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8-BIT MICROCONTROLLER

GENERAL DESCRIPTION
The HHECEI_B microconiroller supplies a wider frequency range than most 8-bit microcontrollers on
the market. It is compatible with the industry standard B0C32 microcontroller series,

Tha W7BC32B contains four B-bit bidirectional parailel ports, three 16-bit timer/counters, and a serial

port. These peripherals are supported by a six-source, two-level interrupt capabiliity. There are 256
bytes of RAM, and the device supports ROMless oparation for application programs,

The W7BC32B microcontroller has two power reduction modes, idle mode and power-down mode,
both of which are software selectable. The idle mode tums off the processor clock but allows for

continued peripheral operation. The power-down mode stops the crystal cscillator for minimum power
consumption. The extemnal clock can be stopped at any time and in any state without affecting the
Processor.

FEATURES

= B-pit CMOS microcontraller
» Fully static design
= Low standby currert at full supply voltage
= DC-40 MHz oparation
+ 256 bytes of on-chip scratchpad RAM
« ROMiess operation
» B4K bytes program memory address space
» B4K bytes data memory address space
« Four 8-bit bidirectional ports
» Three 16-bit imercounters
+ One full duplex seral port
= Boolean processor
=+ Six-source, two-level intarmupt capability
= Built-in powar management
» Packages:
— DIP 40: WT3C32B-16/24/32/40
= PLCC 44: WraC32BP-16/24/33/40
- QFP 44: WYBCIZBF-18/24/33/40
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PIN DESCRIPTION
PO.0-PO.T

Port 0, Bits 0 through 7. Port 0 is a bidirectional /O port. This port also provides a miultiplexed low
order address/data bus during accesses to exiernal memaory.

P1.0-P1.7

Port 1, Bits 0 through 7. Port 1 is a bidirectional 1O port with intemal pull-ups, Pins P1.0 and P1.1
also sarve as T2 (Timer 2 external input) and T2EX (Twner 2 captura/raload trigoer), respectively,

P2.0-P2.7

Port 2, Bits 0 through 7. Port 2 is a bidirectional 110 port with internal pull-ups. This port also provides
the upper address bils for accesses 1o extarmnal memony,

P3.0-P3.7

Port 3, Bits 0 through 7. Port 3 is a bidirectional /O port with imiemal pull-ups. ANl bits have alternate
functions, which are described below:

PIN ALTERMATE FUNCTION
F30 RXD Serial Receive Dalta

P31 TXD Serial Transmit Data

Paz2 INTD External Intermupt 0

P3.3 INT1 Extsrnal Interrupt 1

P34 T8 Timer O Input

P3.5 T1 Tirer 1 Input

P3G WR Data Write Strobe

P37 RO Data Read Sirobe

EA

External Address Input, active low. This pin forces the processor to execute out of extemnal ROM.
This pin should ba kept low for all WTBC32B operations.

RST

Reset Input, active high. This pin resets the processor. It must be kept high for at least two machine
cyckes in arder to be recognized by the processor,

ALE

Address Latch Enable Output, active high. ALE is used to enable the address latch that separates the
ad_drasn 1'r1:|rn the data on Port 0. ALE runs at 1/6th of the oscillator frequency. A single ALE pulse is
skllppndl dunng external data memary accesses, ALE goes to a high state during reset with a weak
pull-up.
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Prograrm Store Enable Output, active low. PSEN enables the external ROM onto the Port 0

address/dala bus during fatch and MOVC operations. PSEN goes to a high state during reset with a
weak pull-up.

XTAL1

Crystal 1. This iz the crystal oscillator input. This pin may be driven by an external clock,
XTaLzZ

Crystal 2, This is the crystal oscillator culput. It is the inversion of XTAL1.

Vss, Ve
Power Supplies. These are the chip ground and positive supplies.

BLOCK DIAGRAM
RLAM SFR
258
Bytes Smm— TN g
O —
————{Eodz Je=
CPU
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S
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FUNCTION DESCRIPTION

The W7BC32B architecture consists of a core controller surrounded by various registers, four general
purpose 10 ports, 256 bytes of RAM, three tmer/counters, and a serlal port. The processor supports
111 different insiruction and references both a 84K program address space and a 64K data storage
space.

Timers 0, 1, and 2

Timers 0, 1, and 2 each conelst of two 8-bit data registers. These are called TLO and THO for Timer 0,
TL1 and TH1 for Timer 1, and TL2 and TH2 for Timer 2. The TCON and TMOD registers provide

control functions for timers 0, 1. The T2CON register provides contral funclions for Timer 2. RCAP2H
and RCAPZL are used as reloadicapture registers for Timer 2.

The operations of Timer 0 and Timer 1 are the same as in the W78C31. Timer 2 is a special fealurs
of the WFBC32B: it is a 16-bit timerjcounter that is configured and controlled by the T2CON registar.
Like Timers 0 and 1, Timer 2 can operate as either an external event counter or as an internal timer,
depanding on the setting of bit C/T2 in T2CON. Timer 2 has three operating modes; capture, auto-

reload, and baud rate generator. The clock speed at caphure or auto-reload mode is the same as that
of Timers 0 and 1.

Clock

The WT8C32ZB is designed to be used with either a crystal oscillator or an external clock, Intamally,

the clock is divided by two before it is used. This makes the W78C32B relatively insensitive 1o duty
cycle variations in the clock,

Crystal Oscillator

The W7BC328 incorporates a built-in ¢rystal oscillator. To make the oscillator work, a crystal must be
connectad across ping XTALY and XTALZ. in addition, a load capacitor must be connected from each

pin to ground, and & resistor must also be connected from XTAL1 to XTAL2 to provide a DC bias
when the crystal frequency is above 24 MHz.

External Clock

An external clock should be connected to pin XTAL1. Pin XTAL2 should be |eft unconnected. The
XTALY Input is @ CMOS-type input, as required by the crystal oscillator. As a result, the extemnal clock

signal should have an input one level of greater than 3.5 volts,
Fower Managemeant
Idle Mode

The idie mode is entered by setting the IDL bit In the PCON register. In the idle mode, the internal

clock to the processor is stopped. The perpherals and the intermupt loglc continue o be clocked. The
processor will exit idke mode when either an interrupt or a reset occurs.

Power-down Mods

Whan the PD bit of the PCON register Is set, the processor enters the power-down mode. In this

mode all of the clocks, including the cscillalor are stopped. The only way 10 exil power-down mode is
by a reset,

Pubfication Releare Date: Jume [996
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The external RESET signal is sampled at S5P2. To take effect, it must be held high for at least two
maching cyclas whila the osclllator ig running.

An intemnal trigger circuit in the reset line is used to deglitch the reset line when the W78C32B is used
with an axtamal RC network. The resel logic also has a special glitch removal circuit that ignores
glitches on the reset line.

During reset, the ports are initialized to FFH, the stack pointer to 07H, PCON (with the exception of
kit 4) to 00H, and all of the other SFR registers except SBUF to 00H. SBUF is not reset.

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL AN, MAX. LUINIT
OC Powar Supply Viooc-\ss 03 +7.0 v
Input Voltage ' Win W55-0.3 WO +0.3 ')
Operating Temperature Ta 0 70 =C
Slorage Temperature TsT -39 +150 =
Mote: Exposure 1o conditions beyond those Ested under Absolste Maximum Ratings may acdversely affect the Fie and reliabtiy
e evice.
DC CHARACTERISTICS
Woo-Vag = 5Y £10%. Ta = 25 C, Fosc= 20 MHZ unless clharwise spacilied.
PARAMETER SYM. TEST CONDITIONS SPECIFICATION UNIT
MIN. { TYP. MAX,
Opearating Voltage Voo - 4.5 5 5.5 )
Operating Current Ioo Mo load - - 30 mA
Voo = 5.5V
Icdle Currant liBLE Icle mode - - L mA
Voo = 5.5V
Power Down Current iPwDN | Power-down mode - - 50 A
Voo = 5.5V
Input Curmernt fiNd Voo = 5.6V =TS - +10 A
P1, P3 W = 0V or Voo
Input Current Finz Voo = 5.5V - +184 +350 LA
RsT ¥ Vit = VDD
Input Leakage Current I Voo = 5.5V -10 - +10 A
Po* OV=VIN<VDD
Cutput Low Violtage Vour | VDo = 4.5V = - 0.45 v
P, P2 P3 oLt = 42 mA
Output Low Vollage Worz | VoD = 4.5V - - 0.45 v
ALE, PSEN, PO ™ oLz = +4 mA
. lin
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DC Characteristics, continued

PARAMETER SYM. | TEST CONDITIONS SPECIFICATION UNIT

MIN. | TYP. | MAX.

Output High Voltage VOH1 | VDD = 4.5V 24 - - \%

P1, P3 IoH1 = -100 pA

Output High Voltage VoH2 | VDD =4.5V 24 - - \Y

ALE, PSEN, PO " p2 (" loH2 = -400 pA

input Low Voltage ViLt | VoD = 4.5V 0 - 0.8 \'4

P1, P3

Input Low Voltage ViLz | VDD = 4.5V 0 - 0.8 \'

XTAL1, RST

Input High Voltage ViHt | VDD = 5.5V 24 - VDD \)

P1, P3 +0.2

Input High Voltage VIH2 | VoD = 5.5V 35 - VDD \%

XTAL1, RST @ +0.2

Notes:
1. PO and P2 are in extemnal access mode.

2. RST pin has an intemnal pull-down resistor of about 308,
3. XTAL1 is a CMOS input and RST is a Schmitt trigger input.

AC CHARACTERISTICS

The AC specifications are a function of the particular process used to manufacture the part, 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 muitiple input clock periods (Tcr), and actual parts will
usually experience less than a +20 nS variation. The numbers below represent the performance
expected from a 1.2 micron CMOS process when using 2 and 4 mA output buffers.

Clock Input Waveform

XTALY ] N/
Tew o TeL
- 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:

Publication Release Date: June 1996
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1. The clock may be stopped indefinitely in either state.
2. The Tcp specification 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 NOTES
Address Valid to ALE Low TAAS 1 Tcp-A - - nS 4
Address Hold after ALE Low TAAH 1 Tcp-A - - nS 1,4
ALE Low to PSEN Low TAPL 1 Tcp-A - - nS 4
PSEN Low to Data Valid TPDA - - 2 Tep nS 2
Data Hold after PSEN High TPOH 0 - 1Tcp nS 3
Data Float after PSEN High TrDz 0 - 1 Tcp nS
ALE Pulse Width TALW 2Tcp-A | 2TcP - nS 4
PSEN Pulse Width TPsw 3Tcp-A | 3Tcp - nS 4
Notes:
1. P0.0-P0.7, P2.0-P2.7 remain stable throughout entire memory cycle.
2. Memory access time is 3 TpP. .
3. Data have been latched internally prior 8SEN going high.
4. "A" ( due to buffer driving delay and wire loading) is 20 nS.
Data Read Cycle
PARAMETER SYMBOL MIN. TYP. MAX. UNIT | NOTES
ALE Low to RD Low TDAR 3 Tcp-A - 3Tcp+A| NS 1,2
RD Low to Data Valid TODA - - 4 Tcp nS 1
Data Hold after RD High TDDH 0 - 2 Tep nS
Data Float after RD High Topz 0 - 2 Tcp nS
RD Pulse Width TORD 6 Tcp-A | 6 TcP - nS 2
Notes:
1. Data memory access time is 8 @p.
2."A" (due to buffer driving delay and wire loading) is 20 nS.
Data Write Cycle
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
ALE Low to WR Low TDAW 3 Tep-A - 3 Tcp+A nS
Data Valid to WR Low TDAD 1 Tcp-A - - nS
Data Hold from WR High Towp 1 Tep-A - - nS
WR Pulse Width TOWR 6 Tce-A | 6 TcP - nS

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

BR 9852354 0000693 12T HN
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PARAMETER SYMBOL MIN. TYP. | MAX. UNIT
Port Input Setup to ALE Low TPDS 1Tcp - - nS
Port Input Hold from ALE Low TPDH 0 - - nS
Port Output to ALE TPDA 1Tcp - - nS

Note: Ports are read during S5P2, and output data becomes available at the end of S6P2. The timing data are referenced to
ALE, since it provides a convenient reference

TIMING WAVEFORMS
Program Fetch Cycle

XTAL1 [ ] l H I l [ I II

|81 S2 | S3 | S4 S5, S6 S1 | S2S3  S4 S5 86,

~— Taw
ALE 1 [ 1 [ ]
= TapL
PSEN  _| | ! | L
- TA.AS Tesw
PORT 2 X X X X

porro  _HC O HC O HCO—{F<C o

Ty .
Taar <——<ﬂ> -+ = TppH, Tppz

Code  AQ-A7 Data  ACG-AT Code  AD-A7 Data  AQ-A7

Data Read Cycle
|S4|35|56|S1lSZ|S3|S4|SSISGIS1|S2'S3|
s InRnGEphnhEnGLphnhhnhh
PSEN ]
PORT 2 X AB-A15 X X
AD-A7 DATA
PORT 0 jj IL / D \_>“
— TOAR,, Toon -+ i« TDDH, TODZ
RD ] I
TorD
Data Write Cycle
Publication Release Date: June 1996
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| S4 | S5 | 86 | St | 82 ;| S3 S4 | 85 | S6 ) S1 | 82 S3
ALE | l I
PSEN | L L
PORT 2 X AB-A15 X X
PORTO _ —<ao-arX DATA QUT X o— <>
W? *—"TpaD * * Towb
| Toaw Towr g
Port Access Cycle
S5 | S6 | S1
XTAL1 N D e D e
ALE l |
Teos . . Teon o TPDA
PORT X X >X_DpATAOUT
INPUT l |
SAMPLE
-10-
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TYPICAL APPLICATION CIRCUIT
Using External Program Memory and Crystal

Vee — ;
e nl= P ADG ¢ 2A0 A0 10 ﬁ? g? 11
I 3 19§ XTAL1 . A 0 6 A2Y A2 Bla> Qo
*10u PO A AD3 8 19 A3Y A3 713 03
D R PO. Al)4 Al)4 112 A4 A4 6| Ad Q4
18 | XTAL2 5[34 A AD514 HMSASNY AS 51a5  Os
CRYSTAL P0G A i IBABY A6 4| pp 06
A A 8 !
82K 9 |RST Po7 19 A7 ’Auea > % o7
P2.0 A9 24]
C1l ICZ iNTO P21 A1021] 7
= = 124 =2 P22 AL123] a1
34 INT1 P2.3 7415373 A12 2| aqp
14170 P2.4 A1326| pq3
1511 P2.5 A1427] pq4
P26 AL 1 ats
—1]P10 P27 —
—2 P11 ik GND2o| ce
_3|P12 RD |17 ai
—a] m .3 WR 18 [—”_
_5]|P1. SeeN h29
ra i Pifg b2 27512
—7]P16 b HL
8 |P17 RXD
W78C32B
Figure A
CRYSTAL Cc1 C2 R
16 MHz 30P 30P -
24 MHz 15P 15P -
33 MHz 10P 10P 6.8K
40 MHz 5P 5P 6.8K

Above table shows the reference values for crystal applications.

Note: C1, C2, R components refer to Figure A,
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Expanded External Data Memory and Oscillator

\ee
3= P0.0 12 AQ AQ 10 A0 DO
i EA PO.1 15 A1 (A8 Al D
= 19 | yraLt P0.2 |6 A2 /Az_J&_ A2 D2
+ 10y JosciLLaToR gg.a 19 _A3Y A3 71 A3 D3
—~ 4 112 MY A4 B A4 D4
18 | XTAL2 PO.5 J.LA.’\/A.’x_.’L_ A5 DS
P0.6 116 A /As._A_ A6 D6
8.2K P0.7 119 A7 fa_q%_ A7 D7
9 IRST P20 (A8251 AB
. A9
— P21 (22 AS_ /] ’ﬁiﬁt A10
= 12 INTO P22 {23 A10 /] /AJ-LZB— A1
134 |NT4 P23 |24 A1l , 74L8373 /3.12_2_ A12
14 1p P24 (25 A12 A1326 | A13
15] 14 P2.5 |26 A13 (A1 A14
P2.6 |27 A14 At
11p1.0 P27 (28 GND2g | CE
—21P11 RD  —
—3]p1z RD 117 s G
—41p13 WR 116 [
—S1P14 029 20256
—61p1s P%ﬁ 30
—I{p1s ™p HL-
—81P17 RXD 110
W78C32B

Figure B
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PACKAGE DIMENSIONS
40-pin DIP

Dimension in inch | Dimension in mm
. | Nom. | Max. | Min. | Nom. | Max.
— | — o210 [ — | — |s334
0254 | — | —
0450 (0456 [0.160 | 381 | 3.937 [4064
0.016 {0.018 [0.022 | 0.406 | 0.457 |0.559
0.048 (0050 |0.054 | 1219 | 127 [1a72
0,008 [0.010 |0.014 | 0.208 | 0.254 |0.3%%
— [2088 |2070 | — [s220 [s2s8
0590 |0.600 (0610 haoes |1524 [15.454
0.540 0545 |0.550 [13.72 |13.84 | 1397
0.0% [0.400 [0.110 (2206 | 254 |279%4
0.120 [0.130 |0.140 [3.049 [3.302 | 3356
] — |15 ] — |18
0630 |0650 (0670 [16.00 |16.51 | 97.01
R‘HVVVUUVVUUVUVVVVVVV:‘ — — {00%0 | — — | 2288

H
g

4
s
|
I

Anmmmoaonsmsanamnnnnnm B

mp bl o>

rlo

+« p O O

Q

© (w
»

H

'S
£ 1. Dimension D Max. & 8 inciude mold Rash or

/—-—_-——-‘—\ l‘ tie bar burrs.
2.0 E1 doas not include interiead flash,
M ‘1[ Besa Piane 3. Dimension D & E1 include moid mismatch and
) : are determined at the mold parting line.
- - seatng pine 4. Dimension B1 does not include dambar

protrusionAntrusion.
2 . j . J $. C: 9 Inches.
§. General appearance spac. should be based on
finat visu inspection spec.

44-pin PLCC

‘Vﬁnmnnx'—n‘—‘lnmnr‘f‘ r : Symbo) HRI fon in inch{ D ion in rom
[ g — Min. | Nom.| Max. | Min. | Nom.| Max,

» A — | — [0185 | — [ — l4s99
0020 | — | — [os08 [ — | —
A, [0145 0130 jo.1ss [1683 [ 381 [sear
b, |0028 [0.028 [0.032 |0.88 |0.71t [0.813
b 0.016 [0.018 [0.022 [0.406 [9.457 |0.558
¢ 0.008 [0.010 [0.014 {0.203 [0.254 |0.358
D 0648 |0.853 [0.658 |16.48 [18.50 [16.71
E 0648 (0853 [0.858 {16.48 [18.59 [18.71
] 0050 BSC 127 BSC
» G, [0590 {0.810 [0.830 [14.99 [15.49 [18.00
—t G 1059 10610 [0.430 [14.99 [1549 [16.00
N H, 0680 jo.690 |o.700 [17.27 [t7.53 [17.78
He |0880 Jossa jo.700 [17.27 [17.53 [17.78
L 0.030 10.100 [0.110 2208 | 2.54 {2.794

Gy,

Oooonnnnoanmo
[
m
I

=

oo oououoooT/——-
" »

¥ — | — oot | — | — o0
Notes:
1. Dimension D & E do not include Intertead
T Nash.
i 2. Dimension b1 does not include dambar
U protrusionfintrusion.
3. Controlling dimension: Inchas

4. Genera) appearance spec. should be based
on final visual Inspection spec.
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44-pin QFP

|
“mm

As AI . — ‘

N

Seating Plane Soe Detail F

o] in inch in mm
Symbo! | yin. [ Nom. [ Max. | Min. [Nom. | Max.
A -_ - - - — -
Ay 0002 {001 1002 |oo0s |025 |08
A, |oo7s oDs1 jo.087 | 190 |205 | 220
b 001 (0014 [0.018 | 025 | D35 | 045
c 0.004 {0.008 [0.010 | 0401 | 0452 | 0254
D 0390 |0.394 (0338 |99 |10.00 | 104
E 0390 0394 |0.398 | 99 1000 | 0.1
0028 |0.031 0036 | 0635 | 0.80 | 0.952
Hp | 9510 [0520 [0s30 [1295 | 132 | 1345
He  |0510 |0s20 0530 |1205 | 132 | 1348
L 0025 |0.031 |0037 | 065 | 08 | 098
L, |00%1 |o0es |oo75 (1295 | 16 | 1908
Yy — | — fooos | — | — | oo
a [] — | 17 [ — | 7
Notes:

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

2. Dimension b does not include dambar
protrusion/intrusion.

3. Controlling dimension: Millimeter

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

Winbond

Electronics Corp.

Headquarters

No. 4, Creation Rd. I,
Science-Based Industrial Park,
Hsinchu, Taiwan

TEL: 886-3-5770066

FAX: 886-3-5792697
http://iwww.winbond.com.tw/

Winbond Electronics (H.K.) Ltd.
Rm. 803, World Trade Square, Tower l,
123 Hoi Bun Rd., Kwun Tong,
Kowloon, Hong Kong

TEL: 852-27516023

FAX: 852-27552064

Voice & Fax-on-demand: 886-2-7197006

Taipei Office

11F, No. 115, Sec. 3, Min-Sheng East Rd.,

Taipei, Taiwan
TEL: 886-2-7190505
FAX: 886-2-7197502

Winbond Electronics North America Corp.

Winbond Memory Lab.

Winbond Microelectronics Corp.
Winbond Systems Lab.

2730 Orchard Parkway, San Jose,

CA 95134, US.A.

TEL: 1-408-9436666

FAX: 1-408-9436668

Note: All data and specifications are subject to change without notice.
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