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2 FEATURES

e Fully static design 8-bit CMOS microcontroller

e Optional 12T or 6T mode
B 12T Mode, 12 clocks per machine cycle operation (default), Speed up to 40 MHz/5V
B 6T Mode, 6 clocks per machine cycle operation set by the writer, Speed up to 20 MHz/5V

¢ Wide supply voltage of 2.4V to 5.5V

e Temperature grade is (-40°C~85°C)

¢ Pin and Instruction-sets compatible with MCS-51

¢ 256 bytes of on-chip scratchpad RAM

¢ 16K/8K/4K bytes electrically erasable/programmable Flash EPROM

¢ 2K bytes LDROM support ISP function (Reference Application Note)

¢ 64KB program memory address space

¢ 64KB data memory address space

e Four 8-bit bi-directional ports

e 8-sources, 4-level interrupt capability

¢ One extra 4-bit bit-addressable 1/0 port, additional INT2/INT3 (available on PQFP, PLCC and
LQFP package)

e Three 16-bit timer/counters

¢ One full duplex serial port

e Watchdog Timer

e EMI reduction mode

¢ Software Reset

o Built-in power management with idle mode and power down mode

e Code protection

e Packages: DIP40, PLCC44, PQFP44, LQFP48
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4  PIN CONFIGURATIONS

T2,P1.0 []1 U 401 vDD
T2EX, P1.1 []2 391 P0.0, ADO
P12 L3 381 P0.1, AD1
P1.3 []4 371 P0.2, AD2
P14 L[ls 36| ] P0.3, AD3
P15 L[]6 351 P0.4, AD4
P16 7 341 P0.5, AD5
P17 L[]8 o 3 P06, AD6
RST Lo E 32[1 Pp0.7, AD7
RXD, P3.0 L]10 A 1 EA
TXD, P3.1 [} 11 5 301 ALE
INTO, P32 []12 2901 PSEN
INT1, P3.3 L[]13 281 P27, A15
T0,P3.4 []14 2701 P26, A14
T1,P3.5 []15 261 P25, A13
WR, P36 []16 2501 P2.4,A12
RD, P37 17 241 P23 A1
XTAL2 []18 231 p2.2,A10
XTAL1 19 22 ] P2.1, A9
vss [J20 211 P2.0, A8
N 3 x>
x8d 28R83
TVIITVS233IZI
P wNM-_,2oONMUTO-~-MNMW
(L O 0 O
(o) [6,] A WO N - t a 3 ﬁ g
P15 047 © 3901 P0.4, AD4
P16 [ls 38[1 P0.5 AD5
P1.7 Lo 371]  P0.6, AD6
RST L[l10 3] P0.7, AD7
RXD, P3.0 []11 s EA
INT2, P43 []12 PLCC 44-pin ] P4t
TXD, P31 []13 33[] ALE
INTO, P3.2 []14 32[] PSEN
INT1,P3.3 [l1s 310 pP27,A15
T0, P34 [l16 0[] P26, A14
TLP35 L1177 e e WP P25A13
(e ] ©o© o - N W » [$)] () ~N
EpEpEREp SRS SRR N RN
33NN 528383383
oNZEZ0Ooo2hwar
S
Py o -~ N
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AD3, P0.3
AD2, P0.2
AD1, P0.1
ADO, P0.0
VDD
INT3, P4.2
T2,P1.0
T2EX, P1.1
P1.2

P1.3

P1.4

P0.6, AD6

EA

O e

34
35
36
37
38
39
40
41
42
43

Ab.

33[J P0.4, AD4
32[J PO.5, AD5

31 ]
30 [ PO.7, AD7

) 29 []
PQFP 44-pin 287 pa1
27 [1 ALE
26 [1 PSEN
251 pP2.7, A15
2411 p2.6, Al4
e e e s w2 P25,A13
W A OO N ® O O =~ N
D000 gouogog

-
N

P15 []1

P16 L2
P17 L3
RST 04
RXD,P3.0 [}s
P43 []e

Oz

P32 L[]8
INT1,P3.3 [jo
T0,P3.4 [l10
T1,P3.5 L1

TXD, P3.1

INTZ,
INTO,

P2.4, A12
P2.3, A11
P2.2, A10
P2.1, A9
P2.0, A8
P4.0
VSS
XTAL1
XTAL2
P3.7, RD
P3.6, WR

AD2, P0.3
AD2, P0.2
AD1, P0O.1
ADO, P0.0

VDD

INT3, P4.2

T2,P1.0

T2EX, P1.1

P1.2
P1.3
P1.4

NC

HHHHHHHAHHHA

P15 [L]1 ©
P1.6 [1]2
P1.7 [1L]3

RST [L]4

3611 NC

37
38
39
40
4
42
43
44
45
46
47
48

35111 P0.4, AD4
34111 P0O.5, AD5
33111 P0.6, AD6
32111 P0.7, AD7
2811 PSEN

2711 P2.7,A15
2611 P2.6, A14
25111 P2.5,A13

31171 EA
3011 P4.1
29T ALE

LQFP 48-pin

THEUHOHEHELE

-
o

15

P3.1 147
NC [T 12

INTO, P3.2 [T]8

P3.0 115

INT2, P4.3 [T]6
TO, P3.4 [T]10

INT1, P3.3 [1]°9
T1,P3.5 [T M

NC
P2.4, A12
P2.3, A11
P2.2, A10
P2.1, A9
P2.0, A8
P4.0

VSS
XTAL1
XTAL2
P3.7, RD
P3.6, WR
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7.6 Data Pointers

The data pointer of W78E054D/W78E052D/W78E051D series is same as standard 8052 that have
one 16-bit Data Pointer (DPTR).

7.7 Architecture

The W78E054D/W78E052D/W78E051D series are based on the standard 8052 device. It is built
around an 8-bit ALU that uses internal registers for temporary storage and control of the peripheral
devices. It can execute the standard 8052 instruction set.

7.7.1 ALU

The ALU is the heart of the W78E054D/W78E052D/W78E051D series. It is responsible for the arith-
metic and logical functions. It is also used in decision making, in case of jump instructions, and is also
used in calculating jump addresses. The user cannot directly use the ALU, but the Instruction Decoder
reads the op-code, decodes it, and sequences the data through the ALU and its associated registers
to generate the required result. The ALU mainly uses the ACC which is a special function register
(SFR) on the chip. Another SFR, namely B register is also used Multiply and Divide instructions. The
ALU generates several status signals which are stored in the Program Status Word register (PSW).

7.7.2 Accumulator

The Accumulator (ACC) is the primary register used in arithmetic, logical and data transfer operations
in the W78E054D/W78E052D/W78E051D series. Since the Accumulator is directly accessible by the
CPU, most of the high speed instructions make use of the ACC as one argument.

7.7.3 B Register

This is an 8-bit register that is used as the second argument in the MUL and DIV instructions. For all
other instructions it can be used simply as a general purpose register.

7.7.4 Program Status Word

This is an 8-bit SFR that is used to store the status bits of the ALU. It holds the Carry flag, the Auxiliary
Carry flag, General purpose flags, the Register Bank Select, the Overflow flag, and the Parity flag.

7.7.5 Scratch-pad RAM

The W78E054D/W78E052D/W78E051D series has a 256 byte on-chip scratch-pad RAM. This can be
used by the user for temporary storage during program execution. A certain section of this RAM is bit
addressable, and can be directly addressed for this purpose.

7.7.6 Stack Pointer

The W78E054D/W78E052D/W78E051D series has an 8-bit Stack Pointer which points to the top of
the Stack. This stack resides in the Scratch Pad RAM in the W78E054D/W78E052D/W78E051D.
Hence the size of the stack is limited by the size of this RAM.

Publication Release Date: Oct 20, 2011
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8.2.2 Bit addressable Locations

The Scratch-pad RAM area from location 20h to 2Fh is byte as well as bit addressable. This means
that a bit in this area can be individually addressed. In addition some of the SFRs are also bit ad-
dressable. The instruction decoder is able to distinguish a bit access from a byte access by the type of
the instruction itself. In the SFR area, any existing SFR whose address ends in a 0 or 8 is bit address-
able.

8.2.3 Stack

The scratch-pad RAM can be used for the stack. This area is selected by the Stack Pointer (SP),
which stores the address of the top of the stack. Whenever a jump, call or interrupt is invoked the re-
turn address is placed on the stack. There is no restriction as to where the stack can begin in the
RAM. By default however, the Stack Pointer contains 07h at reset. The user can then change this to
any value desired. The SP will point to the last used value. Therefore, the SP will be incremented and
then address saved onto the stack. Conversely, while popping from the stack the contents will be read
first, and then the SP is decreased.

Publication Release Date: Oct 20, 2011
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Mnemonic: POUPR Address: 86h
BIT | NAME FUNCTION

0 POUP 0: Port 0 pins are open-drain.
1: Port 0 pins are internally pulled-up. Port 0 is structurally the same as Port 2.

Power Control

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

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

6 SMOD | 0: Framing Error Detection Disable. SCON.7 (SMO/FE) bit is used as SMO (stan-
0 dard 8052 function).

1: Framing Error Detection Enable. SCON.7 (SMO/FE) bit is used to reflect as
Frame Error (FE) status flag.

5 - Reserved
4 POR 0: Cleared by software.
1: Set automatically when a power-on reset has occurred.

3 GF1 General purpose user flags.

2 GFO General purpose user flags.

1 PD 1: The CPU goes into the POWER DOWN mode. In this mode, all the clocks are
stopped and program execution is frozen.

0 IDL 1: The CPU goes into the IDLE mode. In this mode, the clocks CPU clock stopped,

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

Timer Control

Bit: 7 6 5 4 3 2 1 0
TF1 TR1 TFO TRO IE1 IT1 IEO ITO
Mnemonic: TCON Address: 88h
BIT | NAME | FUNCTION
7 TF1 Timer 1 Overflow Flag. This bit is set when Timer 1 overflows. It is cleared auto-

matically when the program does a timer 1 interrupt service routine. Software can
also set or clear this bit.

6 TR Timer 1 Run Control. This bit is set or cleared by software to turn timer/counter on
or off.
5 TFO Timer 0 Overflow Flag. This bit is set when Timer 0 overflows. It is cleared auto-

matically when the program does a timer O interrupt service routine. Software can
also set or clear this bit.

Publication Release Date: Oct 20, 2011
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BIT | NAME | FUNCTION
7 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.

6 AC Auxiliary carry:

Set when the previous operation resulted in a carry from the high order nibble.
5 FO User flag 0:

The General purpose flag that can be set or cleared by the user.

4 RS1 Register bank select bits:

3 RSO Register bank select bits:

2 ov Overflow flag:

Set when a carry was generated from the seventh bit but not from the 8" bitas a
result of the previous operation, or vice-versa.

1 F1 User Flag 1:
The General purpose flag that can be set or cleared by the user by software.
0 P Parity flag:
Set/cleared by hardware to indicate odd/even number of 1’s in the accumulator.
Port 4
Bit: 7 6 5 4 3 2 1 0
- - - - P4.3 P4.2 P4.1 P4.0
Mnemonic: P4 Address: D8h

Another bit-addressable port P4 is also available and only 4 bits (P4<3:0>) can be used. This port ad-
dress is located at 0D8H with the same function as that of port P1, except the P4.3 and P4.2 are alter-

native function pins. It can be used as general I/O pins or external interrupt input sources (|NT2,

INT3 ),
ACCUMULATOR

Bit: 7 6 5 4 3 2 1 0

ACC.7 ACC.6 ACC.5 ACC.4 ACC.3 ACC.2 ACCA1 ACC.0

Mnemonic: ACC Address: EOh
Bit |Name Function

7-0 |ACC The A or ACC register is the standard 8052 accumulator.
B Register

Bit: 7 6 5 4 3 2 1 0

| B7 | B6 B.5 B.4 B.3 B.2 B.1 B.0 |

Mnemonic: B Address: FOh
‘Bit ‘Name ‘Function ‘

Publication Release Date: Oct 20, 2011
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11 POWER MANAGEMENT

The W78E054D/W78E052D/W78E051D has several features that help the user to control the power
consumption of the device. The power saved features have basically the POWER DOWN mode and
the IDLE mode of operation.

11.1 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 port pins hold the logi-
cal 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 put into reset either by apply-
ing a high on the external RST pin, a Power on reset condition or a Watchdog timer reset. The exter-
nal reset pin has to be held high for at least two machine cycles i.e. 24 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 imme-
diately.

11.2 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. The port pins output the
values held by their respective SFRs.

The W78E054D/W78E052D/W78E051D will exit the Power Down mode with a reset or by an external
interrupt pin enabled as level detects. An external reset can be used to exit the Power down state. The
high on RST pin terminates the Power Down mode, and restarts the clock. The program execution will
restart from 0000h. In the Power down mode, the clock is stopped, so the Watchdog timer cannot be
used to provide the reset to exit Power down mode.

The W78E054D/W78E052D/W78E051D can be woken from the Power Down mode by forcing an ex-
ternal interrupt pin activated, provided the corresponding interrupt is enabled, while the global en-
able(EA) bit is set and the external input has been set to a level detect mode. If these conditions are
met, then the high level on the external pin re-starts the oscillator. Then device executes the interrupt
service routine for the corresponding external interrupt. After the interrupt service routine is completed,
the program execution returns to the instruction after one which put the device into Power Down mode
and continues from there.

-44 -
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service routine currently being executed. If the polling cycle is not the last machine cycle of the instruc-
tion being executed, then an additional delay is introduced. The maximum response time (if no other
interrupt is in service) occurs if the device is performing a write to IE, IP, IPH and then executes a
MUL or DIV instruction.

13.4 Interrupt Inputs

Since the external interrupt pins are sampled once each machine cycle, an input high or low should
hold for at least one machine cycle to ensure proper sampling. If the external interrupt is high for at
least one machine cycle, and then hold it low for at least one machine cycle. This is to ensure that the
transition is seen and that interrupt request flag IEn is set. IEn is automatically cleared by the CPU
when the service routine is called.

If the external interrupt is level-activated, the external source must hold the request active until the
requested interrupt is actually generated. If the external interrupt is still asserted when the interrupt
service routine is completed another interrupt will be generated. It is not necessary to clear the inter-
rupt flag IEn when the interrupt is level sensitive, it simply tracks the input pin level.

If an external interrupt is enabled when the W78E054D/W78E052D/W78EQ051D is put into Power
Down or Idle mode, the interrupt will cause the processor to wake up and resume operation. Refer to
the section on Power Reduction Modes for details.

Publication Release Date: Oct 20, 2011
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Fosc 1/12

T2CON.7

TH2 |—>| TF2 |—

T2=P1.0
TR2=T2CON22 4;7 Timer2
Interrupt

| RCAP2L | RCAP2H |

h 4

T2EX=P1.1 _\_ \ EXF2
T2CON.6

Figure 14—4 16-Bit Capture Mode

EXEN2=T2CON.3

14.3.2 Auto-Reload Mode, Counting up

The auto-reload mode as an up counter is enabled by clearing the CP/RL2 pjt in the T2CON register
and clearing the DCEN bit in T2MOD(bit0) register. In this mode, Timer/Counter 2 is a 16 bit up coun-
ter. When the counter rolls over from OFFFFh, 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.

(RCLK,TCLK, CP/RL2 )= (0,0,0) & DCEN= 0

Fosc 1/12 C/T2=T2CON.1
0 T2CON.7

j—»{ T2 | TH2 |—>| TR |—
T2=P1.0 ¢1 4

Timer2
TR2=T2CON.2 ‘X :D_> Interrupt
é | RCAP2L | RCAPM |

T
_\_ T p{ EXF2
L/
T2CON6

Figure 14-5 16-Bit Auto-reload Mode, Counting Up

14.3.3 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 over-
flow 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 regis-
ters will load a OFFFFh 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 cannot generate an interrupt while in this mode.
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(RCLK,TCLK, CP/RL2 )= (0,0,0) & DCEN= 1

Down Counting Reload Value

| OFFn OFFh |
Y
7 | oy
Fosc 1/12 &2@1\1.1 ( o
g ) Timer2
?1 TL2 % » TR Interrupt
T2=P1.0 ’7 4
TR2=T2CON.2
5 > Z
| RCAP2L | RCAPOH | —__I
TEX<PLI Up Counting Reload Value »| EXR2
T2CON.6

Figure 14—6 16-Bit Auto-reload Mode, Counting Up

14.3.4 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 OFFFFh. 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.

1
T2=P1.0 J

TR2=T2CON.2

C/T2=T2CON.1
(0]

RCLK+TCLK=1,CP/RL2 =0

172

Timer2 RCLK=

-] Overflow T2CON.S
TH2 >

-

1 (0]

TCLK= 1/16 Rx Clock

#l
r— T2QON.4
1 0
[ rcapoL | rcAP2H | \—>-—> Tx Clock

T2EX=P1.1 _\_ EXF2 Timer2
Interrupt

EXEN2=T2CON.3

T2CON.6

Figure 14-7 Baud Rate Generator Mode
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16 SERIAL PORT

Serial port in this device is a full duplex port. The serial port is capable of synchronous as well as
asynchronous communication. In Synchronous mode the device 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 ad-
dressed as SBUF Special Function Register. However any write to SBUF will be to the transmit regis-
ter, while a read from SBUF will be from the receiver buffer register. The serial port can operate in four
different modes as described below.

16.1 MODE 0O

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 device whether it 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 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. This additional facility of programmable baud rate in mode 0 is the only difference between the
standard 8051 and W78E054D/W78E052D/W78E051D.

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 this
device and the device at the other end of the line. Any instruction that causes a write to SBUF will start
the transmission. The shift clock will be activated and data will be shifted out on the RxD pin till all 8
bits are transmitted. If SM2 = 1, then the data on RxD will appear 1 clock period before the falling
edge of shift clock on TxD. The clock on TxD then remains low for 2 clock periods, and then goes high
again. If SM2 = 0, the data on RxD will appear 3 clock periods before the falling edge of shift clock on
TxD. The clock on TxD then remains low for 6 clock periods, and then goes high again. This ensures
that at the receiving end the data on RxD line can either be clocked on the rising edge of the shift
clock on TxD or latched when the TxD clock is low.
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Write Transmit Shift Register
rite to
SBUF Internal PARIN
Data Bus
»| LOAD  SOUT|—p RXD
P3.0 Alternate
I »| CLOCK Output Function
TX START TX SHIFT
TX CLOCK Tl
1:2>—> Serial Interrupt
RX CLOCK RI XD
SHIFT CLOCK > P3.1 Alternate
Output Function
RE‘E_D—» LOAD SBUF
TX START
RX SHIFT
Serial Controll v Read SBUF
erial controlior
CLOCK SBVU_Fl Internal
RXD » sIN PAROUT Data Bus
P3.0 Alternate
Input Function Receive Shift Register

Figure 16—1 Serial port mode 0

The Tl flag is set high in S6P2 following the end of transmission of the last bit. The serial port will re-
ceive data when REN is 1 and Rl is zero. The shift clock (TxD) will be activated and the serial port will
latch data on the rising edge of shift clock. The external device should therefore present data on the
falling edge on the shift clock. This process continues till all the 8 bits have been received. The RI flag
is set in S6P2 following the last rising edge of the shift clock on TxD. This will stop reception, till the Rl
is cleared by software.

16.2 MODE 1

In Mode 1, the full duplex asynchronous mode is used. Serial communication frames are made up of
10 bits transmitted on TXD and received on RXD. The 10 bits consist of a start bit (0), 8 data bits (LSB
first), and a stop bit (1). On receive, the stop bit goes into RB8 in the SFR SCON. The baud rate in this
mode is variable. The serial baud can be programmed to be 1/16 or 1/32 of the Timer 1 overflow.
Since the Timer 1 can be set to different reload values, a wide variation in baud rates is possible.

Transmission begins with a write to SBUF. The serial data is brought out on to TxD pin at S6P2 follow-
ing the first roll-over of divide by 16 counter. The next bit is placed on TxD pin at S6P2 following the
next rollover of the divide by 16 counter. Thus the transmission is synchronized to the divide by 16
counter and not directly to the write to SBUF signal. After all 8 bits of data are transmitted, the stop bit
is transmitted. The Tl flag is set in the S6P2 state after the stop bit has been put out on TxD pin. This
will be at the 10th rollover of the divide by 16 counters after a write to SBUF.

Reception is enabled only if REN is high. The serial port actually starts the receiving of serial data,
with the detection of a falling edge on the RxD pin. The 1-to-0 detector continuously monitors the RxD
line, sampling it at the rate of 16 times the selected baud rate. When a falling edge is detected, the
divide by 16 counters is immediately reset. This helps to align the bit boundaries with the rollovers of
the divide by 16 counters.
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Bit 0: Lock bits

0: Lock enable

1: Lock disable

This bit is used to protect the customer's program code in the W78E054D/W78E052D/W78E051D. It
may be set after the programmer finishes the programming and verifies sequence. Once these bits are
set to logic 0, both the FLASH data and Special Setting Registers cannot be accessed again.

Bit 1: MOVC inhibit

0: MOVC inhibit enable

1: MOVC inhibit disable

This bit is used to restrict the accessible region of the MOVC instruction. It can prevent the MOVC in-
struction in external program memory from reading the internal program code. When this bit is set to
logic 0, a MOVC instruction in external program memory space will be able to access code only in the
external memory, not in the internal memory. A MOVC instruction in internal program memory space
will always be able to access the ROM data in both internal and external memory. If this bit is logic 1,
there are no restrictions on the MOVC instruction.

Bit 2: CBS

Config boot select at Power-on reset and external reset.
CBS=1: Boot from APROM block (default).

CBS=0: Boot from LDROM block (0x3800).

Bit 3: NSR (Noise Sensitivity Reduction)
NSR=1: Noise Sensitivity Reduction is disabled.
NSR=0: Noise Sensitivity Reduction is enabled.

Bit 4: Must be “1”

Bit 5: Machine Cycle Select

This bit is select MCU core, default value is logic 1, and the MCU core is 12T per instruction. Once this
bit is set to logic 0, the MCU core is 6T per instruction.

Bit 6: Must be “1”

Bit 7: Crystal Select

0 (24MHz): If system clock is slower than 24MHz, programming “0”. It can reduce EMI effect and save
the power consumption.

1 (40MHz): If system clock is faster than 24MHz, programming “1”.
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a limited number of samples.

*2: Pins of ports 1~4 source a transition current when they are being externally driven from 1 to 0.
The transition current reaches its maximum value when V\y is approximately 2V.

*3: Under steady state (non-transient) conditions, Io. must be externally limited as follows:

Maximum lg, per port pin: 20mA
Maximum lo_ per 8-bit port: 40mA
Maximum total I for all outputs: 100mA

*4: If loy exceeds the test condition, Vou will be lower than the listed specification.
If lo. exceeds the test condition, Vo will be higher than the listed specification.

*5: Tested while CPU is kept in reset state and EA=H, PortO=H.

Voltage Max. Frequency 6T/12T mode Note
4.5-5.5V 40MHz 12T

4.5-5.5V 20MHz 6T

2.4V 20MHz 12T

2.4V 10MHz 6T

Frequency VS Voltage Table

20.3 AC ELECTRICAL CHARACTERISTICS

The AC specifications are a function of the particular process used to manufacture the part, the ratings
of the 1/O buffers, the capacitive load, and the internal routing capacitance. Most of the specifications
can be expressed in terms of multiple input clock periods (TCP), and actual parts will usually experi-
ence less than a £20 nS variation.

20.3.1 Clock Input Waveform

XTALL o] N/
Ten o ToL
- Fop, Tcp .
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTES
Operating Speed Fop 0 - 40 MHz 1
Clock Period TCP 25 - - nS 2
Clock High Tch 10 - - nS 3
Clock Low Tcl 10 - - nS 3
Notes:

1. The clock may be stopped indefinitely in either state.
2. The TCP specification is used as a reference in other specifications.

-71 -

Publication Release Date: Oct 20, 2011

Revision A10



W78E054D/W78E052D/W78E051D Data Sheet

NUVOTON
i —_—_—_—_—_—_—_—_—_—_—_—_—_,_,__._.....——

20.4.3 Data Write Cycle

| S4 | S5 | S6 | S1 | S2 | S3 | 84 | S5 | S6 | S1 | S2 | S3 |
AL Ty gy L
ALE
PSEN ]
PORT 2 X A8-A15 X X
PORT 0 — <hoar X DATA OUT X < >
WR “—'i ToaD <> Towp
1TDAW | Towr ‘
20.4.4 Port Access Cycle
S5 I S6 I S1
XTAL | | | | | | | |
ALE
Teos | !, TPDH | i TPDA |
PORT P4 P ><__DATA OUT
INPUT
SAMPLE
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21 APPLICATION CIRCUITS
21.1 External Program Memory and Crystal

_vee
5 S’I
31 [— 39 ADO ADO 3 AQ A0 10 ADO
c1 -I||— EA @ 2 PO0|55ADT ADT 4] DO Qo AT AT A0 00 ADT
| CRYSTAL 19 > 5 P01 f37—ADZ ADZ—| D1 Qf v v Al o1 D7
il I + XTAL1 P0.2 |-35—AD3 AD3 5| D2 Q2 T 5 A2 02 [5—AD3
PO.3 "3 AD4 AD4 13 | D3 Q5 Az AZ A3 O3 46 AD4
] R P0.4 I757—AD5 AD5 14 | D4 Q4 <575 A5 A4 04 <7 AD5
c2 PO.5 33— ADE— AD6—17] D5 Q5 [5—A6 AS 1 A5 05 [~g—ADG
| 18 P0.6 M35 —ADY AD7 18 | D6 Q6 g A7 A7 A6 06 19 AD7
sl XTAL2 PO.7 D7 a7 RS 75 | AT o7
AT 24| A8
RS9 st P20 a5 -I|| 1 oc 2 ho
2 A9 11 A0 2
2 P3.2/INTQ po s [2 ° LxEm— N
: 2[5 AT
ch[o 1 P3.3/INT1 P23 R 4373 —— 2 A12
5 P3.4/T0 PZ'AW WMS
10uF P3.5/T1 P2.5 57 —A1d — A5 1 | A4
P26 5 AT5 — | A15
P1.0/T2 pP2.7 [ 20 | —
P1.1/T2EX -I| 55| CE
P1.2 _ 16 OE
P1.3 WR/P3.6 57—
8.2K *—2 P14 ROPLT [ 46—X psen 64KB ROM
X——= P15 PSEN [F55——ATE
= X—¢{ P16 ALE [—r7
- X—— P1.7 TO/P3.1 [H5—X
RXD/P3.0 [——X
78E054DDG-40DIP
W78E052DDG-40DIP
W78E051DDG-40DIP

Figure A

21.2 Expanded External Data Memory and Oscillator

_vee
vce = T
o o
N <t
= ADO ADO AO AQ ADO
M En @ 8§ Poo gg —,:m—ioo |2 AT AT ﬁ A0 DO [—7—ADT
19 > > PO 77Dz A ADZ 7| D! Q1 AT D 1 Al D1 AD?
XTAL1 P0.2 55— AD3 AD5 g ] D2 Q2 A3 A3 A2 D2 (47 —AD3
P0.3 "35—AD4 AD4 13 | D3 Q3 AL A4 A3 D3 g ADZ
P0.4 75— AD5 AD5 14 |D4 4 A5 A5 MM D4 9 AD5
PO 33 ADG ADE 17| DS 30 A6 LR ] Do [20 7D
- AD7 AD7 A7 A7 21 _AD7
*—181 a2 PoO.7 |2 807 Q7 AT 23 A7 o7 -2
RST A8 A5 26 | A8
& Rt P2.0 55 —Ag -I|| 110 oc —M%Ag 2 vge
2 P2.1 AT0 — G — AT 25 | A10 Cs1 35 ||'
vee P3.2/INTO P2.2 4 ATT 74373 WA“ CS2 24
2| P3.3/INTH P2.3 =55 —ATD RT3 38| A12 OF [5g—
X—5| P3.4ITO P2.4 56— AT3 — A4 3 | A8 WE
10uF X——{ P3.5/T1 P2.5 57 —ATd —RT5 31 ] Al4
u 27 31
P2.6 [ 5 AT5 — | A5
X—— P1.0/T2 [ ea—
%—=5— P1.1/T2EX 6AKE RAM
X—3 P1.2 _ 16 WR
X—¢ P13 WR/P3.6 [47—7RD
8.2K 5 P14 RD/P3.7 g
7 P1.5 PSEN 35X ALE
— X—4g P16 ALE |57
= X—— P1.7 TXD/P3.1 [—5—X
RXD/P3.0 [——X
78E054DDG-40DIP
W78E052DDG-40DIP
W78E051DDG-40DIP
Figure B
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33

—

IR
HSHHHHEHHHHEH

—

L Detail F

Symbol D.imension ininch I:.)imension in mm

Min Nom Max Min Nom Max
A JE— JE— - [ -
A1 0.002 0.01 0.02 0.05 0.25 0.5
Az 0.075 |0.081 |0.087 1.90 2.05 2.20
b 0.01 0.014 | 0.018 0.25 0.35 0.45
Cc 0.004 | 0.006 0.010 0.10 0.15 0.25
D 0.390 | 0.394 0.398 9.9 10.00 | 10.1
E 0.390 | 0.394 0.398 9.9 10.00 |10.1
el — .0315 —_— — 0.80 —
Ho 0.510 |0.520 |0.530 |12.95 1320 [13.45
He 0.510 |0.520 |0.530 |12.95 1320 (1345
L 0.025 | 0.031 0.037 0.65 0.8 0.95
L1 —  ]0.063 — — 1.60 -
y — — | 0.004 — 0.10
o 0° — 10 ° 0° 10 °
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