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computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
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range of applications.
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Microcontrollers"

Embedded microcontrollers are used in virtually every
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processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
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programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.
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Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
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used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
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different performance and complexity needs.
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such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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8-bit microcontrollers with 80C51 core
4. Block diagram

Fig 1. Block diagram
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NXP Semiconductors P89V51RB2/RC2/RD2
8-bit microcontrollers with 80C51 core
P1.2/ECI 3 42 4 I/O P1.2 — Port 1 bit 2.

I ECI — External clock input. This signal is the external
clock input for the PCA.

P1.3/CEX0 4 43 5 I/O P1.3 — Port 1 bit 3.

I/O CEX0 — Capture/compare external I/O for PCA Module 0.
Each capture/compare module connects to a Port 1 pin for
external I/O. When not used by the PCA, this pin can
handle standard I/O.

P1.4/SS/CEX1 5 44 6 I/O P1.4 — Port 1 bit 4.

I SS — Slave port select input for SPI.

I/O CEX1 — Capture/compare external I/O for PCA Module 1.

P1.5/MOSI/
CEX2

6 1 7 I/O P1.5 — Port 1 bit 5.

I/O MOSI — Master Output Slave Input for SPI.

I/O CEX2 — Capture/compare external I/O for PCA Module 2.

P1.6/MISO/
CEX3

7 2 8 I/O P1.6 — Port 1 bit 6.

I/O MISO — Master Input Slave Output for SPI.

I/O CEX3 — Capture/compare external I/O for PCA Module 3.

P1.7/SPICLK/
CEX4

8 3 9 I/O P1.7 — Port 1 bit 7.

I/O SPICLK — Serial clock input/output for SPI.

I/O CEX4 — Capture/compare external I/O for PCA Module 4.

P2.0 to P2.7 I/O with
internal
pull-up

Port 2 : Port 2 is an 8-bit bidirectional I/O port with internal
pull-ups. Port 2 pins are pulled HIGH by the internal
pull-ups when ‘1’s are written to them and can be used as
inputs in this state. As inputs, Port 2 pins that are
externally pulled LOW will source current (IIL) because of
the internal pull-ups. Port 2 sends the high-order address
byte during fetches from external program memory and
during accesses to external Data Memory that use 16-bit
address (MOVX@DPTR). In this application, it uses strong
internal pull-ups when transitioning to ‘1’s. Port 2 also
receives some control signals and a partial of high-order
address bits during the external host mode programming
and verification.

P2.0/A8 21 18 24 I/O P2.0 — Port 2 bit 0.

O A8 — Address bit 8.

P2.1/A9 22 19 25 I/O P2.1 — Port 2 bit 1.

O A9 — Address bit 9.

P2.2/A10 23 20 26 I/O P2.2 — Port 2 bit 2.

O A10 — Address bit 10.

P2.3/A11 24 21 27 I/O P2.3 — Port 2 bit 3.

O A11 — Address bit 11.

P2.4/A12 25 22 28 I/O P2.4 — Port 2 bit 4.

O A12 — Address bit 12.

Table 3. P89V51RB2/RC2/RD2 pin description  …continued

Symbol Pin Type Description

DIP40 TQFP44 PLCC44
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P2.5/A13 26 23 29 I/O P2.5 — Port 2 bit 5.

O A13 — Address bit 13.

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

O A14 — Address bit 14.

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

O A15 — Address bit 15.

P3.0 to P3.7 I/O with
internal
pull-up

Port 3 : Port 3 is an 8-bit bidirectional I/O port with internal
pull-ups. Port 3 pins are pulled HIGH by the internal
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 (IIL) 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 I P3.0 — Port 3 bit 0.

I RXD — Serial input port.

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

O TXD — Serial output port.

P3.2/INT0 12 8 14 I P3.2 — Port 3 bit 2.

I INT0 — External interrupt 0 input.

P3.3/INT1 13 9 15 I P3.3 — Port 3 bit 3.

I INT1 — External interrupt 1 input.

P3.4/T0 14 10 16 I/O P3.4 — Port 3 bit 4.

I T0 — External count input to Timer/counter 0.

P3.5/T1 15 11 17 I/O P3.5 — Port 3 bit 5.

I T1 — External count input to Timer/counter 1.

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

O WR — External data memory write strobe.

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

O RD — External data memory read strobe.

PSEN 29 26 32 I/O 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.

Table 3. P89V51RB2/RC2/RD2 pin description  …continued

Symbol Pin Type Description

DIP40 TQFP44 PLCC44
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* indicates SFRs that are bit addressable
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FST Flash Status Register B6 - SB - - EDC

Bit address AF AE AD AC AB

IEN0* Interrupt Enable 0 A8H EA EC ET2 ES0 ET1

Bit address EF EE ED EC EB

IEN1* Interrupt Enable 1 E8H - - - - EBO

Bit address BF BE BD BC BB

IP0* Interrupt Priority B8H - PPC PT2 PS PT1

IP0H Interrupt Priority 0 HIGH B7H - PPCH PT2H PSH PT1H

Bit address FF FE FD FC FB

IP1* Interrupt Priority 1 F8H - - - - PBO

IP1H Interrupt Priority 1 HIGH F7H - - - - PBOH

FCF B1H - - - - -

Bit address 87 86 85 84 83

P0* Port 0 80H AD7 AD6 AD5 AD4 AD3

Bit address 97 96 95 94 93

P1* Port 1 90H CEX4/
SPICLK

CEX3/
MISO

CEX2/
MOSI

CEX1/
SS

CEX0

Bit address A7 A6 A5 A4 A3

P2* Port 2 A0H A15 A14 A13 A12 A11

Bit address B7 B6 B5 B4 B3

P3* Port 3 B0H RD WR T1 T0 INT1

PCON Power Control Register 87H SMOD1 SMOD0 BOF POF GF1

Bit address D7 D6 D5 D4 D3

PSW* Program Status Word D0H CY AC F0 RS1 RS0

RCAP2H Timer2 Capture HIGH CBH

RCAP2L Timer2 Capture LOW CAH

Bit address 9F 9E 9D 9C 9B

SCON* Serial Port Control 98H SM0/FE_ SM1 SM2 REN TB8

SBUF Serial Port Data Buffer Register 99H
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[1] Unimplemented bits in SFRs (labeled ’-’) are ‘X’s (unknown) at all times. Unless otherwise specified, ‘1’s should not be written to th
purposes in future derivatives. The reset values shown for these bits are ‘0’s although they are unknown when read.

SADDR Serial Port Address Register A9H

SADEN Serial Port Address Enable B9H

Bit address 87 [1] 86[1] 85[1] 84[1] 83[1]

SPCTL SPI Control Register D5H SPIE SPEN DORD MSTR CPOL

SPCFG SPI Configuration Register AAH SPIF SPWCOL - - -

SPDAT SPI Data 86H

SP Stack Pointer 81H

Bit address 8F 8E 8D 8C 8B

TCON* Timer Control Register 88H TF1 TR1 TF0 TR0 IE1

Bit address CF CE CD CC CB

T2CON* Timer2 Control Register C8H TF2 EXF2 RCLK TCLK EXEN2

T2MOD Timer2 Mode Control C9H - - ENT2

TH0 Timer 0 HIGH 8CH

TH1 Timer 1 HIGH 8DH

TH2 Timer 2 HIGH CDH

TL0 Timer 0 LOW 8AH

TL1 Timer 1 LOW 8BH

TL2 Timer 2 LOW CCH

TMOD Timer 0 and 1 Mode 89H GATE C/T M1 M0 GATE

WDTC Watchdog Timer Control C0H - - - WDOUT WDRE

WDTD Watchdog Timer Data/Reload 85H



NXP Semiconductors P89V51RB2/RC2/RD2
8-bit microcontrollers with 80C51 core
6.2 Memory organization
The device has separate address spaces for program and data memory.

6.2.1 Flash program memory bank selection

There are two internal flash memory blocks in the device. Block 0 has 16/32/64 kB and is
organized as 128/256/512 sectors, each sector consists of 128 B. Block 1 contains the
IAP/ISP routines and may be enabled such that it overlays the first 8 kB of the user code
memory. The overlay function is controlled by the combination of the Software Reset Bit
(SWR) at FCF.1 and the Bank Select Bit (BSEL) at FCF.0. The combination of these bits
and the memory source used for instructions is shown in Table 5.

Access to the IAP routines in block 1 may be enabled by clearing the BSEL bit (FCF.0),
provided that the SWR bit (FCF.1) is cleared. Following a power-on sequence, the boot
code is automatically executed and attempts to autobaud to a host. If no autobaud occurs
within approximately 400 ms and the SoftICE flag is not set, control will be passed to the
user code. A software reset is used to accomplish this control transfer and as a result the
SWR bit will remain set. Therefore the user's code will need to clear the SWR bit in
order to access the IAP routines in block 1. However, caution must be taken when
dynamically changing the BSEL bit. Since this will cause different physical memory to be
mapped to the logical program address space, the user must avoid clearing the BSEL bit
when executing user code within the address range 0000H to 1FFFH.

6.2.2 Power-on reset code execution

At initial power up, the port pins will be in a random state until the oscillator has started
and the internal reset algorithm has weakly pulled all pins high. Powering up the device
without a valid reset could cause the MCU to start executing instructions from an
indeterminate location. Such undefined states may inadvertently corrupt the code in the
flash. A system reset will not affect the 1 kB of on-chip RAM while the device is running,
however, the contents of the on-chip RAM during power up are indeterminate.

When power is applied to the device, the RST pin must be held high long enough for the
oscillator to start up (usually several milliseconds for a low frequency crystal), in addition
to two machine cycles for a valid power-on reset. An example of a method to extend the
RST signal is to implement a RC circuit by connecting the RST pin to VDD through a 10 µF
capacitor and to VSS through an 8.2 kΩ resistor as shown in Figure 5. Note that if an RC
circuit is being used, provisions should be made to ensure the VDD rise time does not
exceed 1 ms and the oscillator start-up time does not exceed 10 ms.

For a low frequency oscillator with slow start-up time the reset signal must be extended in
order to account for the slow start-up time. This method maintains the necessary
relationship between VDD and RST to avoid programming at an indeterminate location,
which may cause corruption in the code of the flash. The power-on detection is designed

Table 5. Code memory bank selection

SWR (FCF.1) BSEL (FCF.0) Addresses from 0000H to
1FFFH

Addresses above 1FFFH

0 0 boot code (in block 1) user code (in block 0)

0 1 user code (in block 0)

1 0

1 1
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8-bit microcontrollers with 80C51 core
VDD must stay below VBOD at least four oscillator clock periods before the brownout
detection circuit will respond.

Brownout interrupt can be enabled by setting the EBO bit (IEA.3). If EBO bit is set and a
brownout condition occurs, a brownout interrupt will be generated to execute the program
at location 004BH. It is required that the EBO bit be cleared by software after the brownout
interrupt is serviced. Clearing EBO bit when the brownout condition is active will properly
reset the device. If brownout interrupt is not enabled, a brownout condition will reset the
program to resume execution at location 0000H. A brownout detect reset will clear the
BSEL bit (FCF.0) but will not change the SWR bit (FCF.1) and therefore will not change the
banking of the lower 8 kB of user code memory space.

6.2.5 Watchdog reset

Like a brownout detect reset, the watchdog timer reset will clear the BSEL bit (FCF.0) but
will not change the SWR bit (FCF.1) and therefore will not change the banking of the lower
8 kB of user code memory space.

The state of the SWR and BSEL bits after different types of resets is shown in Table 6.
This results in the code memory bank selections as shown.

6.2.6 Data RAM memory

The data RAM has 1024 B of internal memory. The device can also address up to 64 kB
for external data memory.

6.2.7 Expanded data RAM addressing

The P89V51RB2/RC2/RD2 has 1 kB of RAM. See Figure 6 “Internal and external data
memory structure” on page 19.

The device has four sections of internal data memory:

1. The lower 128 B of RAM (00H to 7FH) are directly and indirectly addressable.

2. The higher 128 B of RAM (80H to FFH) are indirectly addressable.

3. The special function registers (80H to FFH) are directly addressable only.

4. The expanded RAM of 768 B (00H to 2FFH) is indirectly addressable by the move
external instruction (MOVX) and clearing the EXTRAM bit (see ‘Auxiliary function
Register’ (AUXR) in Table 4 “Special function registers” on page 11).

Since the upper 128 B occupy the same addresses as the SFRs, the RAM must be
accessed indirectly. The RAM and SFRs space are physically separate even though they
have the same addresses.

Table 6. Effects of reset sources on bank selection

Reset source SWR bit result
(FCF.1)

BSEL bit result
(FCF.0)

Addresses from 0000H to
1FFFH

Addresses above
1FFFH

External reset 0 0 Boot code (in block 1) User code (in block 0)

Power-on reset

Watchdog reset x 0 Retains state of SWR bit. If SWR,
BSEL = 00 then uses boot code.
If SWR, BSEL = 10 then uses
user code.

Brownout detect reset

Software reset 1 0 User code (in block 0)
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Product data sheet Rev. 05 — 12 November 2009 16 of 80



NXP Semiconductors P89V51RB2/RC2/RD2
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.

6.3.3 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 (VDD, 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.

6.3.4 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/RD2 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.
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6.3.5 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 00H 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.

6.3.6 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 1FF0H. The IAP calls are shown in Table 13.

09 Write serial number

:nnxxxx09ss..sscc

Where:

xxxxxx = 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

:xxxxxx0Acc

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

Table 12. ISP hex record formats  …continued

Record type Command/data function
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Table 13. IAP function calls

IAP function IAP call parameters

Read ID Input parameters:

R1 = 00H

DPH = 00H

DPL = 00H = mfgr id

DPL = 01H = device id 1

DPL = 02H = boot code version number

Return parameter(s):

ACC = requested parameter

Erase block 0 Input parameters:

R1 = 01H

Return parameter(s):

ACC = 00 = pass

ACC = !00 = fail

Program User Code Input parameters:

R1 = 02H

DPH = memory address MSB

DPL = memory address LSB

ACC = byte to program

Return parameter(s):

ACC = 00 = pass

ACC = !00 = fail

Read User Code Input parameters:

R1 = 03H

DPH = memory address MSB

DPL = memory address LSB

Return parameter(s):

ACC = device data
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6.4.1 Mode 0

Putting either Timer into mode 0 makes it look like an 8048 Timer, which is an 8-bit
Counter with a fixed divide-by-32 prescaler. Figure 8 shows mode 0 operation.

In this mode, the Timer register is configured as a 13-bit register. As the count rolls over
from all 1s to all 0s, it sets the Timer interrupt flag TFn. The count input is enabled to the
Timer when TRn = 1 and either GATE = 0 or INTn = 1. (Setting GATE = 1 allows the Timer
to be controlled by external input INTn, to facilitate pulse width measurements). TRn is a
control bit in the Special Function Register TCON (Figure 7). The GATE bit is in the TMOD
register.

The 13-bit register consists of all 8 bits of THn and the lower 5 bits of TLn. The upper
3 bits of TLn are indeterminate and should be ignored. Setting the run flag (TRn) does not
clear the registers.

Mode 0 operation is the same for Timer 0 and Timer 1 (see Figure 8). There are two
different GATE bits, one for Timer 1 (TMOD.7) and one for Timer 0 (TMOD.3).

6.4.2 Mode 1

Mode 1 is the same as mode 0, except that all 16 bits of the timer register (THn and TLn)
are used. See Figure 9.

2 IT1 Interrupt 1 Type control bit. Set/cleared by software to specify falling
edge/low level that triggers external interrupt 1.

1 IE0 Interrupt 0 Edge flag. Set by hardware when external interrupt 0
edge/low level is detected. Cleared by hardware when the interrupt is
processed, or by software.

0 IT0 Interrupt 0 Type control bit. Set/cleared by software to specify falling
edge/low level that triggers external interrupt 0.

Table 18. TCON - Timer/counter control register (address 88H) bit description  …continued

Bit Symbol Description

Fig 8. Timer/counter 0 or 1 in mode 0 (13-bit counter)
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6.4.3 Mode 2

Mode 2 configures the Timer register as an 8-bit Counter (TLn) with automatic reload, as
shown in Figure 10. Overflow from TLn not only sets TFn, but also reloads TLn with the
contents of THn, which must be preset by software. The reload leaves THn unchanged.
Mode 2 operation is the same for Timer 0 and Timer 1.

6.4.4 Mode 3

When timer 1 is in mode 3 it is stopped (holds its count). The effect is the same as setting
TR1 = 0.

Timer 0 in mode 3 establishes TL0 and TH0 as two separate 8-bit counters. The logic for
mode 3 and Timer 0 is shown in Figure 11. TL0 uses the Timer 0 control bits: T0C/T,
T0GATE, TR0, INT0, and TF0. TH0 is locked into a timer function (counting machine
cycles) and takes over the use of TR1 and TF1 from Timer 1. Thus, TH0 now controls the
‘Timer 1’ interrupt.

Mode 3 is provided for applications that require an extra 8-bit timer. With Timer 0 in
mode 3, the P89V51RB2/RC2/RD2 can look like it has an additional Timer.

Note:  When Timer 0 is in mode 3, Timer 1 can be turned on and off by switching it into
and out of its own mode 3. It can still be used by the serial port as a baud rate generator,
or in any application not requiring an interrupt.

Fig 9. Timer/counter 0 or 1 in mode 1 (16-bit counter)
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Fig 10. Timer/counter 0 or 1 in mode 2 (8-bit auto-reload)
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6.5.1 Capture mode

In the Capture mode there are two options which are selected by bit EXEN2 in T2CON. If
EXEN2 = 0 Timer 2 is a 16-bit timer or counter (as selected by C/T2 in T2CON) which
upon overflowing sets bit TF2, the Timer 2 overflow bit.

The capture mode is illustrated in Figure 12.

4 TCLK Transmit clock flag. When set, causes the UART to use Timer 2
overflow pulses for its transmit clock in modes 1 and 3. TCLK = 0
causes Timer 1 overflows to be used for the transmit clock.

3 EXEN2 Timer 2 external enable flag. When set, allows a capture or reload to
occur as a result of a negative transition on T2EX if Timer 2 is not
being used to clock the serial port. EXEN2 = 0 causes Timer 2 to
ignore events at T2EX.

2 TR2 Start/stop control for Timer 2. A logic ‘1’ enables the timer to run.

1 C/T2 Timer or counter select. (Timer 2)

0 = internal timer (fosc / 6)

1 = external event counter (falling edge triggered; external clock’s
maximum rate = fosc / 12

0 CP/RL2 Capture/Reload flag. When set, captures will occur on negative
transitions at T2EX if EXEN2 = 1. When cleared, auto-reloads will
occur either with Timer 2 overflows or negative transitions at T2EX
when EXEN2 = 1. When either RCLK = 1 or TCLK = 1, this bit is
ignored and the timer is forced to auto-reload on Timer 2 overflow.

Table 22. T2MOD - Timer 2 mode control register (address C9H) bit allocation
Not bit addressable; Reset value: XX00 0000B

Bit 7 6 5 4 3 2 1 0

Symbol - - - - - - T2OE DCEN

Table 23. T2MOD - Timer 2 mode control register (address C9H) bit description

Bit Symbol Description

7 to 2 - Reserved for future use. Should be set to ‘0’ by user programs.

1 T2OE Timer 2 Output Enable bit. Used in programmable clock-out mode
only.

0 DCEN Down Count Enable bit. When set, this allows Timer 2 to be configured
as an up/down counter.

Table 21. T2CON - Timer/counter 2 control register (address C8H) bit description …continued

Bit Symbol Description
P89V51RB2_RC2_RD2_5 © NXP B.V. 2009. All rights reserved.

Product data sheet Rev. 05 — 12 November 2009 32 of 80



NXP Semiconductors P89V51RB2/RC2/RD2
8-bit microcontrollers with 80C51 core
not cause a reload from (RCAP2H, RCAP2L) to (TH2,TL2). Therefore when Timer 2 is in
use as a baud rate generator, T2EX can be used as an additional external interrupt, if
needed.

When Timer 2 is in the baud rate generator mode, one should not try to read or write TH2
and TL2. Under these conditions, a read or write of TH2 or TL2 may not be accurate. The
RCAP2 registers may be read, but should not be written to, because a write might overlap
a reload and cause write and/or reload errors. The timer should be turned off (clear TR2)
before accessing the Timer 2 or RCAP2 registers. Table 24 shows commonly used baud
rates and how they can be obtained from Timer 2.

6.5.5 Summary of baud rate equations

Timer 2 is in baud rate generating mode. If Timer 2 is being clocked through pin T2 (P1.0)
the baud rate is:

Baud rate = Timer 2 overflow rate / 16

If Timer 2 is being clocked internally, the baud rate is:

Baud rate = fosc / (16 × (65536 − (RCAP2H, RCAP2L)))

Where fosc = oscillator frequency

To obtain the reload value for RCAP2H and RCAP2L, the above equation can be rewritten
as:

RCAP2H, RCAP2L = 65536 − fosc / (16 × baud rate)

6.6 UARTs
The UART operates in all standard modes. Enhancements over the standard 80C51
UART include Framing Error detection, and automatic address recognition.

6.6.1 Mode 0

Serial data enters and exits through RXD and TXD outputs the shift clock. Only 8 bits are
transmitted or received, LSB first. The baud rate is fixed at 1⁄6 of the CPU clock frequency.
UART configured to operate in this mode outputs serial clock on TXD line no matter
whether it sends or receives data on RXD line.

Table 24. Timer 2 generated commonly used baud rates

Rate Osc freq Timer 2

RCAP2H RCAP2L

750 kBd 12 MHz FF FF

19.2 kBd 12 MHz FF D9

9.6 kBd 12 MHz FF B2

4.8 kBd 12 MHz FF 64

2.4 kBd 12 MHz FE C8

600 Bd 12 MHz FB 1E

220 Bd 12 MHz F2 AF

600 Bd 6 MHz FD 8F

220 Bd 6 MHz F9 57
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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 SPR0 controls the SPICLK
rate of the device when a master. SPR1 and SPR0 have no effect on
the slave. See Table 30 below.

0 SPR0 SPI Clock Rate Select bit 0. Along with SPR1 controls the SPICLK
rate of the device when a master. SPR1 and SPR0 have no effect on
the slave. See Table 30 below.

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

SPR1 SPR0 SPICLK = f osc  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 SPI interrupt 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.

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

Table 29. SPCR - SPI control register (address D5H) bit description  …continued

Bit Symbol Description

Fig 18. SPI transfer format with CPHA = 0
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SPICLK cycle #
(for reference)

SPICLK (CPOL = 0)

SPICLK (CPOL = 1)

MOSI
(from master)

MISO
(from slave)

SS (to slave)

1 2 3 4 5 6 7 8

MSB 6 5 4 3 2 1 LSB

MSB 6 5 4 3 2 1 LSB
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6.9 PCA
The PCA includes a special 16-bit Timer that has five 16-bit capture/compare modules
associated with it. Each of the modules can be programmed to operate in one of four
modes: rising and/or falling edge capture, software timer, high-speed output, or PWM.
Each module has a pin associated with it in port 1. Module 0 is connected to P1.3 (CEX0),
module 1 to P1.4 (CEX1), etc. Registers CH and CL contain current value of the free
running up counting 16-bit PCA timer. The PCA timer is a common time base for all five
modules and can be programmed to run at: 1⁄6 the oscillator frequency, 1⁄2 the oscillator
frequency, the Timer 0 overflow, or the input on the ECI pin (P1.2). The timer count source
is determined from the CPS1 and CPS0 bits in the CMOD SFR (see Table 35 and
Table 36).

Table 33. WDTC - Watchdog control register (address COH) bit allocation
Bit addressable; Reset value: 00H

Bit 7 6 5 4 3 2 1 0

Symbol - - - WDOUT WDRE WDTS WDT SWDT

Table 34. WDTC - Watchdog control register (address COH) bit description

Bit Symbol Description

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

4 WDOUT Watchdog output enable. When this bit and WDRE are both set, a
Watchdog reset will drive the reset pin active for 32 clocks.

3 WDRE Watchdog timer reset enable. When set enables a watchdog timer
reset.

2 WDTS Watchdog timer reset flag, when set indicates that a WDT reset
occurred. Reset in software.

1 WDT Watchdog timer refresh. Set by software to force a WDT reset.

0 SWDT Start watchdog timer, when set starts the WDT. When cleared, stops
the WDT.

Fig 21. PCA

MODULE0

PCA TIMER/COUNTER

P1.3/CEX0

MODULE1 P1.4/CEX1

MODULE2 P1.5/CEX2

MODULE3 P1.6/CEX3

MODULE4 P1.7/CEX4

time base for PCA modules

Module functions:
- 16-bit capture
- 16-bit timer
- 16-bit high speed output
- 8-bit PWM
- watchdog timer (module 4 only)

16 bits

16 bits
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Fig 22. PCA interrupt system
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Table 35. CMOD - PCA counter mode register (address D9H) bit allocation
Not bit addressable; Reset value: 00H

Bit 7 6 5 4 3 2 1 0

Symbol CIDL WDTE - - - CPS1 CPS0 ECF

Table 36. CMOD - PCA counter mode register (address D9H) bit description

Bit Symbol Description

7 CIDL Counter Idle Control: CIDL = 0 programs the PCA Counter to continue
functioning during Idle mode. CIDL = 1 programs it to be gated off
during idle.

6 WDTE Watchdog Timer Enable: WDTE = 0 disables watchdog timer function
on module 4. WDTE = 1 enables it.

5 to 3 - Reserved for future use. Should be set to ‘0’ by user programs.

2 to 1 CPS1,
CPS0

PCA Count Pulse Select (see Table 37 below).

0 ECF PCA Enable Counter Overflow Interrupt: ECF = 1 enables CF bit in
CCON to generate an interrupt. ECF = 0 disables that function.
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Table 37. CMOD - PCA counter mode register (address D9H) count pulse select

CPS1 CPS0 Select PCA input

0 0 0 Internal clock, fosc / 6

0 1 1 Internal clock, fosc / 2

1 0 2 Timer 0 overflow

1 1 3 External clock at ECI/P1.2 pin (max rate = fosc / 4)

Table 38. CCON - PCA counter control register (address 0D8H) bit allocation
Bit addressable; Reset value: 00H

Bit 7 6 5 4 3 2 1 0

Symbol CF CR - CCF4 CCF3 CCF2 CCF1 CCF0

Table 39. CCON - PCA counter control register (address 0D8H) bit description

Bit Symbol Description

7 CF PCA counter overflow flag. Set by hardware when the counter rolls
over. CF flags an interrupt if bit ECF in CMOD is set. CF may be set by
either hardware or software but can only be cleared by software.

6 CR PCA counter run control bit. Set by software to turn the PCA counter
on. Must be cleared by software to turn the PCA counter off.

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

4 CCF4 PCA Module 4 Interrupt Flag. Set by hardware when a match or
capture occurs. Must be cleared by software.

3 CCF3 PCA Module 3 Interrupt Flag. Set by hardware when a match or
capture occurs. Must be cleared by software.

2 CCF2 PCA Module 2 Interrupt Flag. Set by hardware when a match or
capture occurs. Must be cleared by software.

1 CCF1 PCA Module 1 Interrupt Flag. Set by hardware when a match or
capture occurs. Must be cleared by software.

0 CCF0 PCA Module 0 Interrupt Flag. Set by hardware when a match or
capture occurs. Must be cleared by software.

Table 40. CCAPMn - PCA modules compare/capture register (address CCAPM0 0DAH,
CCAPM1 0DBH, CCAPM2 0DCH, CCAPM3 0DDH, CCAPM4 0DEH) bit allocation

Not bit addressable; Reset value: 00H

Bit 7 6 5 4 3 2 1 0

Symbol - ECOMn CAPPn CAPNn MATn TOGn PWMn ECCFn

Table 41. CCAPMn - PCA modules compare/capture register (address CCAPM0 0DAH,
CCAPM1 0DBH, CCAPM2 0DCH, CCAPM3 0DDH, CCAPM4 0DEH) bit description

Bit Symbol Description

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

6 ECOMn Enable Comparator. ECOMn = 1 enables the comparator function.

5 CAPPn Capture Positive, CAPPn = 1 enables positive edge capture.

4 CAPNn Capture Negative, CAPNn = 1 enables negative edge capture.

3 MATn Match. When MATn = 1 a match of the PCA counter with this module’s
compare/capture register causes the CCFn bit in CCON to be set,
flagging an interrupt.
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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

Tcy(clk) clock cycle time 25 - - - ns

tCHCX clock HIGH time 8.75 - 0.35Tcy(clk) 0.65Tcy(clk) ns

tCLCX clock LOW time 8.75 - 0.35Tcy(clk) 0.65Tcy(clk) ns

tCLCH clock rise time - 10 - - ns

tCHCL clock fall time - 10 - - ns

Fig 34. External clock drive waveform (with an amplitude of at least V i(RMS) = 200 mV)

tCHCL tCLCX

tCHCX

Tcy(clk)

tCLCH
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Table 65. Serial port timing

Symbol Parameter Oscillator Unit

40 MHz Variable

Min Max Min Max

TXLXL serial port clock cycle time 0.3 - 12Tcy(clk) - µs

tQVXH output data set-up to clock rising
edge time

117 - 10Tcy(clk) − 133 - ns

tXHQX output data hold after clock rising
edge time

0 - 2Tcy(clk) − 50 - ns

tXHDX input data hold after clock rising edge
time

0 - 0 - ns

tXHDV input data valid to clock rising edge
time

- 117 - 10Tcy(clk) − 133 ns
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All other pins disconnected

Fig 43. IDD test condition, Power-down mode
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