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GENERAL DESCRIPTION

The P87LPC761 is a 16-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 P87LPC761 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
P87LPC761 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
300-600ns for all instructions except multiply and divide when
executing at 20 MHz. Execution at up to 20 MHz when
Vpp = 4.5V 10 6.0 V, 10 MHz when Vpp = 2.7 V10 6.0 V

® 2.7 V1o 6.0 V operating range for digital functions
® 2 kbytes 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. One timer may be configured to toggle
a port output upon timer overflow

® Two analog comparators
® Full duplex UART

® |2C communication port

ORDERING INFORMATION

Six 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

11 1/O pins minimum. Up to 14 I/O pins using on-chip oscillator
and reset options

Only power and ground connections are required to operate the
P87LPC761 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

16-pin DIP and TSSOP packages

Package
Type number
P Name Description Frequency ;ngeergtg;e Version
Plastic thin shrink small outline package; 16 leads; body 20 MHz (5 V), 0to +70
P87LPC761BDH | TSSOP16 width 4.4 mm 10 MHz (3 V) SOT403-1
P87LPC761BN DIP16 Plastic dual in-line package; 16 leads (300 mil); long body ig mg; g \\2 0to+70 SOT38-1
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FUNCTIONAL DESCRIPTION
Details of P87LPC761 functions will be described in the following
sections.

Enhanced CPU

The P87LPC761 uses an enhanced 80C51 CPU which runs at twice
the speed of standard 80C51 devices. This means that the
performance of the P87LPC761 running at 5 MHz is exactly the same
as that of a standard 80C51 running at 10 MHz. A machine cycle
consists of 6 oscillator cycles, and most instructions execute in 6 or 12
clocks. A user configurable option allows restoring standard 80C51
execution timing. In that case, a machine cycle becomes 12 oscillator
cycles.

In the following sections, the term “CPU clock” is used to refer to the
clock that controls internal instruction execution. This may
sometimes be different from the externally applied clock, as in the
case where the part is configured for standard 80C51 timing by
means of the CLKR configuration bit or in the case where the clock
is divided down via the setting of the DIVM register. These features
are described in the Oscillator section.

Analog Functions

The P87LPC761 incorporates two Analog Comparators. In order to
give the best analog function performance and to minimize power
consumption, pins that are actually being used for analog functions
must have the digital outputs and the digital inputs disabled.

Digital outputs are disabled by putting the port output into the Input
Only (high impedance) mode as described in the I/0 Ports section.

Digital inputs on port 0 may be disabled through the use of the
PTOAD register. Each bit in this register corresponds to one pin of

Port 0. Setting the corresponding bit in PTOAD disables that pin’s
digital input. Port bits that have their digital inputs disabled will be
read as 0 by any instruction that accesses the port.

Analog Comparators

Two analog comparators are provided on the P87LPC761. Input and
output options allow use of the comparators in a number of different
configurations. Comparator operation is such that the output is a
logical one (which may be read in a register and/or routed to a pin)
when the positive input (one of two selectable pins) is greater than
the negative input (selectable from a pin or an internal reference
voltage). Otherwise the output is a zero. Each comparator may be
configured to cause an interrupt when the output value changes.

Comparator Configuration

Each comparator has a control register, CMP1 for comparator 1 and
CMP2 for comparator 2. The control registers are identical and are
shown in Figure 2.

The overall connections to both comparators are shown in Figure 3.
There are eight possible configurations for comparator 1 and four for
comparator 2, as determined by the control bits in the corresponding
CMPn register: CPn, CNn, and OEn. These configurations are
shown in Figure 4. The comparators function down to a Vpp of 3.0V.

When each comparator is first enabled, the comparator output and
interrupt flag are not guaranteed to be stable for 10 microseconds.
The corresponding comparator interrupt should not be enabled
during that time, and the comparator interrupt flag must be cleared
before the interrupt is enabled in order to prevent an immediate
interrupt service.

Reset Value: 00h

CMPn Address: ACh for CMP1, ADh for CMP2
Not Bit Addressable
7 6 5 4 3 2 1 0
— — CEn CPn CNn OEn COn CMFn

BIT SYMBOL  FUNCTION

CMPn.7, 6 — Reserved for future use. Should not be set to 1 by user programs.

CMPN.5 CEn Comparator enable. When set by software, the corresponding comparator function is enabled.
Comparator output is stable 10 microseconds after CEn is first set.

CMPN.4 CPn Comparator positive input select. When 0, CINNA is selected as the positive comparator input. When
1, CINNnB is selected as the positive comparator input. This bit must be set to 1 in CMP2!

CMPn.3 CNn Comparator negative input select. When 0, the comparator reference pin CMPREF is selected as
the negative comparator input. When 1, the internal comparator reference V¢ is selected as the
negative comparator input.

CMPn.2 OEn Output enable. When 1, the comparator output is connected to the CMPn pin if the comparator is
enabled (CEn = 1). This output is asynchronous to the CPU clock.

CMPN.1 COn Comparator output, synchronized to the CPU clock to allow reading by software. Cleared when the
comparator is disabled (CEn = 0).

CMPnN.0 CMFn

Comparator interrupt flag. This bit is set by hardware whenever the comparator output COn changes
state. This bit will cause a hardware interrupt if enabled and of sufficient priority. Cleared by
software and when the comparator is disabled (CEn = 0).

SU01566
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Figure 2. Comparator Control Registers (CMP1 and CMP2)
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I2C Serial Interface

The I12C bus uses two wires (SDA and SCL) to transfer information
between devices connected to the bus. The main features of the
bus are:

® Bidirectional data transfer between masters and slaves.
® Serial addressing of slaves (no added wiring).

® Acknowledgment after each transferred byte.

® Multimaster bus.

® Arbitration between simultaneously transmitting masters without
corruption of serial data on bus.

The I12C subsystem includes hardware to simplify the software required
to drive the 12C bus. The hardware is a single bit interface which in
addition to including the necessary arbitration and framing error
checks, includes clock stretching and a bus timeout timer. The
interface is synchronized to software either through polled loops
or interrupts.

Refer to the application note AN422, entitled “Using the 8XC751
Microcontroller as an 12C Bus Master” for additional discussion of
the 8xC76x I12C interface and sample driver routines.

The P87LPC761 I2C implementation duplicates that of the 87C751
and 87C752 except for the following details:

® The interrupt vector addresses for both the 12C interrupt and the
Timer | interrupt.

® The I2C SFR addresses (I2CON, I2CFG, I2DAT).

® The location of the 12C interrupt enable bit and the name of the
SFR it is located within (EI2 is Bit 0 in IEN1).

® The location of the Timer | interrupt enable bit and the name of the
SFR itis located within (ETI is Bit 7 in IEN1).

® The I2C and Timer | interrupts have a settable priority.

Timer | is used to both control the timing of the 12C bus and also to
detect a “bus locked” condition, by causing an interrupt when
nothing happens on the 12C bus for an inordinately long period of
time while a transmission is in progress. If this interrupt occurs, the
program has the opportunity to attempt to correct the fault and
resume |2C operation.

Six time spans are important in 12C operation and are insured by timer I:
® The MINIMUM HIGH time for SCL when this device is the master.

® The MINIMUM LOW time for SCL when this device is a master.
This is not very important for a single-bit hardware interface like
this one, because the SCL low time is stretched until the software
responds to the I12C flags. The software response time normally
meets or exceeds the MIN LO time. In cases where the software
responds within MIN HI + MIN LO) time, timer | will ensure that
the minimum time is met.

® The MINIMUM SCL HIGH TO SDA HIGH time in a stop condition.

® The MINIMUM SDA HIGH TO SDA LOW time between I12C stop
and start conditions (4.7ms, see 12C specification).

® The MINIMUM SDA LOW TO SCL LOW time in a start condition.

® The MAXIMUM SCL CHANGE time while an 12C frame is in
progress. A frame is in progress between a start condition and the
following stop condition. This time span serves to detect a lack of

2002 Mar 07

software response on this device as well as external 12C
problems. SCL “stuck low” indicates a faulty master or slave. SCL
“stuck high” may mean a faulty device, or that noise induced onto
the 12C bus caused all masters to withdraw from 12C arbitration.

The first five of these times are 4.7ms (see 12C specification) and
are covered by the low order three bits of timer I. Timer | is clocked
by the P87LPC761 CPU clock. Timer | can be pre-loaded with one
of four values to optimize timing for different oscillator frequencies.
At lower frequencies, software response time is increased and will
degrade maximum performance of the 12C bus. See special function
register I2CFG description for prescale values (CTO, CT1).

The MAXIMUM SCL CHANGE time is important, but its exact span
is not critical. The complete 10 bits of timer | are used to count out
the maximum time. When |12C operation is enabled, this counter is
cleared by transitions on the SCL pin. The timer does not run
between I2C frames (i.e., whenever reset or stop occurred more
recently than the last start). When this counter is running, it will carry
out after 1020 to 1023 machine cycles have elapsed since a change
on SCL. A carry out causes a hardware reset of the I2C interface
and generates an interrupt if the Timer | interrupt is enabled. In
cases where the bus hang-up is due to a lack of software response
by this device, the reset releases SCL and allows 12C operation
among other devices to continue.

Timer | is enabled to run, and will reset the 12C interface upon
overflow, if the TIRUN bit in the I2CFG register is set. The Timer |
interrupt may be enabled via the ETI bit in IEN1, and its priority set
by the PTIH and PTI bits in the IP1H and IP1 registers respectively.

I2C Interrupts

If 12C interrupts are enabled (EA and EI2 are both set to 1), an 12C
interrupt will occur whenever the ATN flag is set by a start, stop,
arbitration loss, or data ready condition (refer to the description of ATN
following). In practice, it is not efficient to operate the 12C interface in
this fashion because the I12C interrupt service routine would somehow
have to distinguish between hundreds of possible conditions. Also,
since 12C can operate at a fairly high rate, the software may execute
faster if the code simply waits for the 12C interface.

Typically, the 12C interrupt should only be used to indicate a start
condition at an idle slave device, or a stop condition at an idle master
device (if it is waiting to use the I2C bus). This is accomplished by
enabling the 12C interrupt only during the aforementioned conditions.

Reading 12CON

RDAT The data from SDA is captured into “Receive DATa”
whenever a rising edge occurs on SCL. RDAT is also
available (with seven low-order zeros) in the I2DAT
register. The difference between reading it here and
there is that reading I2DAT clears DRDY, allowing the
I2C to proceed on to another bit. Typically, the first
seven bits of a received byte are read from
I2DAT, while the 8th is read here. Then I2DAT can be
written to send the Acknowledge bit and clear DRDY.

ATN “ATteNtion” is 1 when one or more of DRDY, ARL, STR, or
STP is 1. Thus, ATN comprises a single bit that can be
tested to release the 12C service routine from a “wait loop.”

DRDY “Data ReaDY” (and thus ATN) is set when a rising edge
occurs on SCL, except at idle slave. DRDY is cleared
by writing CDR = 1, or by writing or reading the I2DAT
register. The following low period on SCL is stretched
until the program responds by clearing DRDY.
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12CON Address: D8h Reset Value: 81h

Bit Addressablel!
6 5 4 3 2 1 0

READ | RDAT ATN DRDY ARL STR STP | MASTER —

WRITE| CXA IDLE CDR CARL | CSTR | CSTP XSTR XSTP

BIT SYMBOL  FUNCTION
I2CON.7 RDAT Read: the most recently received data bit.
“ CXA Write: clears the transmit active flag.
I2CON.6 ATN Read: ATN = 1 if any of the flags DRDY, ARL, STR, or STP = 1.
“ IDLE Write: in the 12C slave mode, writing a 1 to this bit causes the 12C hardware to ignore the bus until it

is needed again.
12CON.5 DRDY Read: Data Ready flag, set when there is a rising edge on SCL.
“ CDR Write: writing a 1 to this bit clears the DRDY flag.

12CON.4 ARL Read: Arbitration Loss flag, set when arbitration is lost while in the transmit mode.
“ CARL Write: writing a 1 to this bit clears the CARL flag.

12CON.3 STR Read: Start flag, set when a start condition is detected at a master or non-idle slave.
“ CSTR Write: writing a 1 to this bit clears the STR flag.

I2CON.2 STP Read: Stop flag, set when a stop condition is detected at a master or non-idle slave.

“ CSTP Write: writing a 1 to this bit clears the STP flag.
I2CON.1 MASTER  Read: indicates whether this device is currently as bus master.

“ XSTR Write: writing a 1 to this bit causes a repeated start condition to be generated.
I2CON.0 — Read: undefined.
“ XSTP Write: writing a 1 to this bit causes a stop condition to be generated.
SU01155
Figure 6. | 2C Control Register (I2CON)
I2DAT Address: DSh Reset Value: xxh
Not Bit Addressable
7 6 5 4 3 2 1 0
READ | RDAT — — — — — — —
WRITE | XDAT — — — — — — —
BIT SYMBOL  FUNCTION
I2DAT.7 RDAT Read: the most recently received data bit, captured from SDA at every rising edge of SCL. Reading
I2DAT also clears DRDY and the Transmit Active state.
“ XDAT Write: sets the data for the next transmitted bit. Writing I2DAT also clears DRDY and sets the
Transmit Active state.
I2DAT.6-0 - Unused.
SU01156

Figure 7. |2C Data Register (I2DAT)
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External Interrupt Inputs

The P87LPC761 has one individual interrupt input as well as the
Keyboard Interrupt function. The latter is described separately in this
section. The interrupt input is identical to those present on the
standard 80C51 microcontroller.

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

Since the external interrupt pins are sampled once each machine
cycle, an input high or low should hold for at least 6 CPU Clocks to
ensure proper sampling. If the external interrupt is

transition-activated, the external source has to hold the request pin
high for at least one machine cycle, and then hold it low for at least
one machine cycle. This is to ensure that the transition is seen and
that interrupt request flag IEO is set. IEQ is automatically cleared by
the CPU when the service routine is called.

If the external interrupt is level-activated, the external source must
hold the request active until the requested interrupt is actually
generated. If the external interrupt is still asserted when the interrupt
service routine is completed another interrupt will be generated. It is
not necessary to clear the interrupt flag IEO when the interrupt is
level sensitive, it simply tracks the input pin level.

If an external interrupt is enabled when the P87LPC761 is put into
Power Down or Idle mode, the interrupt will cause the processor to
wake up and resume operation. Refer to the section on Power
Reduction Modes for details.

IE0 — \
EX0 — ) —r\ WAKEUP
(IF IN POWER
T —————  oown)
BOF — \
EBO — )
EA
KBF — (FROM IENO e INTERRUPT
EKB —| REGISTER) TO CPU
. o _}
Ec2 ETO —
wDT | TF1 — >—
EWD — ET1 —
cM1 —] RI+ Tl —
ECL — ES 4
ATN —

SU01570

Figure 9. Interrupt Sources, Interrupt Enables, and Power Down Wakeup Sources
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I/O Ports

The P87LPC761 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 11 pins of the P87LPC761 may be
used as I/Os when a two-pin external oscillator and an external
reset circuit are used. Up to 14 pins may be available if fully on-chip
oscillator and reset configurations are chosen.

All but three I/O port pins on the P87LPC761 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 4. 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 P87LPC761 I/O
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 itis 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 O 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 10.

2 CPU
CLOCK DELAY

Vbp

P VERY
WEAK

P I:STRONG P~| I:WEAK

PORT
PIN
PORT LATCH N
DATA {>¢ i r|
INPUT
DATA
SU01159

Figure 10. Quasi-Bidirectional Output

2002 Mar 07

18



Philips Semiconductors

Preliminary data

Low power, low price, low pin count (16 pin)
microcontroller with 2 kbyte OTP

P87LPC761

P2mM1 Address: Adh

Reset Value: 00h

P2M1.1, P2M1.0 —

one half of the Timer 0 overflow rate. Refer to the Timer/Counterssection for details.
These bits, along with the matching bits in the P2M2 register, control the output configuration of

P2.1 and P2.0 respectively, as shown in Table 4.

Not Bit Addressable
7 6 5 4 3 2 1 0
P2s P1S POS ENCLK - ENTO | (P2M1.1) | (P2M1.0)
BIT SYMBOL FUNCTION
P2M1.7 P2S When P2S = 1, this bit enables Schmitt trigger inputs on Port 2.
P2M1.6 P1S When P1S = 1, this bit enables Schmitt trigger inputs on Port 1.
P2M1.5 POS When POS = 1, this bit enables Schmitt trigger inputs on Port 0.
P2M1.4 ENCLK When ENCLK is set and the 87LPC762 is configured to use the on-chip RC oscillator, a clock
output is enabled on the X2 pin (P2.0). Refer to the Oscillator section for details.
P2M1.3 — Reserved. Must be 0.
P2M1.2 ENTO When set, the P1.2 pin is toggled whenever Timer 0 overflows. The output frequency is therefore

SU01571

Keyboard Interrupt (KBI)

The Keyboard Interrupt function is intended primarily to allow a

single interrupt to be generated when any key is pressed on a

keyboard or keypad connected to specific pins of the P87LPC761,
as shown in Figure 14. This interrupt may be used to wake up the
CPU from Idle or Power Down modes. This feature is particularly
useful in handheld, battery powered systems that need to carefully
manage power consumption yet also need to be convenient to use.

The P87LPC761 allows any or all pins of port 0 to be enabled to
cause this interrupt. Port pins are enabled by the setting of bits in

2002 Mar 07
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Figure 13. Port 2 Mode Register 1 (P2M1)

the KBI register, as shown in Figure 15. The Keyboard Interrupt Flag
(KBF) in the AUXRL1 register is set when any enabled pin is pulled
low while the KBI interrupt function is active. An interrupt will be
generated if it has been enabled. Note that the KBF bit must be
cleared by software.

Due to human time scales and the mechanical delay associated with
keyswitch closures, the KBI feature will typically allow the interrupt
service routine to poll port 0 in order to determine which key was
pressed, even if the processor has to wake up from Power Down
mode. Refer to the section on Power Reduction Modes for details.
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Oscillator

The P87LPC761 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

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

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.

Table 5 shows capacitor values that may be used with a quartz
crystal in this mode.

Table 5. Recommended oscillator capacitors for use with the low frequency oscillator option

Oscillator Vpp=2.71045V Vop=4.5106.0V

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 6 shows capacitor values that may be used with a quartz

crystal in this mode.

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

Vpp=2.7t045V
Oscillator 5=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 7 shows capacitor values that may be used with a quartz

crystal in this mode.

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

Oscillator Vop=2.71045V Vpp = 4.5 10 6.0 V

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. For on-chip oscillator tolerance see Electrical
Characteristics table. A clock output on the X2/P2.0 pin may be
enabled when the on-chip RC oscillator is used.

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 VDD is above 4.5 V and up to 10 MHz when VDD is
below 4.5 V. When the external clock input mode is used, the
X2/P2.0 pin may be used as a standard port pin. A clock output on

2002 Mar 07

the X2/P2.0 pin may be enabled when the external clock input is
used.

Clock Output

The P87LPC761 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 P87LPC761.
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.
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Low Voltage EPROM Operation

The EPROM array contains some analog circuits that are not
required when Vpp is less than 4V, but are required for a Vpp
greater than 4 V. The LPEP bit (AUXR.4), when set by software, will
power down these analog circuits resulting in a reduced supply
current. LPEP is cleared only by power-on reset, so it may be set
ONLY for applications that always operate with Vpp less than 4 V.

Reset
The P87LPC761 has an integrated power-on reset circuit which

always provides a reset when power is initially applied to the device.

It is recommended to use the internal reset whenever possible to

save external components and to be able to use pin P1.5 as a
general-purpose input pin.

The P87LPC761 can additionally be configured to use P1.5 as an
external active-low reset pin RST by programming the RPD bit in the
User Configuration Register UCFG1 to 0. The internal reset is still
active on power-up of the device. While the signal on the RST pin is
low, the P87LPC761 is held in reset until the signal goes high.

The watchdog timer on the P87LPC761 can act as an oscillator fail
detect because it uses an independent, fully on-chip oscillator.

UCFGL1 is described in the System Configuration Bytes section of
this datasheet.

UCFGL1.RPD = 1 (default)

P87LPC761

—_ P15
Pin is used as
digital input pin

Internal power-on
Reset active

UCFG1.RPD =0

P87LPC761

—— | RST
Pin is used as
active-low reset pin

Internal power-on
Reset active

SOFTWARE RESET
SRST (AUXR1.3)

POWER MONITOR
RESET

SU01578
Figure 20. Using pin P1.5 as general purpose input pin or as low-active reset pin
RPD (UCFG1.6)
RSTNpp PIN
WDTE (UCFG1.7)
s
WDT
MODULE Q » CHIP RESET

O

RESET
TIMING B

CPU
CLOCK

SU01170

Figure 21. Block Diagram Showing Reset Sources
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Baud Rates

The baud rate in Mode 0 is fixed: Mode 0 Baud Rate = CPU clock/6.

The baud rate in Mode 2 depends on the value of bit SMOD1 in
Special Function Register PCON. If SMOD1 = 0 (which is the value
on reset), the baud rate is 1/32 of the CPU clock frequency. If
SMODL1 = 1, the baud rate is 1/16 of the CPU clock frequency.

1 + SMOD1

Mode 2 Baud Rate = 32

x CPU clock frequency

Using Timer 1 to Generate Baud Rates

When Timer 1 is used as the baud rate generator, the baud rates in
Modes 1 and 3 are determined by the Timer 1 overflow rate and the
value of SMOD1. The Timer 1 interrupt should be disabled in this

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

CPU clock frequency/
192 (or 96 if SMOD1 = 1)

Mode 1, 3 Baud Rate = 356 — (THD)

Tables 9 and 10 list various commonly used baud rates and how
they can be obtained using Timer 1 as the baud rate generator.

Table 9. Baud Rates, Timer Values, and CPU Clock Frequencies for SMOD1 =0

Timer Tourft Baud Rate
2400 4800 9600 19.2k 38.4k 57.6k

-1 0.4608 0.9216 *1.8432 *3.6864 *7.3728 *11.0592
-2 0.9216 1.8432 * 3.6864 *7.3728 *14.7456

-3 1.3824 2.7648 5.5296 *11.0592 - -
-4 *1.8432 *3.6864 *7.3728 *14.7456 - -
-5 2.3040 4.6080 9.2160 *18.4320 - -
-6 2.7648 5.5296 *11.0592 - — -
-7 3.2256 6.4512 12.9024 - - -
-8 * 3.6864 *7.3728 *14.7456 - — -
-9 4.1472 8.2944 16.5888 - - -
-10 4.6080 9.2160 *18.4320 - — -
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More About UART Mode 0

Serial data enters and exits through RxD. TxD outputs the shift
clock. 8 bits are transmitted/received: 8 data bits (LSB first). The
baud rate is fixed at 1/6 the CPU clock frequency. Figure 32 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 P1.1 and also enable SHIFT CLOCK to the alternate
output function line of P1.0. SHIFT CLOCK is low during S3, S4, and
S5 of every machine cycle, and high during S6, S1, and S2. At
S6P2 of every machine cycle in which SEND is active, the contents
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 t o the receive shift
register, and in the next clock phase activates RECEIVE.

RECEIVE enable SHIFT CLOCK to the alternate output function line
of P1.0. 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 shifted to the left
one position. The value that comes in from the right is the value that
was sampled at the P1.1 pin at S5P2 of the same machine cycle.

As data bits come in from the right, 1s shift out to the left. When the O
that was initially loaded into the rightmost position arrives at the
leftmost position in the shift register, it flags the RX Control block to do
one last shift and load SBUF. At S1P1 of the 10th machine cycle after
the write to SCON that cleared RI, RECEIVE is cleared as Rl is set.
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More About UART Mode 1

Ten bits are transmitted (through TxD), or received (through RxD): a
start bit (0), 8 data bits (LSB first), and a stop bit (1). On receive, the
stop bit goes into RB8 in SCON. In the P87LPC761 the baud rate is
determined by the Timer 1 overflow rate. Figure 33 shows a
simplified functional diagram of the serial port in Mode 1, and
associated timings for transmit receive.

Transmission is initiated by any instruction that uses SBUF as a
destination register. The “write to SBUF” signal also loads a 1 into
the 9th bit position of the transmit shift register and flags the TX
Control unit that a transmission is requested. Transmission actually
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.

As data bits shift out to the right, zeros are clocked 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 unit to do one last shift
and then deactivate SEND and set TI. This occurs at the 10th
divide-by-16 rollover after “write to SBUF.”

Reception is initiated by a detected 1-t0-0 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 into
the input shift register. Resetting the divide-by-16 counter aligns its
rollovers with the boundaries of the incoming bit times.

The 16 states of the counter divide each bit time into 16ths. At the
7th, 8th, and 9th counter states of each bit time, the bit detector
samples the value of RxD. The value accepted is the value that was
seen in at least 2 of the 3 samples. This is done for noise rejection.
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. This is to provide rejection of false start bits. If the start bit
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
mode 1 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.
R1 =0, and 2. Either SM2 = 0, or the received stop bit = 1.

If either of these two conditions is not met, the received frame is
irretrievably lost. If both conditions are met, the stop bit goes into
RB8, the 8 data bits go into SBUF, and Rl is activated. At this time,
whether the above conditions are met or not, the unit goes back to
looking for a 1-to-0 transition in RxD.
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Automatic Address Recognition

Automatic Address Recognition is a feature which allows the UART
to recognize certain addresses in the serial bit stream by using
hardware to make the comparisons. This feature saves a great deal
of software overhead by eliminating the need for the software to
examine every serial address which passes by the serial port. This
feature is enabled by setting the SM2 bit in SCON. In the 9 bit UART
modes, mode 2 and mode 3, the Receive Interrupt flag (RI) will be
automatically set when the received byte contains either the “Given”
address or the “Broadcast” address. The 9 bit mode requires that
the 9th information bit is a 1 to indicate that the received information
is an address and not data.

Using the Automatic Address Recognition feature allows a master to
selectively communicate with one or more slaves by invoking the
Given slave address or addresses. All of the slaves may be
contacted by using the Broadcast address. Two special Function
Registers are used to define the slave’s address, SADDR, and the
address mask, SADEN. SADEN is used to define which bits in the
SADDR are to be used and which bits are “don’t care”. The SADEN
mask can be logically ANDed with the SADDR to create the “Given”
address which the master will use for addressing each of the slaves.
Use of the Given address allows multiple slaves to be recognized
while excluding others. The following examples will help to show the
versatility of this scheme:

Slave 0 SADDR = 1100 0000
SADEN =1111 1101
Given = 1100 00X0
Slave 1 SADDR =1100 0000
SADEN =1111 1110
Given = 1100 000X

In the above example SADDR is the same and the SADEN data is
used to differentiate between the two slaves. Slave 0 requires a 0 in
bit 0 and it ignores bit 1. Slave 1 requires a 0 in bit 1 and bit 0 is
ignored. A unique address for Slave 0 would be 1100 0010 since
slave 1 requires a 0 in bit 1. A unique address for slave 1 would be
1100 0001 since a 1 in bit 0 will exclude slave 0. Both slaves can be
selected at the same time by an address which has bit 0 = 0 (for
slave 0) and bit 1 = O (for slave 1). Thus, both could be addressed
with 1100 0000.

In a more complex system the following could be used to select
slaves 1 and 2 while excluding slave O:

Slave 0 SADDR = 1100 0000
SADEN =1111 1001
Given = 1100 0XX0

Slavel SADDR = 1110 0000
SADEN = 11111010
Given = 1110 0X0OX

Slave 2 SADDR = 1110 0000
SADEN = 1111 1100
Given = 1110 00XX

In the above example the differentiation among the 3 slaves is in the
lower 3 address bits. Slave 0 requires that bit 0 = 0 and it can be
uniquely addressed by 1110 0110. Slave 1 requires that bit 1 =0 and
it can be uniquely addressed by 1110 and 0101. Slave 2 requires
that bit 2 = 0 and its unique address is 1110 0011. To select Slaves 0
and 1 and exclude Slave 2 use address 1110 0100, since it is
necessary to make bit 2 = 1 to exclude slave 2. The Broadcast
Address for each slave is created by taking the logical OR of SADDR
and SADEN. Zeros in this result are treated as don’t-cares. In most
cases, interpreting the don’t-cares as ones, the broadcast address
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will be FF hexadecimal. Upon reset SADDR and SADEN are loaded
with 0s. This produces a given address of all “don’t cares” as well as
a Broadcast address of all “don’t cares”. This effectively disables the
Automatic Addressing mode and allows the microcontroller to use
standard UART drivers which do not make use of this feature.

Watchdog Timer

When enabled via the WDTE configuration bit, the watchdog timer is
operated from an independent, fully on-chip oscillator in order to
provide the greatest possible dependability. When the watchdog
feature is enabled, the timer must be fed regularly by software in
order to prevent it from resetting the CPU, and it cannot be turned off.
When disabled as a watchdog timer (via the WDTE bit in the UCFG1
configuration register), it may be used as an interval timer and may
generate an interrupt. The watchdog timer is shown in Figure 36.

The watchdog timeout time is selectable from one of eight values,
nominal times range from 25 milliseconds to 3.2 seconds. The
frequency tolerance of the independent watchdog RC oscillator is
+37%. The timeout selections and other control bits are shown in
Figure 37. When the watchdog function is enabled, the WDCON
register may be written once during chip initialization in order to set
the watchdog timeout time. The recommended method of initializing
the WDCON register is to first feed the watchdog, then write to
WDCON to configure the WDS2-0 bits. Using this method, the
watchdog initialization may be done any time within 10 milliseconds
after startup without a watchdog overflow occurring before the
initialization can be completed.

Since the watchdog timer oscillator is fully on-chip and independent
of any external oscillator circuit used by the CPU, it intrinsically
serves as an oscillator fail detection function. If the watchdog feature
is enabled and the CPU oscillator fails for any reason, the watchdog
timer will time out and reset the CPU.

When the watchdog function is enabled, the timer is deactivated
temporarily when a chip reset occurs from another source, such as
a power on reset, brownout reset, or external reset.

Watchdog Feed Sequence

If the watchdog timer is running, it must be fed before it times out in
order to prevent a chip reset from occurring. The watchdog feed
sequence consists of first writing the value 1Eh, then the value Elh
to the WDRST register. An example of a watchdog feed sequence is
shown below.

WDFeed:
mov  WDRST#leh ; First part of watchdog feed sequence.
mov  WDRST#0elh ; Second part of watchdog feed sequence.

The two writes to WDRST do not have to occur in consecutive
instructions. An incorrect watchdog feed sequence does not cause
any immediate response from the watchdog timer, which will still
time out at the originally scheduled time if a correct feed sequence
does not occur prior to that time.

After a chip reset, the user program has a limited time in which to
either feed the watchdog timer or change the timeout period. When
a low CPU clock frequency is used in the application, the number of
instructions that can be executed before the watchdog overflows
may be quite small.

Watchdog Reset

If a watchdog reset occurs, the internal reset is active for
approximately one microsecond. If the CPU clock was still running,
code execution will begin immediately after that. If the processor
was in Power Down mode, the watchdog reset will start the oscillator
and code execution will resume after the oscillator is stable.
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Figure 36. Block Diagram of the Watchdog Timer

WDCON  Address: A7h

Reset Value: ¢ 30h for a watchdog reset.
» 10h for other rest sources if the watchdog is enabled via the WDTE configuration bit.

» 00h for other reset sources if the watchdog is disabled via the WDTE configuration bit.

6 5 4 3 2 1 0

— WDOVF | WDRUN | WDCLK | WDS2 | WDS1 | WDSO

Not Bit Addressable
7
BIT SYMBOL
WDCON.7, 6 —
WDCON.5 WDOVF
WDCON.4 WDRUN
WDCON.3 WDCLK

WDCON.2-0 WDS2-0

FUNCTION
Reserved for future use. Should not be set to 1 by user programs.

Watchdog timer overflow flag. Set when a watchdog reset or timer overflow occurs. Cleared when
the watchdog is fed.

Watchdog run control. The watchdog timer is started when WDRUN = 1 and stopped when
WDRUN = 0. This bit is forced to 1 (watchdog running) if the WDTE configuration bit = 1.

Watchdog clock select. The watchdog timer is clocked by CPU clock/6 when WDCLK = 1 and by
the watchdog RC oscillator when WDCLK = 0. This bit is forced to 0 (using the watchdog RC
oscillator) if the WDTE configuration bit = 1.

Watchdog rate select.

WDS2-0 Timeout Clocks Minimum Time Nominal Time Maximum Time
000 8,192 10 ms 16 ms 23 ms
001 16,384 20 ms 32ms 45 ms
010 32,768 41 ms 65 ms 90 ms
011 65,536 82 ms 131 ms 180 ms
100 131,072 165 ms 262 ms 360 ms
101 262,144 330 ms 524 ms 719 ms
110 524,288 660 ms 1.05 sec 1.44 sec
111 1,048,576 1.3 sec 2.1sec 2.9 sec

SU01634
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Figure 37. Watchdog Timer Control Register (WDCON)
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Additional Features
The AUXRL1 register contains several special purpose control bits that
relate to several chip features. AUXR1 is described in Figure 38.

Software Reset

The SRST bit in AUXR1 allows software the opportunity to reset the
processor completely, as if an external reset or watchdog reset had
occurred. If a value is written to AUXR1 that contains a 1 at bit
position 3, all SFRs will be initialized and execution will resume at
program address 0000. Care should be taken when writing to
AUXRL1 to avoid accidental software resets.

Dual Data Pointers

The dual Data Pointer (DPTR) adds to the ways in which the
processor can specify the address used with certain instructions.
The DPS bit in the AUXRL1 register selects one of the two Data
Pointers. The DPTR that is not currently selected is not accessible
to software unless the DPS bit is toggled.

Specific instructions affected by the Data Pointer selection are:

®* MOV DPTR, #datal6é Load the Data Pointer with a 16-bit
constant.

®* MOVC A, @A+DPTR Move code byte relative to DPTR to the
accumulator.

® MOVX A, @DPTR Move data byte the accumulator to data
memory relative to DPTR.
®* MOVX @DPTR, A Move data byte from data memory

relative to DPTR to the accumulator.

Also, any instruction that reads or manipulates the DPH and DPL
registers (the upper and lower bytes of the current DPTR) will be
affected by the setting of DPS. The MOVX instructions have limited
application for the P87LPC761 since the part does not have an
external data bus. However, they may be used to access EPROM
configuration information (see EPROM Characteristics section).

Bit 2 of AUXRL1 is permanently wired as a logic 0. This is so that the
DPS bit may be toggled (thereby switching Data Pointers) simply by

® INC DPTR Increments the Data Pointer by 1. incrementing the AUXR1 register, without the possibility of
inadvertently altering other bits in the register.
* JMP @A+DPTR Jump indirect relative to DPTR value. y 9 9
AUXR1  Address: A2h Reset Value: 00h
Not Bit Addressable
7 6 5 4 3 2 1 0
KBF | BOD BOI LPEP SRST 0 — DPS

BIT SYMBOL  FUNCTION

AUXR1.7 KBF Keyboard Interrupt Flag. Set when any pin of port O that is enabled for the Keyboard Interrupt
function goes low. Must be cleared by software.

AUXR1.6 BOD Brown Out Disable. When set, turns off brownout detection and saves power. See Power
Monitoring Functions section for details.

AUXR1.5 BOI Brown Out Interrupt. When set, prevents brownout detection from causing a chip reset and allows
the brownout detect function to be used as an interrupt. See the Power Monitoring Functions
section for details.

AUXR1.4 LPEP Low Power EPROM control bit. Allows power savings in low voltage systems. Set by software. Can
only be cleared by power-on or brownout reset. See the Power Reduction Modes section for details.

AUXR1.3 SRST Software Reset. When set by software, resets the 87LPC761 as if a hardware reset occurred.

AUXR1.2 — This bit contains a hard-wired 0. Allows toggling of the DPS bit by incrementing AUXR1, without
interfering with other bits in the register.

AUXR1.1 — Reserved for future use. Should not be set to 1 by user programs.

AUXR1.0 DPS Data Pointer Select. Chooses one of two Data Pointers for use by the program. See text for details.

SU01576

Figure 38. AUXR1 Register
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COMPARATOR ELECTRICAL CHARACTERISTICS

Vpp = 3.0 V10 6.0 V unless otherwise specified; Tamp = 0 °C to +70 °C, unless otherwise specified.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vio Offset voltage comparator inputs® - - +10 mV
VcRr Common mode range comparator inputs 0 - Vpp—0.3 \%
CMRR Common mode rejection ratiol - - -50 dB
Response time - 250 500 ns
Comparator enable to output valid - - 10 us
L Input leakage current, comparator 0<V|N<Vpp - - +10 HA
NOTE:
1. This parameter is guaranteed by characterization, but not tested in production.
AC ELECTRICAL CHARACTERISTICS
Tamb = 0 °C to +70 °C, Vpp = 2.7 V t0 6.0 V unless otherwise specified; Vgg = 0 V1. 2.3
LIMITS
SYMBOL FIGURE PARAMETER UNIT
MIN MAX
External Clock
fc 42 Oscillator frequency (Vpp =4.0 V to 6.0 V) 0 20 MHz
fc 42 Oscillator frequency (Vpp = 2.7 V to 6.0 V) 0 10 MHz
tc 42 Clock period and CPU timing cycle 1/fc - ns
foLex 42 Clock low-timel fosc = 20 MHz 20 - ns
fCLCX 42 fOSC =10 MHz 40 - ns
feHeX 42 Clock high-timel fosc = 20 MHz 20 - ns
fCHCX 42 fosc =10 MHz 40 - ns
Internal RC Oscillator
fceal On-chip RC oscillator calibration? frcosc = 6 MHz -1 +1 %
feToL On-chip RC oscillator, 0 °C to +50 °C3+4 tol. frcosc = 6 MHz -25 +2.5 %
fetoL On-chip RC oscillator, 0 °C to +70 °C3 tol. frcosc = 6 MHz -5° +2.5 %
Shift Register
txLxL 41 Serial port clock cycle time 6tc - ns
touxH 41 Output data setup to clock rising edge 5tc — 133 - ns
txHOX 41 Output data hold after clock rising edge 1tc — 80 - ns
txHDV 41 Input data setup to clock rising edge - 5tc — 133 ns
tXHDX 41 Input data hold after clock rising edge 0 - ns
NOTES:
1. Applies only to an external clock source, not when a crystal is connected to the X1 and X2 pins.
2. Tested at Vpp = 5.0 V and room temperature.
3. These parameters are characterized but not tested.
4. +/-2.5% accuracy enables serial communication over the UART with the internal Oscillator.
5. Min frequency at hot temperature.
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Figure 45. Typical Idd versus frequency (high frequency Figure 48. Typical Idle Idd versus frequency (external clock,
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Figure 46. Typical Active Idd versus frequency (external clock, Figure 49. Typical Idle Idd versus frequency (external clock,
25°C, LPEP=0) 25°C, LPEP=0)
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Figure 47. Typical Active Idd versus frequency (external clock,
25°C, LPEP=1)
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