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Decimal Digital LSI Circuits

(3) Decimal counter circuits

WHEH B
Hiroshi HATANO

Abstract : Four different decimal counter circuits have been successfully fabricated using a double polysilicon

and double metal 1.2 um CMOS technology. The newly designed one-digit decimal asynchronous counter, one-

digit decimal synchronous counter, two-digit decimal asynchronous counter and two-digit decimal synchronous

counter have been confirmed to function correctly by fabricated chip measurements.
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Table 1  One-digit decimal number by BCD code.
. BCD code

Decimal number| Q4 Q3 Q2 Qt
0 0 0 0 0

1 0 0 0 1

2 0 0 1 0

3 0 0 1 1

4 0 1 0 0

5 0 1 0 1

6 0 1 1 0
7 0 1 1 1

8 1 0 0 0
9 1 0 0 1
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Fig. 1 One-digit decimal asynchronous counter circuit.

Fig. 3 One-digit decimal asynchronous counter layout.
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Fig. 5 Simulation results for one-digit decimal asynchronous

counter. Horizontal axis: Time[s]. Vertical axis: Voltage[V].
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Fig. 4 One-digit decimal synchronous counter layout.
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Fig. 6 Simulation results for one-digit decimal synchronous

counter. Horizontal axis: Time[s]. Vertical axis: Voltage[V].
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Table 2 Two-digit decimal number by BCD code.
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Fig. 8 Two-digit decimal synchronous counter circuit.

Fig. 7 Two-digit decimal asynchronous counter circuit.

Fig. 10 Two-digit decimal synchronous counter layout.

Fig. 9 Two-digit decimal asynchronous counter layout.
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Fig. 12 Simulation results for two-digit decimal synchronous counter. Horizontal axis: Time[s]. Vertical axis: Voltage[V].



B TR RFEE

BRIV YVary2B7 I 12 umCMO S 7 rE R
0 1HT 10 EFEREAZEHIRIB 1 #7 10 ERIE=CEH R K
2 47 10 EEFER G L BIRE 35 & O 2 #7 10 ERIEAZCEHE]
B EFRARIE L7, RIEEBEOERNIC X V& To 10 #E5
BEENRA EBVEET DI L ARERTOIFITHRIIL
77

EHN & 2 RAERRE O FE T3 4 % OFRBE T
5,

%5
R
#

125

HEE

10 MEEHHREIRR DERE Tl 2006 R ADHHE TR
(FE., =2 (). 2007 FEEEFEMFA O HFniE
B HE 2% Ty 7 A BR) . ARBAFEE (BRIE.
hILEM (KR) OWHRH o, i, 10 EFHEEIR O
SN Y U IR FEE B Y 2008 EELZAIFAE D B A
B (2009 4 Ak, ZHEANAAT v A (BR) OB

SRR

Fig.15 Photomicrograph of 2-digit decimal asynchronous counter, Fig.16 Photomicrograph of 2-digit decimal synchronous counter.

Fig.17 Signal waveforms of 1-digit decimal asynchronous

counter. Horizontal axis: 50ps/div.. Vertical axis: 5V/div..
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Fig.18 Signal waveforms of 1-digit decimal synchronous

counter. Horizontal axis: 20ps/div.. Vertical axis: 5V/div..
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Fig.19 Signal waveforms of 2-digit decimal asynchronous

counter. Horizontal axis: 20us/div.. Vertical axis: 5V/div..

Fig.20 Signal waveforms of 2-digit decimal synchronous

counter. Horizontal axis: 100us/div.. Vertical axis: 5V/div..
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