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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
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,
providing the intelligence and control needed for a wide
range of applications.
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8-Bit
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32
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Internal

0°C ~ 70°C (TA)
Surface Mount

44-1CC ()-Lead)
44-PLCC (16.59x16.59)

https://www.e-xfl.com/product-detail/nxp-semiconductors/p89Iv51rd2ba-512

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/p89lv51rd2ba-512-4448744
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

600Z Jaqwa2ad ST — S0 NoY 193ys ejep Jonpold

9,102t
“PanIasaI SIUBH IV 6002 '8 dXN @

S 2ay 20Y ¢adTSA168d

Table 4.  Special function registers  ...continued
* Indicates SFRs that are bit addressable.
Name Description SFR Bit functions and addresses
addr: MSB LSB
FST Flash Status Register B6 - SB - - EDC - - -
Bit address AF AE AD AC AB AA A9 A8
IENO* Interrupt Enable 0 A8H EA EC ET2 ES ET1 EX1 ETO EX0
Bit address EF EE ED EC EB EA E9 E8
IEN1* Interrupt Enable 1 E8H - - - - EBO - - -
Bit address BF BE BD BC BB BA B9 B8
IPO* Interrupt Priority B8H - PPC PT2 PS PT1 PX1 PTO PX0
IPOH Interrupt Priority 0 HIGH B7H - PPCH PT2H PSH PT1H PX1H PTOH PXOH
Bit address FF FE FD FC FB FA F9 F8
IP1* Interrupt Priority 1 F8H - - - PBO - - - -
IP1H Interrupt Priority 1 HIGH F7H - - - PBOH - - - -
FCF B1H - - - - - - SWR BSEL
Bit address 87 86 85 84 83 82 81 80
PoO* Port 0 80H AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
Bit address 97 96 95 94 93 92 91 90
pP1* Port 1 90H CEX4/ CEX3/ CEX2/ CEX1/SS CEXO0 ECI T2EX T2
SPICLK MISO MOSI
Bit address A7 A6 A5 Ad A3 A2 Al A0
p2* Port 2 AOH A15 Al4 A13 Al12 A1l A10 A9 A8
Bit address B7 B6 B5 B4 B3 B2 B1 BO
p3* Port 3 BOH RD WR T1 TO INTL INTO TXD RXD
PCON Power Control Register 87H SMOD1 SMODO BOF POF GF1 GFO PD IDL
Bit address D7 D6 D5 D4 D3 D2 D1 DO
PSW* Program Status Word DOH cY AC FO RS1 RSO oV F1 P
RCAP2H Timer2 Capture HIGH CBH
RCAP2L Timer2 Capture LOW CAH
Bit address 9F 9E 9D 9C 9B 9A 99 98
SCON* Serial Port Control 98H SMO/FE SM1 SM2 REN TB8 RB8 Tl RI
SBUF Serial Port Data Buffer Register 99H
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6.2.5

8-bit microcontrollers with 80C51 core

Vpp must stay below Vy, at least four oscillator clock periods before the brownout
detection circuit will respond.

Brownout interrupt can be enabled by setting the EBO bit (IEN1.3). 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 is 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.

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.

Table 6. Effects of reset sources on bank selection

Reset source

External reset
Power-on reset
Watchdog reset
Brownout detect reset

Software reset

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

0 0 Boot code (in block 1) User code (in block 0)
X 0 Retains state of SWR bit. If

SWR, BSEL = 00 then uses
boot code. If SWR,

BSEL = 10 then uses user
code.

1 0 User code (in block 0)

6.2.6

6.2.7

P89LV51RB2_RC2_RD2_5

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.

Expanded data RAM addressing

The P89LV51RB2/RC2/RD2 has 1 kB of RAM. See Figure 5 “Internal and external data
memory structure” on page 19.

The device has four sections of internal data memory:

The lower 128 B of RAM (00H to 7FH) are directly and indirectly addressable.
The higher 128 B of RAM (80H to FFH) are indirectly addressable.
The special function registers (80H to FFH) are directly addressable only.

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).

A wDN PR
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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 7.  AUXR - Auxiliary register (address 8EH) bit allocation
Not bit addressable; reset value 00H.

Bit 7 6 5 4 3 2 1 0
Symbol - - - - - - EXTRAM AO

Table 8. AUXR - Auxiliary register (address 8EH) bit descriptions

Bit Symbol Description
7t02 - Reserved for future use. Should be set to ‘0’ by user programs.
1 EXTRAM Internal/External RAM access using MOVX-@Ri/@DPTR.

When ‘0’, core attempts to access internal XRAM with address
specified in MOVX instruction. If address supplied with this instruction
exceeds on-chip available XRAM, off-chip XRAM is going to be
selected and accessed.

When ‘1", every MOVX-@Ri/@DPTR instruction targets external data
memory by default.

0 AO ALE off: disables/enables ALE. AO = 0 results in ALE emitted at a
constant rate of %, the oscillator frequency. In case of AO = 1, ALE is
active only during a MOVX or MOVC.

When instructions access addresses in the upper 128 B (above 7FH), the MCU
determines whether to access the SFRs or RAM by the type of instruction given. If it is
indirect, then RAM is accessed. If it is direct, then an SFR is accessed. See the examples
below.

Indirect access:
MOV@RO, #data; RO contains 90H

Register RO points to 90H which is located in the upper address range. Data in ‘#data’ is
written to RAM location 90H rather than port 1.

Direct access:
MOV90H, #data; write data to P1

Data in ‘#data’ is written to port 1. Instructions that write directly to the address, write to
the SFRs.

To access the expanded RAM, the EXTRAM bit must be cleared and MOVX instructions
must be used. The extra 768 B of memory is physically located on the chip and logically
occupies the first 768 B of external memory (addresses 000H to 2FFH).

When EXTRAM = 0, the expanded RAM is indirectly addressed using the MOVX
instruction in combination with any of the registers RO, R1 of the selected bank or DPTR.
Accessing the expanded RAM does not affect ports PO, P3.6 (WR), P3.7 (RD), or P2.
With EXTRAM = 0, the expanded RAM can be accessed as in the following example.

Expanded RAM access (indirect addressing only):

MOVX@DPTR, A DPTR contains OAOH

© NXP B.V. 2009. All rights reserved.
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6.3.1

6.3.2
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AUXRL1 / bit0
ops | —» Y/////
DPTR1
DPTRO
DPS =0 - DPTRO
DPS =1 - DPTR1 DPH DPL
83H 82H

external data memory

002aaa518

Fig 6. Dual data pointer organization

Table 10. AUXRL1 - Auxiliary register 1 (address A2H) bit allocation
Not bit addressable; reset value 00H.

Bit 7 6 5 4 3 2 1 0
Symbol - - - - GF2 0 - DPS

Table 11. AUXRL1 - Auxiliary register 1 (address A2H) bit descriptions

Bit Symbol Description

7t04 - Reserved for future use. Should be set to ‘0’ by user programs.

3 GF2 General purpose user-defined flag.

2 0 This bit contains a hard-wired ‘0’. Allows toggling of the DPS bit by

incrementing AUXR1, without interfering with other bits in the register.
- Reserved for future use. Should be set to ‘0’ by user programs.

0 DPS Data pointer select. Chooses one of two Data Pointers for use by the
program. See text for details.

Flash memory IAP

Flash organization

The P89LV51RB2/RC2/RD2 program memory consists of a 16/32/64 kB block. ISP
capability, in a second 8 kB block, is provided to allow the user code to be programmed
in-circuit through the serial port. There are three methods of erasing or programming of
the flash memory that may be used. First, the flash may be programmed or erased in the
end-user application by calling low-level routines through a common entry point (IAP).
Second, the on-chip ISP bootloader may be invoked. This ISP bootloader will, in turn, call
low-level routines through the same common entry point that can be used by the end-user
application. Third, the flash may be programmed or erased using the parallel method by
using a commercially available EPROM programmer which supports this device.

Boot block (block 1)

When the microcontroller programs its own flash memory, all of the low level details are
handled by code that is contained in block 1. A user program calls the common entry point
in the block 1 with appropriate parameters to accomplish the desired operation. Boot block
operations include erase user code, program user code, program security bits, etc.

© NXP B.V. 2009. All rights reserved.
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6.3.3

6.3.4
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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 P89LV51RB2/RC2/RD2 through the serial port. This
firmware is provided by NXP and embedded within each P89LV51RB2/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 P89LV51RB2/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
P89LV51RB2/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 P89LV51RB2/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 P89LV51RB2/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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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, and erase device serial number.

:00000002cc

Where:

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

Example:

:00000002FE
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Table 15. TMOD - Timer/counter mode control register (address 89H) bit descriptions

Bit Symbol Description
T1/TO Bits controlling Timerl/Timer0
GATE Gating control when set. Timer/counter ‘X’ is enabled only while ‘INTX’

INTx pin is HIGH and ‘TRx’ control pin is set. When cleared, Timer ‘X’
is enabled whenever ‘TRx’ control bit is set.

CIT Gating Timer or Counter Selector cleared for Timer operation (input
from internal system clock). Set for Counter operation (input from ‘Tx’
input pin).

Table 16. TMOD - Timer/counter mode control register (address 89H) M1/MO operating

mode
M1 MO Operating mode
0 0 8048 timer ‘TLX’ serves as 5-bit prescaler
1 16-bit Timer/counter ‘THx" and ‘TLx' are cascaded; there
is no prescaler.

1 0 2 8-bit auto-reload Timer/counter ‘THx’ holds a value which
is to be reloaded into ‘TLx’ each time it overflows.

1 1 3 (Timer 0) TLO is an 8-bit Timer/counter controlled by the
standard Timer O control bits. THO is an 8-bit timer only
controlled by Timer 1 control bits.

1 1 3 (Timer 1) Timer/counter 1 stopped.

Table 17. TCON - Timer/counter control register (address 88H) bit allocation
Bit addressable; reset value: 0000 0000B; reset source(s): any reset.

Bit 7 6 5 4 3 2 1 0
Symbol TF1 TR1 TFO TRO IE1 IT1 IEO ITO

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

Bit Symbol Description

7 TF1 Timer 1 overflow flag. Set by hardware on Timer/counter overflow.
Cleared by hardware when the processor vectors to Timer 1 Interrupt
routine, or by software.

6 TR1 Timer 1 Run control bit. Set/cleared by software to turn Timer/counter 1
on/off.
5 TFO Timer 0 overflow flag. Set by hardware on Timer/counter overflow.

Cleared by hardware when the processor vectors to Timer O Interrupt
routine, or by software.

4 TRO Timer O Run control bit. Set/cleared by software to turn Timer/counter O
on/off.
3 IE1 Interrupt 1 Edge flag. Set by hardware when external interrupt 1

edge/low level is detected. Cleared by hardware when the interrupt is
processed, or by software.
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=0 overflow
0SC/6 ———————=a o/ TLn THn :
A 1 ) A TFn interrupt
Tnpin ——————— = b conrol | L(8bits) | (8-bits)
TRn
TnGate
INTn pin

002aaa520

Fig 8. Timer/counter O or 1 in mode 1 (16-bit counter)

Mode 2

Mode 2 configures the Timer register as an 8-bit Counter (TLn) with automatic reload, as
shown in Figure 9. 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.

overflow

osc/_6 — . TLn TEn interrupt
Tn pin | control (8-bits)
reload
TRn N
TnGate THn
INTn pin (8-bits)
002aaa521

Fig 9. Timer/counter O or 1 in mode 2 (8-bit auto-reload)

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 TLO and THO as two separate 8-bit counters. The logic for
mode 3 and Timer 0 is shown in Figure 10. TLO uses the Timer O control bits: TOC/T,
TOGATE, TRO, INTO, and TFO. THO is locked into a timer function (counting machine
cycles) and takes over the use of TR1 and TF1 from Timer 1. Thus, THO 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 P89LV51RB2/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.
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Table 21. T2CON - Timer/counter 2 control register (address C8H) bit descriptions
Bit Symbol Description

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.

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

CIT2 Timer or counter select. (Timer 2)
0 = internal timer (fosc / 6)

1 = external event counter (falling edge triggered; external clock’s
maximum rate = fogc /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 - - - - - - T20E DCEN

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

Bit Symbol Description

7t02 - Reserved for future use. Should be set to ‘0’ by user programs.

1 T20E 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.

Capture mode

In the Capture mode there are two options which are selected by bit EXEN2 in T2ZCON. 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 11.
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TCLK =1, Timer 2 is used as the UART transmit baud rate generator. RCLK has the same
effect for the UART receive baud rate. With these two bits, the serial port can have
different receive and transmit baud rates — Timer 1 or Timer 2.

Figure 14 shows Timer 2 in baud rate generator mode.

osC

: (8-bits) | (8-bits)
T2 = control
T2 pin { Ccm2=1 |

— 2 T C2=0

~ - TL2  TH2 TX/RX baud rate

reload

TR2

transition
detector RCAP2L |RCAP2H

f timer 2
T2EX pin > d >
pin—{ | i IEXFZI— intoTapt

|
| control

EXEN2

002aaa526

Fig 14. Timer 2 in Baud Rate Generator mode

P89LV51RB2_RC2_RD2_5

The baud rate generation mode is like the auto-reload mode, when a rollover in TH2
causes the Timer 2 registers to be reloaded with the 16-bit value in registers RCAP2H and
RCAP2L, which are preset by software.

The baud rates in modes 1 and 3 are determined by Timer 2’s overflow rate given below:
Modes 1 and 3 baud rates = Timer 2 Overflow Rate / 16

The timer can be configured for either ‘timer’ or ‘counter’ operation. In many applications,
it is configured for ‘timer' operation (C/T2 = 0). Timer operation is different for Timer 2
when it is being used as a baud rate generator.

Usually, as a timer it would increment every machine cycle (i.e., ¥ the oscillator
frequency). As a baud rate generator, it increments at the oscillator frequency. Thus the
baud rate formula is as follows:

Modes 1 and 3 baud rates =

Oscillator Frequency 3)
(16 x (65536-(RCAP2H RCAP2)))

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

The Timer 2 as a baud rate generator mode is valid only if RCLK and/or TCLK =1 in
T2CON register. Note that a rollover in TH2 does not set TF2, and will not generate an
interrupt. Thus, the Timer 2 interrupt does not have to be disabled when Timer 2 is in the
baud rate generator mode. Also if the EXENZ2 (T2 external enable flag) is set, a 1-to-0
transition in T2EX (Timer/counter 2 trigger input) will set EXF2 (T2 external flag) but will
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and slave SPI devices. The SPICLK pin is the clock output and input for the master and
slave modes, respectively. The SPI clock generator will start following a write to the
master devices SPI data register. The written data is then shifted out of the MOSI pin on
the master device into the MOSI pin of the slave device. Following a complete
transmission of one byte of data, the SPI clock generator is stopped and the SPIF flag is
set. An SPI interrupt request will be generated if the SPI Interrupt Enable bit (SPIE) and
the Serial Port Interrupt Enable bit (ES) are both set.

An external master drives the Slave Select input pin, SS/P1[4], low to select the SPI
module as a slave. If SS/P1[4] has not been driven low, then the slave SPI unit is not
active and the MOSI/P1[5] port can also be used as an input port pin.

CPHA and CPOL control the phase and polarity of the SPI clock. Figure 17 and Figure 18
show the four possible combinations of these two bits.

MSB master LSB | MISO MISO | MSB slave LSB
8-BIT SHIFT REGISTER : 8-BIT SHIFT REGISTER —‘
. i MOsI MOSI:

SPI { SPICLK  SPICLK |
CLOCK GENERATOR — — |
S SS |
P g

" Voo Vss 002222528

Fig 16. SPI master-slave interconnection

Table 28. SPCTL - SPI control register (address D5H) bit allocation
Bit addressable; reset source(s): any reset; reset value: 0000 0000B.

Bit 7 6 5 4 3 2 1 0
Symbol SPIE SPEN DORD MSTR CPOL CPHA PSC1 PSCO

Table 29. SPCTL - SPI control register (address D5H) bit descriptions

Bit Symbol Description
SPIE If both SPIE and ES are set to one, SPI interrupts are enabled.
SPEN SPI enable bit. When set enables SPI.
DORD Data transmission order. 0 = MSB first; 1 = LSB first in data
transmission.
4 MSTR Master/slave select. 1 = master mode, 0 = slave mode.
3 CPOL Clock polarity. 1 = SPICLK is high when idle (active LOW), 0 = SPICLK

is low when idle (active HIGH).
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SPICLK cycle #
(for reference) 1 2 8 4 5 6 7 8
sPicLk (cPoL=0) __ /MM NN
SPICLK (CPOL = 1) NI\ IV NI\l
MOSI ™ NV =~V -V VoV oV VooV
(from master) X MsB 5 4 3 2 1 XLlsBX

MISO X msB
(from slave)
SS (to slave)

1 LSB T:

Fig 18. SPI transfer format with CPHA = 1

1
002aaa530

6.8 Watchdog timer

The device offers a programmable Watchdog Timer (WDT) for fail safe protection against
software deadlock and automatic recovery.

To protect the system against software deadlock, the user software must refresh the WDT
within a user-defined time period. If the software fails to do this periodical refresh, an
internal hardware reset will be initiated if enabled (WDRE = 1). The software can be
designed such that the WDT times out if the program does not work properly.

The WDT in the device uses the system clock (XTAL1) as its time base. So strictly
speaking, it is a Watchdog counter rather than a WDT. The WDT register will increment
every 344064 crystal clocks. The upper 8-bits of the time base register (WDTD) are used
as the reload register of the WDT.

The WDTS flag bit is set by WDT overflow and is not changed by WDT reset. User

software can clear WDTS by writing ‘1' to it.

Figure 19 provides a block diagram of the WDT. Two SFRs (WDTC and WDTD) control
WDT operation. During Idle mode, WDT operation is temporarily suspended, and
resumes upon an interrupt exit from idle.

The time-out period of the WDT is calculated as follows:

Period = (255 - WDTD) x 344064 x 1/ fcLk (xTaL)

where WDTD is the value loaded into the WDTD register and fyq is the oscillator

frequency.

CLK (XTAL1) —| COUNTER

344064
clks

WDT

WDT reset

UPPER BYTE

\_D— internal reset

external reset l
| WDTC I

/\

Fig 19. Block diagram of programmable WDT

| WDTD |

002aaa531
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Table 51. IPOH - Interrupt priority O high register (address B7H) bit descriptions

Bit Symbol Description

7 - Reserved for future use. Should be set to ‘0’ by user programs.
6 PPCH PCA interrupt priority HIGH bit.

5 PT2H Timer 2 interrupt priority HIGH bit.

4 PSH Serial Port interrupt priority HIGH bit.

3 PT1H Timer 1 interrupt priority HIGH bit.

2 PX1H External interrupt 1 priority HIGH bit.

1 PTOH Timer O interrupt priority HIGH bit.

0 PXOH External interrupt O priority HIGH bit.

Table 52. IP1 - Interrupt priority 1 register (address F8H) bit allocation
Bit addressable; reset value: 00H.

Bit 7 6 5 4 3 2 1 0
Symbol - - - PBO - - - -

Table 53. IP1 - Interrupt priority 1 register (address F8H) bit descriptions

Bit Symbol Description

7t05 - Reserved for future use. Should be set to ‘0’ by user programs.
4 PBO Brownout interrupt priority bit.

3t00 - Reserved for future use. Should be set to ‘0’ by user programs.

Table 54. IP1H - Interrupt priority 1 high register (address F7H) bit allocation
Not bit addressable; reset value: O0OH.

Bit 7 6 5 4 3 2 1 0
Symbol - - - PBOH - - - -

Table 55. IP1H - Interrupt priority 1 high register (address F7H) bit descriptions

Bit Symbol Description

7t05 - Reserved for future use. Should be set to ‘0’ by user programs.
4 PBOH Brownout interrupt priority bit.

3100 - Reserved for future use. Should be set to ‘0’ by user programs.

6.12 Power-saving modes

The device provides two power saving modes of operation for applications where power
consumption is critical. The two modes are Idle and Power-down, see Table 56.

6.12.1 Idle mode

Idle mode is entered by setting the IDL bit in the PCON register. In Idle mode, the Program
Counter (PC) is stopped. The system clock continues to run and all interrupts and
peripherals remain active. The on-chip RAM and the special function registers hold their
data during this mode.
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8-bit microcontrollers with 80C51 core

The device exits Idle mode through either a system interrupt or a hardware reset. When
exiting Idle mode via system interrupt, the start of the interrupt clears the IDL bit and exits
Idle mode. After exiting the Interrupt Service Routine, the interrupted program resumes
execution beginning at the instruction immediately following the instruction which invoked
the Idle mode. A hardware reset starts the device similar to a power-on reset.

Power-down mode

The Power-down mode is entered by setting the PD bit in the PCON register. In the
Power-down mode, the clock is stopped and external interrupts are active for level
sensitive interrupts only. SRAM contents are retained during Power-down mode, and the
minimum Vpp level is 2.0 V.

The device exits Power-down mode through either an enabled external level sensitive
interrupt or a hardware reset. The start of the interrupt clears the PD bit and exits
Power-down. Holding the external interrupt pin low restarts the oscillator, the signal must
hold low at least 1024 clock cycles before bringing back high to complete the exit. Upon
interrupt signal restored to logic V |y, the interrupt service routine program execution
resumes beginning at the instruction immediately following the instruction which invoked
Power-down mode. A hardware reset starts the device similar to power-on reset.

To exit properly out of Power-down mode, the reset or external interrupt should not be
executed before the Vpp line is restored to its normal operating voltage. Be sure to hold
Vpp voltage long enough at its normal operating level for the oscillator to restart and
stabilize (normally less than 10 ms).

Table 56. Power-saving modes

Mode
Idle mode

Power-down
mode

Initiated by State of MCU Exited by

Software (Set IDL bit in Clock is running. Interrupts, Enabled interrupt or hardware reset. Start of
PCON) MOV PCON, #01H serial port and timers/counters interrupt clears IDL bit and exits Idle mode,

are active. Program Counter is  after the ISR (Interrupt Service Routine)

stopped. ALE and PSEN RETI (Return from Interrupt) instruction,
signals are HIGH level during  program resumes execution beginning at
Idle. All registers remain the instruction following the one that invoked
unchanged. Idle mode. A user could consider placing

two or three NOP (No Operation)
instructions after the instruction that invokes
Idle mode to eliminate any problems. A
hardware reset restarts the device similar to
a power-on reset.

Software (Set PD bit in Clock is stopped. On-chip Enabled external level sensitive interrupt or

PCON) MOV PCON, #02H SRAM and SFR data is hardware reset. Start of interrupt clears PD
maintained. ALE and PSEN bit and exits Power-down mode, after the
signals are LOW level during ISR RETI instruction program resumes
power-down. External execution beginning at the instruction
Interrupts are only active for following the one that invoked Power-down
level sensitive interrupts, if mode. A user could consider placing two or
enabled. three NOP instructions after the instruction

that invokes Power-down mode to eliminate
any problems. A hardware reset restarts the
device similar to a power-on reset.
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Table 63. Dynamic characteristics

Over operating conditions: load capacitance for Port 0, ALE, and PSEN = 100 pF; load capacitance for all other
outputs = 80 pF; Tamp =0°C to +70°C or—-40°C to +85°C; Vipp = 2.7 V to 3.6 V at 33 MHz; Vss = 0 V.U

Symbol  Parameter

fosc oscillator frequency

tLHLL ALE pulse width

tavLL address valid to ALE LOW time

tLLAX address hold after ALE LOW time
tLuv ALE LOW to valid instruction in time
tLpL ALE LOW to PSEN LOW time

tpLpH PSEN pulse width

tpLv PSEN LOW to valid instruction in time
texix input instruction hold after PSEN time
tpxiz input instruction float after PSEN time
tpxay PSEN to address valid time

taviv address to valid instruction in time
tpLaz PSEN LOW to address float time
tRLRH RD LOW pulse width

twiwH WR LOW pulse width

trLDY RD LOW to valid data in time

tRHDX data hold after RD time

tRHDZ data float after RD time

tLipy ALE LOW to valid data in time

tavDv address to valid data in time

tLowL ALE LOW to RD or WR LOW time
tavwiL address to RD or WR LOW time
twHox data hold after WR time

tovwH data output valid to WR HIGH time

trLAZ RD LOW to address float time

twHLH RD or WR HIGH to ALE HIGH time

Conditions
X1 mode
X2 mode
IAP

Min

0

0

0.25
2Tey(ek) = 15
Tey(clk) — 25
Tey(cik) — 25
Tey(clk) — 25
Tey(clk) — 25

0

Tey(clk) = 8
6Tey(cl) — 40
6Tcy(cik) — 40
0

3Tey(clk) — 25
4Tey(clky = 75
Tey(clk) — 27
TTey(ciky — 70

Tey(clk) — 25

Typ

Max
33
16
33

4T cy(clk) — 65

3Tey(cik) — 55

Teyelky =5
5Tey(cik) — 80
10

STey(cik) — 90
2Tey(clk) — 25
8Tey(clk) — 90
9Tey(ciky — 90
3Tcy(c|k) + 25

0
Tey(ciky + 25

Unit
MHz
MHz
MHz
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

[1] Tcy(clk) =1/ fosc.
[2] Calculated values are for 6-clock mode only.
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Table 64. External clock drive
Symbol Parameter Oscillator Unit
12 MHz Variable
Min Max Min Max
fosc oscillator frequency - - 0 33 MHz
Tey(clk) clock cycle time 83 - - - ns
tcHex clock HIGH time - - 0.35Tcy(cik) 0.65T¢y(clk) ns
tcLex clock LOW time - - 0.35Tcy(clk) 0.65Tcy(clk) ns
tcLcH clock rise time - 20 - - ns
tcHeL clock fall time - 20 - - ns
Tey(elk)
002aaa907
Fig 32. External clock drive waveform
Table 65. Serial port timing
Symbol |Parameter Oscillator Unit
12 MHz Variable
Min Max Min Max

TxixL serial port clock cycle time 1.0 - 12Tey(clk) - us
tovxH output data set-up to clock rising edge 700 - 10Tey(ey — 133 - ns

time
txHox output data hold after clock rising 50 - 2Ty — 50 - ns

edge time
tXHDX input data hold after clock rising edge 0 - 0 - ns

time
txHDV input data valid to clock rising edge - 700 - 10Teycky —133  ns

time
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instruction | 0 \ 1 \ 2 \ 3 \ 4 | 5 \ 6 \ 7 \ 8 \
TxLxL ‘
clock
— IXHQX
tQVXH

write to SBUF

e TN OO XXX T X

input data

clear RI

002aaa552
Fig 33. Shift register mode timing waveforms
r to tester
to DUT Lo~ 1

T

002aaa555
Fig 34. Test load example

Vbp

Ipp
Vbp —,l Vbp
Po—>
Vbp —| RST EA
DUT
(n.c.)—/ XTAL2
clock
signal — | XTALL
Vss
002aaa556
All other pins disconnected
Fig 35. Ipp test condition, Active mode
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Vbbp
IbD
Vbbb Jl
PO ﬁsL Vbp
RST EA
] 4
DUT
(n.c.)— XTAL2
clock
signal XTALL
Vss
002aaab57
All other pins disconnected
Fig 36. Ipp test condition, Idle mode
Vpp=2V Vbbb
| Jyoo
Vbb
PO—2/— vop
RST EA
DUT h
(n.c.)— XTAL2
XTAL1
002aaa558
All other pins disconnected
Fig 37. Ipp test condition, Power-down mode
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TQFP44: plastic thin quad flat package; 44 leads; body 10 x 10 x 1.0 mm SOT376-1
RN
| - N |
[[ - ! | 1) \ [[ \ _ AN
prs/Avizizinizinizizinizinisopy S \LQILEEEEELELHMELELM |
Lo S
O]y ] _
‘ [A]
Y
=HHHHHAAHAAA=
uf ‘ N 2 ze
L ‘ =
[T ‘ 11
- | mE, *@
— | 5
[T | 11
EE—f—f—fﬂ»f—f—f—EEk E Hg T AT ) \\
2 | (A3)
] ! 1] AT A \ i
] | T L | i
T - pin Lindex i I ] =
= O | — ! o
| - —>
[T 11
| | T
1HJHHLH MHHHHQH :
] J o | [Ev@lA]
o 8]
Hp ~—|=[vw[B]
0 2.5 5mm
L T L
scale
DIMENSIONS (mm are the original dimensions)
UNIT mgx_ Ar | Ay | A3 [ bp | ¢ |DDIED| e | Hp | He | L [ Lp | v w y | zpW|zg®| o
0.15 | 1.05 0.45 | 0.18 | 10.1 | 10.1 12.15| 12.15 0.75 12 | 12 | 7°
mm- 121 005 | 0.95 | %25 | 030 | 012 | 99 | 99 | ©8 |1185|1185 1 |o4s| %2 | %2 | 91| g5 | o8 | o°
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION EC JEDEC JETA PROJECTION ISSUE DATE
SOT376-1 137E08 MS-026 E} @ 0829_0831_1i 49

Fig 39. Package outline SOT376-1 (TQFP44)
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11. Abbreviations

8-bit microcontrollers with 80C51 core

Table 66.

Abbreviations

Acronym

DUT
EMI
IAP
ISP
MCU
PCA
PWM
RC
SFR
SPI
TTL

UART

Description

Device Under Test
Electro-Magnetic Interference
In-Application Programming
In-System Programming
Microcontroller Unit
Programmable Counter Array
Pulse Width Modulator
Resistance-Capacitance
Special Function Register
Serial Peripheral Interface
Transistor-Transistor Logic

Universal Asynchronous Receiver/Transmitter
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