WR HIGH to ALE HIGH tcLeL —15 tcLeL +15 475 775 ns
External Clock
tcHeX 55 High time 0.32tc oL tcLeL — teLex ns
tcLex 55 Low time 0.32 tc oL tcLeL — tcHex ns
tcLcH 55 Rise time 5 ns
tcHeL 55 Fall time 5 ns
Shift register
txxL 54 Serial port clock cycle time 12 tci oL 750 ns
tovxH 54 Output data setup to clock rising edge 10 te L —25 600 ns
txHQX 54 Output data hold after clock rising edge 2 tcLcL —15 110 ns
txHDX 54 Input data hold after clock rising edge 0 0 ns
txHDV 54 Clock rising edge to input data valid® 10 tg ¢ —133 492 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 45 ns is permitted. This limited bus contention will not cause damage to port O

drivers.

4. Parts are guaranteed by design to operate down to 0 Hz.
5. Below 16 MHz this parameter is 8 tc ¢ — 133.
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Philips Semiconductors

Product data

80C51 8-hit microcontroller family 16 KB OTP/ROM, 512B
RAM, low voltage (2.7 to 5.5 V), low power, high speed (30/33
MHz), two 400KB I2C interfaces

P8xC660X2/661X2

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 tuepe  =Time for ALE LOW to PSEN LOW.
< WhHw >
ALE
Ctavie | tuec |
> > tpLpH
< fuy —>
PSEN tpLiv
tLLAx o7
< tpLaz pXiz
tpxix —>
1
PORT 0 D— AO-AT INSTR IN AO-A7
N taviv >
PORT 2 >< AO-A15 >< A8-A15

SU00006

Figure 50. External Program Memory Read Cycle

< twWHLH —>

< tupv >

«—— lLiw —>¢———tglrp ————>
RD
fLLax RHDZ_|
tavLL <> > < trRLpv —>
tRLAZ} tRHDX —>| <
A0-A7 /
PORT 0 D— FROM Rl OR DPL DATA IN AO0-A7 FROM PCL { INSTRIN
<« taywL ———>
tavoy >
PORT 2 >< P2.0-P2.7 OR A8-A15 FROM DPF >< A0-A15 FROM PCH
SU00025

Figure 51. External Data Memory Read Cycle
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Philips Semiconductors Product data

80C51 8-bit microcontroller family 16 KB OTP/ROM, 512B P8xC660X2/661X2
RAM, low voltage (2.7 to 5.5 V), low power, high speed (30/33
MHz), two 400KB I2C interfaces

INSTRUCTION | 0 ‘ 1 ‘ 2 ‘ 3 ‘ 4 | 5 | 6 | 7 | 8 |

ALE I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I
% txxe %
croc [ S S I G B

o < |
T X X X T X X X X

OUTPUT DATA
L

WRITE TO SBUF

*‘ tXHDX )
txHDV | € SETTI
INPUT DATA
B i i XX K pnx s ey
CLEAR RI A
SETRI
SU00027
Figure 54. Shift Register Mode Timing
Vee-05 - - - -
cc 0.7Vce
0.45V 0.2Vee-0.1
SU00009
Figure 55. External Clock Drive
Vce-0.5
ce 0.2Vcc+0.9 VLOAD*0-1V ~_ TIMING P VOH-0.1V
VLOAD REFERENCE
. POINTS ™A
0.45V 0.2vcc-0.1 VLOAD-0-1V VoL+0.1V
NOTE: NOTE:
AC inputs during testing are driven at Vcc —0.5 for a logic ‘1’ and 0.45V for a logic ‘0". For timing purposes, a port is no longer floating when a 100mV change from
Timing measurements are made at V;y min for a logic ‘1’ and V) max for a logic ‘0". load voltage occurs, and begins to float when a 100mV change from the loaded
Von/VoL level occurs. lon/lop = #20mA.
SU00717 SU00718
Figure 56. AC Testing Input/Output Figure 57. Float Waveform

2003 Oct 02 90



Philips Semiconductors Product data

80C51 8-bit microcontroller family 16 KB OTP/ROM, 512B P8xC660X2/661X2
RAM, low voltage (2.7 to 5.5 V), low power, high speed (30/33
MHz), two 400KB I2C interfaces
PLCC44: plastic leaded chip carrier; 44 leads SOT187-2
| RN |
, | 7 \ / &
, \ [ :
| | |
\ /
N e |
' €D ]\ CE
fg)
39 29 | [4]
o N e I I I O O e ¥
e 7o 4 bp
i 2 “E
a0[] H—f ¥
i i G 2
[ ' ]
O ]
4[] ' ] :
gL —-—-——-—-—-—8- = e
O pin 1 index | ]
i g A
i o A
| | r
O i & : (As)
6] 118
P Ls I | e
' k+ 2 ‘ "
i 7 i
- =V @[A]
E -z =
- : - [2]
- o -~ = @]
0 5 10 mm
L 1 PR T T N T T 1 ]
scale
DIMENSIONS (mm dimensions are derived from the original inch dimensions)
Aq Ag Zn(M| z=(1)
(1) (U] D E
UNIT| A min. Ag max. by by | D E e ep | ee | Hp | HE k Lp | v W Y | mae| menc. f
457 0.53 | 0.81 | 16.66|16.66 16.00|16.00|17.65(17.65| 1.22 | 1.44
mm | 449 | 051 0251 305 33| 066 |16.51|16.51| 127 |14.99|14.99|17.40| 17.40| 1.07 | 1.02 | 018|018 | 01 | 216 216 .
45
inches| 9180 0.021|0.032| 0.656 | 0.656 0.63 | 063 |0.695(0.695|0.048| 0.057
Inehes) o g5 | 002 | 0.01 | 012 | 4 h1310.026 | 0.650| 0.650| %% | 0.59 | 0.59 | 0.685|0.685 | 0.042| 0.040| 0-007| 0-007 | 0.004) 0.085 0.085
Note
1. Plastic or metal protrusions of 0.25 mm {0.01 inch) maximum per side are not included.
OQUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION
Co-tpeT
S0OT187-2 112E10 MS-018 EDR-7319 g @ 011114
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