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NXP Semiconductors P89V51RBZ/RC2/RD2

8-bit microcontrollers with 80C51 core

B Brownout detection

B Low power modes
@ Power-down mode with external interrupt wake-up
¢ |dle mode

B DIP40, PLCC44 and TQFP44 packages

3. Ordering information

Table 1.  Ordering information

Type number Package
Name Description Version

P89V51RB2FA PLCC44 plastic leaded chip carrier; 44 leads SOT187-2
P89V51RB2FN DIP40 plastic dual in-line package; 40 leads (600 mil) SOT129-1
P89V51RB2BBC TQFP44 plastic thin quad flat package; 44 leads; body 10 x 10 x 1.0 mm SOT376-1
P89V51RC2FA PLCC44 plastic leaded chip carrier; 44 leads SOT187-2
P89V51RC2FBC TQFP44 plastic thin quad flat package; 44 leads; body 10 x 10 x 1.0 mm SOT376-1
P89V51RC2FN DIP40 plastic dual in-line package; 40 leads (600 mil) SOT129-1
P89V51RD2FA PLCC44 plastic leaded chip carrier; 44 leads SOT187-2
P89V51RD2FBC TQFP44 plastic thin quad flat package; 44 leads; body 10 x 10 x 1.0 mm SOT376-1
P89V51RD2BN DIP40 plastic dual in-line package; 40 leads (600 mil) SOT129-1
P89V51RD2FN DIP40 plastic dual in-line package; 40 leads (600 mil) SOT129-1

3.1 Ordering options

Table 2. Ordering options

Type number Flash memory Temperature range Frequency
P89V51RB2FA 16 kB -40 °C to +85 °C 0 MHz to 40 MHz
P89V51RB2FN 16 kB -40 °C to +85 °C
P89V51RB2BBC 16 kB 0°Cto+70°C
P89V51RC2FA 32 kB -40 °C to +85 °C
P89V51RC2FBC 32 kB -40 °C to +85 °C
P89V51RC2FN 32 kB -40 °C to +85 °C
P89V51RD2FA 64 kB -40 °C to +85 °C
P89V51RD2FBC 64 kB -40 °C to +85 °C
P89V51RD2BN 64 kB 0°Cto+70°C
P89V51RD2FN 64 kB -40 °C to +85 °C
P89V51RB2_RC2_RD2_5 © NXP B.V. 2009. All rights reserved.
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Table 3. P89V51RB2/RC2/RD2 pin description ...continued
Symbol Pin Type Description
DIP40 TQFP44 |PLCC44

P2.5/A13 26 23 29 /0 P2.5 — Port 2 bit 5.

o A13 — Address bit 13.

P2.6/A14 27 24 30 /0 P2.6 — Port 2 bit 6.

o Al4 — Address bit 14.

P2.7/A15 28 25 31 /0 P2.7 — Port 2 bit 7.

o A15 — Address bit 15.

P3.0 to P3.7 1/0 with Port 3: Port 3 is an 8-bit bidirectional I/O port with internal
internal pull-ups. Port 3 pins are pulled HIGH by the internal
pull-up pull-ups when ‘1's are written to them and can be used as

inputs in this state. As inputs, Port 3 pins that are
externally pulled LOW will source current (I;.) because of
the internal pull-ups. Port 3 also receives some control
signals and a partial of high-order address bits during the
external host mode programming and verification.

P3.0/RXD 10 5 11 | P3.0 — Port 3 bit 0.
| RXD — Serial input port.

P3.1/TXD 11 7 13 @] P3.1 — Port 3 bit 1.

(@) TXD — Serial output port.

P3.2/INTO 12 8 14 | P3.2 — Port 3 bit 2.
| INTO — External interrupt O input.

P3.3/INT1 13 9 15 | P3.3 — Port 3 bit 3.
| INT1 — External interrupt 1 input.

P3.4/TO 14 10 16 1/0 P3.4 — Port 3 bit 4.
| TO — External count input to Timer/counter 0.

P3.5/T1 15 11 17 /0 P3.5 — Port 3 bit 5.
| T1 — External count input to Timer/counter 1.

P3.6/WR 16 12 18 0] P3.6 — Port 3 bit 6.

o] WR — External data memory write strobe.

P3.7/RD 17 13 19 0] P3.7 — Port 3 bit 7.

o] RD — External data memory read strobe.

PSEN 29 26 32 1/0 Program Store Enable : PSEN is the read strobe for
external program memory. When the device is executing
from internal program memory, PSEN is inactive (HIGH).
When the device is executing code from external program
memory, PSEN is activated twice each machine cycle,
except that two PSEN activations are skipped during each
access to external data memory. A forced HIGH-to-LOW
input transition on the PSEN pin while the RST input is
continually held HIGH for more than 10 machine cycles will
cause the device to enter external host mode
programming.

P89V51RB2_RC2_RD2_5 © NXP B.V. 2009. All rights reserved.
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Table 4.  Special function registers  ...continued
* indicates SFRs that are bit addressable
Name Description SFR
address
SADDR Serial Port Address Register A9H
SADEN Serial Port Address Enable BOH
Bit address
SPCTL SPI Control Register D5H
SPCFG SPI Configuration Register AAH
SPDAT SPI Data 86H
SP Stack Pointer 81H
Bit address
TCON* Timer Control Register 88H
Bit address
T2CON* Timer2 Control Register C8H
T2MOD Timer2 Mode Control C9H
THO Timer 0 HIGH 8CH
TH1 Timer 1 HIGH 8DH
TH2 Timer 2 HIGH CDH
TLO Timer 0 LOW 8AH
TL1 Timer 1 LOW 8BH
TL2 Timer 2 LOW CCH
TMOD Timer 0 and 1 Mode 89H
WDTC Watchdog Timer Control COH
WDTD Watchdog Timer Data/Reload 85H

Bit functions and addresses

\ MSB

g7 W
SPIE
SPIF

8F
TF1
CF
TF2

GATE

86l
SPEN

SPWCOL

8E
TR1
CE
EXF2

CIT

8511

DORD

8D
TFO
CD
RCLK
ENT2

M1

84l
MSTR

8C
TRO
CcC

TCLK

MO
WDOUT

83l
CPOL

8B
IE1
CB
EXEN2

GATE
WDRE

82l
CPHA

8A
IT1
CA
TR2

CIT

WDTS

81l
SPR1

89
IEO
C9
CIT2
T20E

M1
WDT

LSB

80l
SPRO

88
ITO
C8
CP/RL2
DCEN

MO
SWDT

[1] Unimplemented bits in SFRs (labeled -’) are ‘X’s (unknown) at all times. Unless otherwise specified, ‘1's should not be written to these bits since they may be used for other
purposes in future derivatives. The reset values shown for these bits are ‘0’s although they are unknown when read.
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P89V51RB2_RC2_RD2_5

8-bit microcontrollers with 80C51 core

DPTR points to 0AOH and data in ‘A’ is written to address OAOH of the expanded RAM
rather than external memory. Access to external memory higher than 2FFH using the
MOVX instruction will access external memory (0300H to FFFFH) and will perform in the
same way as the standard 8051, with PO and P2 as data/address bus, and P3.6 and P3.7
as write and read timing signals.

When EXTRAM = 1, MOVX @Ri and MOVX @DPTR will be similar to the standard 8051.
Using MOVX @RI provides an 8-bit address with multiplexed data on Port 0. Other output
port pins can be used to output higher order address bits. This provides external paging
capabilities. Using MOVX @DPTR generates a 16-bit address. This allows external
addressing up the 64 kB. Port 2 provides the high-order eight address bits (DPH), and
Port O multiplexes the low order eight address bits (DPL) with data. Both MOVX @Ri and
MOVX @DPTR generates the necessary read and write signals (P3.6 - WR and P3.7 -
RD) for external memory use. Table 9 shows external data memory RD, WR operation
with EXTRAM bit.

The stack pointer (SP) can be located anywhere within the 256 B of internal RAM (lower
128 B and upper 128 B). The stack pointer may not be located in any part of the expanded
RAM.

Table 9.  External data memory RD, WR with EXTRAM bit [

AUXR MOVX @DPTR, A or MOVX A, MOVX @RI, A or MOVX A, @Ri
@DPTR
ADDR < 0300H ADDR = 0300H ADDR = any

EXTRAM =0 RD/WR not RD/WR asserted RD/WR not asserted
asserted

EXTRAM = 1 RD/WR asserted RD/WR asserted RD/WR asserted

[1] Access limited to ERAM address within OSPI to OFFH; cannot access 100H to 02FFH.

© NXP B.V. 2009. All rights reserved.
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8-bit microcontrollers with 80C51 core

A chip-erase operation can be performed using a commercially available parallel
programer. This operation will erase the contents of this boot block and it will be
necessary for the user to reprogram this boot block (block 1) with the NXP-provided
ISP/IAP code in order to use the ISP or IAP capabilities of this device. Go to
http://www.nxp.com/support for questions or to obtain the hex file for this device.

ISP

ISP is performed without removing the microcontroller from the system. The ISP facility
consists of a series of internal hardware resources coupled with internal firmware to
facilitate remote programming of the P89V51RB2/RC2/RD2 through the serial port. This
firmware is provided by NXP and embedded within each P89V51RB2/RC2/RD2 device.
The NXP ISP facility has made in-circuit programming in an embedded application
possible with a minimum of additional expense in components and circuit board area. The
ISP function uses five pins (Vpp, Vss, TXD, RXD, and RST). Only a small connector
needs to be available to interface your application to an external circuit in order to use this
feature.

Using ISP

The ISP feature allows for a wide range of baud rates to be used in your application,
independent of the oscillator frequency. It is also adaptable to a wide range of oscillator
frequencies. This is accomplished by measuring the bit-time of a single bit in a received
character. This information is then used to program the baud rate in terms of timer counts
based on the oscillator frequency. The ISP feature requires that an initial character (an
uppercase U) be sent to the P89V51RB2/RC2/RD?2 to establish the baud rate. The ISP
firmware provides auto-echo of received characters. Once baud rate initialization has
been performed, the ISP firmware will only accept Intel Hex-type records. Intel Hex
records consist of ASCII characters used to represent hexadecimal values and are
summarized below:

‘:NNAAAARRDD..DDCC<crlf>

In the Intel Hex record, the ‘NN’ represents the number of data bytes in the record. The
P89V51RB2/RC2/RD2 will accept up to 32 data bytes. The ‘AAAA’ string represents the
address of the first byte in the record. If there are zero bytes in the record, this field is often
set to 0000. The ‘RR’ string indicates the record type. A record type of ‘00’ is a data
record. A record type of ‘01’ indicates the end-of-file mark. In this application, additional
record types will be added to indicate either commands or data for the ISP facility.

The maximum number of data bytes in a record is limited to 32 (decimal). ISP commands
are summarized in Table 12. As a record is received by the P89V51RB2/RC2/RD2, the
information in the record is stored internally and a checksum calculation is performed. The
operation indicated by the record type is not performed until the entire record has been
received. Should an error occur in the checksum, the P89V51RB2/RC2/RD2 will send an
‘X’ out the serial port indicating a checksum error. If the checksum calculation is found to
match the checksum in the record, then the command will be executed. In most cases,
successful reception of the record will be indicated by transmitting a ‘. character out the
serial port.

© NXP B.V. 2009. All rights reserved.
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8-bit microcontrollers with 80C51 core

Table 12. ISP hex record formats

Record type Command/data function
00 Program User Code Memory
‘nnaaaa00dd..ddcc
Where:
nn = number of bytes to program
aaaa = address
dd..dd = data bytes
cc = checksum
Example:
:100000000102030405006070809cc
01 End of File (EOF), no operation
xXxxxxx01lcc
Where:
XXXXxx = required field but value is a ‘don’t care’
cc = checksum
Example:
:00000001FF
02 Set SoftICE mode

Following the next reset the device will enter the SoftiICE mode. Will erase user
code memory, erase device serial number.

:00000002cc

Where:

xxxxxx = required field but value is a ‘don’t care’
cc = checksum

Example:

:00000002FE

P89V51RB2_RC2_RD2_5 © NXP B.V. 2009. All rights reserved.
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Table 12. ISP hex record formats ...continued

Record type Command/data function
03 Miscellaneous Write Functions
:nnxxxx03ffssddcc
Where:
nn = number of bytes in the record
xxxx = required field but value is a ‘don’t care’
ff = subfunction code
ss = selection code
dd = data (if needed)
cc = checksum
Subfunction code = 01 (Erase block 0)
ff=01
Subfunction code = 05 (Program security bit, Double Clock)
ff=05
ss = 01 program security bit
ss = 05 program double clock bit
Subfunction code = 08 (Erase sector, 128 B)
ff =08
ss = high byte of sector address (A15:8)
dd = low byte of sector address (A7, A6:0 = 0)
Example:
:0300000308EO00F2 (erase sector at EOO0H)
04 Display Device Data or Blank Check
:05xxxx04sssseeeeffcc
Where
05 = number of bytes in the record
xxxx = required field but value is a ‘don’t care’
04 = function code for display or blank check
ssss = starting address, MSB first
eeee = ending address, MSB first
ff = subfunction
00 = display data
01 = blank check
cc = checksum
Subfunction codes:
Example:
:0500000400001FFF00D9 (display from 0000H to 1FFFH)

P89V51RB2_RC2_RD2_5 © NXP B.V. 2009. All rights reserved.
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Table 12. ISP hex record formats ...continued

Record type Command/data function
09 Write serial number
:nnxxxx09ss..sscc
Where:
xXxxxxx = required field but value is a ‘don’t care’
09 = write serial number function
Ss..ss = serial number contents
cc = checksum
Example:
:03000009010203EE (write s/n = 010203)
0A Display serial number
XXXXXX0AcCC
Where:
xxxxxx = required field but value is a ‘don’t care’
0A = display serial number function
cc = checksum
Example:
:0000000AF6
0B Reset and run user code
XXXxxx0Bcc
Where:
xxxxxx = required field but value is a ‘don't care
0B = Reset and run user code
cc = checksum

Example:
:0000000BF5

Using the serial number

This device has the option of storing a 31 B serial number along with the length of the
serial number (for a total of 32 B) in a non-volatile memory space. When ISP mode is
entered, the serial number length is evaluated to determine if the serial number is in use.
If the length of the serial number is programmed to either OOH or FFH, the serial number is
considered not in use. If the serial number is in use, reading, programming, or erasing of
the user code memory or the serial number is blocked until the user transmits a ‘verify
serial number’ record containing a serial number and length that matches the serial
number and length previously stored in the device. The user can reset the serial number
to all zeros and set the length to zero by sending the ‘reset serial number' record. In
addition, the ‘reset serial number’ record will also erase all user code.

IAP method

Several IAP calls are available for use by an application program to permit selective
erasing, reading and programming of flash sectors, security bit, configuration bytes, and
device id. All calls are made through a common interface, PGM_MTP. The programming
functions are selected by setting up the microcontroller’s registers before making a call to
PGM_MTP at 1FFOH. The IAP calls are shown in Table 13.
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Table 13. |IAP function calls ...continued

IAP function IAP call parameters
Program Security Bit, Double Input parameters:
Clock R1 = O5H

DPL = 01H = security bit
DPL = 05H = Double Clock
Return parameter(s):

ACC =00 = pass

ACC =100 = fail
Read Security Bit, Double Clock,  Input parameters:
SoftICE ACC = 07H

Return parameter(s):

ACC = 00 SoftICE S/N-match 0 SB 0 DBL_CLK
Erase sector Input parameters:

R1 = 08H

DPH = sector address high byte

DPL = sector address low byte

Return parameter(s):

ACC =00 = pass

ACC =100 = fail

Timers/counters 0 and 1

The two 16-bit Timer/counter registers: Timer 0 and Timer 1 can be configured to operate
either as timers or event counters (see Table 14 and Table 15).

In the ‘Timer’ function, the register is incremented every machine cycle. Thus, one can
think of it as counting machine cycles. Since a machine cycle consists of six oscillator
periods, the count rate is Y4 of the oscillator frequency.

In the ‘Counter’ function, the register is incremented in response to a 1-to-0 transition at its
corresponding external input pin, TO or T1. In this function, the external input is sampled
once every machine cycle.

When the samples show a high in one cycle and a low in the next cycle, the count is
incremented. The new count value appears in the register in the machine cycle following
the one in which the transition was detected. Since it takes two machine cycles (12
oscillator periods) for 1-to-0 transition to be recognized, the maximum count rate is %1, of
the oscillator frequency. There are no restrictions on the duty cycle of the external input
signal, but to ensure that a given level is sampled at least once before it changes, it should
be held for at least one full machine cycle. In addition to the ‘Timer’ or ‘Counter’ selection,
Timer 0 and Timer 1 have four operating modes from which to select.

The ‘Timer’ or ‘Counter’ function is selected by control bits C/T in the Special Function
Register TMOD. These two Timer/counters have four operating modes, which are
selected by bit-pairs (M1, MO) in TMOD. Modes 0, 1, and 2 are the same for both
Timers/counters. Mode 3 is different. The four operating modes are described in the
following text.
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Fig 12. Timer 2 in Capture mode

This bit can be used to generate an interrupt (by enabling the Timer 2 interrupt bit in the
IENO register). If EXEN2 = 1, Timer 2 operates as described above, but with the added
feature that a 1-to-0 transition at external input T2EX causes the current value in the
Timer 2 registers, TL2 and TH2, to be captured into registers RCAP2L and RCAP2H,
respectively.

In addition, the transition at T2EX causes bit EXF2 in T2CON to be set, and EXF2 like
TF2 can generate an interrupt (which vectors to the same location as Timer 2 overflow
interrupt). The Timer 2 interrupt service routine can interrogate TF2 and EXF2 to
determine which event caused the interrupt.

There is no reload value for TL2 and TH2 in this mode. Even when a capture event occurs
from T2EX, the counter keeps on counting T2 pin transitions or fys. / 6 pulses. Since once
loaded contents of RCAP2L and RCAP2H registers are not protected, once Timer2
interrupt is signalled it has to be serviced before new capture event on T2EX pin occurs.
Otherwise, the next falling edge on T2EX pin will initiate reload of the current value from
TL2 and TH2 to RCAP2L and RCAP2H and consequently corrupt their content related to
previously reported interrupt.

6.5.2 Auto-reload mode (up or down counter)

In the 16-bit auto-reload mode, Timer 2 can be configured as either a timer or counter (via
C/T2 in T2CON), then programmed to count up or down. The counting direction is
determined by bit DCEN (Down Counter Enable) which is located in the T2MOD register
(see Table 22 and Table 23). When reset is applied, DCEN = 0 and Timer 2 will default to
counting up. If the DCEN bit is set, Timer 2 can count up or down depending on the value
of the T2EX pin.

Figure 13 shows Timer 2 counting up automatically (DCEN = 0).

P89V51RB2_RC2_RD2_5 © NXP B.V. 2009. All rights reserved.

Product data sheet Rev. 05 — 12 November 2009 33 0of 80



NXP Semiconductors P89V51RBZ/RC2/RD2

8-bit microcontrollers with 80C51 core

0osC

~ et L2 TH2 TF2

J | (8-bits) | (8-bits)
T2 = control
T2 pin CIT2=1 |
TR2
reload D timer 2
transition )
detector RCAP2L |RCAP2H interrupt
T2EX pin—[ / -
|
| control
EXEN2 002aaa524

Fig 13. Timer 2 in auto-reload mode (DCEN = 0)

P89V51RB2_RC2_RD2_5

In this mode, there are two options selected by bit EXEN2 in T2CON register. If

EXEN2 = 0, then Timer 2 counts up to OFFFFH and sets the TF2 (Overflow Flag) bit upon
overflow. This causes the Timer 2 registers to be reloaded with the 16-bit value in
RCAP2L and RCAP2H. The values in RCAP2L and RCAP2H are preset by software
means.

Auto reload frequency when Timer 2 is counting up can be determined from this formula:

SupplyFrequency

(655361(RCAP2H RCAP2)) 1)

Where SupplyFrequency is either fosc (C/T2 = 0) or frequency of signal on T2 pin
(CIT2=1).

If EXEN2 =1, a 16-bit reload can be triggered either by an overflow or by a 1-to-0
transition at input T2EX. This transition also sets the EXF2 bit. The Timer 2 interrupt, if
enabled, can be generated when either TF2 or EXF2 is ‘1",

Microcontroller’s hardware will need three consecutive machine cycles in order to
recognize falling edge on T2EX and set EXF2 = 1: in the first machine cycle pin T2EX has
to be sampled as ‘1’; in the second machine cycle it has to be sampled as ‘0’, and in the
third machine cycle EXF2 will be set to ‘1.

In Figure 14, DCEN = 1 and Timer 2 is enabled to count up or down. This mode allows pin
T2EX to control the direction of count. When a logic ‘1’ is applied at pin T2EX Timer 2 will
count up. Timer 2 will overflow at OFFFFH and set the TF2 flag, which can then generate
an interrupt, if the interrupt is enabled. This timer overflow also causes the 16-bit value in
RCAP2L and RCAP2H to be reloaded into the timer registers TL2 and TH2.
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Table 26. SCON - Serial port control register (address 98H) bit description ...continued

Bit Symbol Description

2 RB8 In modes 2 and 3, is the 9th data bit that was received. In mode 1, if
SM2 = 0, RB8 is the stop bit that was received. In mode 0, RB8 is
undefined.

1 TI Transmit interrupt flag. Set by hardware at the end of the 8th bit time in

mode O, or at the stop bit in the other modes, in any serial
transmission. Must be cleared by software.

0 RI Receive interrupt flag. Set by hardware at the end of the 8th bit time in
mode 0, or approximately halfway through the stop bit time in all other
modes. (See SM2 for exceptions). Must be cleared by software.

Table 27. SCON - Serial port control register (address 98H) SM0/SM1 mode definition

SMO, SM1 UART mode Baud rate

00 0: shift register CPU clock / 6

01 1: 8-bit UART variable

10 2: 9-bit UART CPU clock / 32 or CPU clock / 16
11 3: 9-bit UART variable

Framing error

Framing error (FE) is reported in the SCON.7 bit if SMODO (PCON.6) = 1. If SMODO = 0,
SCON.7 is the SMO bit for the UART, it is recommended that SMO is set up before SMODO
is setto ‘1.

More about UART mode 1

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 to align 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.

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: (a) Rl = 0, and
(b) 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.

More about UART modes 2 and 3

Reception is performed in the same manner as in mode 1.
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Table 29. SPCR - SPI control register (address D5H) bit description ...continued

Bit Symbol Description

2 CPHA Clock Phase control bit. 1 = shift triggered on the trailing edge of the
clock; 0 = shift triggered on the leading edge of the clock.

1 SPR1 SPI Clock Rate Select bit 1. Along with SPRO controls the SPICLK
rate of the device when a master. SPR1 and SPRO have no effect on
the slave. See Table 30 below.

0 SPRO SPI Clock Rate Select bit 0. Along with SPR1 controls the SPICLK
rate of the device when a master. SPR1 and SPRO have no effect on
the slave. See Table 30 below.

Table 30. SPCR - SPI control register (address D5H) clock rate selection

SPR1 SPRO SPICLK = f s divided by

0 0 4

0 1 16

1 0 64

1 1 128

Table 31. SPSR - SPI status register (address AAH) bit allocation

Bit addressable; Reset source(s): any reset; Reset value: 0000 0000B

Bit 7 6 5 4 3 2 1 0

Symbol SPIF WCOL - - - - - -

Table 32. SPSR - SPI status register (address AAH) bit description

Bit Symbol Description

7 SPIF SPlinterrupt flag. Upon completion of data transfer, this bit is set to ‘1.
If SPIE =1 and ES =1, an interrupt is then generated. This bit is
cleared by software.

6 WCOL Write Collision Flag. Set if the SPI data register is written to during
data transfer. This bit is cleared by software.

5t00 - Reserved for future use. Should be set to ‘0’ by user programs.

SPICLK cycle #
(for reference)

SPICLK (CPOL = 0)

SPICLK (CPOL = 1)
MOSI
(from master)

MISO
(from slave)

SS (to slave)

Fig 18. SPI transfer format with CPHA =0
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In the CMOD SFR there are three additional bits associated with the PCA. They are CIDL
which allows the PCA to stop during Idle mode, WDTE which enables or disables the
Watchdog function on module 4, and ECF which when set causes an interrupt and the
PCA overflow flag CF (in the CCON SFR) to be set when the PCA timer overflows.

The watchdog timer function is implemented in module 4 of PCA.

The CCON SFR contains the run control bit for the PCA (CR) and the flags for the PCA
timer (CF) and each module (CCF4:0). To run the PCA the CR bit (CCON.6) must be set
by software. The PCA is shut off by clearing this bit. The CF bit (CCON.7) is set when the
PCA counter overflows and an interrupt will be generated if the ECF bit in the CMOD
register is set. The CF bit can only be cleared by software. Bits 0 through 4 of the CCON
register are the flags for the modules (bit O for module 0, bit 1 for module 1, etc.) and are
set by hardware when either a match or a capture occurs. These flags can only be cleared
by software. All the modules share one interrupt vector. The PCA interrupt system is

shown in Figure 22.

Each module in the PCA has a special function register associated with it. These registers
are: CCAPMO for module 0, CCAPML1 for module 1, etc. The registers contain the bits that
control the mode that each module will operate in.

The ECCF bit (from CCAPMn.0 where n =0, 1, 2, 3, or 4 depending on the module)
enables the CCFn flag in the CCON SFR to generate an interrupt when a match or
compare occurs in the associated module (see Figure 22).

PWM (CCAPMn.1) enables the pulse width modulation mode.

The TOG bit (CCAPMnN.2) when set causes the CEX output associated with the module to
toggle when there is a match between the PCA counter and the module’s
capture/compare register.

The match bit MAT (CCAPMnN.3) when set will cause the CCFn bit in the CCON register to
be set when there is a match between the PCA counter and the module’s
capture/compare register.

The next two bits CAPN (CCAPMnN.4) and CAPP (CCAPMnN.5) determine the edge that a
capture input will be active on. The CAPN bit enables the negative edge, and the CAPP bit
enables the positive edge. If both bits are set both edges will be enabled and a capture will
occur for either transition.

The last bit in the register ECOM (CCAPMnN.6) when set enables the comparator function.

There are two additional registers associated with each of the PCA modules. They are
CCAPNH and CCAPnNL and these are the registers that store the 16-bit count when a
capture occurs or a compare should occur. When a module is used in the PWM mode
these registers are used to control the duty cycle of the output.
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CCON
CF CR - CCF4 CCF3 CCF2 CCF1 CCFO (D8H)
write to
CCAPnH  reset (to CCEn)
[ ccapnt | ccapnL | " , PCA
it 1o : interrupt
CCAPNL 0 1 enable match '
16-BIT COMPARATOR I C/ :
T I
I I
[ en [ o | | :
I
PCA timer/counter | :
: : toggle
I I
! g/ : :><:—> CEXn
I I
I I
I I
I I
I I

CCAPMn,n=0to 4

ECOMn | CAPPn | CAPNn MATNn TOGn PWMn ECCFn (DAH to DEH)

002aaa540

Fig 25. PCA high-speed output mode

6.9.4 PWM mode

All of the PCA modules can be used as PWM outputs (Figure 26). Output frequency
depends on the source for the PCA timer.

| ccAPnH |

| CCAPNL | 0 AI P S—
enable lL ) CL <CCAPNL
—{ 8-BIT COMPARATOR | CEXn
lL CL > CCAPNL
CL 1 AD—

PCA timer/counter

CCAPMn,n=0to 4

- ECOMn | CAPPn | CAPNn MATn TOGn PWMn ECCFn (DAH to DEH)

002aaa541

Fig 26. PCA PWM mode

All of the modules will have the same frequency of output because they all share one and
only PCA timer. The duty cycle of each module is independently variable using the
module’s capture register CCAPnL. When the value of the PCA CL SFR is less than the
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value in the module’s CCAPnL SFR the output will be low, when it is equal to or greater
than the output will be high. When CL overflows from FF to 00, CCAPnNL is reloaded with
the value in CCAPNH. This allows updating the PWM without glitches. The PWM and
ECOM bits in the module’'s CCAPMn register must be set to enable the PWM mode.

PCA watchdog timer

An on-board watchdog timer is available with the PCA to improve the reliability of the
system without increasing chip count. Watchdog timers are useful for systems that are
susceptible to noise, power glitches, or electrostatic discharge. Module 4 is the only PCA
module that can be programmed as a Watchdog. However, this module can still be used
for other modes if the Watchdog is not needed. Figure 26 shows a diagram of how the
Watchdog works. The user pre-loads a 16-bit value in the compare registers. Just like the
other compare modes, this 16-bit value is compared to the PCA timer value. If a match is
allowed to occur, an internal reset will be generated. This will not cause the RST pin to be
driven high.

User’s software then must periodically change (CCAP4H,CCAPA4L) to keep a match from
occurring with the PCA timer (CH,CL). This code is given in the WATCHDOG routine
shown above.

In order to hold off the reset, the user has three options:

1. Periodically change the compare value so it will never match the PCA timer.
2. Periodically change the PCA timer value so it will never match the compare values.

3. Disable the Watchdog by clearing the WDTE bit before a match occurs and then
re-enable it.

The first two options are more reliable because the watchdog timer is never disabled as in
option #3. If the program counter ever goes astray, a match will eventually occur and
cause an internal reset. The second option is also not recommended if other PCA
modules are being used. Remember, the PCA timer is the time base for all modules;
changing the time base for other modules would not be a good idea. Thus, in most
applications the first solution is the best option.

;CALL the following WATCHDOG subroutine periodically.
CLR EA ;Hold off interrupts
MOV CCAP4L,#00  ;Next compare value is within 255 counts of
current PCA timer value
MOV CCAP4H,CH
SETB  EA ;Re-enable interrupts
RET

This routine should not be part of an interrupt service routine, because if the program
counter goes astray and gets stuck in an infinite loop, interrupts will still be serviced and
the Watchdog will keep getting reset. Thus, the purpose of the Watchdog would be
defeated. Instead, call this subroutine from the main program within 216 count of the PCA
timer.
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Fig 32. External data memory read cycle
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Fig 33. External data memory write cycle
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Table 64. External clock drive

Symbol Parameter Oscillator Unit
40 MHz Variable
Min Max Min Max
fosc oscillator frequency - - 0 40 MHz
Tey(clk) clock cycle time 25 - - - ns
tcHex clock HIGH time 8.75 - 0.35Tcy(clk) 0.65T¢y(clk) ns
tcLex clock LOW time 8.75 - 0.35Tcy(clk) 0.65Tcy(clk) ns
tcLcH clock rise time - 10 - - ns
tcHeL clock fall time - 10 - - ns

Tey(clk)
002aaa907
Fig 34. External clock drive waveform (with an amplitude of at least V iRMs) = 200 mV)
Table 65. Serial port timing
Symbol Parameter Oscillator Unit
40 MHz Variable
Min Max Min Max
TxLxL serial port clock cycle time 0.3 - 12T cy(clk) - us
tovxH output data set-up to clock rising 117 - 10Ty — 133 - ns
edge time
txHox output data hold after clock rising 0 - 2Tey(cik) — 50 - ns
edge time
tXHDX input data hold after clock rising edge 0 - 0 - ns
time
txHDV input data valid to clock rising edge - 117 - 10Ty —133 ns
time
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r to tester
to DUT — " 1
I
002aaa555
Fig 40. Test load example
Vbp
IbD
PO 8
Vpp — RST EA
DUT
(n.c.)— XTAL2
clock
signal XTALL
Vss
002aaa556
All other pins disconnected
Fig 41. Ipp test condition, Active mode
Vbb
Ipp
Vpp _,l
8
PO ——+— VbD
RST EA
] 4
DUT
(n.c.)—/ XTAL2
clock
signal XTAL1
A LYss
002aaa557
All other pins disconnected
Fig 42. Ipp test condition, Idle mode
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