EXFL

Nuvoton Technology Corporation - W79L632A25PL Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Active

8051

8-Bit

20MHz

EBI/EMI, UART/USART
POR, PWM, WDT
36

128KB (128K x 8)
FLASH

1.25K'x 8

3V ~ 5.5V
Internal

0°C ~ 70°C (TA)
Surface Mount

44-LCC (J-Lead)

Welcome to E-XFL.COM

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.

Applications of "Embedded -
Microcontrollers"

https://www.e-xfl.com/product-detail/nuvoton-technology-corporation-america/w791632a25pl

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



https://www.e-xfl.com/product/pdf/w79l632a25pl-4405579
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

WT79E632A/WT7I9L632A

NnUvoTOoN
e ————————

4. PIN DESCRIPTION

SYMBOL |TYPE DESCRIPTIONS

EXTERNAL ACCESS ENABLE: This pin forces the processor to execute out of
S external ROM. It should be kept high to access internal ROM. The ROM address

and data will not be present on the bus if EA pin is high and the program
counter is within 128 KB area. Otherwise they will be present on the bus.
PROGRAM STORE ENABLE: PSEN enables the external ROM data onto the
PSEN O | Port 0 address/data bus during fetch and MOVC operations. When internal ROM
access is performed, no PSEN strobe signal outputs from this pin.

ADDRESS LATCH ENABLE: ALE is used to enable the address latch that

ALE . separates the address from the data on Port 0.
RST | RESET: A high on this pin for two machine cycles while the oscillator is running
resets the device.
XTALL | CRYSTALZ: This is the crystal oscillator input. This pin may be driven by an

external clock.

XTAL2 O | CRYSTALZ2: This is the crystal oscillator output. It is the inversion of XTALL.
I
I

Vss GROUND: Ground potential
VDD POWER SUPPLY: Supply voltage for operation.

PORT 0: Port 0 is an open-drain bi-directional I/O port. This port also provides a
P0.0 - P0.7 | I/O | multiplexed low order address/data bus during accesses to external memory.

Port 0 has internal pull-up resisters enabled by software.

PORT 1: Port 1 is a bi-directional 1/O port with internal pull-ups. The bits have
alternate functions which are described below:

T2(P1.0): Timer/Counter 2 external count input
T2EX(P1.1): Timer/Counter 2 Reload/Capture/Direction control

PORT 2: Port 2 is a bi-directional 1/0 port with internal pull-ups. This port also
provides the upper address bits for accesses to external memory.

PORT 3: Port 3 is a bi-directional /0O port with internal pull-ups. All bits have
alternate functions, which are described below:

RXD(P3.0) : Serial Port 0 input
TXD(P3.1) : Serial Port O output

INTO (P3.2) : External Interrupt O

INT1(P3.3) : External Interrupt 1
TO(P3.4) : Timer 0 External Input
T1(P3.5) :Timer 1 External Input

WR (P3.6) : External Data Memory Write Strobe

RD(P3.7) : External Data Memory Read Strobe

PORT 4: Port 4 is a 4-bit bi-directional I/O port. The P4.3 also provides the
alternate function REBOOT which is H/W reboot from LD flash.

* Note: TYPE | : input, O: output, I/O: bi-directional.

P1.0-P1.7| /O

P2.0-P2.7| /IO

P3.0-P3.7| /O

P4.0-P4.3]| 1O
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Timers

The W79E(L)632 has three 16-bit timers that are functionally similar to the timers of the 8052 family.
When used as timers, they can be set to run at either 4 clocks or 12 clocks per count, thus providing the
user with the option of operating in a mode that emulates the timing of the original 8052. The
W79E(L)632 has an additional feature, the watchdog timer. This timer is used as a System Monitor or as
a very long time period timer.

Interrupts

The Interrupt structure in the W79E(L)632 is slightly different from that of the standard 8052. Due to the
presence of additional features and peripherals, the number of interrupt sources and vectors has been
increased. The W79E(L)632 provides 7 interrupt resources with two priority level, including 2 external
interrupt sources, timer interrupts, serial I/0O interrupts.

Power Management

Like the standard 80C52, the W79E(L)632 also has IDLE and POWER DOWN modes of operation. In
the IDLE mode, the clock to the CPU core is stopped while the timers, serial port and interrupts clock
continue to operate. In the POWER DOWN mode, all the clock are stopped and the chip operation is
completely stopped. This is the lowest power consumption state.

On-chip Data SRAM

The W79E(L)632 has 1K Bytes of data space SRAM which is read/write accessible and is memory
mapped. This on-chip MOVX SRAM is reached by the MOVX instruction. It is not used for executable
program memory. There is no conflict or overlap among the 256 bytes Scratchpad RAM and the 1K
Bytes MOVX SRAM as they use different addressing modes and separate instructions. The on-chip
MOVX SRAM is enabled by setting the DMEO bit in the PMR register. After a reset, the DMEO bit is
cleared such that the on-chip MOVX SRAM is disabled, and all data memory spaces 0000H — FFFFH
access to the external memory.
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| TLe7 | Tiae | Ties | Tiea | s | a2 | tien | Tievo |

Mnemonic: TL1 Address: 8Bh
TL1.7-0: Timer 1 LSB

Timer 0 MSB
Bit: 7 6 5 4 3 2 1 0
THO.7 | THO0.6 | THO.5 | THO.4 | THO0.3 | THO.2 | THO.1 | THO.0

Mnemonic: THO Address: 8Ch
THO.7-0: Timer 0 MSB

Timer 1 MSB
Bit: 7 6 5 4 3 2 1 0
TH1.7 | TH1.6 | TH15 | TH1.4 | TH1.3 | TH1.2 | TH1.1 | TH1.0

Mnemonic: TH1 Address: 8Dh
TH1.7-0: Timer 1 MSB

Clock Control
Bit: 7 6 5 4 3 2 1 0
WwWD1 WDO T2M TiM TOM MD2 MD1 MDO

Mnemonic: CKCON Address: 8Eh

WD1-0: Watchdog timer mode select bits: These bits determine the time-out period for the watchdog
timer. In all four time-out options the reset time-out is 512 clocks more than the interrupt time-
out period.

WD1 WDO Interrupt time-out Reset time-out

0 0 2t 2t 1512
0 1 2% 2% 1512
1 0 2% 2% 1+ 512
1 1 2% 2%+ 512

T2M: Timer 2 clock select: When T2M is set to 1, timer 2 uses a divide by 4 clock, and when set to
0 it uses a divide by 12 clock.

T1M: Timer 1 clock select: When T1M is set to 1, timer 1 uses a divide by 4 clock, and when set to
0 it uses a divide by 12 clock.

TOM: Timer O clock select: When TOM is set to 1, timer O uses a divide by 4 clock, and when set to
0 it uses a divide by 12 clock.

-12 -
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Serial Port Control

Bit: 7 6 5 4 3 2 1 0
SMO/FE SM1 SM2 REN TB8 RB8 TI RI
Mnemonic: SCON Address: 98h

SMO/FE: Serial port 0, Mode 0 bit or Framing Error Flag: The SMODO bit in PCON SFR determines
whether this bit acts as SMO or as FE. The operation of SMO is described below. When used
as FE, this bit will be set to indicate an invalid stop bit. This bit must be manually cleared in
software to clear the FE condition.

SM1:  Serial port Mode bit 1:

SMO SM1 Mode Description Length Baud rate
0 0 0 Synchronous 8 4/12 Tclk
0 1 1 Asynchronous 10 Variable
1 0 2 Asynchronous 11 64/32 Tclk
1 1 3 Asynchronous 11 Variable

SM2: Multiple processors communication. Setting this bit to 1 enables the multiprocessor
communication feature in mode 2 and 3. In mode 2 or 3, if SM2 is set to 1, then RI will not be
activated if the received 9th data bit (RB8) is 0. In mode 1, if SM2 = 1, then RI will not be
activated if a valid stop bit was not received. In mode 0, the SM2 bit controls the serial port clock.
If set to 0, then the serial port runs at a divide by 12 clock of the oscillator. This gives
compatibility with the standard 8052. When set to 1, the serial clock become divide by 4 of the
oscillator clock. This results in faster synchronous serial communication.

REN: Receive enable: When set to 1 serial reception is enabled, otherwise reception is disabled.

TB8: This is the 9th bit to be transmitted in modes 2 and 3. This bit is set and cleared by software
as desired.

RB8: In modes 2 and 3 this is the received 9th data bit. In mode 1, if SM2 = 0, RB8 is the stop bit
that was received. In mode O it has no function.

TI: Transmit interrupt flag: This flag is set by hardware at the end of the 8th bit time in mode 0, or
at the beginning of the stop bit in all other modes during serial transmission. This bit must be
cleared by software.

RI: Receive interrupt flag: This flag is set by hardware at the end of the 8th bit time in mode 0, or
halfway through the stop bits time in the other modes during serial reception. However the
restrictions of SM2 apply to this bit. This bit can be cleared only by software.

Serial Data Buffer
Bit: 7 6 5 4 3 2 1 0
SBUF.7 | SBUF.6 | SBUF.5 | SBUF.4 | SBUF.3 | SBUF.2 | SBUF.1 | SBUF.0

Mnemonic: SBUF Address: 99h

SBUF.7-0: Serial data on the serial port 0 is read from or written to this location. It actually consists of
two separate internal 8-bit registers. One is the receive resister, and the other is the
transmit buffer. Any read access gets data from the receive data buffer, while write access
is to the transmit data buffer.

Publication Release Date: Nov. 11, 2009
-15- Revision A10
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7. INSTRUCTION

The W79E(L)632 executes all the instructions of the standard 8032 family. The operation of these
instructions, their effect on the flag bits and the status bits is exactly the same. However, timing of these
instructions is different. The reason for this is two fold. Firstly, in the W79E(L)632, each machine cycle
consists of 4 clock periods, while in the standard 8032 it consists of 12 clock periods. Also, in the
W79E(L)632 there is only one fetch per machine cycle i.e. 4 clocks per fetch, while in the standard 8032
there can be two fetches per machine cycle, which works out to 6 clocks per fetch.

The advantage the W79E(L)632 has is that since there is only one fetch per machine cycle, the number
of machine cycles in most cases is equal to the number of operands that the instruction has. In case of
jumps and calls there will be an additional cycle that will be needed to calculate the new address. But
overall the W79E(L)632 reduces the number of dummy fetches and wasted cycles, thereby improving
efficiency as compared to the standard 8032.

7.1 Instruction Timing

The instruction timing for the W79E(L)632 is an important aspect, especially for those users who wish to
use software instructions to generate timing delays. Also, it provides the user with an insight into the
timing differences between the W79E(L)632 and the standard 8032. In the W79E(L)632 each machine
cycle is four clock periods long. Each clock period is designated a state. Thus each machine cycle is
made up of four states, C1, C2 C3 and C4, in that order. Due to the reduced time for each instruction
execution, both the clock edges are used for internal timing. Hence it is important that the duty cycle of
the clock be as close to 50% as possible to avoid timing conflicts. As mentioned earlier, the W79E(L)632
does one op-code fetch per machine cycle. Therefore, in most of the instructions, the number of
machine cycles needed to execute the instruction is equal to the number of bytes in the instruction. Of
the 256 available op-codes, 128 of them are single cycle instructions. Thus more than half of all op-
codes in the W79E(L)632 are executed in just four clock periods. Most of the two-cycle instructions are
those that have two byte instruction codes. However there are some instructions that have only one byte
instructions, yet they are two cycle instructions. One instruction which is of importance is the MOVX
instruction. In the standard 8032, the MOVX instruction is always two machine cycles long. However in
the W79E(L)632, the user has a facility to stretch the duration of this instruction from 2 machine cycles to

9 machine cycles. The RD and WR strobe lines are also proportionately elongated. This gives the user
flexibility in accessing both fast and slow peripherals without the use of external circuitry and with
minimum software overhead. The rest of the instructions are either three, four or five machine cycle
instructions. Note that in the W79E(L)632, based on the number of machine cycles, there are five
different types, while in the standard 8032 there are only three. However, in the W79E(L)632 each
machine cycle is made of only 4 clock periods compared to the 12 clock periods for the standard 8032.
Therefore, even though the number of categories has increased, each instruction is at least 1.5 to 3
times faster than the standard 8032 in terms of clock periods.

-26 -
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Last Cycle First Second Third Next Instruction

of Previous | Machine Cycle| Machine Cycle| Machine Cycle | Machine Cycle|

Instruction
|<7 MOVX instruction cycle —>|
|c1|c2|ca|cale|cz|cs|calca|c2|ca|caler |ca|cs|calca]c2|ca |ca
ae [T L 1L Akl
WR L [ &2, <
PORT 0 DOD7DOD7 D0-D7 DO—D7|

MOVX Inst. Next Inst. T
MOVX Data
Address T Address Address MOVX Data out
Next Inst.
¢ MOVX Inst.¢ Read ¢
PORT 2 >< Al15-A8 X Al15-A8 X Al15-A8 X A15-A8

Figure 9. Data Memory Write with Stretch Value = 1

Last Cycle First Second Third Fourth Next
Instruction |

i Machine Cycle | Machine Cycle | Machine Cycle | Machine Cycle -
| of Previous | Machine Cycle

Instruction

|<— MOVX instruction cycle 4"
|c1|c2|c3|c4|c1|c2|c3|c4|c1|c2|c3|c4|c:1|c2|c3|c4|c1|c2|c3|c4|c1|c2|c3|c4|
e [ L L[ [ [
psen | L[ L] ; | L
WR |
PORT 0 D°'°7°°"°7 oo

MOVX Inst. T Next Inst. T MOVX Data T

Address Address Address MOVX Data out
MOVX Inst. Next Inst.
Read
PORT 2 >< A15-A8 X A15-A8 X A15-A8 X A15-A8

Figure 10. Data Memory Write with Stretch Value = 2

Publication Release Date: Nov. 11, 2009
-31- Revision A10
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8. POWER MANAGEMENT

The W79E(L)632 has several features that help the user to control the power consumption of the device.
The power saving features are basically the POWER DOWN mode and the IDLE mode of operation.

Idle Mode

The user can put the device into idle mode by writing 1 to the bit PCON.O. The instruction that sets the
idle bit is the last instruction that will be executed before the device goes into Idle Mode. In the Idle
mode, the clock to the CPU is halted, but not to the Interrupt, Timer, Watchdog timer and Serial port
blocks. This forces the CPU state to be frozen; the Program counter, the Stack Pointer, the Program
Status Word, the Accumulator and the other registers hold their contents. The ALE and PSEN pins are
held high during the Idle state. The port pins hold the logical states they had at the time Idle was
activated. The Idle mode can be terminated in two ways. Since the interrupt controller is still active, the
activation of any enabled interrupt can wake up the processor. This will automatically clear the Idle bit,
terminate the Idle mode, and the Interrupt Service Routine(ISR) will be executed. After the ISR,
execution of the program will continue from the instruction which put the device into Idle mode.

The Idle mode can also be exited by activating the reset. The device can be put into reset either by
applying a high on the external RST pin, a Power on reset condition or a Watchdog timer reset. The
external reset pin has to be held high for at least two machine cycles i.e. 8 clock periods to be
recognized as a valid reset. In the reset condition the program counter is reset to 0000h and all the SFRs
are set to the reset condition. Since the clock is already running there is no delay and execution starts
immediately. In the Idle mode, the Watchdog timer continues to run, and if enabled, a time-out will cause
a watchdog timer interrupt which will wake up the device. The software must reset the Watchdog timer in
order to preempt the reset which will occur after 512 clock periods of the time-out. When the
WT79E(L)632 is exiting from an Idle mode with a reset, the instruction following the one which put the
device into Idle mode is not executed. So there is no danger of unexpected writes.

Power Down Mode

The device can be put into Power Down mode by writing 1 to bit PCON.1. The instruction that does this
will be the last instruction to be executed before the device goes into Power Down mode. In the Power
Down mode, all the clocks are stopped and the device comes to a halt. All activity is completely stopped
and the power consumption is reduced to the lowest possible value. In this state the ALE and PSEN
pins are pulled low. The port pins output the values held by their respective SFRs.

The W79E(L)632 will exit the Power Down mode with a reset or by an external interrupt pin enabled as
level detect. An external reset can be used to exit the Power down state. The high on RST pin terminates
the Power Down mode, and restarts the clock. The program execution will restart from 0000h. In the
Power down mode, the clock is stopped, so the Watchdog timer cannot be used to provide the reset to
exit Power down mode.

The W79E(L)632 can be woken from the Power Down mode by forcing an external interrupt pin
activated, provided the corresponding interrupt is enabled, while the global enable(EA) bit is set and the
external input has been set to a level detect mode. If these conditions are met, then the low level on the
external pin re-starts the oscillator. Then device executes the interrupt service routine for the
corresponding external interrupt. After the interrupt service routine is completed, the program execution
returns to the instruction after the one which put the device into Power Down mode and continues from
there.

Table 5. Status of external pins during Idle and Power Down

MODE PROGRAM | ALE PSEN PORTO PORT1 PORT2 | PORT3

-32-
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Table 6. SFR Reset Value, continued

SFR NAME RESET VALUE SFR NAME RESET VALUE
SFRCN 00111111b P4 XXXX1111b
SCON 00000000b B 00000000b
SBUF XXXXXXXXD EIP xxx00000b
P2 11111111b PWMCON1 00000000b
PWMCON2 00000000b PWMO 00000000b
PWM1 00000000b PWM2 00000000b
PWM3 00000000b PWM4 00000000b

PWM5 00000000b

The WDCON SFR bits are set/cleared in reset condition depending on the source of the reset.
External reset Watchdog reset Power on reset
WDCON 0x0x0xx0b 0x0x01x0b 01000000b

The POR bit WDCON.6 is set only by the power on reset. The WTRF bit WDCON.2 is set when the
Watchdog timer causes a reset. A power on reset will also clear this bit. The EWT bit WDCON.1 is
cleared by power on resets. This disables the Watchdog timer resets. A watchdog or external reset does
not affect the EWT bit.

Publication Release Date: Nov. 11, 2009
-35- Revision A10
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Priority Level Structure

There are three priority levels for the interrupts, highest, high and low. The interrupt sources can be
individually set to either high or low levels. Naturally, a higher priority interrupt cannot be interrupted by a
lower priority interrupt. However there exists a pre-defined hierarchy amongst the interrupts themselves.
This hierarchy comes into play when the interrupt controller has to resolve simultaneous requests having
the same priority level. This hierarchy is defined as shown below; the interrupts are numbered starting
from the highest priority to the lowest.

Table 7. Priority structure of interrupts

SOURCE FLAG VECTOR ADDRESS PRIORITY LEVEL
External Interrupt O IEO 0003h 1(highest)
Timer 0 Overflow TFO 000Bh 2
External Interrupt 1 IE1 0013h 3
Timer 1 Overflow TF1 001Bh 4
Serial Port Rl + Tl 0023h 5
Timer 2 Overflow TF2 + EXF2 002Bh 6
Watchdog Timer WDIF 0063h 7 (lowest)

Publication Release Date: Nov. 11, 2009
-37- Revision A10
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time-base may be either clock cycles/12 or clock cycles/4 as selected by the bits TxM of the CKCON

SFR.
TOM = CKCON.3 Timer 1 functions are shown in brackets
(T1IM = CKCON.4) _
7 C/T=TMOD.2 M1,M0 = TMOD.1,TMOD.0
1 (CIT = TMOD.6) (M1,M0 = TMOD.5,TMOD.4)
0SC
0 00
N~— |
112 0 > " L
1 0 4 7 0 7
T0=P3.4
(T1=P3.5) TLO 01 THO
(TL1)
TRO = TCON.4 — (TH1)
(TR1 = TCON.6)
GATE = TMOD.3 -
(GATE = TMOD.7) Tl TRx » Interrupt
INTO = P3.2
—_ TFO
(INT1=P3.3)
(TF1)
Fi
gure 11. Timer/Counter Mode 0 & Mode 1
Mode 1

Mode 1 is similar to Mode 0 except that the counting register forms a 16 bit counter, rather than a 13 bit
counter. This means that all the bits of THx and TLx are used. Roll-over occurs when the timer moves
from a count of FFFFh to 0000h. The timer overflow flag TFx of the relevant timer is set and if enabled
an interrupt will occur. The selection of the time-base in the timer mode is similar to that in Mode 0. The
gate function operates similarly to that in Mode 0.

Mode 2

In Mode 2, the timer/counter is in the Auto Reload Mode. In this mode, TLx acts as a 8 bit count register,
while THx holds the reload value. When the TLx register overflows from FFh to 00h, the TFx bit in TCON
is set and TLx is reloaded with the contents of THx, and the counting process continues from here. The
reload operation leaves the contents of the THx register unchanged. Counting is enabled by the TRx bit

and proper setting of GATE and INTx pins. As in the other two modes 0 and 1 mode 2 allows counting
of either clock cycles (clock/12 or clock/4) or pulses on pin Tn.

Publication Release Date: Nov. 11, 2009
-39 - Revision A10
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10.2 Timer/Counter 2

Timer/Counter 2 is a 16 bit up/down counter which is configured by the T2MOD register and controlled
by the T2CON register. Timer/Counter 2 is equipped with a capture/reload capability. As with the Timer 0
and Timer 1 counters, there exists considerable flexibility in selecting and controlling the clock, and in
defining the operating mode. The clock source for Timer/Counter 2 may be selected for either the
external T2 pin (C/T2 = 1) or the crystal oscillator, which is divided by 12 or 4 (C/T2 = 0). The clock is
then enabled when TR2 is a 1, and disabled when TR2 is a 0.

TOM = CKCON.3

WIyL  Gr-tmop2
0sC \__v 0 - ‘ TLO
L S
+ ‘ 0 7 > TFo Interrupt
TO=P3.4 ! I—
TRO = TCON.4 ] )
GATE = TMOD.3 ~[>O~
INTO = P3.2
THO

TR1 = TCON.6 >_> 0 7| "LTFL [ Interrupt

Figure 13. Timer/Counter 0 Mode 3

Capture Mode

The capture mode is enabled by setting the CP /RL2 bit in the T2CON register to a 1. In the capture
mode, Timer/Counter 2 serves as a 16 bit up counter. When the counter rolls over from FFFFh to 0000h,
the TF2 bit is set, which will generate an interrupt request. If the EXEN2 bit is set, then a negative
transition of T2EX pin will cause the value in the TL2 and TH2 register to be captured by the RCAP2L
and RCAP2H registers. This action also causes the EXF2 bit in T2CON to be set, which will also
generate an interrupt. Setting the T2CR bit (T2MOD.3), the W79E(L)632 allows hardware to reset timer
2 automatically after the value of TL2 and TH2 have been captured.

Publication Release Date: Nov. 11, 2009
-41 - Revision A10
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T2M = CKCON.5

1/4 1 —_—
t_v C/T2=T2CON.1

0sc 4 v 0 2CON.7

S~——
1/12 0
TL2 TH2 TE2

T2=P10 * l ’»_ LY

TR2 =T2CON.2

Timer 2
y Interrupt

T2EX = P1.1 RS L RCAP2L |RCAP2H
R

EXEN2 = T2CON.3 / EXF2

T2CON.6

Figure 14. 16-Bit Capture Mode

Auto-reload Mode, Counting up

The auto-reload mode as an up counter is enabled by clearing the CP /RL2 bit in the T2CON register
and clearing the DCEN bit in T2MOD register. In this mode, Timer/Counter 2 is a 16 bit up counter.
When the counter rolls over from FFFFh, a reload is generated that causes the contents of the RCAP2L
and RCAP2H registers to be reloaded into the TL2 and TH2 registers. The reload action also sets the
TF2 bit. If the EXEN2 bit is set, then a negative transition of T2EX pin will also cause a reload. This
action also sets the EXF2 bit in T2CON.

T2M = CKCON.5
4 vl —
C/T2 =T2CON.1

0sc ﬁ o | T2CON.7

1120 T
A1 ghi=
T2=P10 F
TR2 = T2CON.2 : Timer 2
A
Interrupt
T2EX=PL1 — &_ 1 Roarzd] P
EXEN2 = T2CON.3 | > ExF2
T2CON.6

Figure 15. 16-Bit Auto-reload Mode, Counting Up
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Baud Rate Generator Mode

The baud rate generator mode is enabled by setting either the RCLK or TCLK bits in T2CON register.
While in the baud rate generator mode, Timer/Counter 2 is a 16 bit counter with auto reload when the
count rolls over from FFFFh. However, rolling over does not set the TF2 bit. If EXENZ2 bit is set, then a
negative transition of the T2EX pin will set EXF2 bit in the T2CON register and cause an interrupt

request.

Timer1
Overflow

C/T2=T2CON.1
0

i

Timer2 RCLK=

—| Overflow T2CON.5
TH2 >

[i25RE0 Rx Clock

TR2=T2CON.2 ’ T2CON.4
1 0
| RCAP2L | RCAP2H | 1/16 |9 Tx Clock
T2EX=P1.1 Timer2
_\_ : : EXF2 Interrupt
T2CON.6

EXEN2=T2CON.3

Figure 17. Baud Rate Generator Mode
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The Watchdog timer should first be restarted by using RWT. This ensures that the timer starts from a
known state. The RWT bit is used to restart the watchdog timer. This bit is self clearing, i.e. after writing
a 1 to this bit the software will automatically clear it. The watchdog timer will now count clock cycles. The
time-out interval is selected by the two bits WD1 and WDO (CKCON.7 and CKCON.6). When the
selected time-out occurs, the Watchdog interrupt flag WDIF (WDCON.3) is set. After the time-out has
occurred, the watchdog timer waits for an additional 512 clock cycles. If the Watchdog Reset EWT
(WDCON.1) is enabled, then 512 clocks after the time-out, if there is no RWT, a system reset due to
Watchdog timer will occur. This will last for two machine cycles, and the Watchdog timer reset flag
WTRF (WDCON.2) will be set. This indicates to the software that the watchdog was the cause of the
reset.

When used as a simple timer, the reset and interrupt functions are disabled. The timer will set the WDIF
flag each time the timer completes the selected time interval. The WDIF flag is polled to detect a time-
out and the RWT allows software to restart the timer. The Watchdog timer can also be used as a very
long timer. The interrupt feature is enabled in this case. Every time the time-out occurs an interrupt will
occur if the global interrupt enable EA is set.

The main use of the Watchdog timer is as a system monitor. This is important in real-time control
applications. In case of some power glitches or electro-magnetic interference, the processor may begin
to execute errant code. If this is left unchecked the entire system may crash. Using the watchdog timer
interrupt during software development will allow the user to select ideal watchdog reset locations. The
code is first written without the watchdog interrupt or reset. Then the watchdog interrupt is enabled to
identify code locations where interrupt occurs. The user can now insert instructions to reset the watchdog
timer which will allow the code to run without any watchdog timer interrupts. Now the watchdog timer
reset is enabled and the watchdog interrupt may be disabled. If any errant code is executed now, then
the reset watchdog timer instructions will not be executed at the required instants and watchdog reset will
occur.

The watchdog time-out selection will result in different time-out values depending on the clock speed.
The reset, when enabled, will occur 512 clocks after the time-out has occurred.

Table 9. Time-out values for the Watchdog timer

woi | woo | WATCHDOG |NUMBER OF Time Time Time
INTERVAL | CLOCKS | @ 1.8432 MHz @ 10 MHz @ 25 MHz
0 0 ot 131072 71.11mS 13.11 mS 5.24 mS
0 1 520 1048576 | 568.89 mS 104.86 mS 41.94mS
1 0 23 8388608 | 4551.11 mS 838.86 mS 335.54 mS
1 1 526 67108864 | 36408.88mS | 6710.89mS | 2684.35mS

The Watchdog timer will de disabled by a power-on/fail reset. The Watchdog timer reset does not
disable the watchdog timer, but will restart it. In general, software should restart the timer to put it into a
known state.

The control bits that support the Watchdog timer are discussed below.
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Watchdog Control

WDIF: WDCON.3 - Watchdog Timer Interrupt flag. This bit is set whenever the time-out occurs in the
watchdog timer. If the Watchdog interrupt is enabled (EIE.4), then an interrupt will occur (if the
global interrupt enable is set and other interrupt requirements are met). Software or any reset
can clear this bit.

WTRF: WDCON.2 - Watchdog Timer Reset flag. This bit is set whenever a watchdog reset occurs.
This bit is useful for determined the cause of a reset. Software must read it, and clear it
manually. A Power-fail reset will clear this bit. If EWT = 0, then this bit will not be affected by
the watchdog timer.

EWT: WDCON.1 - Enable Watchdog timer Reset. This bit when set to 1 will enable the Watchdog
timer reset function. Setting this bit to 0 will disable the Watchdog timer reset function, but will
leave the timer running.

RWT: WDCON.O - Reset Watchdog Timer. This bit is used to clear the Watchdog timer and to
restart it. This bit is self-clearing, so after the software writes 1 to it the hardware will
automatically clear it. If the Watchdog timer reset is enabled, then the RWT has to be set by
the user within 512 clocks of the time-out. If this is not done then a Watchdog timer reset will
occur.

Clock Control

WD1, WD0: CKCON.7, CKCON.6 - Watchdog Timer Mode select bits. These two bits select the time-
out interval for the watchdog timer. The reset time is 512 clock longer than the interrupt
time-out value.

The default Watchdog time-out is v clocks, which is the shortest time-out period. The EWT, WDIF and
RWT bits are protected by the Timed Access procedure. This prevents software from accidentally
enabling or disabling the watchdog timer. More importantly, it makes it highly improbable that errant code
can enable or disable the watchdog timer. Please refer as below demo program.

org 63h
mov  TA#AAH
mov  TA,#55H

clr WDIF
jnb execute_reset_flag,bypass_reset ; Test if CPU need to reset.
jmp $ ; Wait to reset

bypass_reset:
mov  TA#AAH
mov  TA#55H

setb RWT
reti
org 300h

start:
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Mode 2

This mode uses a total of 11 bits in asynchronous full-duplex communication. The functional description
is shown in the figure below. The frame consists of one start bit (0), 8 data bits (LSB first), a
programmable 9th bit (TB8) and a stop bit (0). The 9th bit received is put into RB8. The baud rate is
programmable to 1/32 or 1/64 of the oscillator frequency, which is determined by the SMOD bit in PCON
SFR. Transmission begins with a write to SBUF. The serial data is brought out on to TxD pin at C1
following the first roll-over of the divide by 16 counter. The next bit is placed on TxD pin at C1 following
the next rollover of the divide by 16 counter. Thus the transmission is synchronized to the divide by 16
counter, and not directly to the write to SBUF signal. After all 9 bits of data are transmitted, the stop bit is
transmitted. The Tl flag is set in the C1 state after the stop bit has been put out on TxD pin. This will be
at the 11th rollover of the divide by 16 counter after a write to SBUF. Reception is enabled only if REN is
high. The serial port actually starts the receiving of serial data, with the detection of a falling edge on the
RxD pin. The 1-to-0 detector continuously monitors the RxD line, sampling it at the rate of 16 times the
selected baud rate. When a falling edge is detected, the divide by 16 counter is immediately reset. This
helps to align the bit boundaries with the rollovers of the divide by 16 counter. The 16 states of the
counter effectively divide the bit time into 16 slices. The bit detection is done on a best of three basis.
The bit detector samples the RxD pin, at the 8th, 9th and 10th counter states. By using a majority 2 of 3
voting system, the bit value is selected. This is done to improve the noise rejection feature of the serial

port.
0SC TB8 —»r g
Internal —® sTop
: Writeto  Data Bus _> PARIN .
—: LOAD
SMoD= () 1 CLOCK
(SMOD_1)
TX START X Transmit Shift Register
TxcLock ~ SHIFT |
TI
SERIAL :>—> Serial Port
CONTROLLER R] 1 Interrupt
RX CLOCK
LOAD
DETECTOR SBUF

RX SHIFT Y
\J Internal
CcLOCK »SeuE \*/\_.
PAROUT Data

BIT - Bus
DETECTOR‘|—> SIN b8

Receive Shift Register

RXD

Figure 22. Serial Port Mode 2

If the first bit detected after the falling edge of RxD pin, is not 0, then this indicates an invalid start bit, and
the reception is immediately aborted. The serial port again looks for a falling edge in the RxD line. If a
valid start bit is detected, then the rest of the bits are also detected and shifted into the SBUF. After
shifting in 9 data bits, there is one more shift to do, after which the SBUF and RB8 are loaded and RI is
set. However certain conditions must be met before the loading and setting of RI can be done.
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DC Characteristics, continued

SPECIFICATION
PARAMETER SYM. TEST CONDITIONS
MIN. MAX. UNIT
Input High Voltage Vi 2.4 VDD +0.2 V VDD = 5.5V
PO, P1, P2,P3, EA 1.8 VDD +0.2 Y, VDD = 3.3V
) 35 VDD +0.2 \% VDD = 5.5V
Input High Voltage RST VIH2
2.0 VDD +0.2 V VDD = 3.3V
XTAL1 2.0 | Vbp+0.2 V | VbD=3.3V
Sink current ekl 4 8 mA VDbD = 4.5V, VoL = 0.45
S
P1, P3 3.2 7 mA VDD = 3.3V, VoL = 0.4
Sink current 152 10 14 mA VDD = 4.5V, VoL = 0.45V
- S
PO,P2, ALE, PSEN 6.5 9.5 mA VoD = 3.3V, VoL=0.4
Source current - -180 -330 UuA VDD = 4.5V, VoL = 2.4V
sr
P1, P2 (1/O), P3 -100 -220 uA VDD = 3.3V, VoL = 1.4V
Source current -10 -14 mA VDD = 4.5V, VoL = 2.4V
P—O’P2 (address), ALE, Isr2 6 9 mA VoD = 3.3V, VoL = 1.4V
PSEN U o
oL1
P1, P2 (1/O), P3 5 0.4 \Y VDD = 3.3V, oL = +3.8 mA
Output Low Voltage - 0.45 V VDD = 4.5V, loL = +10 mA
PO, P2(address), ALE, VoL2
PSEN[? - 0.4 V VDD = 3.3V, loL = +6.5 mA
Output High Voltage 2.4 - \Y, VDD = 4.5V, |oH = -180pA
VOH1
P1, P3 1.4 - V | Vbp=3.3V, loL =-100 uA
Output High Voltage — 2.4 - \% VDD = 4.5V, IoH = -10mA
PO, P2, ALE, PSEN? 1.4 - V | Vbp=3.3V,loL=-6 mA
Notes:

*1. RST pin is a Schmitt trigger input.

*2. PO, ALE and PSEN are tested in the external access mode.

*3. XTAL1 is a CMOS input.

*4. Pins of P1, P2, P3 can source a transition current when they are being externally driven from 1 to 0. The transition
current reaches its maximum value when VIN approximates to 2V.
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17.3.2 Operating Frequency vs Voltage

OPERATING OPERATING
L FREQUENCY VOLTAGE
Up to 40.0MHz 5.0V ~ 5.5V
W79E632A40PL
Up to 36.8MHz 45V ~ 5.5V
Up to 20.0MHz 3.3V ~ 5.5V
W79L632A25PL
Up to 12.0MHz 3.0V ~55V

17.3.3 MOVX Characteristics Using Strech Memory Cycle

VARIABLE VARIABLE
PARAMETER SYMBOL CLOCK CLOCK UNITS STRECH
MIN. MAX.
, 1.5tcicL -5 tmes= 0
Data Access ALE Pulse Width tLLHL2 nS
2.0tcicL -5 tmecs>0
Address Hold After ALE Low for
MOVX write taxz 0.SteieL -5 L=
_ ] . 2.0tcicL -5 NS tmcs=0
RD Pulse Width RLRH fucs - 10 fues>0
W_R | . " 2.0tcicL -5 nS tmcs=0
Pulse Widt WLWH fucs - 10 tues>0
_ 2.0tcicL - 20 tmcs=0
RD Low to Valid Data In trLDV nS
tmes - 20 tmes>0
Data Hold after Read tRHDX 0 nS
t -5 t =0
Data Float after Read trRHDZ cret nS Mes
2.0tcieL -5 tmes>0
. 2.5tcieL -5 tmes=0
ALE Low to Valid Data In tLiov nS
tmes + 2terel - 40 tmes>0
3.0t -20 t =0
Port 0 Address to Valid Data In tavbvi cret nS Mes
2.0tcicL -5 tmes>0
_ : 0.5tcicL-5 0.5tcicL +5 S tmes=0
n
ALE Lowto RD or WR Low LLWL 1.5tcc, -5 1.5tccL + 5 tues>0
Port 0 Address to RD or WR terer - 5 tmes=0
tavwi nS
Low 2.0tcicL -5 tmes>0
Port 2 Address to RD or WR 1.5tcicL -5 tmes =0
tavwiz nS
Low 2.5tcLcL- 5 tmes>0
. ) -5 tmes=0
Data Valid to WR Transition tovwx ns
1.0tcicL -5 tmes>0
Data Hold after Write twHox teleL - 5 nS tmes=0
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Expanded External Program Memory and Crystal

WT79E632A/WT9IL632A

Vee Vee
10u T— EAIVP P0.0 —A‘%E" —A'%?% DO Q[—¢ ? ? 13 A0
- ROL AD2 an> 7B o 6 A2 2 s |AL
T X1 P0.2 D2 Q2 - A2
1 P0.3 oY —AMJ—E 7303 03 |75 na 5”3
CRYSTAL R o bod D5 D5 14 | D 82 15 A5 5 |44
e po.6 [——AR0/ —AD'E‘-H—Ezm D6 Qp o4l Eaih] A
’ po.7 2R D7 Q7 g 25 |A7
RESET 1 ag 24 | A8
o] v/ I ——c a2 | A9
P2.1
== - - INTO P22 —20g (L 33 A2 a1
= INTL p2.3 AR | = 13 26 | A12
T0 P2.4 —AEL'LZE Y 27 | A13
= = T P2.5 D141 Al4
= = P2.6 n15/] Al5
E— P10 P2.7 .
E— P11 S CcE
E— P12 RD[—H OF
E— P13 WR [—H ——
E— P14 PSEN = 2L
E— P15 ALE/P
E—r16 ™o =
E—r17 RXD [—H
Figure A
CRYSTAL C1l Cc2 R
16 MHz 20P 20P ]
24 MHz 12P 12P -
33 MHz 10P 10P 3.3K
40 MHz 1P 1P 3.3K

The above table shows the reference values for crystal applications.

Note: C1, C2, R components refer to Figure A.

Expanded External Data Memory and Oscillator

Vce Vce
T— = ADQ Do 3 | 2 a0 , A0 10|
iou EAIVP P0.0 oY o4 Do Q0 &4 f—9A0 100
Po.1 AD? ap> 7| D1 Q1 6 A2 Ao 8 |AL l/o1
102
OSCILLATOR sl Fo-2 AD3 apa 817 Q2o a3 a3 7|42 o2
po.a —2D4/IN_apa 13 | 7 Ry EETIVVER, S VERH LA
B—x PO.5 T o 1]41 D5 Q5 —ELAE’—‘mE as 5] A5 1105
8.2K ROS 18] P8 Q819 4y jaymm | [CRERIIO0
] po.7 [——ARL/ N_ART 18 {57 Q7 A7 1107
RESET A8 25 |8
| Aps, A9 24 |
i o/ W i,
L E—| INTO P2.2 2010 (1 B a1
= B—9| INT1 po. 3 ——ADRLY = 74F373 —A12 2 {05
BE— 70 P2.4 a0 _A.LLZ% A13
B—T p2.5 ——4RLA4 —Ald L1
P2.6 = 7
E——pP10 p2.7—H | OE
E— p1.1 I—ﬂ— WE
E— P12 RD Vee 24¢s
B—1pP13 WR 9 28
B P14 PSEN P—H1 vce
BE— P15 ALE/P 50956
B——-P16 & ==
B |pe7 RXD [—H =
Figure B
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21. REVISION HISTORY

VERSION DATE PAGE DESCRIPTION
Al July 8, 2003 - Initial Issued
A2 Apr 28, 2005 2 Add Lead Free package.
Add Port 0 pull-up resisters information
A3 Aug 16, 2005 2, EX PER S o o
59 Remove encrypt function of Security bits B2 description
- Add wide voltage device (W79L632)
3 Add device list.
A4 November 6, 2006 61-62 |Modify DC characteristic.
2 Remove all Leaded package parts.
3,64 |Revise Operating speed to 20MHz on W79L632A25PL.
2,3 |Add QFP44 and DIP40 package parts.
A5 January 03, 2007 —— ——
66, 67 |Add test condition in AC specification.
A6 February 1, 2007 11 Revise th"e Timer Mode Setting to “Mode 1: 16-bits, no
pre-scale”.
A7 January 6, 2009 2 1. Add a note for Vpp during power on/off.
1. Modify the operating frequency vs voltage
A8 February 11, 2009 Y ) .g ) Y .
67 2. Add 17.3.2 Operating Frequency vs Voltage
A9 August 18, 2009 73 Add the QFP 44PIN package dimension
Al10 Nov. 11, 2009 3 Remove the DIP40 package

Important Notice

Nuvoton Products are neither intended nor warranted for usage in systems or equipment, any
malfunction or failure of which may cause loss of human life, bodily injury or severe property
damage. Such applications are deemed, “Insecure Usage”.

Insecure usage includes, but is not limited to: equipment for surgical implementation, atomic
energy control instruments, airplane or spaceship instruments, the control or operation of
dynamic, brake or safety systems designed for vehicular use, traffic signal instruments, all types
of safety devices, and other applications intended to support or sustain life.

All Insecure Usage shall be made at customer’s risk, and in the event that third parties lay claims
to Nuvoton as aresult of customer’s Insecure Usage, customer shall indemnify the damages and
liabilities thus incurred by Nuvoton.

Flease note that all data and specifications are subject to change without notice.
All the trademarks of products and companies mentioned in this datasheet belong to their respective owners.
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