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5.3 Timers

The W77L032 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
W77L032 has an additional feature, the watchdog timer. This timer is used as a System Monitor or as
a very long time period timer.

5.4 Interrupts

The Interrupt structure in the W77L032 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 W77L032 provides 12 interrupt resources with two priority level, including six external
interrupt sources, timer interrupts, serial I/O interrupts and power-fail interrupt.

5.5 Data Pointers

The original 8052 had only one 16-bit Data Pointer (DPL, DPH). In the W77L032, there is an additional
16-bit Data Pointer (DPL1, DPH1). This new Data Pointer uses two SFR locations which were unused
in the original 8052. In addition there is an added instruction, DEC DPTR (op-code A5H), which helps
in improving programming flexibility for the user.

5.6 Power Management

Like the standard 80C52, the W77L032 also has IDLE and POWER DOWN modes of operation. The
W77L032 provides a new Economy mode which allow user to switch the internal clock rate divided by
either 4, 64 or 1024. In the IDLE mode, the clock to the CPU core is stopped while the timers, serial
ports 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.

5.7 On-chip Data SRAM

The W77L032 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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Data Pointer Select
Bit: 7 6 5 4 3 2 1 0
- - - - - - - DPS.0

Mnemonic: DPS Address: 86h

DPS.0: This bit is used to select either the DPL,DPH pair or the DPL1, DPHL1 pair as the active Data
Pointer. When set to 1, DPL1, DPH1 will be selected, otherwise DPL, DPH will be selected.

DPS.1 - 7: These bits are reserved, but will read 0.

Power Control

Bit: 7 6 5 4 3 2 1 0
SMOD | SMODO e 5 GF1 GFO PD IDL
Mnemonic: PCON Address: 87h

SMOD : This bit doubles the serial port baud rate in mode 1, 2, and 3 when set to 1.

SMODO: Framing Error Detection Enable: When SMODO is set to 1, then SCON.7(SCONL1.7) indicates
a Frame Error and acts as the FE(FE_1) flag. When SMODO is 0, then SCON.7(SCONL1.7)
acts as per the standard 8052 function.

GF1 - 0: These two bits are general purpose user flags.

PD: Setting this bit causes the W77L032 to go into the POWER DOWN mode. In this mode all
the clocks are stopped and program execution is frozen.
IDL: Setting this bit causes the W77L032 to go into the IDLE mode. In this mode the clocks to the

CPU are stopped, so program execution is frozen. But the clock to the serial, timer and
interrupt blocks is not stopped, and these blocks continue operating.

Timer Control

Bit: 7 6 5 4 3 2 1 0
TF1 TR1 TFO TRO IE1 IT IEO IT
Mnemonic: TCON Address: 88h

TF1l:  Timer 1 overflow flag: This bit is set when Timer 1 overflows. It is cleared automatically when
the program does a timer 1 interrupt service routine. Software can also set or clear this bit.

TR1: Timer 1 run control: This bit is set or cleared by software to turn timer/counter on or off.

TFO:  Timer O overflow flag: This bit is set when Timer O overflows. It is cleared automatically when
the program does a timer O interrupt service routine. Software can also set or clear this bit.

TRO:  Timer O run control: This bit is set or cleared by software to turn timer/counter on or off.

IEL: Interrupt 1 edge detect: Set by hardware when an edge/level is detected on INT1. This bit is
cleared by hardware when the service routine is vectored to only if the interrupt was edge
triggered. Otherwise it follows the pin.

IT1: Interrupt 1 type control: Set/cleared by software to specify falling edge/ low level triggered
external inputs.
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can be set. Attempts to set this bit without obeying these conditions will be ignored. This
bit is set to 1 after a power-on reset and unchanged by other forms of reset.

RGMD: RC Mode Status. This bit indicates the current clock source of microcontroller. When cleared,
CPU is operating from the external crystal or oscillator. When set, CPU is operating from the
on-chip RC oscillator. This bit is cleared to 0 after a power-on reset and unchanged by other
forms of reset.

RGSL: RC Oscillator Select. This bit selects the clock source following a resume from Power Down
Mode. Setting this bit allows device operating from RC oscillator when a resume from Power
Down Mode. When this bit is cleared, the device will hold operation until the crystal oscillator
has warmed-up following a resume from Power Down Mode. This bit is cleared to O after a
power-on reset and unchanged by other forms of reset.

6.3.1.6 Serial Port Control

Bit: 7 6 5 4 3 2 1 0
sMo/FE | sm1 | sm2 | REN | TB8 [ RBE | T | 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 O, 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 0 it has no function.

T 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
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SM2_1: 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_1 is set to 1, then RI_1 will
not be activated if the received 9th data bit (RB8_1) is 0. In mode 1, if SM2_1 =1, then RI_1
will not be activated if a valid stop bit was not received. In mode 0, the SM2_1 bit controls the
serial port 1 clock. If set to O, then the serial port 1 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_1: Receive enable: When set to 1 serial reception is enabled, otherwise reception is disabled.

TB8_1: This is the 9th bit to be transmitted in modes 2 and 3. This bit is set and cleared by software as
desired.

RB8 1: In modes 2 and 3 this is the received 9th data bit. In mode 1, if SM2_1 = 0, RB8_1 is the stop
bit that was received. In mode 0 it has no function.

TI_1: 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_1: 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_1 apply to this bit. This bit can be cleared only by software

6.3.1.11 Serial Data Buffer 1

Bit: 7 6 5 4 3 2 1 0
SBUF1.7 SBUF1.6 | SBUF1.5 | SBUF14 | SBUF1.3 | SBUFl1.2 | SBUF1l.1 SBUF1.0

Mnemonic: SBUF1 Address: Clh

SBUF1.7 — 0: Serial data of the serial port 1 is read from or written to this location. It actually consists
of two separate 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 accesses are
to the transmit data buffer.

ROMMAP
Bit: 7 6 5 4 3 2 1 0
WS 1 - - - - - -
Mnemonic: ROMMAP Address: C2h

WS: Wait State Signal Enable. Setting this bit enables the WAIT signal on P4.0. The device will

sample the wait state control signal WAIT via P4.0 during MOVX instruction. This bit is time
access protected.

6.3.1.12 Power Management Register

Bit: 7 6 5 4 3 2 1 0
CD1 CDO SWB - XTOFF | ALE-OFF 5 DMEO
Mnemonic: PMR Address: C4h
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SPTAL: Serial Port 1 Transmit Activity. This bit is set during serial port 1 is currently transmitting data.
It is cleared when TI_1 bit is set by hardware. Changing the Clock Divide Control bits CDO,
CD1 will be ignored when this bit is set to 1 and SWB = 1.

SPRAZ1: Serial Port 1 Receive Activity. This bit is set during serial port 1 is currently receiving a data. It
is cleared when RI_1 bit is set by hardware. Changing the Clock Divide Control bits CDO, CD1
will be ignored when this bit is set to 1 and SWB = 1.

SPTAO: Serial Port 0 Transmit Activity. This bit is set during serial port 0 is currently transmitting data.
It is cleared when TI bit is set by hardware. Changing the Clock Divide Control bits CD0,CD1
will be ignored when this bit is setto 1 and SWB = 1.

SPRAQO: Serial Port 0 Receive Activity. This bit is set during serial port O is currently receiving a data. It
is cleared when RI bit is set by hardware. Changing the Clock Divide Control bits CDO, CD1
will be ignored when this bit is set to 1 and SWB = 1.

6.3.1.14 Timed Access

Bit: 7 6 5 4 3 2 1 0
| TA7 | TA6 | TA5 | TA4 | TA3 | TA2 | TA1 | TAO |

Mnemonic: TA Address: C7h

TA: The Timed Access register controls the access to protected bits. To access protected bits, the
user must first write AAH to the TA. This must be immediately followed by a write of 55H to TA.
Now a window is opened in the protected bits for three machine cycles, during which the user can
write to these bits.

6.3.1.15 Timer 2 Control

Bit: 7 6 5 4 3 2 1 0
| TF2 | EXF2 | RCLK | TCLK | EXEN2 | TR2 | /72 | cpiR2
Mnemonic: T2CON Address: C8h

TF2: Timer 2 overflow flag: This bit is set when Timer 2 overflows. It is also set when the count is
equal to the capture register in down count mode. It can be set only if RCLK and TCLK are
both 0. It is cleared only by software. Software can also set or clear this bit.

EXF2: Timer 2 External Flag: A negative transition on the T2EX pin (P1.1) or timer 2 overflow will
cause this flag to set based on the CP/RL2, EXEN2 and DCEN bhits. If set by a negative
transition, this flag must be cleared by software. Setting this bit in software or detection of a
negative transition on T2EX pin will force a timer interrupt if enabled.

RCLK: Receive Clock Flag: This bit determines the serial port O time-base when receiving data in
serial modes 1 or 3. If it is O, then timer 1 overflow is used for baud rate generation, otherwise
timer 2 overflow is used. Setting this bit forces timer 2 in baud rate generator mode.

TCLK: Transmit Clock Flag: This bit determines the serial port O time-base when transmitting data in
modes 1 and 3. If it is set to O, the timer 1 overflow is used to generate the baud rate clock,
otherwise timer 2 overflow is used. Setting this bit forces timer 2 in baud rate generator mode.

EXEN2: Timer 2 External Enable. This bit enables the capture/reload function on the T2EX pin if Timer
2 is not generating baud clocks for the serial port. If this bit is 0, then the T2EX pin will be
ignored, otherwise a negative transition detected on the T2EX pin will result in capture or
reload.

TR2: Timer 2 Run Control. This bit enables/disables the operation of timer 2. Clearing this bit will
halt the timer 2 and preserve the current count in TH2, TL2.

C/T2: Counter/Timer Select. This bit determines whether timer 2 will function as a timer or a counter.
Independent of this bit, the timer will run at 2 clocks per tick when used in baud rate generator
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Watchdog Control

Bit: 7 6 5 4 3 2 1 0
SMOD _1 POR - - WDIF | WTRF | EWT | RWT
Mnemonic: WDCON Address: D8h

SMOD_1:This bit doubles the Serial Port 1 baud rate in mode 1, 2, and 3 when set to 1.

POR: Power-on reset flag. Hardware will set this flag on a power up condition. This flag can be read
or written by software. A write by software is the only way to clear this bit once it is set.

WDIF: Watchdog Timer Interrupt Flag. If the watchdog interrupt is enabled, hardware will set this bit to
indicate that the watchdog interrupt has occurred. If the interrupt is not enabled, then this bit
indicates that the time-out period has elapsed. This bit must be cleared by software.

WTRF: Watchdog Timer Reset Flag. Hardware will set this bit when the watchdog timer causes a
reset. Software can read it but must clear it manually. A power-fail reset will also clear the bit.
This bit helps software in determining the cause of a reset. If EWT = 0, the watchdog timer will
have no affect on this bit.

EWT: Enable Watchdog timer Reset. Setting this bit will enable the Watchdog timer Reset function.

RWT: Reset Watchdog Timer. This bit helps in putting the watchdog timer into a know state. It also
helps in resetting the watchdog timer before a time-out occurs. Failing to set the RWT before
time-out will cause an interrupt, if EWDI (EIE.4) is set, and 512 clocks after that a watchdog
timer reset will be generated if EWT is set. This bit is self-clearing by hardware.

The WDCON SFR is set to a 0xOx0xx0b on an external reset. WTRF is set to a 1 on a Watchdog timer
reset, but to a 0 on power on/down resets. WTRF is not altered by an external reset. POR is set to 1 by
a power-on reset. EWT is set to 0 on a Power-on reset and unaffected by other resets.

All the bits in this SFR have unrestricted read access. POR, EWT, WDIF and RWT require Timed
Access procedure to write. The remaining bits have unrestricted write accesses.

6.3.1.19 Accumulator

Bit: 7 6 5 4 3 2 1 0
ACC.7 | ACC.6 | ACC5 | ACC4 | ACC.3 | ACC.2 | ACC.1 | ACC.0

Mnemonic: ACC Address: EOh
ACC.7 — 0: The A (or ACC) register is the standard 8052 accumulator.

Publication Release Date: April 17, 2007
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Table 3. Instruction Timing for W77L032, continued

. W77L032 | W77L032 8032 W77L032
INSTRUCTION OP-CODE BYTES MACHINE CLOCK CLOCK VS.8032
CYCLES | cvcLes | cycLes | SPEED RATIO
ADD A, @RO 26 1 1 4 12 3
ADD A, @R1 27 1 1 4 12 3
ADD A, direct 25 2 2 8 12 15
ADD A, #data 24 2 2 8 12 15
ADDC A, RO 38 1 1 4 12 3
ADDC A, R1 39 1 1 4 12 3
ADDC A, R2 3A 1 1 4 12 3
ADDC A, R3 38 1 1 4 12 3
ADDC A, R4 3C 1 1 4 12 3
ADDC A, R5 3D 1 1 4 12 3
ADDC A, R6 3E 1 1 4 12 3
ADDC A, R7 3F 1 1 4 12 3
ADDC A, @RO 36 1 1 4 12 3
ADDC A, @R1 37 1 1 4 12 3
ADDC A, direct 35 2 2 8 12 15
ADDC A, #data 34 2 2 8 12 15
ACALL addr11 211 211 BDll" w 2 3 12 24 2
AIMP ADDR11 gi: ﬁ: ‘éll',GEll' 2 3 12 24 2
ANL A, RO 58 1 1 4 12 3
ANL A, R1 59 1 1 4 12 3
ANL A, R2 5A 1 1 4 12 3
ANL A, R3 58 1 1 4 12 3
ANL A, R4 5C 1 1 4 12 3
ANL A, R5 5D 1 1 4 12 3
ANL A, R6 5E 1 1 4 12 3
ANL A, R7 5F 1 1 4 12 3
ANL A, @RO 56 1 1 4 12 3
ANL A, @R1 57 1 1 4 12 3
ANL A, direct 55 2 2 8 12 15
ANL A, #data 54 2 2 8 12 15
ANL direct, A 52 2 2 8 12 15
ANL direct, #data 53 3 3 12 24
ANL C, bit 82 2 2 8 24
ANL C, /bit BO 2 2 8 24 3
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Table 3. Instruction Timing for W77L032, continued

HEX W77L032 W77L032 8032 W77L032
INSTRUCTION OP-CODE BYTES MACHINE CLOCK CLOCK VS.8032
CYCLES CYCLES CYCLES SPEED RATIO
MOV A, R2 EA 1 1 4 12 3
MOV A, R3 EB 1 1 4 12 3
MOV A, R4 EC 1 1 4 12 3
MOV A, R5 ED 1 1 4 12 3
MOV A, R6 EE 1 1 4 12 3
MOV A, R7 EF 1 1 4 12 3
MOV A, @RO E6 1 1 4 12 3
MOV A, @R1 E7 1 1 4 12 3
MOV A, direct E5 2 2 8 12 85
MOV A, #data 74 2 2 8 12 15
MOV RO, A F8 1 1 4 12 3
MOV R1, A F9 1 1 4 12 3
MOV R2, A FA 1 1 4 12 3
MOV R3, A FB 1 1 4 12 3
MOV R4, A FC 1 1 4 12 3
MOV RS, A FD 1 1 4 12 3
MOV R6, A FE 1 1 4 12 3
MOV R7, A FF 1 1 4 12 3
MOV RO, direct A8 2 2 8 12 15
MOV R1, direct A9 2 2 8 12 15
MOV R2, direct AA 2 2 8 12 15
MOV R3, direct AB 2 2 8 12 15
MOV R4, direct AC 2 2 8 12 15
MOV RS, direct AD 2 2 8 12 15
MOV R, direct AE 2 2 8 12 15
MOV RY7, direct AF 2 2 8 12 15
MOV RO, #data 78 2 2 8 12 15
MOV R1, #data 79 2 2 8 12 15
MOV R2, #data TA 2 2 8 12 15
MOV RS, #data 7B 2 2 8 12 15
MOV R4, #data 7C 2 2 8 12 15
MOV RS, #data 7D 2 2 8 12 15
MOV R6, #data 7E 2 2 8 12 15
MOV R7, #data 7F 2 2 8 12 15

Publication Release Date: April 17, 2007
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Table 3. Instruction Timing for W77L032, continued

HEX W77L032 W77L032 8032 W77L032
INSTRUCTION OP-CODE BYTES MACHINE CLOCK CLOCK VS.8032
CYCLES CYCLES CYCLES SPEED RATIO
ORL A, R3 4B 1 1 4 12 S
ORL A, R4 4C 1 1 4 12 3
ORL A, R5 4D 1 1 4 12 3
ORL A, R6 4E 1 1 4 12 S
ORL A, R7 4F 1 1 4 12 3
ORL A, @RO 46 1 1 4 12 3
ORL A, @R1 47 1 1 4 12 3
ORL A, direct 45 2 2 8 12 1.5
ORL A, #data 44 2 2 8 12 di.5,
ORL direct, A 42 2 2 8 12 15
ORL direct, #data 43 3 3 12 24 2
ORL C, bit 72 2 2 8 24 3
ORL C, /bit A0 2 2 6 24 3
PUSH direct Co 2 2 8 24 3
POP direct DO 2 2 8 24 3
RET 22 1 2 8 24 3
RETI 32 1 2 8 24 3
RL A 23 1 1 4 12 S
RLC A 33 1 1 4 12 S
RR A 03 1 1 4 12 S
RRC A 13 1 1 4 12 S
SETB C D3 1 1 4 12 3
SETB bit D2 2 2 8 12 1.5
SWAP A C4 1 1 4 12 3
SIMP rel 80 2 3 12 24 2
SUBB A, RO 98 1 1 4 12 S
SUBB A, R1 99 1 1 4 12 S
SUBB A, R2 9A 1 1 4 12 S
SUBB A, R3 9B 1 1 4 12 S
SUBB A, R4 9C 1 1 4 12 S
SUBB A, R5 9D 1 1 4 12 S
SUBB A, R6 9E 1 1 4 12 S
SUBB A, R7 9F 1 1 4 12 3
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Table 3. Instruction Timing for W77L032, continued

HEX W77L032 W77L032 8032 W77L032
INSTRUCTION OP-CODE BYTES MACHINE CLOCK CLOCK VS.8032
CYCLES CYCLES CYCLES SPEED RATIO
SUBB A, @RO 96 1 1 4 12 3
SUBB A, @R1 97 1 1 4 12 3
SUBB A, direct 95 2 2 8 12 15
SUBB A, #data 94 2 2 8 12 1.5
XCH A, RO C8 1 1 4 12 3
XCHA,R1 C9 1 1 4 12 3
XCH A, R2 CA 1 1 4 12 S
XCHA, R3 CB 1 1 4 12 3
XCH A, R4 CcC 1 1 4 12 3
XCH A, R5 CD 1 1 4 12 3
XCH A, R6 CE 1 1 4 12 3
XCH A, R7 CF 1 1 4 12 3
XCH A, @RO C6 1 1 4 12 3
XCH A, @R1 C7 1 1 4 12 3
XCHD A, @RO D6 1 1 4 12 3
XCHD A, @R1 D7 1 1 4 12 3
XCH A, direct C5 2 2 8 12 15
XRL A, RO 68 1 1 4 12 3
XRL A, R1 69 1 1 4 12 3
XRL A, R2 6A 1 1 4 12 S
XRL A, R3 6B 1 1 4 12 S
XRL A, R4 6C 1 1 4 12 3
XRL A, RS 6D 1 1 4 12 3
XRL A, R6 6E 1 1 4 12 S
XRL A, R7 6F 1 1 4 12 3
XRL A, @RO 66 1 1 4 12 3
XRL A, @R1 67 1 1 4 12 3
XRL A, direct 65 2 2 8 12 1.5
XRL A, #data 64 2 2 8 12 15
XRL direct, A 62 2 2 8 12 15
XRL direct, #data 63 3 3 12 24 2
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CPU was held for the desired period. There is no effect on any other instruction or its timing. By
default, the Stretch value is set at 1, giving a MOVX instruction of 3 machine cycles. If desired by the
user the stretch value can be set to 0 to give the fastest MOVX instruction of only 2 machine cycles.

Table 4. Data Memory Cycle Stretch Values

Machine RD or WR RD or WR RD or WR
M2 M1 MO cvel Strobe Width | Strobe Width Strobe Width
ycles in Clocks @25 MHz @40 MHz
0 0 0 2 2 80 nS 50 nS
0 0 1 3 (Default) 4 160 nS 100 nS
0 1 0 4 8 320 nS 200 nS
0 1 1 5 12 480 nS 300 nS
1 0 0 6 16 640 nS 400 nS
1 0 1 7 20 800 nS 500 nS
1 1 0 8 24 960 nS 600 nS
1 1 1 9 28 1120 nS 700 nS
Last Cycle First Second Next Instruction
| . | . | : Machine Cycle |
of Previous Machine cycle Machine cycle
Instruction

|<_ MOVX instruction cycle >

|<31 |cz |c3 |c4 |01 |cz |c3 |c4 |c1 |cz |C3 |c4 |01 |<:2 |c3 |c4 |

JEEREREE SRR N ERER AR RRERERE

CLK
ALE l [ 1 [ L [ 1
peen | LT ] L
‘WR l_,—
PORT 0 HAO-A7}_{ DO-D7 HAO-A7}_{ DO-D7 HAO-A?H DO-D7 HAO-A7}—{ DO-D7 I

MOVX Inst. ext Inst. MOVX Data

Address Address Address

MOVX Inst. Next Inst. Read/ MOVX Data out

PORT 2 X AL5-AB X AL5-AB X A15-A8 X A15-A8

Figure 8: Data Memory Write with Stretch Value = 0
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8.3 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 W77L032 will exit the Power Down mode with a reset or by an external interrupt pin enabled as
either level or edge 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 W77L032 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. 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. When RGSL(EXIF.1) bit is set to 1, the CPU will use the
internal RC oscillator instead of crystal to exit Power Down mode. The microcontroller will automatically
switch from RC oscillator to crystal after clock is stable. The RC oscillator runs at approximately 2—4
MHz. Using RC oscillator to exit from Power Down mode saves the time for waiting crystal start-up. It is
useful in the low power system which usually be awakened from a short operation then returns to
Power Down mode.

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

MODE PMRSSSRA\';” ALE PSEN PORTO PORT1 PORT2 | PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power Down Internal 0 0 Data Data Data Data
Power Down External 0 0 Float Data Data Data
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TOM = CKCON.3
Clock Source (TIM = CKCON-4) Timer 1 functions are shown in brackets
dode inout 1/4 C/T=TMOD.2
iv. by osc — TLO
div. by 64 osc/16 (gC/T =TMOD.6) (TL1
div. by 1024 o0sc/256
1127 0 SS~—— ) > . |
T0=p34 f 1 0 7 TEx ™ Interrupt
(T1=P3.5) TFO
-~ (TF1)
TRO =TCON.4
(TR1 = TCON.6)
GATE = TMOD.3
(GATE = TMOD.7) 0 7
INTO = P3.2 THO
—_— (TH1)
(INT1 = P3.3)
Figure 12: Timer/Counter Mode 2
11.2.4 Mode 3

Mode 3 has different operating methods for the two timer/counters. For timer/counter 1, mode 3 simply
freezes the counter. Timer/Counter 0, however, configures TLO and THO as two separate 8 bit count
registers in this mode. The logic for this mode is shown in the figure. TLO uses the Timer/Counter 0O

control bits C/ T, GATE, TR0, INTx and TFO. The TLO can be used to count clock cycles (clock/12 or

clock/4) or 1-to-0 transitions on pin TO as determined by C/T (TMOD.2). THO is forced as a clock
cycle counter (clock/12 or clock/4) and takes over the use of TR1 and TF1 from Timer/Counter 1.
Mode 3 is used in cases where an extra 8 bit timer is needed. With Timer 0 in Mode 3, Timer 1 can still
be used in Modes 0, 1 and 2., but its flexibility is somewhat limited. While its basic functionality is
maintained, it no longer has control over its overflow flag TF1 and the enable bit TR1. Timer 1 can still
be used as a timer/counter and retains the use of GATE and INT1 pin. In this condition it can be turned
on and off by switching it out of and into its own Mode 3. It can also be used as a baud rate generator
for the serial port.

Clock Source TOM = CKCON.3

] 1/4 -
Mode input \a C/T = TMOD.2
div. by 4 osc/1 \—_v 0 TLO

div. by 64 0sc/16
div. by 1024 0sc/256 1/12 AO ?— ) |
T0=P3.4 1 I—
TRO = TCON.4 I — >
GATE = TMOD.3 ~[>o—

INTO = P3.2

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

Figure 13. Timer/Counter O Mode 3

0 7 TFO | > Interrupt
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11.4 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 EXEN2 bit is set, then a
negative transition of the T2EX pin will set EXF2 bit in the T2CON register and cause an interrupt

request.
Clock Source _
Mode input C/T =T2CON.1
div. by 4 osc/2 v 0
div. by 64 osc/32 ~  — :
div. by 1024 0sc/512 A Tho Tlm?Ir 2
1 { overflow
T2=P1.0 T
TR2 = T2CON.2 ' B
T2EX=PLL T A j
) L Timer2
EXEN2 = T2CON.3 { J EXF2 Interrunt
T2CON.6 P

Figure 17. Baud Rate Generator Mode

11.4.1 Programmable Clock-out

Timer 2 is equipped with a new clock-out feature which outputs a 50% duty cycle clock on P1.0. It can
be invoked as a programmable clock generator. To configure Timer 2 with clock-out mode, software
must initiate it by setting bit T20E = 1, C/T2 = 0 and CP/RL = 0. Setting bit TR2 will start the timer. This
mode is similar to the baud rate generator mode, it will not generate an interrupt while Timer 2
overflow. So it is possible to use Timer 2 as a baud rate generator and a clock generator at the same
time. The clock-out frequency is determined by the following equation:

The Clock-out Frequency = Oscillator Frequency / [4 X (RCAP2H, RCAP2L) ]

Clock Source

Mode input
div. by 4 osc/2 | —

div. by 64 0sc/32

div. by 1024 osc/512 F_
! N

T2EX=P11 — “A_ 1 [Reapzt]
) | Timer 2

EXEN2 = T2CON.3 { J EXF2]
T2CON.6 Interrupt

1/2

> 12=P1.0

TR2 =T2CON.2

Figure 18. Programmable Clock-Out Mode

11.5 Watchdog Timer
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Examples of Timed Assessing are shown below.

Example 1: Valid access
MOV  TA, #0AAh 3 M/C Note: M/C = Machine Cycles
MOV  TA, #055h 3 M/C
MOV  WDCON, #00h 3 M/C

Example 2: Valid access
MOV  TA, #0AAh 3M/C
MOV  TA, #055h 3M/C
NOP 1 M/C
SETB EWT 2 M/C

Example 3: Invalid access
MOV  TA, #0AAh 3 M/C
MOV  TA, #055h 3 M/C

NOP 1M/C
NOP 1 M/C
CLR POR 2M/C

Example 4: Invalid Access
MOV  TA, #0AAh 3 M/C

NOP 1 M/C
MOV TA, #055h 3M/C
SETB EWT 2M/C

In the first two examples, the writing to the protected bits is done before the 3 machine cycle window
closes. In Example 3, however, the writing to the protected bit occurs after the window has closed, and
so there is effectively no change in the status of the protected bit. In Example 4, the second write to TA
occurs 4 machine cycles after the first write, therefore the timed access window in not opened at all,
and the write to the protected bit fails.

12. ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL CONDITION RATING UNIT
DC Power Supply VDD — VsSs -0.3 +7.0 \%
Input Voltage VIN Vss -0.3 VDD +0.3 \%
Operating Temperature TA 0 +70 °C
Storage Temperatute Tst -55 +150 °C

Note: Exposure to conditions beyond those listed under Absolute Maximum Ratings may adversely affect the life and reliability
of the device.
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14. AC CHARACTERISTICS

14.1 External Clock Characteristics

PARAMETER SYMBOL MIN. TYP. MAX. UNITS NOTES
Clock High Time tcHex 25 - - nS
Clock Low Time teLex 25 - - nS
Clock Rise Time telen - - 10 nsS
Clock Fall Time teheL - - 10 nsS

Note: Duty cycle is 50 %.
14.2 AC Specification
VARIABLE VARIABLE
PARAMETER SYM. CLOCK CLOCK UNITS
MIN. MAX.

Oscillator Frequency 1htcicL 0 20 MHz
ALE Pulse Width tLhi 15tcc -5 ns
Address Valid to ALE Low taviL 0.5tcicL -5 nS
Address Hold After ALE Low tLLaxt 0.5tcicL -5 nS
Address Hold After ALE Low for MOVX Write tLLaxe 0.5tcicL -5 nS
ALE Low to Valid Instruction In tLuv 2.5 tcicL - 20 nS
ALE Low to PSEN Low tLpL 0.5tcicL -5 nS
PSEN Pulse Width teLpH 20tcicL-5 nS
PSEN Low to Valid Instruction In teLiv 2.0 teicL - 20 nsS
Input Instruction Hold After PSEN tpxix 0 nS
Input Instruction Float After PSEN tpxiz tciel - 5 nS
Port 0 Address to Valid Instr. In tavivi 3.0 tgic - 20 nS
Port 2 Address to Valid Instr. In tavive 3.5tcicL - 20 nS
PSEN Low to Address Float tpLaz nS
Data Hold After Read trHDX nS
Data Float After Read trHDZ tcteL -5 nS
RD Low to Address Float triAZ 0.5tcicL-5 nS
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14.2.1 MOVX Characteristics Using Strech Memory Cycles

VARIABLE VARIABLE
PARAMETER SYM. CLOCK CLOCK UNITS | STRECH
MIN. MAX.
1.5¢ -5 t =0
Data Access ALE Pulse Width tLLhL o nS Mes
20tclcL -5 tmcs> 0
Address Hold After ALE Low for
MOVX Write e | 0-5tac-5 s
RD Pulse Width t 20taie 5 ns | MO
ulse Wi RLRH fucs - 10 fucs > 0
WR Pulse Width t 20t 5 ns | MO
ulse Wiat WLWH tues - 10 tyes> 0
_ ) 2.0 tcLcL - 20 tmcs=0
RD Low to Valid Data In triov nS
tmes - 20 tmes> 0
Data Hold after Read tRHDX 0 nS
t -5 tmcs=0
Data Float after Read trHDZ et nS b
2.0tclcL -5 tmes> 0
25t -5 tmes=0
ALE Low to Valid Data In tLpy et nS Mes
tmes + 2tcreL - 40 tmes >0
3.0t -20 t =0
Port 0 Address to Valid Data In tavovi et nS Mes
2.0tcicL -5 tmcs> 0
35t -20 tmes=0
Port 2 Address to Valid Data In tavovz et nS Mes
25 tcicL -5 tmes> 0
_ _ i 0.5tclcL-5 05tcicL +5 S tmes=0
n
ALE Lowto RD or WR Low LLWL 15tecl -5 1.5 teieL + 5 fcs> 0
—  — teeL -5 tmcs =0
Port 0 Address to RD or WR Low tavwi nS
2.0tclcL -5 tmes> 0
Port 2 Address to RD or WR Low | t Lot -5 O
ort ress to or ow AVWL2 25 toieL- 5 tucs > 0
i WR iti t N nS e
Data Valid to WR Transition QVWX 1.0tocL -5 fues > 0
t -5 t =0
Data Hold after Write twhox cret nS Mes
20tclcL -5 tmcs> 0
RD Low to Address Float triAZ 0.5 teicL - 5 nS
_ — = i . t 0 10 S tmes=0
n
RD or WR High to ALE High WHLH 1.0teeL -5 1.0teeL + 5 fucs > 0

Note: tmcs is a time period related to the Stretch memory cycle selection. The following table shows the time period of tycs for
each selection of the Stretch value.
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M2 M1 MO MOVX CYCLES Twes
0 0 0 2 machine cycles 0
0 0 1 3 machine cycles 4 teicL
0 1 0 4 machine cycles 8 teieL
0 1 1 5 machine cycles 12 teiel
1 0 0 6 machine cycles 16 tcicl
1 0 1 7 machine cycles 20 toiel
1 1 0 8 machine cycles 24 toiol
1 1 1 9 machine cycles 28 telol

Explanation of Logic Symbols

In order to maintain compatibility with the original 8051 family, this device specifies the same
parameter for each device, using the same symbols. The explanation of the symbols is as follows.

t Time A Address

C Clock D Input Data

H Logic level high L Logic level low
I Instruction P PSEN

Q Output Data R RD signal

Y Valid W WR signal

X No longer a valid state z Tri-state
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17.3 44-pin QFP

Ho

b Dimension in Inches | Dimension in mm
a u Symbol " win TNom. | Max. | Min. [Nom. | Max.
A - - - —— — —
A 0.002 | 0.01 | 0.02 | 005 |025 |05
— A 0.075 |0.081 |[0.087 | 1.90 | 2.05 | 2.20
[ ——— O Er——® mul b 001 |0014 0018 | 025 | 035 | 045
 E—  — - — | i i)
E— -+ c 0.004 [0.006 |0.010 | 0.101 | 0.152 | 0.254
 E— H— + D 0.390 |0.394 |0.398 | 9.9 10.00 | 10.1
 E—  — - — | i i)
 —— EI— e|uf ] E 0.390 |0.394 |0.398 | 9.9 |10.00 | 10.1
o | o
— 1, el 0.025 |0.031 | 0.036 | 0.635 | 0.80 | 0.952
— o T Ho 0510 |0.520 |0.530 | 12.95 | 13.2 | 13.45
 E—— - — | i i)
P r—— Jo He 0510 |0.520 | 0.530 | 12.95 | 13.2 | 13.45
. L 0.025 {0.031 |0.037 | 0.65 | 0.8 | 0.95
HH [ 0.051 [0.063 |0.075 |1.295 | 1.6 | 1.905
II II y — == Mai003 Yy — —Fw%0.08
2 [l b 2 0° | — [ g, | 5= 75
Notes:
1. Dimension D & E do not include interlead
o flash.
/I = 1 2. Dimension b does not include dambar
A rotrusion/intrusion.
IR — -\ Az P! N . . -
A= & of 3. Controlling dimension: Millimeter
\ See Detail F A i 4. General appearance spec. should be based
Seating Plane =] on final visual inspection spec.
L1 Detail F
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18. REVISION HISTORY

VERSION DATE PAGE DESCRIPTION
Al - - Initial issue
A2 April 19, 2005 74 Add Important Notice
3 Add lead-free(RoHS) parts
A3 March 20, 2006 )
69 Revise the values of tCHCX, tcLex and 1/tc|_c|_
Remove block diagram chapter
A4 November 6, 2006
Remove all leaded package parts
AB February 1, 2007 13 Revise trJe Timer Mode Setting to “Mode 1: 16-bits, no
prescale”.
A6 April 17 2007 45 Revise that Power Down Mode is released by external

interrupt configured as either level or edge detect.

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 a result 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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