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GENERAL DESCRIPTION

The P87LPC767 is a 20-pin single-chip microcontroller designed for
low pin count applications demanding high-integration, low cost
solutions over a wide range of performance requirements. A
member of the Philips low pin count family, the P87LPC767 offers
programmable oscillator configurations for high and low speed
crystals or RC operation, wide operating voltage range,
programmable port output configurations, selectable Schmitt trigger
inputs, LED drive outputs, and a built-in watchdog timer. The
P87LPC767 is based on an accelerated 80C51 processor
architecture that executes instructions at twice the rate of standard
80C51 devices.

FEATURES

® An accelerated 80C51 CPU provides instruction cycle times of
300-600 ns for all instructions except multiply and divide when
executing at 20 MHz. Execution at up to 20 MHz when
Vpp = 4.5V 10 6.0V, 10 MHz when Vpp = 2.7 Vt0 6.0 V.

® Four-channel multiplexed 8-bit A/D converter. Conversion time of
9.3 uS at fosc = 20 MHz.

® 2.7 Vto 6.0 V operating range for digital functions.
® 4 K bytes EPROM code memory.
® 128 byte RAM data memory.

® 32-byte customer code EPROM allows serialization of devices,
storage of setup parameters, etc.

® Two 16-bit counter/timers. Each timer may be configured to toggle
a port output upon timer overflow.

® Two analog comparators.
® Full duplex UART.

® |2C communication port.
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Eight keypad interrupt inputs, plus two additional external interrupt
inputs.

Four interrupt priority levels.

Watchdog timer with separate on-chip oscillator, requiring no
external components. The watchdog timeout time is selectable
from 8 values.

Active low reset. On-chip power-on reset allows operation with no
external reset components.

Low voltage reset. One of two preset low voltage levels may be
selected to allow a graceful system shutdown when power fails.
May optionally be configured as an interrupt.

Oscillator Fail Detect. The watchdog timer has a separate fully
on-chip oscillator, allowing it to perform an oscillator fail detect
function.

Configurable on-chip oscillator with frequency range and RC
oscillator options (selected by user programmed EPROM bits).
The RC oscillator option allows operation with no external
oscillator components.

Programmable port output configuration options:
quasi-bidirectional, open drain, push-pull, input-only.

Selectable Schmitt trigger port inputs.
LED drive capability (20 mA) on all port pins.

Controlled slew rate port outputs to reduce EMI. Outputs have
approximately 10 ns minimum ramp times.

15 1/O pins minimum. Up to 18 I/O pins using on-chip oscillator
and reset options.

Only power and ground connections are required to operate the
P87LPC767 when fully on-chip oscillator and reset options are
selected.

Serial EPROM programming allows simple in-circuit production
coding. Two EPROM security bits prevent reading of sensitive
application programs.

Idle and Power Down reduced power modes. Improved wakeup
from Power Down mode (a low interrupt input starts execution).
Typical Power Down current is 1 pA.

20-pin DIP and SO packages.

853-2255 27914
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FFFFh ¥l« ¥LFFFFh
— UNUSEDSPACE —X
)~ UNUSEDCODE I~ FDO1lh
~— MEMORY SPACE ™ CONFIGURATION BYTES
UCFG1, UCFG2
(ACCESSIBLE VIA MOVX)
FCFFh FDOOh
32-BYTE CUSTOMER
CODE SPACE
(ACCESSIBLE VIA MOVC)
FCEOh FFh
SPECIAL FUNCTION
)~ UNUSEDCODE I~ REGISTERS
~1 MEMORY SPACE ™ (ONLY DIRECTLY
ADDRESSABLE) = =
T~ UNUSED SPACE T~
1000h 80h
OFFFh 128 BYTES ON-CHIP DATA | 7Fh
MEMORY
4 K BYTES ON-CHIP (DIRECTLY AND
CODE MEMORY INDIRECTLY
ADDRESSABLE)
16-BIT ADDRESSABLE BYTES
INTERRUPT VECTORS
0000h 00h 0000h
ON-CHIP CODE ON-CHIP DATA EXTERNAL DATA
MEMORY SPACE MEMORY SPACE MEMORY SPACE*

* The 87LPC767 does not support access to external data memory. However, the User Configuration Bytes

are accessed via the MOVX instruction as if they were in external data memory. SU01352

Figure 1. P87LPC767 Program and Data Memory Map
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Code Examples for the A/D

The first piece of sample code shows an example of port configuration for use with the A/D. This example sets up the pins so that all four A/D
channels may be used. Port configuration for analog functions is described in the section Analog Functions.

; Set up port pins for A/D conversion, without affecting other pins.

mov PTOAD,#78h ; Disable digital inputs on A/D input pins.
anl POM2,#87h ; Disable digital outputs on A/D input pins.
orl POM1,#78h ; Disable digital outputs on A/D input pins.

Following is an example of using the A/D with interrupts. The routine ADStart begins an A/D conversion using the A/D channel number supplied
in the accumulator. The channel number is not checked for validity. The A/D must previously have been enabled with sufficient time to allow for
stabilization.

The interrupt handler routine reads the conversion value and returns it in memory address ADResult. The interrupt should be enabled prior to
starting the conversion.

; Start A/D conversion.

ADStart:
orl ADCON,A ; Add in the new channel number.
setb ADCS ; Start an A/D conversion.
orl PCON,#01h ; The CPU could be put into Idle mode here.
;o orl PCON,#02h ; The CPU could be put into Power Down mode here if RCCLK = 1.

ret

; A/D interrupt handler.

ADiInt:
push ACC ; Save accumulator.
mov A,DACO ; Get A/D result,
mov ADResult,A ; and save it in memory.
clr ADCI ; Clear the A/D completion flag.
anl ADCON,#0fch ; Clear the A/D channel number.
pop ACC ; Restore accumulator.

reti

Following is an example of using the A/D with polling. An A/D conversion is started using the channel number supplied in the accumulator. The
channel number is not checked for validity. The A/D must previously have been enabled with sufficient time to allow for stabilization. The
conversion result is returned in the accumulator.

ADRead:
orl ADCON,A ; Add in the new channel number.
seth ADCS ; Start A/D conversion.

ADChk:
jnb ADCI,ADChk ; Wait for ADCI to be set.
mov A,DACO ; Get A/D result.
clr ADCI ; Clear the A/D completion flag.
anl ADCON,#0fch ; Clear the A/D channel number.

ret

2002 Mar 25 11
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Figure 5. Comparator Input and Output Connections
CPn, CNn, OEn=000 CPn, CNn, OEn=001
onna[_—1+ +
con CINPA D— con o
CMPREF D_ — CMPREF D— =
CPn, CNn, OEn=010 CPn, CNn, OEn=011
cnma [ J—+ cnea [ F—+ con
con CMPn
Vref (1.23V) — Vrer (1.23V) -
CPn, CNn, OEn=100 CPn,CNn, OEN=101
cnne[_—+ cinne [ F—+ con
COn CMPn
CMPREF D— - CMPREF D— -
CPn, CNn, OEn=110 CPn,CNn,OEn=111
CINnBD_+ CINnBD_+ con
con CMPn
Vref (1.23V) — Vref (1.23V) —
SU01154

Figure 6. Comparator Configurations
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ARL “Arbitration Loss” is 1 when transmit Active was set, but
this device lost arbitration to another transmitter.
Transmit Active is cleared when ARL is 1. There are

four separate cases in which ARL is set.

1. If the program sent a 1 or repeated start, but another
device sent a 0, or a stop, so that SDA is 0 at the rising
edge of SCL. (If the other device sent a stop, the setting
of ARL will be followed shortly by STP being set.)

2. If the program sent a 1, but another device sent a
repeated start, and it drove SDA low before SCL
could be driven low. (This type of ARL is always
accompanied by STR=1.)

3. In master mode, if the program sent a repeated start,
but another device sent a 1, and it drove SCL low
before this device could drive SDA low.

4. In master mode, if the program sent stop, but it could
not be sent because another device sent a 0.

“STaRt" is set to a 1 when an 12C start condition is
detected at a non-idle slave or at a master. (STR is not
set when an idle slave becomes active due to a start
bit; the slave has nothing useful to do until the rising
edge of SCL sets DRDY.)

STR

STP “SToP” is set to 1 when an I2C stop condition is
detected at a non-idle slave or at a master. (STP is not

set for a stop condition at an idle slave.)

MASTER “MASTER” is 1 if this device is currently a master on
the 12C. MASTER is set when MASTRQ is 1 and the
bus is not busy (i.e., if a start bit hasn’t been

received since reset or a “Timer I” time-out, or if a stop
has been received since the last start). MASTER is
cleared when ARL is set, or after the software writes

MASTRQ =0 and then XSTP = 1.

Writing 12CON

Typically, for each bit in an 12C message, a service routine waits for
ATN = 1. Based on DRDY, ARL, STR, and STP, and on the current
bit position in the message, it may then write I2CON with one or
more of the following bits, or it may read or write the I2DAT register.

CXA Writing a 1 to “Clear Xmit Active” clears the Transmit

Active state. (Reading the I2DAT register also does this.)

2002 Mar 25
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Regarding Transmit Active

Transmit Active is set by writing the I2DAT register, or by writing
I2CON with XSTR = 1 or XSTP = 1. The I2C interface will only drive
the SDA line low when Transmit Active is set, and the ARL bit will
only be set to 1 when Transmit Active is set. Transmit Active is
cleared by reading the I2DAT register, or by writing I2CON with
CXA = 1. Transmit Active is automatically cleared when ARL is 1.

IDLE Writing 1 to “IDLE” causes a slave’s 12C hardware to
ignore the 12C until the next start condition (but if
MASTRQ is 1, then a stop condition will cause this

device to become a master).

CDR Writing a 1 to “Clear Data Ready” clears DRDY.

(Reading or writing the 12DAT register also does this.)
CARL
CSTR
CSTP

Writing a 1 to “Clear Arbitration Loss” clears the ARL bit.
Writing a 1 to “Clear STaRt” clears the STR bit.

Writing a 1 to “Clear SToP” clears the STP bit. Note that
if one or more of DRDY, ARL, STR, or STP is 1, the low
time of SCL is stretched until the service routine
responds by clearing them.

XSTR Writing 1s to “Xmit repeated STaRt” and CDR tells the
12C hardware to send a repeated start condition. This
should only be at a master. Note that XSTR need not
and should not be used to send an “initial”
(non-repeated) start; it is sent automatically by the 12C
hardware. Writing XSTR = 1 includes the effect of
writing 12DAT with XDAT = 1, it sets Transmit Active
and releases SDA to high during the SCL low time.
After SCL goes high, the 12C hardware waits for the
suitable minimum time and then drives SDA low to
make the start condition.

XSTP Writing 1s to “Xmit SToP” and CDR tells the 12C
hardware to send a stop condition. This should only be
done at a master. If there are no more messages to
initiate, the service routine should clear the MASTRQ
bit in I2CFG to 0 before writing XSTP with 1. Writing
XSTP = 1 includes the effect of writing I2DAT with
XDAT = 0; it sets Transmit Active and drives SDA low
during the SCL low time. After SCL goes high, the 12C
hardware waits for the suitable minimum time and then
releases SDA to high to make the stop condition.
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I/O Ports

The P87LPC767 has 3 I/O ports, port 0, port 1, and port 2. The
exact number of I/O pins available depend upon the oscillator and
reset options chosen. At least 15 pins of the P87LPC767 may be
used as I/Os when a two-pin external oscillator and an external
reset circuit are used. Up to 18 pins may be available if fully on-chip
oscillator and reset configurations are chosen.

All but three I/O port pins on the P87LPC767 may be software
configured to one of four types on a bit-by-bit basis, as shown in
Table 4. These are: quasi-bidirectional (standard 80C51 port
outputs), push-pull, open drain, and input only. Two configuration
registers for each port choose the output type for each port pin.

Table 5. Port Output Configuration Settings

PxM1.y PxM2.y Port Output Mode
0 0 Quasi-bidirectional
0 1 Push-Pull
1 0 Input Only (High Impedance)
1 1 Open Drain
Quasi-Bidirectional Output ~ Configuration

The default port output configuration for standard P87LPC767 1/0
ports is the quasi-bidirectional output that is common on the 80C51
and most of its derivatives. This output type can be used as both an

input and output without the need to reconfigure the port. This is
possible because when the port outputs a logic high, it is weakly
driven, allowing an external device to pull the pin low. When the pin
is pulled low, it is driven strongly and able to sink a fairly large
current. These features are somewhat similar to an open drain
output except that there are three pull-up transistors in the
quasi-bidirectional output that serve different purposes.

One of these pull-ups, called the “very weak” pull-up, is turned on
whenever the port latch for the pin contains a logic 1. The very weak
pull-up sources a very small current that will pull the pin high if it is
left floating.

A second pull-up, called the “weak” pull-up, is turned on when the
port latch for the pin contains a logic 1 and the pin itself is also at a
logic 1 level. This pull-up provides the primary source current for a
quasi-bidirectional pin that is outputting a 1. If a pin that has a logic 1
on it is pulled low by an external device, the weak pull-up turns off,
and only the very weak pull-up remains on. In order to pull the pin
low under these conditions, the external device has to sink enough
current to overpower the weak pull-up and take the voltage on the
port pin below its input threshold.

The third pull-up is referred to as the “strong” pull-up. This pull-up is
used to speed up low-to-high transitions on a quasi-bidirectional port
pin when the port latch changes from a logic 0 to a logic 1. When this
occurs, the strong pull-up turns on for a brief time, two CPU clocks, in
order to pull the port pin high quickly. Then it turns off again.

The quasi-bidirectional port configuration is shown in Figure 12.

2 CPU
CLOCK DELAY

P P VERY P
I:STRONG ~| I:WEAK ~| I:WEAK

PORT
PIN
PORT LATCH N | r
DATA | |
INPUT
DATA
SU01159

Figure 12. Quasi-Bidirectional Output
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Open Drain Output Configuration

The open drain output configuration turns off all pull-ups and only
drives the pull-down transistor of the port driver when the port latch
contains a logic 0. To be used as a logic output, a port configured in
this manner must have an external pull-up, typically a resistor tied to
Vpp. The pull-down for this mode is the same as for the
quasi-bidirectional mode.

The open drain port configuration is shown in Figure 13.

Push-Pull Output Configuration

The push-pull output configuration has the same pull-down structure
as both the open drain and the quasi-bidirectional output modes, but
provides a continuous strong pull-up when the port latch contains a
logic 1. The push-pull mode may be used when more source current
is needed from a port output.

The push-pull port configuration is shown in Figure 14.

The three port pins that cannot be configured are P1.2, P1.3, and
P1.5. The port pins P1.2 and P1.3 are permanently configured as
open drain outputs. They may be used as inputs by writing ones to
their respective port latches. P1.5 may be used as a Schmitt trigger
input if the P87LPC767 has been configured for an internal reset
and is not using the external reset input function RST.

Additionally, port pins P2.0 and P2.1 are disabled for both input and
output if one of the crystal oscillator options is chosen. Those
options are described in the Oscillator section.

The value of port pins at reset is determined by the PRHI bit in the
UCFGL1 register. Ports may be configured to reset high or low as
needed for the application. When port pins are driven high at reset,
they are in quasi-bidirectional mode and therefore do not source
large amounts of current.

Every output on the P87LPC767 may potentially be used as a 20
mA sink LED drive output. However, there is a maximum total output
current for all ports which must not be exceeded.

All ports pins of the P87LPC767 have slew rate controlled outputs.
This is to limit noise generated by quickly switching output signals.
The slew rate is factory set to approximately 10 ns rise and fall times.

The bits in the P2M1 register that are not used to control
configuration of P2.1 and P2.0 are used for other purposes. These
bits can enable Schmitt trigger inputs on each 1/O port, enable
toggle outputs from Timer 0 and Timer 1, and enable a clock output
if either the internal RC oscillator or external clock input is being
used. The last two functions are described in the Timer/Counters
and Oscillator sections respectively. The enable bits for all of these
functions are shown in Figure 15.

Each 1/0 port of the P87LPC767 may be selected to use TTL level
inputs or Schmitt inputs with hysteresis. A single configuration bit
determines this selection for the entire port. Port pins P1.2, P1.3,
and P1.5 always have a Schmitt trigger input.

PORT
PIN
PORT LATCH N |
DATA |
INPUT
DATA
5001160

Figure 13. Open Drain Output

PORT LATCH

PORT
PIN

DATA Dc

INPUT _

DATA OQ

]

SU01161

Figure 14. Push-Pull Output
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Oscillator

The P87LPC767 provides several user selectable oscillator options,
allowing optimization for a range of needs from high precision to
lowest possible cost. These are configured when the EPROM is

programmed. Basic oscillator types that are supported include: low,
medium, and high speed crystals, covering a range from 20 kHz to
20 MHz; ceramic resonators; and on-chip RC oscillator.

Low Frequency Oscillator Option
This option supports an external crystal in the range of 20 kHz to 100 kHz.

Table 6 shows capacitor values that may be used with a quartz crystal in this mode.

Table 6. Recommended oscillator capacitors for use with the low frequency oscillator option

Oscillator Vpp=2.7t045V Vpp =4.5t0 6.0V

Frequency Lower Limit Optimal Value Upper Limit Lower Limit Optimal Value Upper Limit
20 kHz 15 pF 15 pF 33 pF 33 pF 33 pF 47 pF
32 kHz 15 pF 15 pF 33 pF 33 pF 33 pF 47 pF
100 kHz 15 pF 15 pF 33 pF 15 pF 15 pF 33 pF

Medium Frequency Oscillator Option
This option supports an external crystal in the range of 100 kHz to 4 MHz. Ceramic resonators are also supported in this configuration.

Table 7 shows capacitor values that may be used with a quartz crystal in this mode.

Table 7. Recommended oscillator capacitors for use with the medium frequency oscillator option

Vpp=27t045V
Oscillator G=fey Bency — - —
Lower Limit Optimal Value Upper Limit
100 kHz 33 pF 33 pF 47 pF
1 MHz 15 pF 15 pF 33 pF
4 MHz 15 pF 15 pF 33 pF

High Frequency Oscillator Option
This option supports an external crystal in the range of 4 to 20 MHz. Ceramic resonators are also supported in this configuration.

Table 8 shows capacitor values that may be used with a quartz crystal in this mode.

Table 8. Recommended oscillator capacitors for use with the high frequency oscillator option

Oscillator Vpp=2.7t045V Vpp =4.5t0 6.0V

Frequency Lower Limit Optimal Value Upper Limit Lower Limit Optimal Value Upper Limit
4 MHz 15 pF 33 pF 47 pF 15 pF 33 pF 68 pF
8 MHz 15 pF 15 pF 33 pF 15 pF 33 pF 47 pF
16 MHz - - - 15 pF 15 pF 33 pF
20 MHz - — — 15 pF 15 pF 33 pF

On-Chip RC Oscillator Option

The on-chip RC oscillator option has a typical frequency of 6 MHz
and can be divided down for slower operation through the use of the
DIVM register. Note that the on-chip oscillator has a £25% frequency
tolerance and for that reason may not be suitable for use in some
applications. A clock output on the X2/P2.0 pin may be enabled
when the on-chip RC oscillator is used.

pin may be used as a standard port pin. A clock output on the X2/P2.0
pin may be enabled when the external clock input is used.

Clock Output

The P87LPC767 supports a clock output function when either the
on-chip RC oscillator or external clock input options are selected.
This allows external devices to synchronize to the P87LPC767.
When enabled, via the ENCLK bit in the P2M1 register, the clock
output appears on the X2/CLKOUT pin whenever the on-chip
oscillator is running, including in Idle mode. The frequency of the
clock output is 1/6 of the CPU clock rate. If the clock output is not
needed in Idle mode, it may be turned off prior to entering Idle,
saving additional power. The clock output may also be enabled
when the external clock input option is selected.

External Clock Input Option

In this configuration, the processor clock is input from an external
source driving the X1/P2.1 pin. The rate may be from 0 Hz up to

20 MHz when Vpp is above 4.5V and up to 10 MHz when Vpp is
below 4.5 V. When the external clock input mode is used, the X2/P2.0

2002 Mar 25 25
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Table 9. Sources of Wakeup from Power Down Mode

Wakeup Source Conditions

External Interrupt O or 1 The corresponding interrupt must be enabled.

Keyboard Interrupt The keyboard interrupt feature must be enabled and properly set up. The corresponding interrupt must be
enabled.

Comparator 1 or 2 The comparator(s) must be enabled and properly set up. The corresponding interrupt must be enabled.

Watchdog Timer Reset The watchdog timer must be enabled via the WDTE bit in the UCFG1 EPROM configuration byte.

Watchdog Timer Interrupt The WDTE bit in the UCFG1 EPROM configuration byte must not be set. The corresponding interrupt must
be enabled.

Brownout Detect Reset The BOD bit in AUXR1 must not be set (brownout detect not disabled). The BOI bit in AUXR1 must not be
set (brownout interrupt disabled).

Brownout Detect Interrupt The BOD bit in AUXR1 must not be set (brownout detect not disabled). The BOI bit in AUXR1 must be set
(brownout interrupt enabled). The corresponding interrupt must be enabled.

Reset Input The external reset input must be enabled.

A/D converter Must use internal RC clock (RCCLK = 1) for A/D converter to work in Power Down mode. The A/D must be
enabled and properly set up. The corresponding interrupt must be enabled.
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Table 11. Baud Rates, Timer Values, and CPU Clock Frequencies for SMOD1 = 1
Timer Tourft Baud Rate
2400 4800 9600 19.2k 38.4k 57.6k 115.2k
-1 0.2304 0.4608 0.9216 *1.8432 * 3.6864 5.5296 *11.0592
-2 0.4608 0.9216 *1.8432 * 3.6864 *7.3728 * 11.0592 -
-3 0.6912 1.3824 2.7648 5.5296 * 11,0592 16.5888 -
—4 0.9216 *1.8432 * 3.6864 *7.3728 * 14.7456 - -
-5 1.1520 2.3040 4.6080 9.2160 *18.4320 - -
-6 1.3824 2.7648 5.5296 * 11.0592 - - -
-7 1.6128 3.2256 6.4512 12.9024 - - -
-8 *1.8432 * 3.6864 *7.3728 * 14.7456 - - -
-9 2.0736 4.1472 8.2944 16.5888 - - -
-10 2.3040 4.6080 9.2160 *18.4320 - - -
-1 2.5344 5.0688 10.1376 - - - -
-12 2.7648 5.5296 *11.0592 - - - -
-13 2.9952 5.9904 11.9808 - - - -
-14 3.2256 6.4512 12.9024 - - - -
-15 3.4560 6.9120 13.8240 - - - -
-16 * 3.6864 *7.3728 * 14.7456 - - - -
-17 3.9168 7.8336 15.6672 - - - -
-18 4.1472 8.2944 16.5888 - - - -
-19 4.3776 8.7552 17.5104 - - - -
20 4.6080 9.2160 *18.4320 - - - -
21 4.8384 9.6768 19.3536 - - — —

NOTES TO TABLES 10 AND 11:

1. Tables 6 and 7 apply to UART modes 1 and 3 (variable rate modes), and show CPU clock rates in MHz for standard baud rates from 2400 to

115.2k baud.

2. Table 6 shows timer settings and CPU clock rates with the SMODL bit in the PCON register = 0 (the default after reset), while Table 7
reflects the SMODL1 bit = 1.
3. The tables show all potential CPU clock frequencies up to 20 MHz that may be used for baud rates from 9600 baud to 115.2k baud. Other
CPU clock frequencies that would give only lower baud rates are not shown.
4. Table entries marked with an asterisk (*) indicate standard crystal and ceramic resonator frequencies that may be obtained from many

sources without special ordering.

2002 Mar 25

37



Philips Semiconductors Product data

Low power, low price, low pin count (20 pin)
microcontroller with 4-kbyte OTP and 8-bit A/D converter PBILPC767

80C51 INTERNAL BUS
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Figure 32. Serial Port Mode 1
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More About UART Modes 2 and 3

Eleven bits are transmitted (through TxD), or received (through
RxD): a start bit (0), 8 data bits (LSB first), a programmable 9th data
bit, and a stop bit (1). On transmit, the 9th data bit (TB8) can be
assigned the value of 0 or 1. On receive, the 9the data bit goes into
RB8 in SCON. The baud rate is programmable to either 1/16 or 1/32
of the CPU clock frequency in Mode 2. Mode 3 may have a variable
baud rate generated from Timer 1.

Figures 33 and 34 show a functional diagram of the serial port in
Modes 2 and 3. The receive portion is exactly the same as in Mode 1.
The transmit portion differs from Mode 1 only in the 9th bit of the
transmit shift register.

Transmission is initiated by any instruction that uses SBUF as a
destination register. The “write to SBUF” signal also loads TB8 into
the 9th bit position of the transmit shift register and flags the TX
Control unit that a transmission is requested. Transmission
commences at S1P1 of the machine cycle following the next rollover
in the divide-by-16 counter. (Thus, the bit times are synchronized to
the divide-by-16 counter, not to the “write to SBUF” signal.)

The transmission begins with activation of SEND, which puts the
start bit at TxD. One bit time later, DATA is activated, which enables
the output bit of the transmit shift register to TxD. The first shift pulse
occurs one bit time after that. The first shift clocks a 1 (the stop bit)
into the 9th bit position of the shift register. Thereafter, only zeros
are clocked in. Thus, as data bits shift out to the right, zeros are
clocked in from the left. When TB8 is at the output position of the
shift register, then the stop bit is just to the left of TB8, and all
positions to the left of that contain zeros. This condition flags the TX
Control unit to do one last shift and then deactivate SEND and set
TI. This occurs at the 11th divide-by-16 rollover after “write to SBUF.”

Reception is initiated by a detected 1-to-0 transition at RxD. For this
purpose RxD is sampled at a rate of 16 times whatever baud rate
has been established. When a transition is detected, the
divide-by-16 counter is immediately reset, and 1FFH is written to the
input shift register.

At the 7th, 8th, and 9th counter states of each bit time, the bit
detector samples the value of R-D. The value accepted is the value
that was seen in at least 2 of the 3 samples. If the value accepted
during the first bit time is not 0, the receive circuits are reset and the
unit goes back to looking for another 1-to-0 transition. If the start bit
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proves valid, it is shifted into the input shift register, and reception of
the rest of the frame will proceed.

As data bits come in from the right, 1s shift out to the left. When the
start bit arrives at the leftmost position in the shift register (which in
Modes 2 and 3 is a 9-bit register), it flags the RX Control block to do
one last shift, load SBUF and RB8, and set RI.

The signal to load SBUF and RB8, and to set RI, will be generated
if, and only if, the following conditions are met at the time the final
shift pulse is generated. 1. Rl = 0, and 2. Either SM2 = 0, or the
received 9th data bit = 1.

If either of these conditions is not met, the received frame is
irretrievably lost, and Rl is not set. If both conditions are met, the
received 9th data bit goes into RB8, and the first 8 data bits go into
SBUF. One bit time later, whether the above conditions were met
or not, the unit goes back to looking for a 1-to-0 transition at the
RxD input.

Multiprocessor Communications

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

When the master processor wants to transmit a block of data to one
of several slaves, it first sends out an address byte which identifies
the target slave. An address byte differs from a data byte in that the
9th bit is 1 in an address byte and 0 in a data byte. With SM2 = 1, no
slave will be interrupted by a data byte. An address byte, however,
will interrupt all slaves, so that each slave can examine the received
byte and see if it is being addressed. The addressed slave will clear
its SM2 bit and prepare to receive the data bytes that follow. The
slaves that weren’t being addressed leave their SM2 bits set and go
on about their business, ignoring the subsequent data bytes.

SM2 has no effect in Mode 0, and in Mode 1 can be used to check
the validity of the stop bit, although this is better done with the
Framing Error flag. In a Mode 1 reception, if SM2 = 1, the receive
interrupt will not be activated unless a valid stop bit is received.
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Figure 34. Serial Port Mode 3
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UCFG2  Address: FDO1h Unprogrammed Value: FFh
7 6 5 4 3 2 1 0
SB2 SB1 — — — — — —
BIT SYMBOL  FUNCTION
UCFG2.7, 6 SB2,SB1  EPROM security bits. See table entitled, “EPROM Security Bits” for details.
UCFG2.5-0 — Reserved for future use.
SU01186

Figure 39. EPROM System Configuration Byte 2 (UCFG2)

Security Bits

When neither of the security bits are programmed, the code in the EPROM can be verified. When only security bit 1 is programmed, all further
programming of the EPROM is disabled. At that point, only security bit 2 may still be programmed. When both security bits are programmed,
EPROM verify is also disabled.

Table 12. EPROM Security Bits

SB2 SB1 Protection Description
1 1 Both security bits unprogrammed. No program security features enabled. EPROM is programmable and verifiable.
1 0 Only security bit 1 programmed. Further EPROM programming is disabled. Security bit 2 may still be programmed.
0 1 Only security bit 2 programmed. This combination is not supported.
0 0 Both security bits programmed. All EPROM verification and programming are disabled.

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Operating temperature under bias -55to +125 °C
Storage temperature range —65 to +150 °C
Voltage on RST/Vpp pin to Vg 0to +11.0 \Y,
Voltage on any other pin to Vsg -0.5to Vpp+0.5V \
Maximum Ig per I/0O pin 20 mA
Power dissipation (based on package heat transfer, 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 are 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 VSS unless otherwise noted.
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(1) Example of an actual transfer curve.
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Figure 40. A/D Conversion Characteristics
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Figure 41. Shift Register Mode Timing
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S020: plastic small outline package; 20 leads; body width 7.5 mm

SOT163-1

p—y E )
< X
- P \\
: \ |
T \ ‘—’/r
He = v@[A]

N Ap
9 l As Ay N
in 1 ind I ! ' l
pIn Inaex +\e
| * ol | e f
P
| |
1 i
[l .
4
0 5 10 mm
L 1 1 | 1 1 1 1 |
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A
UNIT | o | A As | Az bp c p | EM| e He L Lp Q v w y 2| g
0.30 | 2.45 049 | 032 | 13.0| 76 10.65 1.1 1.1 0.9
2.65
mm 010 | 225 | 92° | 036 | 023 | 126 | 7.4 | ¥ |1000| " | 04 | 10 | 022|025 | 01 | o4 80
(¢}
. 0.012 | 0.096 0.019| 0.013| 0.51 | 0.30 0.419 0.043 | 0.043 0035| O
0.10
inches 0.004 | 0.089 | %°1 | 0,014 0.000| 0.49 | 0.29 | 900 | 0.304 | 905 | 0016 | 0.0a0 | @01 | 001 | 0.004 1 4 5y
Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION PROJECTION ISSUE DATE
IEC JEDEC EIAJ
975522
SOT163-1 075E04 MS-013 == @ o

2002 Mar 25

56



Philips Semiconductors

Product data

Low power, low price, low pin count (20 pin)
microcontroller with 4-kbyte OTP and 8-bit A/D converter

P87LPC767

REVISION HISTORY

Date

CPCN

Description

2002 Mar 25

9397 750 09557

— Added revision history
— Updated Reset section

2001 Aug 07

9397 750 08675

Previous release

2002 Mar 25

57



Philips Semiconductors Product data

Low power, low price, low pin count (20 pin)

microcontroller with 4-kbyte OTP and 8-bit A/D converter PBILPC767

(EP=p—

Purchase of Philips 12C components conveys a license under the Philips’ I2C patent
to use the components in the 12C system provided the system conforms to the
I2C specifications defined by Philips. This specification can be ordered using the

I I code 9398 393 40011.

Data sheet status

Data sheet status [1] Product2 Definitions
status [2]
Objective data Development | This data sheet contains data from the objective specification for product development.

Philips Semiconductors reserves the right to change the specification in any manner without notice.

Preliminary data Qualification This data sheet contains data from the preliminary specification. Supplementary data will be
published at a later date. Philips Semiconductors reserves the right to change the specification
without notice, in order to improve the design and supply the best possible product.

Product data Production This data sheet contains data from the product specification. Philips Semiconductors reserves the
right to make changes at any time in order to improve the design, manufacturing and supply.
Changes will be communicated according to the Customer Product/Process Change Notification
(CPCN) procedure SNW-SQ-650A.

[1] Please consult the most recently issued data sheet before initiating or completing a design.

[2] The product status of the device(s) described in this data sheet may have changed since this data sheet was published. The latest information is available on the Internet at URL
http://www.semiconductors.philips.com.

Definitions

Short-form specification —  The data in a short-form specification is extracted from a full data sheet with the same type number and title. For
detailed information see the relevant data sheet or data handbook.

Limiting values definition—  Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 60134). Stress above one
or more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation of the device at these or
atany other conditions above those given in the Characteristics sections of the specification is notimplied. Exposure to limiting values for extended
periods may affect device reliability.

Application information —  Applications that are described herein for any of these products are for illustrative purposes only. Philips
Semiconductors make no representation or warranty that such applications will be suitable for the specified use without further testing or
modification.

Disclaimers

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

Rightto make changes— Philips Semiconductors reserves the right to make changes, without notice, in the products, including circuits, standard
cells, and/or software, described or contained herein in order to improve design and/or performance. Philips Semiconductors assumes no
responsibility or liability for the use of any of these products, conveys no license or title under any patent, copyright, or mask work right to these
products, and makes no representations or warranties that these products are free from patent, copyright, or mask work right infringement, unless
otherwise specified.
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