W78C458

(T

Vinbond

7 Electronics Corp.

T
| gl

8-BIT MICROCONTROLLER
GENERAL DESCRIPTION

The W78C458 is a high performance single-chip CMOS 8-bit microcontroller and is a derivative of
the W78C52 microcontroller family that is functionally compatible with the W78C32, except that it
provides an internal 32K byte mask ROM, either 64 KB program/1 MB data memory address or
memory-mapped chip select logic, five general I/O ports, and four external interrupts.

In the W78C32, two I/O ports, Port 1 and Port 3, are available for general purpose use (Port 3 also
supports alternative functions), and Port 2 and Port 0 are used as the address bus and data bus,
respectively. The W78C458 provides two dedicated address ports (AP5, AP6) as 64 KB address
output and one address/data port (DP4) as ROM code input and external RAM data input/output to
enable Port 0 and Port 2 to be used as general purpose 1/0 ports. Unlike the W78C32, this product
does not require an external latch device for multiplexing low byte addresses. The W78C458 also
provides four pins (AP7.0-P7.3) to support either 64 KB program/1 MB data memory space or
memory-mapped chip select logic, one parallel I/O port (Port 8) without bit addressing mode, and two
additional external interrupts (INT2, INT3).

The programming of the W78C458 is fully compatible with that of the W78C32, except that the
external data RAM is accessed by the "MOVX @Ri" instruction. Address paging is performed by

loading page addresses into the HB (high byte) register, which is not a standard register in the
W78C32, before execution of the "MOVX @Ri" instruction.

FEATURES

» 8-bit CMOS microcontrolier
» Fully static design
» DC to 40 MHz operation
+ 32 KB on-chip mask ROM
» 256 byte on-chip scratchpad RAM
» Either 64 KB program/1 MB data memory address space or 4 memory-mapped chip select pins
« 8-bit data/address port
» Two 8-bit and one 4-bit (optiona!) address ports
» Five 8-bit bidirectional I/O ports:
— Four 8-bit bit-addressable 1/0 ports and one 8-bit paralliei 1/O port
» Eight-source, two-level interrupt capability
s Three 16-bit timer/counters
» Four external interrupts
» One full duplex serial channel
» Built-in power management
— ldle mode
— Power-down mode
» Packages:

— 84-pin PLCC: W78C458P-16/24/33/40
- 100-pin PQFP: W78C458F-16/24/33/40
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PIN CONFIGURATIONS
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Pin Configurations, continued
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PIN DESCRIPTION

P0.0-P0.7 1O Port 0
These pins function the same as those in the W78C32, except that a multiplexed address/data bus is
not provided during accesses to external memory.

P1.0-P1.7 I/O Port 1
Functions are the same as in the W78C32.

P2.0-P2.7 I/O Port 2
Functions are the same as in the W78C32, except that an upper address bus is not provided during
accesses to external memory.

P3.0-P3.7 I/1O Port 3
Functions are the same as in the W78C32.

DP4.0-DP4.7 Data/Address Bus
DP4 provides a multiplexed low-byte address/data during access to external memory.

AP5.0-AP5.7 Address Bus

APS outputs the <7:0> address of the external ROM multiplexed with the <7:0> address of the
external data RAM.

APB.0-AP6.7 Address Bus

AP6 outputs the <15:8> address of the external ROM multiplexed with the <15:8> address of the
external data RAM. During the execution of "MOVX @Ri," the output of AP6 comes from the HB
register, which is the page register for the high byte address, and its address is 0A1H.

AP7.0-AP7.3 Address Bus/Chip Select Pins

Setting bit 7 of EPMA (Extended Program Memory Address) register determines the functions of port
7. When this bit is "0" (default value), AP7 outputs the <19:16> address of the external memory from
bits<3:0> of EPMA register during the execution of "MOVC A, @A+DPTR" to read the external ROM
data or the execution of "MOVX dest, src" to access the external RAM data. At all other times,
AP7<3:0> will output OH.

When this bit is "1," AP7<3:0> (CS3-0) are the chip select pins to support memory-mapped
peripheral device select, and only one of them is active low at any one time. These pins are decoded
by AP6<7:6>. For details, see the table below.

AP6.7 AP6.6 DESCRIPTION
0 0 AP70: low; others: high
0] 1 AP71: low; others: high
1 0 AP72: low; others: high
1 1 AP73: low; others: high

P8.0-P8.7 I/O Port

Functions are the same as those of Port 1 in the W78C31, except that they are mapped by the P8
register and not bit-addressabie. The P8 register is not a standard register in the W78C32. Its address
is at OA6H.

INT2, INT3External Interrupt, Input
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Functions are similar to those of external INTO, INT1 in the W78C32, except that the functions/status
of these interrupts are determined by the bits in the XICON (External Interrupt Control) register. The
XICON register is bit-addressable but is not a standard register in the W78C32. its address is at
OCOH. For details, see the Functional Description.

EA External Address, Input
Functions same as W78C32.

RST, XTAL1, XTAL2, PSEN, ALE
Functions same as W78C32.

BLOCK DIAGRAM

SFR
Port 1
Alternate
RAM mm
256 Port 2
Bytes
CPU Data Bus Alternate
ROM CORE Serial
Bytes —
INTO
INT1
D o BT e
+— e Jimer?
<+—{aps 1 —
ez ]
e

FUNCTIONAL DESCRIPTION

The W78C458 is a functional extension of the W78C52 microcontroller. It contains a 32K x 8 ROM,
256 x 8 RAM, 64 KB program/1 MB/data memory address or memory-mapped chip select logic, two

8-bit address ports, one 8-bit address/data port, five general I/O ports, four external interrupts, three
timers/counters, and one serial port.

Dedicated Data and Address Port

Publication Release Date: October 1996
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The W78C458 provides four general-purpose /O ports for W78C32 applications; the address and
data bus are separated from Port 0 and Port 2 so that these ports can be used as general-purpose /O
ports. In this product, DP4 is the data bus for external ROM and RAM, AP5<7:0> is the low byte

address, APB<7:0> is the high byte address, PSEN enables the external ROM to DP4, and P3.6

(W_ﬁ) and P3.7 (ﬁ) are the write/read control signals for the external RAM. An external latch for
multiplexing the low byte address is no longer needed in this product. The W78C458 uses AP5 and

APS6 to support 64 KB external program memory and 64 KB external data memory, just as a standard
W78C32 does.

The W78C458 provides four pins, AP7.3-AP7.0 (CS3—CS0), to support either 64 KB program/1 MB
data memory space or memory-mapped chip select iogic. Bit 7 of the EPMA (Extended Program
Memory Address) register, which is described in Table 1, determines the functions of these pins.

When this bit is "0" (default value), AP7<3:0> supports external program/data memory addresses up
to 64 KB/1 MB for applications which need additional external program/data memory to store large
amounts of data.

Although there is 1M bytes memory space, instructions stored here can not be run at full range of this
area except the first 64 Kbytes. It is owing to the fact that during the instruction fetch cycle, AP7<3:0>
always output Os to address lines A19-A16. This limits the program code to store at address 0O-
OFFFFH (64K). The rest of the area (10000H-FFFFFH) can be treated as ROM data storage which
can be read by "MOVC A, @A+DPTR" instruction.

During the execution of "MOVC A, @A+DPTR" to read the external ROM data or the execution of
"MOVX dest, src” to access the external RAM data, AP7<3.0> outputs address <19:16> from bits
<3.0> of the EPMA (Extended Program Memory Address) register. At other times, AP7<3:0> always
outputs OH to ensure the instruction fetch is within the 64K program memory address. Different banks
can be selected by modifying the content of the EPMA register before the execution of "MOVC A,
@A+DPTR."” or "MOVX dest, src.”

(A) EPMA.7=0
EPROM
W78C458 ADDR(20-bit) [eax prOGRAM
<=>lpo APS=\8 N
APsi— \8 ] >
<> AP7 \4 1 4
P AH D
DPaJ(—Dr V8 ———d 1 DATA AREA
<=>lr2 .
PSEN —i 1 H »|oE
<=>lps
—{INTO
—[INT1 Vee -
—|INT2 \
—=1INT3 ——'—J) :
@ £ Fs 2] ID =
I" WR: L wE
I I—P OE

When the EPMA.7 is "1," AP7<3.0> are the output pins to support memory-mapped peripheral chip
select logic, which eliminates the need for glue logic. These pins are decoded by AP6<7:6>. Only one
of them is active low at any time. That is, they are active individually with 16K address resolution. For

-6~
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example, CS0 is active low in the address range from 0000H to 3FFFH, CS1 is active low in the
address range from 4000H to 7FFFH, and so forth.

(B) EPMA.7 =1
DR EPROM
ADDR(16-bit)
W73C458 64K PROGRAM
<D s 8 3
Apf———— \8 ——{ ——)|
<—>lp DATA AREA
oP4 K="= \8 —— |
<=Dle ] _
PSEN 1 | O
<lps
— INTO
RAM
—|INT1 LY :b Device
—»|INT2 ADDR(14-bit) Device Device
—P|INT3 ——\6 =) oocon |4coch | oo
< Boooh
P3 ————DATA
APT.0 - 3FFER J7eeen | BFFFD| creen
_ APT.1 >
RD AP7.2 > (16k) {16K)
— AP7.3 (16K)
r‘ WR - (16k)
> (v
>|oE — T |

The EPMA register is a nonstandard 8-bit SFR at address 0OA2H in the standard W78C32. To
read/write the EPMA register, one can use the "MOV direct” instruction or "read-modify-write"
instructions. Bits <6:4> of the EPMA register are reserved bits, and their output values are 111B if
they are read. The content of EPMA is 70H after RESET. The EPMA register does not support bit-
addressable instructions.

BIT NAME FUNCTION

7 EPMAY? | EPMA7 = 0: 64 KB program/1 MB data memory space mode
EPMA7 = 1: memory-mapped chip select mode
EPMAG6 | Reserved
EPMAS | Reserved
EPMA4 | Reserved
EPMA3 | Value of AP7.3
EPMA2 | Value of AP7.2
EPMA1 | Value of AP7.1
EPMACO | Value of AP7.0

Table 1: The Functional Description of the EPMA

|2 w(dla|m
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Additional 1/0 Port

The W78C458 provides one parallel 1/O port, Port 8. lts function is the same as of Port 1 in the
W78C31, except that it is mapped by the P8 register and is not bit-addressable. The P8 register is not
a standard register in the standard W78C32. Its address is at 0AS8H. To read/write the P8 register, one
can use the "MOV direct" instruction or "read-modify-write" instructions.

Additional External Interrupt

The W78C458 provides two additional external interrupts, INT2 and INT3, whose functions are
similar to those of external interrupt 0 and 1 in the W78C32. The functions/status of these interrupts
are determined/shown by the bits in the XICON (External Interrupt Control) register. For details, see
Table 2. The XICON register is bit-addressable but is not a standard register in the W78C32. its
address is at 0COH. To set/clear a bit of the XICON register, one can use the "SETB(/CLR) bit"
instruction. For example, "SETB 0C2H" sets the EX2 bit of XICON. The interrupt vector addresses
and the priority polling sequence within the same level are shown in Table 3.

BIT | ADDR. | NAME FUNCTION
7 | OC7H PX3 | High/low priority level for INT3 is specified when this bit is set/cleared by
software.
0C6H EX3 | Enable/disable interrupt from INT3 when this bit is set/cleared by software.
0C5H IE3 IfIT3 is "1," IE3 is set/cleared automatically by hardware when interrupt is
detected/serviced.

0C4H IT3 | INT3 is falling-edge/low-level triggered when this bit is set/cleared by software.
OC3H PX2 | High/tow priority level for INT2 is specified when this bit is set/cleared by

software.
2 0C2H EX2 | Enable/disable interrupt from INT2 when this bit is set/cleared by software.
1 OC1H IE2 IfIT2 is "1," IE2 is set/cleared automatically by hardware when interrupt is
detected/serviced.

0 | OCOH IT2 | INT2 is falling-edge/low-level triggered when this bit is set/cleared by software.
Table 2: Functions of XICON Register

INTERRUPT SOURCE | VECTOR ADDRESS PRIORITY SEQUENCE
External Interrupt O 03H 0 (highest)
Timer/Counter 0 OBH 1
External Interrupt 1 13H 2
Timer/Counter 1 1BH 3
Serial Port 23H 4
Timer/Counter 2 2BH 5
External Interrupt 2 33H 6
External Interrupt 3 3BH 7 (lowest)

Table 3: Priority of Interrupts

B 9452354 0000768 955 WM

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



W78C458

Newly Defined Special Function Registers

The W78C458 uses four newly defined special function registers, which are described in Table 4.
To read/write the registers, one can use the "MOV direct” or "read-modify-write" instructions.

NAME ADDR OBJECT VALUE AFTER RESET
HB A1 During the execution of "MOVX @Ri," the 00H
content of HB is output to AP6.
EPMA A2 EPMA.7 determines the functions of AP7. 70H
EPMA 3-EPMA.0 determine the values of
P7<3:0> when EPMA.7 is "0."
P8 A6 The content of P8 is output to port 8. OFFH
XICON Cco The bits of XICON determine/show the 00H
functions/status of INTZ—W.

Table 4: New Special Function Registers of the W78C458

Note: The instructions used to access these nonstandard registers may cause assembling errors with respect to the 2500 A. D.
assembier, but these errors can be ignored by adding directive ".RAMCHK OFF" ahead these instructions.

Power Reduction Function

The W78C458 supports power reduction just as the W78C32, does. The following table shows the
status of the external pins during the idle and power-down modes.

FUNCTION ALE PSEN PO-P3, P8 DP4 AP5 AP6 AP7
Idle 1 1 Port Data Floating Address Note
Power Down 0 0 Port Data Floating Address Note

Note: Either O or decoded value by AP6<7:6>, depending on the value of EPMA.7.

Programming Difference

The programming of the W78C458 is fully compatible with that of the W78C32, except that the
external data RAM is accessed by a "MOVX @Ri" instruction. To support address paging, there is an
additional 8-bit SFR "HB" (high byte), which is a nonstandard register, at address 0A1H. During the
execution of "MOVX @Ri,"” the contents of HB are output to AP6. The page address is modified by
loading the HB register with a new value before execution of the "MOVX @Ri" instruction. To
read/write the HB register, one can use the "MOV direct" instruction or "read-modify-write"
instructions. The HB register does not support bit-addressable instructions.

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL MIN. MAX. UNIT
DC Power Supply \VDD-Vss -0.3 +7.0 \Y)
Input Voltage VIN Vss-0.3 VoD +0.3 \'
Operating Temperature ToPr 0 70 °C
Storage Temperature TSTG -55 +150 °C
Note: Exposure to conditions beyond those listed under Absolute Maximum Ratings may adversely affect the life and reliabilttye

device.
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DC CHARACTERISTICS

VDD-Vss = 5V +10%, Ta = 25° C, Fosc = 20 MHz, unless otherwise specified.

PARAMETER SYM. TEST CONDITIONS MIN. | TYP. | MAX. | UNIT
Oper. Voltage VoD - 4.5 5 55 \
Oper. Current IoD *No load - - 30 mA
Idle Current liDLE Program idle mode - - 7 mA
Pwdn Current iPwDN | Program power-down mode - - 20 pA
Input Leakage ILkt | INT2, INT3 -400 - +10 pA
current Internal pull-high Notes 1, 2
Input Leakage ILk2 RESET -10 - +300 pA
Current internal pull-low Notes 1, 2
Input Leakage ILK3 EA, Port 0, DP4 Note1 | -10 - +10 UA
Current
Input Leakage ILk4 P1, P2, P3, P8 Note1 | -50 - +10 A
Current
Output Low Voltage Vot loLt=2mA (Port1, 2,3, 8) - - 045 Vv
Output High Voltage VOH1 loH1 =-100 pA (Port 1, 2, 3, 8) 24 - - Vv
Output Low Voltage VoLz loLz=4 mA Note 3 - - 0.45 Vv

(ALE, PSEN, PO, DP4)
Output High Voltage | VoH2 | loH2 = -400 pA Note3 | 2.4 - - \
(ALE, PSEN, PO, DP4)
Output Low Voltage VoLs loL2=2mA (AP5, AP6, AP7) - - 0.45 Vv
Output High Voltage VOH3 | loH2 = -100 pA (APS, AP6, AP7) | 2.4 - - \YJ
Input Voltage LT VoD = 5V +10% 0 - 0.8 A%
Input Voltage IHT VoD = 5V +10% 24 - Note 4 \/
Input Voltage liLc VDD = 5V £10%, XTAL1 Note 5 0 - 0.8 \%
Input Voltage lIHC VoD =5V +10%, XTAL1 Note5 3.5 - Note 4 Vv
Input Voltage LR VoD = 8V £10%, RESET Note 5 0 - 0.8 v
Input Voitage lIHR VoD = 5V +10%, RESET Note5 | 2.4 - Note 4 \YJ
Notes:

1.0 < UN< VDD, for INTZ, INT3, RESET, 5 Port 0 and DP4 inputs in leakage.
2. Using an internal pull low/high resistor (approx. 30K).

3. ALE, PSEN, PO and DP4 in external program or data access mode.
4. The maximum input voltage is & +0.2V.
5. XTAL1 is a CMOS input and RESET is a Schmitt trigger input.

-10-
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W78C458

AC CHARACTERISTICS

AC specifications are a function of the particular process used to manufacture the product, the ratings
of the I/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

experience less than a +20 nS variation.

Clock Input Waveform

PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE
Operating Speed For 0 - 40 MHz 1
Clock Period Tcp 25 - - nS 2
Clock High TcH 10 - - nS 3
Clock Low Tcu 10 - - ns 3

Notes:

1. The clock may be stopped indefinitely in either state.

2. The Tcpspecification is used as a reference in other specifications.

3. There are no duty cycle requirements on the XTAL1 input.

Program Fetch Cycle

PARAMETER SYMBOL MIN. TYP. MAX. UNIT

Address Valid to PSEN Low TAPL 2Tcp - - nS
PSEN Low to Data Valid TPDV - - 2 Tep nS

Note: "A" (due to buffer driving delay and wire loading) is 20 nS.

Data Memory Read/Write Cycle

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Address Valid to RD Low TARL 4Tcp - 4ATcP+A | nS
RD Low to Data Valid TRDV - - 4Tcp nS
Data Hold after RD High TRDQ 0 - 2 Tcp nS
RD Pulse Width TRS 6Tcp-A | B8Tcp - nS
Address Valid to WR Low TawL 4 Tcp - 4TcP+A | nS
Data Valid to WR Low Towe 1 Tep - - nS
Data Hold after WR High TwbQ 1Tep - - nS
WR Pulse Width Tws 6TcP-A | 6Tcp - nS
Publication Release Date: October 1996
-11- Revision A4
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TIMING WAVEFORMS
Program Fetch Cycle

[ 811821 83184185186 1S81182 1831841851 6|

PSEN I | ' I |
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</ > X -

APosrion X address X X X
Teov » <
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Data Memory Read/Write Cycle

1 841851 861871881 891 S101 S111 S121 811 S2 | 83 |

xtavt U UUUUU U U U YUY UL Uwnn
PSEN | | | |

AP7<3.0> K addr <19:16> out

(When bit7 of EPMA is 0.)

APB<7.0> X DPH or HE SFR out ( PGMaddress X
AP5<7.0> X DPL or Ri out j PGM address X
o <« TARL —»
RD TrRs —»| ]
“ Troy = - TRDQ
OPa<T 0> > (ama}— G >—{ < >—
WR l- Tws
- TAWL —»
DP4<7:0> _ |—addr. X DATA OUT o1 = >—
- < TpwL - - Twba
_12-
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TYPICAL APPLICATION CIRCUIT
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— 19 P3.ORXD vss 82 [—
— 20 vop ALE 61 L R
—{ 21 P34TXD PSEN 60
—— 22 pazaNTOD P27 58 |—
— 23 p3aaNT1 P28 58 [
—) 24 PIUTO P25 57 | 1 A0 Do M ADO
— 25 P3STI P24 56 [— 40 D 01
— 26 PIAWR NC 55 |— o o oy
— 27 nc NG 54— s o [
— 28 nc NC 53 |— 8 0= 5
— 29 NC AAARA NC 52 [— a2
N Y PPPP P23 51 | Al
[ 7777 an
3 v e . A2
. 32140 A1y
TIIii i i PrEREE R R | A
P AASSLCtLEeseebEEiges snn—”—iﬁ
R L L $ 855 8. . . . .. .. 3
Dz 3210765 43210012 | wr
3333333 3344444444445 20256
1234567890123 45678390
R
c1 ; c2
CRYSTAL c1 C2 R
16 MHz 30P 30P —
24 MHz 15P 15P 62K
33 MHz 15P 15P 20K
40 MHz 5P 5P 3.3K

Above table shows the reference values for crystal applications.
Notes:
1. For C1, C2, R components refer to Figure A and B.
2. For applications above 35 MHz, it is recommended that the crystals be replaced with oscillators.
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W78C458
@Winbond

PACKAGE DIMENSIONS
84-pin PLCC

Ininches | Dimension In mm
Min.[Nom.| Max,| Min.|Nom.| Max |
A — | — [0185| — | — [4.70
A1 [0020] — | —Jos1 | — [ —
Ay [0.143|0.1480.153| 3.63 |3.76 | 3.89
b, |0.026[0.028[0.032]0.68 |0.71 |0.81
b 0.016 [0.018 |0.022 | 0.41 | .46 | 0.56
[ 0.0080.008 |0.012 ] 0.15 | 0.20 | 0.30
D 1.148 11,153 [1.158 (29.17 |29.29 | 29.41
E 1.148 {1.153 |1.158 [29.17 |29.29 |29.44

E 0.044 |0.050 |0.056 | 1.12 | 1.27 | 1.42
Gp 10951115 |1.135 [27.81 [28.32 [28 83
Gu [1.095]1.115 {1.135 [27.81 |28.32 [28.83
Ha [1.180]1,180 }1.200 129.98 {30.23 ;30 .48
He [1.180[1.190 1.200 |29.98 {30.23 |30.48
L |o.090[0.100 0.110 | 2.20 | 2.54 | 2.79

OO OO OO OO OO O O T O OO O
m
T

- 54 Yy — | — [0.004} — | — l0.10
[N g gy W gy i SRS RS R SR N E S E gy o m—— 0 0 — | 10 0 — { 10
n “
Notes:

1. Dimension D & E do not include interiead
flagh.

2. Dimension b1 does not include dambar
protrusionsintrusion.

3. Controliing dimension: Inches

4. General appearance spec. should be based
on final visual inspection spec.

Plane

|
_@%ﬂnq

100-pin QFP

Di ininches | Di in mm
— | —foam | — | — [
A+ Jooma | — 1 — Joto | — | —
A: |0107 [0412 2048
0.2 (0018 | 0.254 | 0.308 |0.407
0.004 0.010 | 0.104 | 0.452 0.254
0.548
E 0787 [0.792 [19.87 [2000 (2043
a a.020 (0.02¢ D488 |0.65
° 1548 1910
Mg (0964 [0976 0988 2480 |25.10
L 0039 (0047 (0.085 | 0991 | 1154
L, |oosr 0103 | 221 | 2413 | 2818
¥y — | — Joooa | — | —
) — |12 | e —

1. Dimension D & E do not include interlead
flash.

2. Dimension b does not include dambar
protrusiondintrusion.

3.
4. General a;po-nne- spec. shouid ba based
-4 . on finai visusl inspection spec.

\_&msuwnilF \-—EII A _;_l o
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