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1. GENERAL DESCRIPTION

The W77E516 is a fast 8051 compatible microcontroller with a redesigned processor core without
wasted clock and memory cycles. As a result, it executes every 8051 instruction faster than the original
8051 for the same crystal speed. Typically, the instruction executing time of W77E516 is 1.5 to 3 times
faster then that of traditional 8051, depending on the type of instruction. In general, the overall
performance is about 2.5 times better than the original for the same crystal speed. Giving the same
throughput with lower clock speed, power consumption has been improved. Consequently, the
W77E516 is a fully static CMOS design; it can also be operated at a lower crystal clock. The W77E516
contains In-System Programmable (ISP) 64 KB Flash EPROM; 4KB auxiliary Flash EPROM for loader
program; operating voltage from 4.5V to 5.5V; on-chip 1 KB MOVX SRAM,; three power saving modes.

2. FEATURES

e 8-bit CMOS microcontroller

e High speed architecture of 4 clocks/machine cycle runs up to 40 MHz

e Pin compatible with standard 80C52

¢ Instruction-set compatible with MCS-51

e 64KB on-chip Flash-EPROM

e Four 8-bit I/0O Ports; Port 0 has internal pull-up resisters enabled by software
e One extra 4-bit I/O port and Wait State control signal (available on 44-pin PLCC/QFP package)
e Three 16-bit Timers

e 12 interrupt sources with two levels of priority

¢ On-chip oscillator and clock circuitry

e Two enhanced full duplex serial ports

e 64KB In-system Programmable Flash EPROM (APROM)

o 4KB Auxiliary Flash EPROM for loader program (LDROM)

e 256 bytes scratch-pad RAM

e 1KB on-chip SRAM for MOVX instruction

¢ Programmable Watchdog Timer

e Dual 16-bit Data Pointers

o Software programmable access cycle to external RAM/peripherals

e Packages:

— Lead Free(RoHs) DIP 40:  W77E516A40DL
— Lead Free(RoHs) PLCC 44: W77E516A40PL
— Lead Free(RoHs) QFP 44:  W77E516A40FL
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TF1: 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 0 run control: This bit is set or cleared by software to turn timer/counter on or off.

IE1: 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.

IEO: Interrupt O edge detect: Set by hardware when an edge/level is detected on INTO. 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.

ITO: Interrupt O type control: Set/cleared by software to specify falling edge/ low level triggered
external inputs.

Timer Mode Control

Bit: 7 6 5 4 3 2 1 0
GATE c/T M1 MO GATE c/T M1 MO
AN / \\ /
N/ N/
TIMER1 TIMERO
Mnemonic: TMOD Address: 89h

GATE: Gating control: When this bit is set, Timer/counter x is enabled only while INTx pin is high
and TRx control bit is set. When cleared, Timer x is enabled whenever TRx control bit is
set.

C/T: Timer or Counter Select: When cleared, the timer is incremented by internal clocks. When
set, the timer counts high-to-low edges of the Tx pin.

M1, MO: Mode Select bits:

M1 MO  Mode

Mode 0: 8-bits with 5-bit prescale.

Mode 1: 16-bits, no prescale.

Mode 2: 8-bits with auto-reload from THXx

= B O O
O +—r O

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

Publication Release Date: November 19, 2007
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ENP: In System Programming Mode Enable. Set this be to launch the ISP mode. Device will
operate ISP procedures, such as Erase, Program and Read operations, according to
correlative SFRs settings. During ISP mode, device achieves ISP operations by the way of
IDLE state. In the other words, device is not indeed in IDLE mode is set bit PCON.1 while ISP
is enabled. Clear this bit to disable ISP mode, device get back to normal operation including

IDLE state.
Port 2
Bit: 7 6 5 4 3 2 1 0
P2.7 P2.6 P2.5 P2.4 P2.3 P2.2 P2.1 P2.0
Mnemonic: P2 Address: AOh

P2.7 — 0: 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 4 Chip-Select Polarity

Bit: 7 6 5 4 3 2 1 0
| Paainv | Pa2inv [ Pazinv [Paonv| - | - | - | poup |
Mnemonic: P4ACSIN Address: A2h
PAxINV: The active polarity of P4.x when set it as chip-select signal. High = Active High. Low =
Active Low.

POUP: Enable Port 0 weak pull up.

Port 4
Bit: 7 6 5 4 3 2 1 0
- - ; - P43 | P42 | P41 | P40

Mnemonic: P4 Address: A5h

P4.3 — 0: Port 4 is a bi-directional 1/0 port with internal pull-ups. Port 4 can not use bit-addressable
instruction (SETB or CLR).

Interrupt Enable
Bit 7 6 5 4 3 2 1 0
| en | est | Em2 | Es | emt | exa | ETO | EXO |

Mnemonic: IE Address: A8h
EA: Global enable. Enable/disable all interrupts except for PFI.
ES1: Enable Serial Port 1 interrupt.
ET2: Enable Timer 2 interrupt.
ES: Enable Serial Port O interrupt.
ET1: Enable Timer 1 interrupt
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EX1: Enable external interrupt 1
ETO: Enable Timer O interrupt
EXO0: Enable external interrupt O

Slave Address
Bit: 7 6 5 4 3 2 1 0

Mnemonic: SADDR Address: A9h

SADDR: The SADDR should be programmed to the given or broadcast address for serial port 0 to
which the slave processor is designated.

Slave Address 1
Bit: 7 6 5 4 3 2 1 0

Mnemonic: SADDR1 Address: Aah

SADDR1: The SADDR1 should be programmed to the given or broadcast address for serial port 1
to which the slave processor is designated.

ISP Address Low Byte

Bit: 7 6 5 4 3 2 1 0
A7 A6 A5 A4 A3 A2 Al A0
Mnemonic: SFRAL Address: Ach

Low byte destination address for In System Programming operations. SFRAH and SFRAL address
a specific ROM bytes for erasure, 21escription or read.

ISP Address High Byte

Bit: 7 6 5 4 3 2 1 0
Al5 Al4 Al13 Al2 All Al10 A9 A8
Mnemonic: SFRAH Address: Adh

High byte destination address for In System Programming operations. SFRAH and SFRAL address
a specific ROM bytes for erasure, 2lescription or read.

ISP Data Buffer

Bit: 7 6 5 4 3 2 1 0
D7 D6 D5 D4 D3 D2 D1 DO
Mnemonic: SFRFD Address: Aeh

Publication Release Date: November 19, 2007
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IP.7: This bit is un-implemented and will read high.

PS1: This bit defines the Serial port 1 interrupt priority. PS =1 sets it to higher priority level.

PT2: This bit defines the Timer 2 interrupt priority. PT2 =1 sets it to higher priority level.
PS: This bit defines the Serial port O interrupt priority. PS =1 sets it to higher priority level.

PT1: This bit defines the Timer 1 interrupt priority. PT1 =1 sets it to higher priority level.
PX1: This bit defines the External interrupt 1 priority. PX1 = 1 sets it to higher priority level.
PTO: This bit defines the Timer 0O interrupt priority. PTO = 1 sets it to higher priority level.
PXO0: This bit defines the External interrupt O priority. PX0 =1 sets it to higher priority level.

Slave Address Mask Enable
Bit: 7 6 5 4 3 2 1 0

Mnemonic: SADEN Address: B9h

SADEN: This register enables the Automatic Address Recognition feature of the Serial port 0. When
a bit in the SADEN is set to 1, the same bit location in SADDR will be compared with the
incoming serial data. When SADEN.n is 0O, then the bit becomes a “don’t care” in the
comparison. This register enables the Automatic Address Recognition feature of the
Serial port 0. When all the bits of SADEN are 0, interrupt will occur for any incoming
address.

Slave Address Mask Enable 1
Bit: 7 6 5 4 3 2 1 0

Mnemonic: SADEN1 Address: Bah

SADENL1: This register enables the Automatic Address Recognition feature of the Serial port 1.
When a bit in the SADENL1 is set to 1, the same bit location in SADDR1 will be compared
with the incoming serial data. When SADENL1.n is 0, then the bit becomes a “don’t care”
in the comparison. This register enables the Automatic Address Recognition feature of
the Serial port 1. When all the bits of SADENL1 are 0, interrupt will occur for any incoming
address.

Serial Port Control 1
Bit: 7 6 5 4 3 2 1 0
SMO 1/FE_1| SM1. 1 | SM2.1 | REN.1 | TB8 1 | RB8 1 | TI 1 RI_1

Mnemonic: SCON1 Address: COh

SMO_1/FE_1: Serial port 1, Mode 0 bit or Framing Error Flag 1: The SMODO bit in PCON SFR
determines whether this bit acts as SMO_1 or as FE_1, the operation of SMO_1 is
described below. When used as FE_1, this bit will be set to indicate an invalid stop
bit. This bit must be manually cleared in software to clear the FE_1 condition.
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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.

TA REG C7H

WSCONREG C2H

CKCON REG 8EH

MOV TA, #AAH

MOV TA, #55H

ORL WSCl()N, #10000000B; Set WS bit and stretch value = 0 to enable wait
signal.

Power Management Register

Bit: 7 6 5 4 3 2 1 0
CD1 CDO SWB - - ALE-OFF - DMEO
Mnemonic: PMR Address: C4h

CD1, CDO: Clock Divide Control. These bit selects the number of clocks required to generate one
machine cycle. There are three modes including divide by 4, 64 or 1024. Switching
between modes must first go back divide by 4 mode. For instance, to go from 64 to
1024 clocks/machine cycle the device must first go from 64 to 4 clocks/machine cycle,
and then from 4 to 1024 clocks/machine cycle.

CD1, CDO Clocks/machine Cycle

0 0 Reserved
0 1 4

1 0 64

1 1 1024

SWB: Switchback Enable. Setting this bit allows an enabled external interrupt or serial port activity
to force the CD1, CDO to divide by 4 state (0,1). The device will switch modes at the start of
the jump to interrupt service routine while a external interrupt is enabled and actually
recognized by micro controller. While a serial port reception, the switchback occurs at the
start of the instruction following the falling edge of the start bit.

ALEOFF: This bit disables the expression of the ALE signal on the device pin during all on-board
program and data memory accesses. External memory accesses will automatically
enable ALE independent of ALEOFF.

0 = ALE expression is enable; 1 = ALE expression is disable

DMEQ: This bit determines the on-chip MOVX SRAM to be enabled or disabled. Set this bit to 1 will
enable the on-chip 1KB MOVX SRAM.
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CP /RL2: Capture/Reload Select. This bit determines whether the capture or reload function will be
used for timer 2. If either RCLK or TCLK is set, this bit will be ignored and the timer will
function in an auto-reload mode following each overflow. If the bit is 0 then auto-reload
will occur when timer 2 overflows or a falling edge is detected on T2EX pin if EXEN2 = 1.
If this bit is 1, then timer 2 captures will occur when a falling edge is detected on T2EX
pin if EXEN2 = 1.

Timer 2 Mode Control

Bit: 7 6 5 4 3 2 1 0
HC5 HC4 HC3 HC2 T2CR - T20E | DCEN
Mnemonic: T2MOD Address: C9h

HC5: Hardware Clear INT5 flag. Setting this bit allows the flag of external interrupt 5 to be
automatically cleared by hardware while entering the interrupt service routine.

HC4: Hardware Clear INT4 flag. Setting this bit allows the flag of external interrupt 4 to be
automatically cleared by hardware while entering the interrupt service routine.

HC3: Hardware Clear INT3 flag. Setting this bit allows the flag of external interrupt 3 to be
automatically cleared by hardware while entering the interrupt service routine.

HC3: Hardware Clear INT2 flag. Setting this bit allows the flag of external interrupt 3 to be
automatically cleared by hardware while entering the interrupt service routine.

T2CR: Timer 2 Capture Reset. In the Timer 2 Capture Mode this bit enables/disables hardware
automatically reset Timer 2 while the value in TL2 and TH2 have been transferred into the
capture register.

T20E: Timer 2 Output Enable. This bit enables/disables the Timer 2 clock out function.

DCEN: Down Count Enable: This bit, in conjunction with the T2EX pin, controls the direction that
timer 2 counts in 16-bit auto-reload mode.

Timer 2 Capture LSB
Bit: 7 6 5 4 3 2 1 0

RCAP2L.7 | RCAP2L.6 | RCAP2L.5 [ RCAP2L.4 | RCAP2L.3 [ RCAP2L.2 | RCAP2L.1 | RCAP2L.0

Mnemonic: RCAP2L Address: Cah

RCAP2L: This register is used to capture the TL2 value when a timer 2 is configured in capture
mode. RCAP2L is also used as the LSB of a 16-bit reload value when timer 2 is
configured in auto-reload mode.

Timer 2 Capture MSB
Bit: 7 6 5 4 3 2 1 0
RCAP2H.7|RCAP2H.6| RCAP2H.5|RCAP2H.4|RCAP2H.3|RCAP2H.2|[ RCAP2H.1|RCAP2H.0

Mnemonic: RCAP2H Address: CBh

Publication Release Date: November 19, 2007
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Table 3. Instruction Timing for W77E516, continued

HEX W77E516 WT77E516 8032 W77E516 VS.
INSTRUCTION OP-CODE BYTES MACHINE CLOCK CLOCK 8032 SPEED
CYCLES CYCLES CYCLES RATIO
ADD A, R6 2E 1 1 4 12 3
ADD A, R7 2F 1 1 4 12 3
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 g
ADDC A, R3 3B 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
71, 91, B1,

ACALL addrll 11, 31, 51, 2 3 12 24 2

D1, F1

01, 21, 41,

AJMP ADDR11 61, 81, Al, 2 3 12 24 2

Cl E1
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 5B 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 2
ANL C, bit 82 2 2 8 24 3
ANL C, /bit BO 2 2 8 24 3
CJINE A, direct, rel B5 3 4 16 24 15
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Table 3. Instruction Timing for W77E516, continued

HEX W77E516 W77E516 8032 W77E516 VS.
INSTRUCTION OP-CODE BYTES MACHINE CLOCK CLOCK 8032 SPEED
CYCLES CYCLES CYCLES RATIO
DJNZ R4, rel DC 2 3 12 24 2
DJNZ R, rel DE 2 3 12 24 2
DJINZ R7, rel DF 2 3 12 24 2
DJNZ direct, rel D5 3 4 16 24 1.5
INC A 04 1 1 4 12 3
INC RO 08 1 1 4 12 3
INC R1 09 1 1 4 12 3
INC R2 O0A 1 1 4 12 3
INC R3 0B 1 1 4 12 3
INC R4 0C 1 1 4 12 3
INC R5 0D 1 1 4 12 3
INC R6 OE 1 1 4 12 3
INC R7 OF 1 1 4 12 3
INC @RO 06 1 1 4 12 3
INC @R1 07 1 1 4 12 3
INC direct 05 2 2 8 12 1.5
INC DPTR A3 1 2 8 24 3
JMP @A+DPTR 73 1 2 8 24 3
JZ rel 60 2 3 12 24 2
JINZ rel 70 2 3 12 24 2
JC rel 40 2 3 12 24 2
JNC rel 50 2 3 12 24 2
JB bit, rel 20 3 4 16 24 15
JNB bit, rel 30 3 4 16 24 15
JBC bit, rel 10 3 4 16 24 15
LCALL addrl6 12 3 4 16 24 1.5
LIMP addrl16 02 3 4 16 24 1.5
MUL AB A4 1 5 20 48 2.4
MOV A, RO E8 1 1 4 12 3
MOV A, R1 E9 1 1 4 12 3
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
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Table 3. Instruction Timing for W77E516, continued

HEX WT77E516 W77E516 8032 W77E516 VS.
INSTRUCTION OP-CODE BYTES MACHINE CLOCK CLOCK 8032 SPEED
CYCLES CYCLES CYCLES RATIO

MOV A, direct E5 2 2 8 12 15
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 R5, 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 1.5
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 R5, 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 7A 2 2 8 12 15
MOV R3, #data 7B 2 2 8 12 15
MOV R4, #data 7C 2 2 8 12 15
MOV R5, #data 7D 2 2 8 12 15
MOV R6, #data 7E 2 2 8 12 15
MOV RY7, #data 7F 2 2 8 12 15
MOV @RO, A F6 1 1 4 12 3

MOV @R1, A F7 1 1 4 12 3

MOV @RO, direct A6 2 2 8 12 15
MOV @R1, direct A7 2 2 8 12 15
MOV @RO, #data 76 2 2 8 12 15
MOV @R1, #data 77 2 2 8 12 15
MOV direct, A F5 2 2 8 12 15
MOV direct, RO 88 2 2 8 12 15
MOV direct, R1 89 2 2 8 12 15
MOV direct, R2 8A 2 2 8 12 15
MOV direct, R3 8B 2 2 8 12 15
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6.8 Reset State

Most of the SFRs and registers on the device will go to the same condition in the reset state. The
Program Counter is forced to 0000h and is held there as long as the reset condition is applied.
However, the reset state does not affect the on-chip RAM. The data in the RAM will be preserved
during the reset. However, the stack pointer is reset to 07h, and therefore the stack contents will be
lost. The RAM contents will be lost if the VDD falls below approximately 2V, as this is the minimum
voltage level required for the RAM to operate normally. Therefore after a first time power on reset the
RAM contents will be indeterminate. During a power fail condition, if the power falls below 2V, the RAM
contents are lost. Hence it should be assumed that after a power on/fail reset, POR = 1, the RAM
contents are lost.

After a reset most SFRs are cleared. Interrupts and Timers are disabled. The Watchdog timer is
disabled if the reset source was a POR. The port SFRs have FFh written into them which puts the port
pins in a high state. Port O floats as it does not have on-chip pull-ups.

Table 6. SFR Reset Value

SFR NAME RESET VALUE SFR NAME RESET VALUE
PO 11111111b IE 00000000b
SP 00000111b SADDR 00000000b

DPL 00000000b P3 11111111b
DPH 00000000b IP x0000000b
DPL1 00000000b SADEN 00000000b
DPH1 00000000b T2CON 00000000b
DPS 00000000b T2MOD 00000x00b
PCON 00xx0000b RCAP2L 00000000b
TCON 00000000b RCAP2H 00000000b
TMOD 00000000b TL2 00000000b
TLO 00000000b TH2 00000000b
TL1 00000000b TA 11111111b
THO 00000000b PSW 00000000b
TH1 00000000b WDCON 0x0x0xx0b
CKCON 00000001b ACC 00000000b
P1 11111111b EIE XXX00000b
SCON 00000000b B 00000000b
SBUF XXXXXXXXb EIP xxx00000b
P2 11111111b PC 00000000b
SADDR1 00000000b SADEN1 00000000b
SCON1 00000000b SBUF1 XXXXXXXXb
ROMMAP 01XXXXXXb PMR 010xx0x0b
EXIF 0000xXxXX0b STATUS 000x0000b
P4 XXXx1111b

Publication Release Date: November 19, 2007
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The processor responds to a valid interrupt by executing an LCALL instruction to the appropriate
service routine. This may or may not clear the flag which caused the interrupt. In case of Timer
interrupts, the TFO or TF1 flags are cleared by hardware whenever the processor vectors to the
appropriate timer service routine. In case of external interrupt, INTO and INT1, the flags are cleared
only if they are edge triggered. In case of Serial interrupts, the flags are not cleared by hardware. In
the case of Timer 2 interrupt, the flags are not cleared by hardware. The Power-Fail interrupt PFI flag
and Watchdog timer interrupt flag WDIF have to be cleared by software. The hardware LCALL
behaves exactly like the software LCALL instruction. This instruction saves the Program Counter
contents onto the Stack, but does not save the Program Status Word PSW. The PC is reloaded with
the vector address of that interrupt which caused the LCALL. These vector address for the different
sources are as follows.

Table 8. Vector locations for interrupt sources

SOURCE VECTOR ADDRESS SOURCE VECTOR ADDRESS
Timer 0 Overflow 000Bh External Interrupt O 0003h
Timer 1 Overflow 001Bh External Interrupt 1 0013h
Timer 2 Interrupt 002Bh Serial Port 0023h
External Interrupt 2 0043h Serial Port 1 003Bh
External Interrupt 4 0053h External Interrupt 3 004Bh
Watchdog Timer 0063h External Interrupt 5 005Bh

The vector table is not evenly spaced; this is to accommodate future expansions to the device family.

Execution continues from the vectored address till an RETI instruction is executed. On execution of the
RETI instruction the processor pops the Stack and loads the PC with the contents at the top of the
stack. The user must take care that the status of the stack is restored to what is was after the hardware
LCALL, if the execution is to return to the interrupted program. The processor does not notice anything
if the stack contents are modified and will proceed with execution from the address put back into PC.
Note that a RET instruction would perform exactly the same process as a RETI instruction, but it would
not inform the Interrupt Controller that the interrupt service routine is completed, and would leave the
controller still thinking that the service routine is underway.
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7. PROGRAMMABLE TIMERS/COUNTERS

The W77E516 has three 16-bit programmable timer/counters and one programmable Watchdog timer.
The Watchdog timer is operationally quite different from the other two timers.

7.1 Timer/Counters0& 1

The W77E516 has two 16-bit Timer/Counters. Each of these Timer/Counters has two 8 bit registers
which form the 16 bit counting register. For Timer/Counter O they are THO, the upper 8 bits register,
and TLO, the lower 8 bit register. Similarly Timer/Counter 1 has two 8 bit registers, TH1 and TL1. The
two can be configured to operate either as timers, counting machine cycles or as counters counting
external inputs.

When configured as a “Timer”, the timer counts clock cycles. The timer clock can be programmed to
be thought of as 1/12 of the system clock or 1/4 of the system clock. In the “Counter” mode, the
register is incremented on the falling edge of the external input pin, TO in case of Timer 0, and T1 for
Timer 1. The TO and T1 inputs are sampled in every machine cycle at C4. If the sampled value is high
in one machine cycle and low in the next, then a valid high to low transition on the pin is recognized and
the count register is incremented. Since it takes two machine cycles to recognize a negative transition
on the pin, the maximum rate at which counting will take place is 1/24 of the master clock frequency. In
either the “Timer” or “Counter” mode, the count register will be updated at C3. Therefore, in the “Timer”
mode, the recognized negative transition on pin TO and T1 can cause the count register value to be
updated only in the machine cycle following the one in which the negative edge was detected.

The “Timer” or “Counter” function is selected by the “C/ T " bit in the TMOD Special Function Register.
Each Timer/Counter has one selection bit for its own; bit 2 of TMOD selects the function for
Timer/Counter 0 and bit 6 of TMOD selects the function for Timer/Counter 1. In addition each
Timer/Counter can be set to operate in any one of four possible modes. The mode selection is done by
bits MO and M1 in the TMOD SFR.
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Clock Source 12 ng/' = CKCON.5
Mode input CIT2 = T2CON.1
div. by 4 osc/l
div. by 64  0sc/16 JOo — ey
div. by 1024 0sc/256 112 1—0 TL2 | TH2 TE2
+ 1
T2=P10 ’7 AN
TR2 = T2CON.2 ) Timer 2
y Interrupt
T2EX=P1.1 _\_ | RCAP2L |RCAP2H
_ L H
EXEN2 = T2CON.3 :> EXF2
T2CON.6

Figure 14. 16-Bit Capture Mode

7.3.2 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.

Clock Source y TZ]’\_A CKCON.5
Mode __input V crrz T2CON.L

div. by 4 osc/l
div. by 64  osc/16 T2CON.7

div. by 1024 o0sc/256 1/12
L2 TH2 T TR2

T2=P1.0
TR2 = T2CON.2

Timer 2
Interrupt

|

T2EX = P1.1 \_ RCAP2L|[RCAP2H

EXEN2 = T2CON.3 EXF2
T2CON.6

Figure 15. 16-Bit Auto-reload Mode, Counting Up
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7.3.3 Auto-reload Mode, Counting Up/Down

Timer/Counter 2 will be in auto-reload mode as an up/down counter if CP/RL2 bit in T2CON is cleared
and the DCEN bit in T2MOD is set. In this mode, Timer/Counter 2 is an up/down counter whose
direction is controlled by the T2EX pin. A 1 on this pin cause the counter to count up. An overflow while
counting up will cause the counter to be reloaded with the contents of the capture registers. The next
down count following the case where the contents of Timer/Counter equal the capture registers will
load an FFFFh into Timer/Counter 2. In either event a reload will set the TF2 bit. A reload will also
toggle the EXF2 bit. However, the EXF2 bit can not generate an interrupt while in this mode.

Down Counting Reload Value

Clock Source — v
Mode input 1/4 1 C/T =T2CON.1 S;
div. by 4 osc/l
div. by 64  osc/16 113 v 0 y Yy T2CON.7
div. by 1024 osc/256 |L—| 1/12 | Mg ;’_E 1 Tr B Timer 2

T2M = CKCON.5

1 Y Interrupt
T2=P1.0

TR2 =T2CON.2
. L

RCAP2L | RCAP2H
Up Counting Reload Value
T2EX=P1.1 EXF2
DCEN=1 T2CON.6

Figure 16. 16-Bit Auto-reload Up/Down Counter

7.3.4 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 os2 [y g
div. by 64 osc/32 ~ .
div. by 1024 o0sc/512 T2 1 T2 ) Timer 2
f 1 overflow
T2=P1.0

TR2 =T2CON.2

T2EX=P11 — X RCAP2L |RCAP2H
~

EXEN2 = T2CON.3 J EXF2
T2CON.6

| » Timer 2
Interrupt

Figure 17. Baud Rate Generator Mode
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7.3.5 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 (65536-RCAP2H, RCAP2L)]

Clock Source
Mode _input
div. by 4 osc/2 | — 12
div. by 64  o0sc/32 —> —» T2=P1.0
div. by 1024 osc/512 T_ '
TR2 =T2CON.2 ) |
A
T2EX=P1L1 —] “A_ T RCAPZH
I > | _»  Timer2
EXEN2 = T2CON.3 L/ EXF2 Interrupt
T2CON.6 P

Figure 18. Programmable Clock-Out Mode

7.4 Watchdog Timer

The Watchdog timer is a free-running timer which can be programmed by the user to serve as a
system monitor, a time-base generator or an event timer. It is basically a set of dividers that divide the
system clock. The divider output is selectable and determines the time-out interval. When the time-out
occurs a flag is set, which can cause an interrupt if enabled, and a system reset can also be caused if it
is enabled. The interrupt will occur if the individual interrupt enable and the global enable are set. The
interrupt and reset functions are independent of each other and may be used separately or together
depending on the users software.

" o
WD1,WDO0
Clock Source —>_—>_ > Interrupt
Mode input ¢ L —p
_Mode  input
div. by 4 osc/1 EWDI(EIE.4)
div. by 64  0sc/16 17 19 nn
div. by 1024 o0sc/256 o1
|| WTRFE
10| Time-out
—>| 20| |22 I— 11
g > 512 clock <\
delay i >——> Reset
Reset Watchdog . Enable Watchdog timer reset
RWT (WDCON.0) EWT(WDCON.1)

Figure 19. Watchdog Timer
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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.0 — 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.

7.4.2 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 2 clocks, which is the shortest time-out period. The EWT, WDIF
and RWT bhits 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.

7.5 Serial Port

Serial port in the W77E516 is a full duplex port. The W77E516 provides the user with additional
features such as the Frame Error Detection and the Automatic Address Recognition. The serial ports
are capable of synchronous as well as asynchronous communication. In Synchronous mode the
W77E516 generates the clock and operates in a half duplex mode. In the asynchronous mode, full
duplex operation is available. This means that it can simultaneously transmit and receive data. The
transmit register and the receive buffer are both addressed as SBUF Special Function Register.
However any write to SBUF will be to the transmit register, while a read from SBUF will be from the
receive buffer register. The serial port can operate in four different modes as described below.

7.5.1 ModeO

This mode provides synchronous communication with external devices. In this mode serial data is
transmitted and received on the RXD line. TXD is used to transmit the shift clock. The TxD clock is
provided by the W77E516 whether the device is transmitting or receiving. This mode is therefore a half
duplex mode of serial communication. In this mode, 8 bits are transmitted or received per frame. The
LSB is transmitted/received first. The baud rate is fixed at 1/12 or 1/4 of the oscillator frequency. This
baud rate is determined by the SM2 bit (SCON.5). When this bit is set to 0, then the serial port runs at
1/12 of the clock. When set to 1, the serial port runs at 1/4 of the clock. This additional facility of
programmable baud rate in mode 0 is the only difference between the standard 8051 and the
W77E516.

The functional block diagram is shown below. Data enters and leaves the Serial port on the RxD line.
The TxD line is used to output the shift clock. The shift clock is used to shift data into and out of the
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10. ELECTRICAL CHARACTERISTICS

10.1 Absolute Maximum Ratings

PARAMETER SYMBOL CONDITION RATING UNIT
DC Power Supply VDD - VSS -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.

10.2 DC Characteristics
(Vpbb-Vss =5V +10%, Ta = 25°C, Fosc = 20 MHz, unless otherwise specified.)

SPECIFICATION
PARAMETER SYM. MIN MAX. ONIT TEST CONDITIONS
Operating Voltage VDD 4.5 5.5 V
. No load
Operating Current IDD - 50 mA VDD = RST = 5.5V
Idle mode
Idle Current lIDLE - 24 mA VDD = 5.5V
Power-down mode

Power Down Current IPWDN - 50 HA VDD = 5.5V
Input Current VDD = 5.5V
P1, P2, P3 R +10 WA | Vin= 0V or Vop
Input Current VDD = 5.5V
RST IIN2 10 +300 MA | o< Vin< VoD
Input Leakage Current VDD = 5.5V
PO, EA LK 10 +10 MA 1 ov < Vin < VoD
Logic 1 to O Transition Current ) VDD = 5.5V
P1 P2 P3 ITL[4] -500 -200 pA VINZ 2.0V
Input Low Voltage

— ViL1 0 0.8 \Y VDD = 4.5V
PO, P1, P2, P3, EA
g‘g%ho"" peltage ViL2 0 0.8 V | Vop=45v
Input Low Voltage _
XTAL1? VIL3 0 0.8 Y VDD = 4.5V
Input High Voltage

— VIH1 24 VDD +0.2 Y VDD = 5.5V
PO, P1, P2,P3, EA
Input Fiigh Votadi Viz | 35 | Vop+02 | V |Vbp=55V
Input High Voltage _
raL 1M ViH3 | 35 | Vbop+02 | V |VDD=55V
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12. TYPICAL APPLICATION CIRCUITS

12.1 Crystal connections

cl
" XTALI
R L1
e XTAL2
2
Figure A
CRYSTAL C1 C2 R
16 MHz 30P 30P S
24 MHz 15P 15P S
33 MHz 5P 5P 4.7K
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.
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13.3 44-pin QFP

Ho
D Dimension in inch Dimension in mm
“ w Symbol Min. | Nom. | Max. | Min. |Nom. | Max.
A - -— -— - -— -
A 0.002 | 001 |[002 |005 |025 |05
A 0.075 |0.081 [0.087 | 190 | 205 |220
H—— O " b 001 (0014 (0018 | 025 | 035 |0.45
— E—— c 0.004 [0.006 |0.010 | 0.101 | 0.152 | 0.254
—1 — D 0.390 |0.394 |0.398 | 9.9 10.00 | 10.1
 E— — Tr—
| ——— ET— Elne E 0390 [0.394 |0.398 | 9.9 |1000 | 10.1
Tr—
I e 0.025 {0031 |0.036 | 0635 | 0.80 | 0.952
—— E— Ho | 0510 |0.520 |0530 |12.95 | 132 | 1345
 E— — Tr—
1 T — He 0.510 |0.520 |0.530 |12.95 | 13.2 | 13.45
L 0.025 |0.031 |0.037 | 065 | 0.8 | 0.95
0 L 0.051 |0.063 |0.075 |1.295 16 1.905
ll II y — | 0903 |mr), —W,[M0.08
© € Jb 2 0 0° | — | 7° ool | 70
Notes:
1. Dimension D & E do not include interlead
flash.
/I = \ 2. Dimension b does not include dambar
A trusion/intrusion.
05 Az RO L :
A o 3. Controlling dimension: Millimeter
See Detail F A1 4. General appearance spec. should be based
Seating Plane aly] on final visual inspection spec.
Ly Detail F

- 86 -



