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GENERAL DESCRIPTION

The W77E468 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 W77E468 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
W77E468 is a fully static CMOS design; it can also be operated at a lower crystal clock. The
W77E468 contains 32KB flash Multiple-Time Programmable(MTP) ROM, and provides the separate
address and data bus that does not require an external latch device for multiplexing low byte
addresses. The W77E468 also support on-chip 1KB SRAM without external memory component and
glue logic, saving more 1/O pins for users application usage if they use on-chip SRAM instead of
external SRAM.

FEATURES

- 8-bit CMOS microcontroller
- High speed architecture of 4 clocks/machine cycle runs up to 40 MHz
- Pin compatible with standard 80C52
- Instruction-set compatible with MCS-51
- Six 8-bit I/O Ports and one 4-bit I/O Port
- Three 16-bit Timers
- 12 interrupt sources with two levels of priority
- On-chip oscillator and clock circuitry
- Two enhanced full duplex serial ports
- 32 KB flash Multiple-Time Programmable(MTP) ROM
- 256 bytes scratch-pad RAM
- 1 KB on-chip SRAM for MOVX instruction
- Programmable Watchdog Timer
- Dual 16-bit Data Pointers
- Hardware/Software optional variable access cycle to external RAM/peripherals
. Packages:
- QFP 100: W77E468F-25/40
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PIN CONFIGURATION
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PIN DESCRIPTION

Preliminary W77E468

SYMBOL |TYPE DESCRIPTIONS
EA I EXTERNAL ACCESS ENABLE: This pin forces the processor to execute out of
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 32 KB area. Otherwise they will be present on the
bus.
PSEN O | PROGRAM STORE ENABLE: PSEN pin always emits pulses during access to
internal/external ROM.
ALE O | ADDRESS LATCH ENABLE: ALE is used to enable the address latch that
separates the address from the data on Port O.
RST I L [ RESET: A high on this pin for two machine cycles while the oscillator is running
resets the device.
XTAL1 I CRYSTALL: 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 XTAL1.
Vss I GROUND: Ground potential.
VDD I POWER SUPPLY: Supply voltage for operation.
AO- A15 O | ADDRESS BUS: This bus dedicates program/data address output during
access to external ROM, on-chip ROM and external RAM.
DO- D7 I DATA BUS: This bus is used to read/write external memory or peripherals.
P0.0-P0.7 | /O | PORT 0O: Port 0 is an open-drain bi-directional 1/O port.
P1.0-P1.7 | /O | PORT 1: Port 1 is a bi-directional I/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
RXD1(P1.2): Serial port 2 RXD
TXD1(p1.3): Serial port 2 TXD
INT2(P1.4): External Interrupt 2
INT3 (P1.5): External Interrupt 3
INT4(P1.6): External Interrupt 4
INT5 (P1.7): External Interrupt 5
P2.0-P2.7 | /O | PORT 2: Port 2 is a bi-directional 1/0 port with internal pull-ups.
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Pin Description, continued
SYMBOL |TYPE DESCRIPTIONS

P3.0-P3.7 | /O | PORT 3: Port 3 is a bi-directional I/O port with internal pull-ups. All bits have
alternate functions, which are described below:

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

P3.6 : General purpose I/O

P3.7 : General purpose I/O

P4.0-P4.7 | /O | PORT 4: functions as a 8-bit bi-directional /O port but not bit-addressable.
P5.0-P5.7 | /O | PORT 5: functions as a 8-bit bi-directional /0O port but not bit-addressable.

P6.0-P6.3 | /O | PORT 6: functions as a 4-bit bi-directional 1/0 port but not bit-addressable. The
P6.0 also provides the alternate function WAIT which is the wait state control

signal.
RD O | READ STROBE: indicates external data memory read strobe.
WR O | WRITE STROBE: indicates external data memory write strobe.

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

FUNCTIONAL DESCRIPTION

The W77E468 is 8052 pin compatible and instruction set compatible. It includes the resources of the
standard 8052 such as four 8-bit 1/O Ports, three 16-bit timer/counters, full duplex serial port and
interrupt sources with two priority levels.

The W77E468 features a faster running and better performance 8-bit CPU with a redesigned core
processor without wasted clock and memory cycles. it improves the performance not just by running
at high frequency but also by reducing the machine cycle duration from the standard 8052 period of
twelve clocks to four clock cycles for the majority of instructions. This improves performance by an
average of 1.5 to 3 times. The W77E468 also provides dual Data Pointers (DPTRS) to speed up block
data memory transfers. It can also adjust the duration of the MOVX instruction (access to off-chip
data memory) between two machine cycles and nine machine cycles. This flexibility allows the
W77E468 to work efficiently with both fast and slow RAMs and peripheral devices. In addition, the
W77E468 contains on-chip 1KB MOVX SRAM, the address of which is between 0000H and 03FFH. It
only can be accessed by MOVX instruction; this on-chip SRAM is optional under software control.
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The W77E468 is an 8052 compatible device that gives the user the features of the original 8052
device, but with improved speed and power consumption characteristics. It has the same instruction
set as the 8051 family, with one addition: DEC DPTR (op-code A5H, the DPTR is decreased by 1).
While the original 8051 family was designed to operate at 12 clock periods per machine cycle, the
W77E468 operates at a much reduced clock rate of only 4 clock periods per machine cycle. This
naturally speeds up the execution of instructions. Consequently, the W77E468 can run at a higher
speed as compared to the original 8052, even if the same crystal is used. Since the W77E468 is a
fully static CMOS design, it can also be operated at a lower crystal clock, giving the same throughput
in terms of instruction execution, yet reducing the power consumption.

The 4 clocks per machine cycle feature in the W77E468 is responsible for a three-fold increase in
execution speed. The W77E468 has all the standard features of the 8052, and has a few extra
peripherals and features as well.

Seven I/O Ports:

The W77E468 has six 8-bit /O ports and one 4-bit 1/O port, giving a total of 52 lines. Port 0 to Port 3
can be used as a 8-bit general I/O port with bit-addressable. Port 4 and Port 5 are 8-bit general I/O
port without bit-addressable. Port 6 is a 4-bit general I/O port without bit-addressable. Port 1 to Port 5
have internal pull-up, Port O is open-drain.

Serial /0O

The W77E468 has two enhanced serial ports that are functionally similar to the serial port of the
original 8052 family. However the serial ports on the W77E468 can operate in different modes in
order to obtain timing similarity as well. Note that the serial port O can use Timer 1 or 2 as baud rate
generator, but the serial port 1 can only use Timer 1 as baud rate generator. The serial ports have the
enhanced features of Automatic Address recognition and Frame Error detection.

Timers:

The W77E468 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
W77E468 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 W77E468 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 W77E468 provides 12 interrupt resources with two priority level, including six external
interrupt sources, timer interrupts, serial I/O interrupts and power-fail interrupt.

Publication Release Date: January 1999
-7- Revision Al



Preliminary W77E468
€inbond

Data Pointers:

The original 8052 had only one 16-bit Data Pointer (DPL, DPH). In the W77E468, 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.

Power Management:

Like the standard 80C52, the W77E468 also has IDLE and POWER DOWN modes of operation. The
W77E468 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.

On-chip Data SRAM:

The W77E468 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.

MEMORY ORGANIZATION

The W77E468 separates the memory into two separate sections, the Program Memory and the Data
Memory. The Program Memory is used to store the instruction op-codes, while the Data Memory is
used to store data or for memory mapped devices.

Program Memory:

The Program Memory on the W77E468 can be up to 64Kbytes long. There is also on-chip ROM
which can be used similarly to that of the 8052, except that the ROM size is 32Kbytes. All
instructions are fetched for execution from this memory area. The MOVC instruction can also access
this memory region. Exceeding the maximum address of on-chip ROM will access to the external
memory.
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Data Memory:

The W77E468 can access up to 64Kbytes of external Data Memory. This memory region is accessed
by the MOVX instructions. Unlike the 8051 derivatives, the W77E468 contains on-chip 1K bytes
MOVX SRAM of Data Memory, which can only be accessed by MOVX instructions. These 1K bytes of
SRAM are between address 0000H and 03FFH. Access to the on-chip MOVX SRAM is optional under
software control. When enabled by software, any MOVX instruction that uses this area will go to the
on-chip RAM. MOVX addresses greater than 03FFH automatically go to external memory through
Port 0 and 2. When disabled, the 1KB memory area is transparent to the system memory map. Any
MOVX directed to the space between 0000H and FFFFH goes to the expanded bus on AO0-A15 and
DO-D7. This is the default condition. In addition, the W77E468 has the standard 256 bytes of on-chip
Scratchpad RAM. This can be accessed either by direct addressing or by indirect addressing. There
are also some Special Function Registers (SFRs), which can only be accessed by direct addressing.
Since the Scratchpad RAM is only 256 bytes, it can be used only when data contents are small. In the
event that larger data contents are present, two selections can be used. One is on-chip MOVX SRAM
, the other is the external Data Memory. The on-chip MOVX SRAM can only be accessed by a MOVX
instruction, the same as that for external Data Memory. However, the on-chip RAM has the fastest
access times.

FFh | indirect SFRs FFFFh FFFFh
Addressing Direct
RAM Addressing External
80h only Program
M
7Fh Direct & E?4tK emory
Indirect ytes
: External
Addressing Data
00h RAM Memory TRFFh [
32K Bytes
On-chip
Program
03FFh Memory
1K Bytes
0000h On-chip SRAM 0000h 0000h

Figure 1. Memory Map
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FFh
80h Indirect RAM
7Fh

Direct RAM
30h

2Fh | 7F 7E 7D 7C 7B 7A 79 78
2Eh [ 77 76 75 74 73 72 71 70
2Dh [ 6F 6E 6D 6C 6B 6A 69 68
2ch [ 67 66 65 64 63 62 61 60
2Bh | 5F 5E 5D 5C 5B 5A 59 58
2Ah [ 57 56 55 54 53 52 51 50
20h | 4F AE 4D 4C 4B 4A 49 48
28h |47 46 45 44 43 42 41 40| Bit Addressable
27h | 3F 3E 3D 3C 3B 3A 39 38
26h [ 37 36 35 34 33 32 31 30 | 20H-2FH
25h | 2F 2E 2D 2C 2B 2A 29 28
24h | 27 26 25 24 23 22 21 20
23h | 1F 1E 1D 1C 1B 1A 19 18
22h [ 17 16 15 14 13 12 11 10
21h [ OF OE 0D 0C 0B 0A 09 08
20nh [ 07 06 05 04 03 02 01 00

igs Bank 3
1(7)2 Bank 2
ggu Bank 1
8(7)2 Bank O

Figure 2. Scratchpad RAM/Register Addressing
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Special Function Registers

The W77E468 uses Special Function Registers (SFRs) to control and monitor peripherals and their
Modes.

The SFRs reside in the register locations 80-FFh and are accessed by direct addressing only. Some
of the SFRs are bit addressable. This is very useful in cases where one wishes to modify a particular
bit without changing the others. The SFRs that are bit addressable are those whose addresses end in
0 or 8. The W77E468 contains all the SFRs present in the standard 8052. However, some additional
SFRs have been added. In some cases unused bits in the original 8052 have been given new
functions. The list of SFRs is as follows. The table is condensed with eight locations per row. Empty
locations indicate that there are no registers at these addresses. When a bit or register is not
implemented, it will read high.

Table 1. Special Function Register Location Table

F8 |JEIP

FO |B

E8 |JEIE

EO JACC

D8 JWDCON

DO |PSW

C8 |T2CON T2MOD RCAP2L [RCAP2H |TL2 TH2

CO JSCON1 SBUF1 ROMMAP PMR STATUS TA
B8 JIP SADEN SADEN1

BO [P3

A8 JIE SADDR SADDR1

A0 JP2 HB P6 P4 PS5
98 |SCONO SBUF

90 |P1 EXIF

88 |JTCON TMOD TLO TL1 THO TH1 CKCON

80 [PO SP DPL DPH DPL1 DPH1 DPS PCON

Note: The SFRs in the column with dark borders are bit-addressable.

Publication Release Date: January 1999
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A brief description of the SFRs now follows.
PORT 0

Bit: 7 6 5 4 3 2 1 0
PO.7 P0.6 P0.5 P0.4 PO0.3 PO0.2 PO.1 PO0.0

Mnemonic: PO Address: 80h
Port 0 is an open-drain bi-directional 1/0O port.
STACK POINTER

Bit: 7 6 5 4 3 2 1 0
SP.7 SP.6 SP.5 SP.4 SP.3 SP.2 SP.1 SP.0

Mnemonic: SP Address: 81h

The Stack Pointer stores the Scratchpad RAM address where the stack begins. In other words, it
always points to the top of the stack.

DATA POINTER LOW

Bit: 7 6 5 4 3 2 1 0
DPL.7 | DPL.6 | DPL.5 | DPL.4 | DPL.3 | DPL.2 | DPL.1 | DPL.O

Mnemonic: DPL Address: 82h
This is the low byte of the standard 8052 16-bit data pointer.
DATA POINTER HIGH

Bit: 7 6 5 4 3 2 1 0
DPH.7 | DPH.6 | DPH.5 | DPH.4 | DPH.3 | DPH.2 | DPH.1 | DPH.0

Mnemonic: DPH Address: 83h
This is the high byte of the standard 8052 16-bit data pointer.
DATA POINTER LOW1

Bit: 7 6 5 4 3 2 1 0
DPL1.7 | DPL1.6 | DPL1.5| DPL1.4| DPL1.3 | DPL1.2 | DPL1.1 | DPL1.0

Mnemonic: DPL1 Address: 84h

-12 -
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This is the low byte of the new additional 16-bit data pointer that has been added to the W77E468.
The user can switch between DPL, DPH and DPL1, DPH1 simply by setting register DPS = 1. The
instructions that use DPTR will now access DPL1 and DPH1 in place of DPL and DPH. If they are not
required they can be used as conventional register locations by the user.

DATA POINTER HIGH1

Bit: 7 6 5 4 3 2 1 0
DPH1.7| DPH1.6 | DPH1.5| DPH1.4| DPH1.3| DPH1.2 | DPH1.1 | DPH1.0

Mnemonic: DPH1 Address: 85h

This is the high byte of the new additional 16-bit data pointer that has been added to the W77E468.
The user can switch between DPL, DPH and DPL1, DPH1 simply by setting register DPS = 1. The
instructions that use DPTR will now access DPL1 and DPH1 in place of DPL and DPH. If they are not
required they can be used as conventional register locations by the user.

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,DPH1 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 - - 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(SCON1.7)
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 W77E468 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 W77E468 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.

Publication Release Date: January 1999
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TIMER CONTROL
Bit: 7 6 5 4 3 2 1 0
TF1 TR1 TFO TRO IE1 IT1 IEO ITO
Mnemonic: TCON Address: 88h

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 0O 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.

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.

IEQ: 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
\ / \\ /
N A4
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.

-14 -
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M1, MO: Mode Select bits:
M1 MO Mode
0 0 Mode 0: 8-bits with 5-bit prescale.
0 1 Mode 1: 18-bits, no prescale.
1 0 Mode 2: 8-bits with auto-reload from Thx
1 1 Mode 3: (Timer 0) TLO is an 8-bit timer/counter controlled by the
standard Timer O control bits. THO is a 8-bit timer only controlled by Timer 1
control bits. (Timer 1) Timer/counter is stopped.
TIMER O LSB
Bit: 7 6 5 4 3 2 1 0
TLO.7 | TLO.6 | TLOS5 | TLO.4 | TLO.3 | TLO.2 | TLO.1 | TLO.O
Mnemonic: TLO Address: 8Ah
TLO.7-0:Timer O LSB
TIMER 1 LSB
Bit: 7 6 5 4 3 2 1 0
TL1.7 | TL1.6 | TL1S5 | TL14 | TL1.3 | TL1.2 | TL1.1 | TL1.0
Mnemonic: TL1 Address: 8Bh
TL1.7-O:Timer 1 LSB
TIMER 0 MSB
Bit: 7 6 5 4 3 2 1 0
THO.7 | THO.6 | THO.5 | THO.4 | THO.3 | THO.2 | THO.1 | THO.0
Mnemonic: THO Address: 8Ch
THO0.7-0:Timer 0 MSB
TIMER 1 MSB
Bit: 7 6 5 4 3 2 1 0
TH1.7 | TH1.6 | TH15 | TH14 | TH1.3 | TH1.2 | TH1.1 | TH1.0

Mnemonic: TH1

TH1.7-0:Timer 1 MSB

-15-

Address: 8Dh

Publication Release Date: January 1999

Revision A1



Preliminary W77E468

@ Winbond
Electronics Corp.

CLOCK CONTROL

WD1-0:

T2M:

TiM:

TOM:

MD2-0:

Bit: 7 6 5 4 3 2 1 0
WD1 WDO T2M TiM TOM MD2 MD1 MDO

Mnemonic: CKCON Address: 8Eh

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

17 7

0 0 2 2~ 4512
20 20

0 1 2 2% 4512
23 3

1 0 2 2°° 4 512
26 26

1 1 2 2°° 4 512

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.

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.

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.

Stretch MOVX select bits: These three bits are used to select the stretch value for the MOVX
instruction. Using a variable MOVX length enables the user to access slower external memory

devices or peripherals without the need for external circuits. The RD or WR strobe will be
stretched by the selected interval. When accessing the on-chip SRAM, the MOVX instruction
is always in 2 machine cycles regardless of the stretch setting. By default, the stretch has
value of 1. If the user needs faster accessing, then a stretch value of 0 should be selected.

MD2 MD1 MDO Stretch value MOVX duration
0 0 0 0 2 machine cycles
0 0 1 1 3 machine cycles (Default)
0 1 0 2 4 machine cycles
0 1 1 3 5 machine cycles
1 0 0 4 6 machine cycles
1 0 1 5 7 machine cycles
1 1 0 6 8 machine cycles
1 1 1 7 9 machine cycles
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PORT 1
Bit: 7
P1.7

P1.6 P1.5 P1.4 P1.3 P1.2 P1.1 P1.0

Mnemonic: P1

Address: 90h

P1.7-0: General purpose I/O port. Most instructions will read the port pins in case of a port read
access, however in case of read-modify-write instructions, the port latch is read. Some pins
also have alternate input or output functions. This alternate functions are described below:

P1.0:T2
P1.1: T2EX
P1.2 : RXD1
P1.3: TXD1
P1.4:INT2
P1.5: INT3
P1.6:INT4

P1.7 : INTS
EXTERNAL INTERRUPT FLAG
Bit: 7

External I/O for Timer/Counter 2
Timer/Counter 2 Capture/Reload Trigger
Serial Port 1 Receive

Serial Port 1 Transmit

External Interrupt 2

External Interrupt 3

External Interrupt 4
External Interrupt 5

6 5 4 3 2 1 0

IES

IE4 IE3 IE2 | xT/RG | RGMD | RGSL -

Mnemonic: EXIF

Address: 91h

IE5: External Interrupt 5 flag. Set by hardware when a falling edge is detected on INT5.

IE4: External Interrupt 4 flag. Set by hardware when a rising edge is detected on INT4.

IE3: External Interrupt 3 flag. Set by hardware when a falling edge is detected on INT3.

IE2: External Interrupt 2 flag. Set by hardware when a rising edge is detected on INT2.

XT/RG : Crystal/RC Oscillator Select. Setting this bit selects crystal or external clock as system clock
source. Clearing this bit selects the on-chip RC oscillator as clock source. XTUP(STATUS.4)
must be set to 1 and XTOFF (PMR.3) must be cleared before this bit 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 O after a power-on reset and unchanged by other

forms of reset.
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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.

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 0 it has no function.

Tl 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.
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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 O 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.

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.
HIGH BYTE REGISTER
Bit: 7 6 5 4 3 2 1 0

Mnemonic: HB Address: Alh

This register contains the high byte address during execution of * MOVX @RI, " instructions.

PORT 4
Bit: 7 6 5 4 3 2 1 0
P4.7 P4.6 P4.5 P4.4 P4.3 P4.2 P4.1 P4.0
Mnemonic: P4 Address: A6h

P4.7-0: Port 4 is a bi-directional 1/0 port with internal pull-ups.
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PORT 5
Bit: 7 6 5 4 3 2 1 0
P5.7 P5.6 P5.5 P5.4 P5.3 P5.2 P5.1 P5.0
Mnemonic: P5 Address: A7h

P5.7-0: Port 5 is a bi-directional 1/0 port with internal pull-ups.
PORT 6

Bit: 7 6 5 4 3 2 1 0
- - - - P6.3 P6.2 P6.1 P6.0

Mnemonic: P6 Address: A5h
P6.3-0: Port 6 is a 4-bit bi-directional 1/0 port with internal pull-ups.
INTERRUPT ENABLE

Bit: 7 6 5 4 3 2 1 0
EA ES1 ET2 ES ET1 EX1 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

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 O to
which the slave processor is designated.
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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.

PORT 3

Bit: 7 6 5 4 3 2 1 0
- - P3.5 P3.4 P3.3 P3.2 P3.1 P3.0

Mnemonic: P3 Address: BOh

P3.5-0: General purpose 1/O port. Each pin also has an alternate input or output function. The
alternate
functions are described below.

P35 T1 Timer/counter 1 external count input
P3.4 TO Timer/counter 0 external count input
P3.3 INT1L External interrupt 1
P3.2 INTO External interrupt O
P3.1 TxD  Serial port O output
P3.0 RxD  Serial port O input

INTERRUPT PRIORITY

Bit: 7 6 5 4 3 2 1 0
- PS1 PT2 PS PT1 PX1 PTO PX0

Mnemonic: IP Address: B8h

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 O interrupt priority. PTO = 1 sets it to higher priority level.
PX0: This bit defines the External interrupt O priority. PX0 = 1 sets it to higher priority level.
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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 0, 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 SADEN1.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 T 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.

SM1_1:Serial port 1 Mode bit 1:

SMO_1 SM1 1 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
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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.

SERIAL DATA BUFFER 1

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

Mnemonic: SBUF1 Address: C1lh

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 P6.0. The

device will sample the wait state control signal WAIT via P6.0 during MOVX
instruction. This bit is time access protected.
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Bit:

POWER MANAGEMENT REGISTER
7 6 5 4 3 2 1 0
CD1 CDO SWB - XTOFF | ALE-OFF - DMEO
Mnemonic: PMR Address: C4h

CD1,CDO0: Clock Divide Control. These bit selects the number of clocks required to generate one

SWB:

XTOFF:

machine cycle. There are three modes including divide by 4, 64 or 1024. Switching between
modes must first go back devide 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

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
recongnized by microcontroller. While a serial port reception, the switchback occurs at the
start of the instruction following the falling edge of the start bit.

Crystal Oscillator Disable. Setting this bit disables the external crystal oscillator. This bit can
only be set to 1 while the microcontroller is operating from the RC oscillator. Clearing this bit
restarts the crystal oscillator, the XTUP (STATUS.4) bit will be set after crystal oscillator
warmed-up has completed.

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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STATUS REGISTER
Bit: 7 6 5 4 3 2 1 0
- HIP LIP XTUP SPTA1 SPRA1 SPTAO SPRAO
Mnemonic: STATUS Address: C5h

HIP: High Priority Interrupt Status. When set, it indicates that software is servicing a high priority
interrupt. This bit will be cleared when the program executes the corresponding RETI
instruction.

LIP: Low Priority Interrupt Status. When set, it indicates that software is servicing a low priority
interrupt. This bit will be cleared when the program executes the corresponding RETI
instruction.

XTUP:Crystal Oscillator Warm-up Status. when set, this bit indicates the crystal oscillator has
completed the 65536 clocks warm-up delay. Each time the crystal oscillator is restarted by exit
from power down mode or the XTOFF bit is set, hardware will clear this bit. This bit is set to 1

after a power-on reset. When this bit is cleared, it prevents software from setting the XT/ RG bit
to enable CPU operation from crystal oscillator.
SPTA1: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
CDO0,CD1 will be ignored when this bit is set to 1 and SWB = 1.

SPRA1: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
CDO0,CD1 will be ignored when this bit is set to 1 and SWB = 1.

SPTAQO:Serial Port 0 Transmit Activity. This bit is set during serial port O 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 set to 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 CD0,CD1
will be ignored when this bit is set to 1 and SWB = 1.

TIMED ACCESS

Bit: 7 6 5 4 3 2 1 0
TA.7 TA.6 TA5 TA.4 TA.3 TA.2 TA.1 TA.0

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.
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TIMER 2 CONTROL

Bit: 7 6 5 4 3 2 1 0
TF2 | EXF2 | RCLK | TCLK | EXEN2 | TR2 | ¢/T2 |cP/RL2

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 bits. 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 mode. If it is set to 0, then timer 2 operates as a timer at a speed depending on
T2M bit (CKCON.5), otherwise it will count negative edges on T2 pin.

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 O 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
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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

RCAP2H:This register is used to capture the TH2 value when a timer 2 is configured in capture mode.
RCAPZ2H is also used as the MSB of a 16-bit reload value when timer 2 is configured in
auto-reload mode.

TIMER 2 LSB
Bit: 7 6 5 4 3 2 1 0
TL2.7 TL2.6 | TL2.5 TL2.4 | TL2.3 TL2.2 | TL2.1 TL2.0
Mnemonic: TL2 Address: CCh

TL2: Timer 2 LSB
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TIMER 2 MSB
Bit: 7 6 5 4 3 2 1 0
TH2.7 | TH2.6 | TH25 | TH2.4 | TH2.3 | TH2.2 | TH2.1 | TH2.0
Mnemonic: TH2 Address: CDh

TH2: Timer 2 MSB
PROGRAM STATUS WORD

Bit: 7 6 5 4 3 2 1 0
CY AC FO RS1 RSO oV F1
Mnemonic: PSW Address: DOh

CY: Carry flag: Set for an arithmetic operation which results in a carry being generated from the
ALU. It is also used as the accumulator for the bit operations.

AC: Auxiliary carry: Set when the previous operation resulted in a carry from the high order nibble.
FO: User flag 0: General purpose flag that can be set or cleared by the user.
RS.1-0: Register bank select bits:

RS1 RSO Register bank Address
0 0 0 00-07h
0 1 1 08-0Fh
1 0 2 10-17h
1 1 3 18-1Fh

ov: Overflow flag: Set when a carry was generated from the seventh bit but not from the 8th bit
as a result of the previous operation, or vice-versa.

F1: User Flag 1: General purpose flag that can be set or cleared by the user by software.
P: Parity flag: Set/cleared by hardware to indicate odd/even number of 1's in the accumulator.

WATCHDOG CONTROL

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

-28 -



Preliminary W77E468

@Vinbond

Electronics Corp.

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

POR:

WDIF:

WTRF:

EWT:
RWT:

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.

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.

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.

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

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 EWT 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 0xOxOxx0Ob 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.

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

EXTENDED INTERRUPT ENABLE

Bit: 7 6 5 4 3 2 1 0
- - - EWDI EX5 EX4 EX3 EX2

Mnemonic: EIE Address: E8h
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EIE.7-5:Reserved bits, will read high
EWDI: Enable Watchdog timer interrupt
EX5: External Interrupt 5 Enable.

EX4: External Interrupt 4 Enable.

EX3: External Interrupt 3 Enable.

EX2: External Interrupt 2 Enable.

B REGISTER
Bit: 7 6 5 4 3 2 1 0
B.7 B.6 B.5 B.4 B.3 B.2 B.1 B.O
Mnemonic: B Address: FOh

B.7-0:The B register is the standard 8052 register that serves as a second accumulator.
EXTENDED INTERRUPT PRIORITY

Bit: 7 6 5 4 3 2 1 0
- - - PWDI PX5 PX4 PX3 PX2

Mnemonic: EIP Address: F8h

EIP.7-5:Reserved bits.

PWDI: Watchdog timer interrupt priority.

PX5:  External Interrupt 5 Priority. 0 = Low priority, 1 = High priority.
PX4: External Interrupt 4 Priority. 0 = Low priority, 1 = High priority.
PX3: External Interrupt 3 Priority. 0 = Low priority, 1 = High priority.
PX2:  External Interrupt 2 Priority. 0 = Low priority, 1 = High priority.

INSTRUCTION

The W77E468 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 W77E468, each machine
cycle consists of 4 clock periods, while in the standard 8032 it consists of 12 clock periods. Also, in
the W77E468 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 W77E468 has is that since there is only one fetch per machine cycle, the number
of machine cycles in most cases is equal to the humber 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 W77E468 reduces the number of dummy fetches and wasted cycles, thereby
improving efficiency as compared to the standard 8032.
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Table 2. Instructions that affect Flag settings

Instruction Carry Overflow Auxiliary Instruction Carry Overflow Auxiliary
Carry Carry
ADD X X X CLRC 0
ADDC X X X CPLC X
SUBB X X X ANL C, bit X
MUL 0 X ANL C, bit X
DIV 0 X ORL C, bit X
DA A X ORL C, bit X
RRC A X MOV C, bit X
RLC A X CINE X
SETB C 1
A "X" indicates that the modification is as per the result of instruction.
Table 3. Instruction Timing for W77E468
Instruction HEX Bytes W77E468 W77E468 8032 W77E468 vs.
Op-Code Machine Clock Clock 8032 Speed
Cycles cycles cycles Ratio
NOP 00 1 1 4 12 3
ADD A, RO 28 1 1 4 12 3
ADD A, R1 29 1 1 4 12 3
ADD A, R2 2A 1 1 4 12 3
ADD A, R3 2B 1 1 4 12 3
ADD A, R4 2C 1 1 4 12 3
ADD A, R5 2D 1 1 4 12 3
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 1.5
ADD A, #data 24 2 2 8 12 1.5
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 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 1.5
ADDC A, #data 34 2 2 8 12 1.5
ACALL addr11l 71,91,B1, 2 3 12 24 2
11,31,51,
D1,F1
AJMP ADDR11 01,21,41, 2 3 12 24 2
61,81,A1,
C1,E1
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Table 3. Instruction Timing for W77E468, continued

Instruction HEX Bytes W77E468 W77E468 8032 W77E468 vs.
Op-Code Machine Clock Clock 8032 Speed
Cycles cycles cycles Ratio
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 1.5
ANL A, #data 54 2 2 8 12 1.5
ANL direct, A 52 2 2 8 12 1.5
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 1.5
CJINE A, #data, rel B4 3 4 16 24 1.5
CJINE @RO, #data, rel B6 3 4 16 24 1.5
CJINE @RI, #data, rel B7 3 4 16 24 1.5
CJINE RO, #data, rel B8 3 4 16 24 1.5
CJINE R1, #data, rel B9 3 4 16 24 1.5
CJINE R2, #data, rel BA 3 4 16 24 1.5
CJINE R3, #data, rel BB 3 4 16 24 1.5
CJINE R4, #data, rel BC 3 4 16 24 1.5
CJINE R5, #data, rel BD 3 4 16 24 1.5
CJINE R6, #data, rel BE 3 4 16 24 1.5
CJINE R7, #data, rel BF 3 4 16 24 1.5
CLR A E4 1 1 4 12 3
CPLA F4 1 1 4 12 3
CLRC C3 1 1 4 12 3
CLR bit C2 2 2 8 12 1.5
CPLC B3 1 1 4 12 3
CPL bit B2 2 2 8 12 1.5
DEC A 14 1 1 4 12 3
DEC RO 18 1 1 4 12 3
DEC R1 19 1 1 4 12 3
DEC R2 1A 1 1 4 12 3
DEC R3 1B 1 1 4 12 3
DEC R4 1C 1 1 4 12 3
DEC R5 1D 1 1 4 12 3
DEC R6 1E 1 1 4 12 3
DEC R7 1F 1 1 4 12 3
DEC @R0O 16 1 1 4 12 3
DEC @R1 17 1 1 4 12 3
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Instruction HEX Bytes W77E468 W77E468 8032 W77E468 vs.
Op-Code Machine Clock Clock 8032 Speed
Cycles cycles cycles Ratio
DEC direct 15 2 2 8 12 1.5
DEC DPTR A5 1 2 8 - -
DIV AB 84 1 5 20 48 2.4
DA A D4 1 1 4 12 3
DJNZ RO, rel D8 2 3 12 24 2
DJNZ R1, rel D9 2 3 12 24 2
DJNZ RS5, rel DD 2 3 12 24 2
DJNZ R2, rel DA 2 3 12 24 2
DJNZ R3, rel DB 2 3 12 24 2
DJNZ R4, rel DC 2 3 12 24 2
DJNZ R, rel DE 2 3 12 24 2
DJNZ 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 0A 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
IJMP @A+DPTR 73 1 2 8 24 3
JZ rel 60 2 3 12 24 2
INZ 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 1.5
JNB bit, rel 30 3 4 16 24 1.5
JBC bit, rel 10 3 4 16 24 1.5
LCALL addr16 12 3 4 16 24 1.5
LIMP addr16 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
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Table 3. Instruction Timing for W77E468, continued

Instruction HEX Bytes W77E468 W77E468 8032 W77E468 vs.
Op-Code Machine Clock Clock 8032 Speed
Cycles cycles cycles Ratio
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 1.5
MOV A, #data 74 2 2 8 12 1.5
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 1.5
MOV R2, direct AA 2 2 8 12 1.5
MOV R3, direct AB 2 2 8 12 1.5
MOV R4, direct AC 2 2 8 12 1.5
MOV R5, direct AD 2 2 8 12 1.5
MOV RS, direct AE 2 2 8 12 1.5
MOV R7, direct AF 2 2 8 12 1.5
MOV RO, #data 78 2 2 8 12 1.5
MOV R1, #data 79 2 2 8 12 1.5
MOV R2, #data 7A 2 2 8 12 1.5
MOV R3, #data 7B 2 2 8 12 1.5
MOV R4, #data 7C 2 2 8 12 1.5
MOV R5, #data 7D 2 2 8 12 1.5
MOV RS, #data 7E 2 2 8 12 1.5
MOV R7, #data 7F 2 2 8 12 1.5
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 1.5
MOV @R1, direct A7 2 2 8 12 1.5
MOV @RO, #data 76 2 2 8 12 1.5
MOV @R1, #data 77 2 2 8 12 1.5
MOV direct, A F5 2 2 8 12 1.5
MOV direct, RO 88 2 2 8 12 1.5
MOV direct, R1 89 2 2 8 12 1.5
MOV direct, R2 8A 2 2 8 12 1.5
MOV direct, R3 8B 2 2 8 12 1.5
MOV direct, R4 8C 2 2 8 12 1.5
MOV direct, R5 8D 2 2 8 12 1.5
MOV direct, R6 8E 2 2 8 12 1.5
MOV direct, R7 8F 2 2 8 12 1.5
MOV direct, @RO 86 2 2 8 12 1.5
MOV direct, @R1 87 2 2 8 12 1.5
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Table 3. Instruction Timing for W77E468, continued

Preliminary W77E468

Instruction HEX Bytes WT77E468 WT77E468 8032 W77E468 vs.
Op-Code Machine Clock Clock 8032 Speed
Cycles cycles cycles Ratio
MOV direct, direct 85 3 3 12 24 2
MOV direct, #data 75 3 3 12 24 2
MOV DPTR, #data 16 90 3 3 12 24 2
MOVC A, @A+DPTR 93 1 2 8 24 3
MOVC A, @A+PC 83 1 2 8 24 3
MOVX A, @RO E2 1 2-9 8- 36 24 3-0.66
MOVX A, @R1 E3 1 2-9 8- 36 24 3-0.66
MOVX A, @DPTR EO 1 2-9 8- 36 24 3-0.66
MOVX @RO, A F2 1 2-9 8- 36 24 3-0.66
MOVX @R1, A F3 1 2-9 8- 36 24 3-0.66
MOVX @DPTR, A FO 1 2-9 8- 36 24 3-0.66
MOV C, bit A2 2 2 8 12 15
MOV bit, C 92 2 2 8 24 3
ORL A, RO 48 1 1 4 12 3
ORL A, R1 49 1 1 4 12 3
ORL A, R2 4A 1 1 4 12 3
ORL A, R3 4B 1 1 4 12 3
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 3
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 15
ORL A, #data 44 2 2 8 12 15
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 COo 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 3
RLC A 33 1 1 4 12 3
RR A 03 1 1 4 12 3
RRC A 13 1 1 4 12 3
SETB C D3 1 1 4 12 3
SETB bit D2 2 2 8 12 15
SWAP A C4 1 1 4 12 3
SIMP rel 80 2 3 12 24 2
SUBB A, RO 98 1 1 4 12 3
SUBB A, R1 99 1 1 4 12 3
SUBB A, R2 9A 1 1 4 12 3
SUBB A, R3 9B 1 1 4 12 3
SUBB A, R4 9C 1 1 4 12 3
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Table 3. Instruction Timing for W77E468, continued

Instruction HEX Bytes W77E468 W77E468 8032 W77E468 vs.
Op-Code Machine Clock Clock 8032 Speed
Cycles cycles cycles Ratio

SUBB A, R5 9D 1 1 4 12 3
SUBB A, R6 9E 1 1 4 12 3
SUBB A, R7 9F 1 1 4 12 3
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 1.5

SUBB A, #data 94 2 2 8 12 1.5
XCH A, RO C8 1 1 4 12 3
XCH A, R1 C9 1 1 4 12 3
XCH A, R2 CA 1 1 4 12 3
XCH A, R3 CB 1 1 4 12 3
XCH A, R4 cC 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 Cc7 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 1.5
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 3
XRL A, R3 6B 1 1 4 12 3
XRL A, R4 6C 1 1 4 12 3
XRL A, R5 6D 1 1 4 12 3
XRL A, R6 6E 1 1 4 12 3
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 1.5

XRL direct, A 62 2 2 8 12 1.5
XRL direct, #data 63 3 3 12 24 2

INSTRUCTION TIMING

The instruction timing for the W77E468 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 W77E468 and the standard 8032. In the W77E468 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
W77E468 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 W77E468 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

-36 -



Preliminary W77E468
€inbond

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 W77E468, 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 W77E468, based on the
number of machine cycles, there are five different types, while in the standard 8032 there are only
three. However, in the W77E468 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.

Single Cycle
c1 | c2 | c3 | ca ‘
CLK [ S T O S O S I s
ALE —,—| r
P — | Ii
D7-0 ) < Data_in D7-0 >7
A15-0 >< Address A15-0 ><:

Figure 3. Single Cycle Instruction Timing
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Instruction Fetch
C1 | C2 | C3 | C4

Operand Fetch
C1 | C2 | C3 | C4

< [ T O O O B B O
aE [ ] [ ] |
PSEN | | I | |
D7-0 OP-CODE
A15-0 X Address A15-0 (PC) >< Address A15-0 (PC+1) >

Figure 4. Two Cycle Instruction Timing

Instruction Fetch Operand Fetch Operand Fetch

Cl|02|C3|C4 Cl|02|C3|C4 Cl|02|C3|C4

w L LU L L
ALE | | | | | | |

OP-CODE OPERAND OPERAND

Address A15-0 Address A15-0 Address A15-0

PSEN

D7-0

A15-0 ><

X X

Figure 5. Three Cycle Instruction Timing
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Instruction Fetch Operand Fetch Operand Fetch Operand Fetch
01|02|c3|04 01|cz|03|04 01|cz|03|04 01|cz|03|04

ALE | | I | | | ,_\—I
== N S N S I IR I

A15-0 >< Address A15-0 X Address A15-0 X Address A15-0 X Address A15-0 >

Figure 6. Four Cycle Instruction Timing

Instruction Fetch Operand Fetch Operand Fetch Operand Fetch Operand Fetch

C1|C2|C3|C4 C1|C2|C3|C4 C1|C2|C3|C4 C1|C2|C3|C4 C1|C2|C3|C4

me [ ] [ [ [N I

PSEN | | I | I | I | I | I
D7-0 OP-CODE OPERAND, OPERAND, OPERAND OPERAND

A15_0:X Address A15-0 X Address A15-0 X Address A15-0 X Address A15-0 X Address A15-0 >
8

Figure 7. Five Cycle Instruction Timing
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MOVX Instruction

The W77E468, like the standard 8032, uses the MOVX instruction to access external Data Memory.
This Data Memory includes both off-chip memory as well as memory mapped peripherals. While the
results of the MOVX instruction are the same as in the standard 8032, the operation and the timing of
the strobe signals have been modified in order to give the user much greater flexibility.

The MOVX instruction is of two types, the MOVX @Ri and MOVX @DPTR. In the MOVX @RI, the
address of the external data comes from two sources. The lower 8-bits of the address are stored in
the Ri register of the selected working register bank. The upper 8-bits of the address comes from the
HB SFR. In the MOVX @DPTR type, the full 16-bit address is supplied by the Data Pointer.

Since the W77E468 has two Data Pointers, DPTR and DPTR1, the user has to select between the
two by setting or clearing the DPS bit. The Data Pointer Select bit (DPS) is the LSB of the DPS SFR,
which exists at location 86h. No other bits in this SFR have any effect, and they are set to 0. When
DPS is 0, then DPTR is selected, and when set to 1, DPTRL1 is selected. The user can switch between
DPTR and DPTR1 by toggling the DPS bit. The quickest way to do this is by the INC instruction. The
advantage of having two Data Pointers is most obvious while performing block move operations. The
accompanying code shows how the use of two separate Data Pointers speeds up the execution time
for code performing the same task.

Examples:

Block Move with single Data Pointer:

; SH and SL are the high and low bytes of Source Address

; DH and DL are the high and low bytes of Destination Address

; CNT is the number of bytes to be moved
Machine cycles of

W77E468

#
MOV R2, #CNT ; Load R2 with the count value 2
MOV RS3, #SL ; Save low byte of Source Address in R3 2
MOV R4, #SH ; Save high byte of Source address in R4 2
MOV R5, #DL ; Save low byte of Destination Address in R5 2
MOV R6, #DH ; Save high byte of Destination address in R6 2
LOOP:
MOV DPL, R3 ; Load DPL with low byte of Source address 2
MOV DPH, R4 ; Load DPH with high byte of Source address 2
MOVX A, @DPTR ; Get byte from Source to Accumulator 2
INC DPTR ; Increment Source Address to next byte 2
MOV RS3, DPL ; Save low byte of Source address in R3 2
MOV R4, DPH ; Save high byte of Source Address in R4 2
MOV DPL, R5 ; Load low byte of Destination Address in DPL 2
MOV DPH, R6 ; Load high byte of Destination Address in DPH 2
MOVX @DPTR, A : Write data to destination 2
INC DPTR ; Increment Destination Address 2
MOV DPL, R5 ; Save low byte of new destination address in R5 2
MOV DPH, R6 ; Save high byte of new destination address in R6 2
DIJNZ R2,LOOP ; Decrement count and do LOOP again if count <> 0 2
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Machine cycles in standard 8032 = 10 + (26 * CNT)

Machine cycles in W77E468 = 10 + (26 * CNT)

If CNT =50

Clock cycles in standard 8032 = ((10 + (26 *50)) * 12 = (10 + 1300) * 12 = 15720
Clock cycles in W77E468 = ((10 + (26 * 50)) * 4 = (10 + 1300) * 4 = 5240

Block Move with Two Data Pointers in W77E468:
; SH and SL are the high and low bytes of Source Address
; DH and DL are the high and low bytes of Destination Address

; CNT is the number of bytes to be moved
Machine cycles of W77E468

#
MOV R2, #CNT ; Load R2 with the count value 2
MOV  DPS, #00h ; Clear DPS to point to DPTR 2
MOV DPTR, #DHDL ; Load DPTR with Destination address 3
INC DPS ; Set DPS to point to DPTR1 2
MOV DPTR, #SHSL ; Load DPTR1 with Source address 3
LOOP:
MOVX A, @DPTR : Get data from Source block 2
INC DPTR ; Increment source address 2
DEC DPS ; Clear DPS to point to DPTR 2
MOVX @DPTR, A : Write data to Destination 2
INC DPTR ; Increment destination address 2
INC DPS ; Set DPS to point to DPTR1 2
DIJNZ R2,LOOP ; Check if all done 3
Machine cycles in W77E468 = 12 + (15 * CNT)
If CNT =50

Clock cycles in W77E468 = (12 + (15 * 50)) * 4 = (12 + 750) * 4 = 3048

We can see that in the first program the standard 8032 takes 15720 cycles, while the W77E468 takes
only 5240 cycles for the same code. In the second program, written for the W77E468, program
execution requires only 3048 clock cycles. If the size of the block is increased then the saving is even
greater.

External Data Memory Access Timing:

The timing for the MOVX instruction is another feature of the W77E468. In the standard 8032, the
MOVX instruction has a fixed execution time of 2 machine cycles. However in the W77E468, the
duration of the access can be varied by the user.
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The instruction starts off as a normal op-code fetch of 4 clocks. In the next machine cycle, the
W77E468 puts out the address of the external Data Memory and the actual access occurs here. The
user can change the duration of this access time by setting the STRETCH value. The Clock Control
SFR (CKCON) has three bits that control the stretch value. These three bits are M2-0 (bits 2-0 of
CKCON). These three bits give the user 8 different access time options. The stretch can be varied
from O to 7, resulting in MOVX instructions that last from 2 to 9 machine cycles in length. Note that
the stretching of the instruction only results in the elongation of the MOVX instruction, as if the state
of the 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

M2 M1 MO Machine RD or WR RD or WR RD or WR

Cycles strobe width strobe width | strobe width

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
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Last Cycle First Second Next Instruction

. Machine Cycle
| of Previous | Machine cycle | Machine cycle | Y |

Instruction . .
MOVX instruction cycle

|01 |cz |03 |C4 |01 |cz |03 |C4 |01 |cz |03 |C4 |01 |cz |03 |C4 |

cx MUy
we LT 1 T L

P [ L LI L
R I —

D7-0
MOVX Inst. Next Inst. MOVX Data
Address Address Address
MOVX Inst. Next Inst. Readl MOVX Data out
A15-0 X A15-A0 X A15-A0 X A15-A0 X A15-A0

Figure 8. Data Memory Write with Stretch Value =0
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YT I R R R I ]
pseNn | L1 | | L
WR I
oro _—TT [ v
MOVX Inst. Next Inst. MOVX Data T
Address Address Address MOVX Data out

Al15-0 X A15-A0 X A15-A0 X
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Instruction
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Next Inst.
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L MOVX Inst.i
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Figure 9. Data Memory Write with Stretch Value = 1
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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>|

|Cl|CZ|C3|C4|Cl|CZ|C3|C4|Cl|CZ|C3|C4|Cl|CZ|C3|C4|Cl|CZ|C3|C4|Cl|CZ|C3|C4|

me T T 1 T L in
psen [ [ || L

WR I I

[0-07] | DO D7| | DO-D7 —
D7-0 | | |—| |
MOVX Inst. Next Inst. MOVX Data T
pades Address Address MOVX Data out
MOVX Inst Next Inst.
Read

A15-0 :X A15-A0 X A15-A0 X A15-A0 X A15-A0

Figure 10. Data Memory Write with Stretch Value = 2

Wait State Control Signal

Either with the software using stretch value to change the required machine cycle of MOVX

instruction, the W77E468 provides another hardware signal WAIT to implement the wider duration of
external data access timing. This wait state control signal is the alternate function of P6.0. The wait
state control signal can be enabled by setting WS (ROMMAP.7) bit. When enabled, the setting of
stretch value decides the minimum length of MOVX instruction cycle and the device will sample the

WAIT pin at each C3 state before the rising edge of read/write strobe signal during MOVX
instruction. Once this signal being recongnized, one more machine cycle (wait state cycle) will be
inserted into next cycle. The inserted wait state cycles are unlimited, so the MOVX instruction cycle
will end in which the wait state control signal is deactivated. Using wait state control signal allows a
dynamically access timimg to a selected external peripheral. The WS bit is accessed by the Timed
Access Protection procedure.
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Wait State Control Signal Timing (when Stretch =1)

First Second Third i
Machine Machine Machine *?47 Wait-State
Cycle Cycle Cycle Cycle

MOVX Instruction

| C1|C2|C3|C4 |CL|C2|C3|C4|CL|C2|C3|C4|CLl|C2|C3|C4|CL|C2|C3 |Ch

CLOCK

ae [ [ 1 ]
psen [ | I

ADDRESS X X

original rising edge
v gl g edg

'RD/WR | Tl

ﬁ sample WAIT

sample

warT N\ 77

Wait State Control Signal Timing (when Stretch =2)

First Second Third Fourth .
Wait-Stat
M%@'l\%e M%@'l\le ’ M@;S‘ge g Mca;SL?e ’ aClyclea ‘
MOVX Instruction
|]Cl|C2|C3|C4 |Cl|C2|C3|C4|ClL|C2|C3|C4|CL|C2|C3|C4|CL1L|C2|C3|C4|C1l]|C2]|
CLOCK

we L1 —
= e N B

ADDRESS X X

original rising edge
v

RD/WR | ———— |

‘v sample WAIT

sample

WAIT NN 77

POWER MANAGEMENT

The W77E468 has several features that help the user to modify the power consumption of the device
and to preclude loss of control due to power-failure. The power saving features are basically the
POWER DOWN mode, ECONOMY mode and the IDLE mode of operation.

-46 -



Preliminary W77E468
€inbond

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/fail 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 W77E468 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.

Economy Mode

The power consumption of microcontroller relates to operating frequency. The W77E468 offers a
Economy mode to reduce the internal clock rate dynamically without external components. By
default, one machine cycle needs 4 clocks. In Economy mode, software can select 4, 64 or 1024
clocks per machine cycle. It keeps the CPU operating at a acceptable speed but eliminates the power
consumption. In the Idle mode, the clock of the core logic is stopped, but all clocked peripherals such
as watchdog timer are still running at a rate of clock/4. In the Economy mode, all clocked peripherals
run at the same reduced clocks rate as in core logic. So the Economy mode may provide a lower
power consumption than idle mode.

Software invokes the Economy mode by setting the appropriate bits in the SFRs. Setting the bits
CDO(PMR.6), CD1(PMR.7) decides the instruction cycle rate as below:

CDl1 CDO clocks/machine cycle

0 0 Reserved
0 1 4 (default)
1 0 64

1 1 1024
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The selection of instruction rate is going to take effect after a delay of one instruction cycle. Switching
to divide by 64 or 1024 mode must first go from divide by 4 mode. This means software can not
switch directly between clock/64 and clock/1024 mode. The CPU has to return clock/4 mode first,
then go to clock/64 or clock/1024 mode.

The W77E468 allows the user to use internal RC oscillator instead of external crystal. Setting the

XT/RG bit (EXIF.3) selects the crystal or RC oscillator as the clock source. When invoking RC
oscillator in Economy mode, software may set the XTOFF bit to turn off the crystal amplifier for
saving power. The CPU would run at the clock rate of approximately 2-4 MHz divided by 4, 64 or
1024. The RC oscillator is not precise so that can not be invoked to the operation which needs the
accurate time-base such as serial communication. The RGMD(EXIF.2) indicates current clock source.
When switching the clock source, CPU needs one instruction cycle delay to take effect new setting. If
crystal amplifier is disabled and RC oscillator is present clock source, software must first clear the
XTOFF bit to turn on crystal amplifier before switch to crystal operation. Hardware will set the XTUP

bit (STATUS.4) once the crystal is warm-up and ready for use. It is unable to set XT/RG bit to 1 if
XTUP = 0.

In Economy mode, the serial port can not receive/transmit data correctly because the baud rate is
changed. In some systems, the external interrupts may require the fastest process such that the
reducing of operating speed is restricted. In order to solve these dilemmas, the W77E468 offers a
switchback feature which allows the CPU back to clock/4 mode immediately when triggered by serial
operation or external interrupts. The switchback feature is enabled by setting the SWB bit (PMR.5). A
serial port reception/transmission or qualified external interrupt which is enabled and acknowledged
without block conditions will cause CPU to return to divide by 4 mode. For the serial port reception, a
switchback is generated by a falling edge associated with start bit if the serial port reception is
enabled. When a serial port transmission, an instruction which writes a byte of data to serial port
buffer will cause a switchback to ensure the correct transmission. The switchback feature is
unaffected by serial port interrupt flags. After a switchback is generated, the software can manually
return the CPU to Economy mode. Note that the modification of clock control bits CDO and CD1 will
be ignored during serial port transmit/receive when switchback is enabled. The Watchdog timer reset,
power-on/fail reset or external reset will force the CPU to return to divide by 4 mode.

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 W77E468 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 on-chip hardware will now provide a
delay of 65536 clock, which is used to provide time for the oscillator to restart and stabilize. Once this
delay is complete an internal reset is activated and 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.

-48-



Preliminary W77E468
€inbond

The W77E468 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. The device will experience a warm-up delay of 65536 clock
cycles to ensure the oscillation stabilize. 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 a warm-up delay of 65536 crystal clocks. 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 5-1. Status of external pins during Idle and Power Down

Mode Program | ALE PSEN PORTO PORT1 PORT2 PORT3
Memory
Idle Internal 1 1 Data Data Data Data
Idle External | 1 1 Float Data Data Data
Power Down | Internal 0 0 Data Data Data Data
Power Down | External | O 0 Float Data Data Data
Table 5-2. Status of external pins during Idle and Power Down
Mode Program | A15-A0 | D7-D0O | PORT4 | PORTS | PORTG6 RD WR
Memory
Idle Internal Address Float Data Data Data 1 1
Idle External | Address Float Data Data Data 1 1
Power Down Internal Address Float Data Data Data 1 1
Power Down | External | Address Float Data Data Data 1 1

RESET CONDITIONS

The user has several hardware related options for placing the W77E468 into reset condition. In
general, most register bits go to their reset value irrespective of the reset condition, but there are a
few flags whose state depends on the source of reset. The user can use these flags to determine the
cause of reset using software. There are three ways of putting the device into reset state. They are
External reset, Power on reset and Watchdog reset.
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External Reset

The device continuously samples the RST pin at state C4 of every machine cycle. Therefore the RST
pin must be held for at least 2 machine cycles to ensure detection of a valid RST high. The reset
circuitry then synchronously applies the internal reset signal. Thus the reset is a synchronous
operation and requires the clock to be running to cause an external reset.

Once the device is in reset condition, it will remain so as long as RST is 1. Even after RST is
deactivated, the device will continue to be in reset state for up to two machine cycles, and then begin
program execution from 0000h. There is no flag associated with the external reset condition. However
since the other two reset sources have flags, the external reset can be considered as the default reset
if those two flags are cleared.

Watchdog Timer Reset

The Watchdog timer is a free running timer with programmable time-out intervals. The user can clear
the watchdog timer at any time, causing it to restart the count. When the time-out interval is reached
an interrupt flag is set. If the Watchdog reset is enabled and the watchdog timer is not cleared, then
512 clocks from the flag being set, the watchdog timer will generate a reset . This places the device
into the reset condition. The reset condition is maintained by hardware for two machine cycles. Once
the reset is removed the device will begin execution from 0000h.

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 Vpp 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. 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
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Table 6. SFR Reset Value, continued
SFR Name Reset Value SFR Name Reset Value
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 01xxXx110b PMR 010xx0x0b
EXIF 0000XxxX0b STATUS 000x0000b
P4 XXXX1111b P4 11111111b
P5 11111111b P6 xxxx1111b
HB 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 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.

INTERRUPTS

The W77E468 has a two priority level interrupt structure with 12 interrupt sources. Each of the
interrupt sources has an individual priority bit, flag, interrupt vector and enable bit. In addition, the
interrupts can be globally enabled or disabled.

Interrupt Sources

The External Interrupts INTO and INT1 can be either edge triggered or level triggered, depending on
bits ITO and IT1. The bits IEO and IE1 in the TCON register are the flags which are checked to
generate the interrupt. In the edge triggered mode, the INTXx inputs are sampled in every machine
cycle. If the sample is high in one cycle and low in the next, then a high to low transition is detected
and the interrupts request flag IEx in TCON or EXIF is set. The flag bit requests the interrupt. Since
the external interrupts are sampled every machine cycle, they have to be held high or low for at least
one complete machine cycle. The IEx flag is automatically cleared when the service routine is called.
If the level triggered mode is selected, then the requesting source has to hold the pin low till the
interrupt is serviced. The IEx flag will not be cleared by the hardware on entering the service routine.
If the interrupt continues to be held low even after the service routine is completed, then the
processor may acknowledge another interrupt request from the same source. Note that the external

interrupts INT2 to INT5 are edge triggered only. By default, the individual interrupt flag corresponding
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to external interrupt 2 to 5 must be cleared manually by software. It can be configured with hardware
cleared by setting the corresponding bit HCx in the T2MOD register. For instance, if HC2 is set
hardware will clear IE2 flag after program enters the interrupt 2 service routine.

The Timer 0 and 1 Interrupts are generated by the TFO and TF1 flags. These flags are set by the
overflow in the Timer O and Timer 1. The TFO and TF1 flags are automatically cleared by the
hardware when the timer interrupt is serviced. The Timer 2 interrupt is generated by a logical OR of
the TF2 and the EXF2 flags. These flags are set by overflow or capture/reload events in the timer 2
operation. The hardware does not clear these flags when a timer 2 interrupt is executed. Software has
to resolve the cause of the interrupt between TF2 and EXF2 and clear the appropriate flag.

The Watchdog timer can be used as a system monitor or a simple timer. In either case, when the
time-out count is reached, the Watchdog timer interrupt flag WDIF (WDCON.3) is set. If the interrupt
is enabled by the enable bit EIE.4, then an interrupt will occur.

The Serial block can generate interrupts on reception or transmission. There are two interrupt sources
from the Serial block, which are obtained by the RI and TI bits in the SCON SFR and RI_1 and TI_1
in the SCON1 SFR. These bits are not automatically cleared by the hardware, and the user will have
to clear these bits using software.

All the bits that generate interrupts can be set or reset by hardware, and thereby software initiated
interrupts can be generated. Each of the individual interrupts can be enabled or disabled by setting or
clearing a bit in the IE SFR. IE also has a global enable/disable bit EA, which can be cleared to
disable all the interrupts, except PFI, at once.

Priority Level Structure

There are two p