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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɯʵʶʽʶˌ ʋˊʺˋʹˌ 

Åʆˇ ˉʰˊˈ˄ ʶˁˉʰʽʵʶˎˍʽˁˈ ˎ˂ʽˁˈ ˎˉˈˁʶʽˍʰʽ ˋʶʱʵʶʽʶˌ 
˔ˊʺˋʹˌ Creative Commons. 

Åɱʽʰ ʶˁˉʰʽʵʶˎˍʽˁˈ ˎ˂ʽˁˈΣ ˈˉ˖ˌ ʶʽˁˈ˄ʶˌΣ ˉˇˎ ˎˉˈˁʶʽˍʰʽ 
ˋʶ ʱ˂˂ˇˎ ˍˏˉˇˎ ʱʵʶʽʰˌ ˔ˊʺˋʹˌΣ ʹ ʱʵʶʽʰ ˔ˊʺˋʹˌ 
ʰ˄ʰ˒ʷˊʶˍʰʽ ˊʹˍ˗ˌΦ 
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʋˊʹ˃ʰˍˇʵˈˍʹˋʹ
Åʆˇ ˉʰˊˈ˄ ʶˁˉʰʽʵʶˎˍʽˁˈ ˎ˂ʽˁˈ ʷ˔ʶʽ ʰ˄ʰˉˍˎ˔ʻʶʾ ˋˍʰ ˉ˂ʰʾˋʽʰ 
ˍˇˎ ʶˁˉʰʽʵʶˎˍʽˁˇˏ ʷˊʴˇˎ ˍˇˎ ʵʽʵʱˋˁˇ˄ˍʰΦ

Åʆˇ ʷˊʴˇ ζɮ˄ˇʽˁˍʱ ʌʹ˒ʽʰˁʱ ɾʰʻʺ˃ʰˍʰ ˋˍˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ 
ɲˎˍʽˁʺˌ ɾʰˁʶʵˇ˄ʾʰˌη ̫̝ ʶʽ ˔ˊʹ˃ʰˍˇʵˇˍʺˋʶʽ ˃ˈ˄ˇ ˍʹ 
ʰ˄ʰʵʽʰ˃ˈˊ˒˖ˋʹ ˍˇˎ ʶˁˉʰʽʵʶˎˍʽˁˇˏ ˎ˂ʽˁˇˏΦ 

Åʆˇ ʷˊʴˇ ˎ˂ˇˉˇʽʶʾˍʰʽ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍˇˎ ɳˉʽ˔ʶʽˊʹˋʽʰˁˇˏ 
ʃˊˇʴˊʱ˃˃ʰˍˇˌ ζɳˁˉʰʾʵʶˎˋʹ ˁʰʽ ɲʽʰ ɰʾˇˎ ɾʱʻʹˋʹη ˁʰʽ 
ˋˎʴ˔ˊʹ˃ʰˍˇʵˇˍʶʾˍʰʽ ʰˉˈ ˍʹ˄ ɳˎˊ˖ˉʰʿˁʺ ɴ˄˖ˋʹ 
(ɳˎˊ˖ˉʰʿˁˈ ɼˇʽ˄˖˄ʽˁˈ ʆʰ˃ʶʾˇύ ˁʰʽ ʰˉˈ ʶʻ˄ʽˁˇˏˌ ˉˈˊˇˎˌΦ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʅˁˇˉˈˌ ˍʹˌ ʶ˄ˈˍʹˍʰˌ

Åɿʰ ʴʾ˄ʶʽ ʶʽˋʰʴ˖ʴʺ ˁʰʽ ʰ˄ʱ˂ˎˋʹ ˋˍˇˎˌ 
ˁʰˍʰ˔˖ˊʹˍʷˌ ˁʰʽ ˋˍˇˎˌ ˃ʶˍˊʹˍʷˌΦ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʷˌ ϧ ɾʶˍˊʹˍʷˌ

Åɴ˄ʰˌ n-bit ˁʰˍʰ˔˖ˊʹˍʺˌ ʶʾ˄ʰʽ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ʰˉˈ n 
flip-flops, ̔ ˁʰ˄ˈ ˄ʰ ʰˉˇʻʹˁʶˏˋʶʽ n bits ɻ ˎʰʵʽˁʺˌ 
ˉ˂ʹˊˇ˒ˇˊʾʰˌΦ

Åɾʶ ʶˉʽˉˊˈˋʻʶˍʶˌ ˋˎ˄ʵˎʰˋˍʽˁʷˌ ˉˏ˂ʶˌΣ ˇ 
ˁʰˍʰ˔˖ˊʹˍʺˌ ˃ˉˇˊʶʾ ˄ʰ ʶˁˍʶ˂ʷˋʶʽ ˂ʶʽˍˇˎˊʴʾʶˌ 
ʶˉʶ˅ʶˊʴʰˋʾʰˌʵʶʵˇ˃ʷ˄˖˄ όdata-processing ). 

Åɴ˄ʰˌ ˃ʶˍˊʹˍʺˌ ʶʾ˄ʰʽ ʷ˄ʰˌ ˁʰˍʰ˔˖ˊʹˍʺˌ ˉˇˎ ʷ˔ʶʽ 
˃ʽʰ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ˋʶʽˊʱ ˁʰˍʰˋˍʱˋʶ˖˄Σ ʲʱˋʹ 
ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ ˍ˖˄ ˉʰ˂˃˗˄ ˍˇˎ ˊˇ˂ˇʴʽˇˏΦ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʃʰˊʱʵʶʽʴ˃ʰΥ ˁʰˍʰ˔˖ˊʹˍʺˌ 2bit (1)

1. ʃˈˋʶˌ ˁʰˍʰˋˍʱˋʶʽˌ ˎˉʱˊ˔ˇˎ˄Τ

2. ʃˈˋˇʽ ˋˎ˄ʵˎʰˋ˃ˇʾ ʶʽˋˈʵ˖˄κʶ˅ˈʵ˖˄Τ

3. ʃˇʽʱ ʶʾ˄ʰʽ ʹ ˋˎ˄ʱˊˍʹˋʹ ʶ˅ˈʵˇˎΤ

4. ʃˇʽʰ ʶʾ˄ʰʽ ʹ ˋˎ˄ʱˊˍʹˋʹ ˍʹˌ ʶˉˈ˃ʶ˄ʹˌ ˁʰˍʱˋˍʰˋʹˌΤ

5. ɳʾ˄ʰʽ Moore ̋  Mealy;

Å ʃˇʽʱ ʶʾ˄ʰʽ ʹ ʰˉʱ˄ˍʹˋʹ ʴʽʰ ˍʰ м ˁʰʽ н όˉʽˇ ˉʱ˄˖ύ ʴʽʰ ʷ˄ʰ˄ ˁʰˍʰ˔˖ˊʹˍʺ ˃ʶ 
n-bits;
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʃʰˊʱʵʶʽʴ˃ʰΥ ˁʰˍʰ˔˖ˊʹˍʺˌ 2bit (2)
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ʃʰˊˇˏˋʰ 
ɼʰˍʱˋˍʰˋʹ

ɳˉˈ˃ʶ˄ʹ 
ɼʰˍʱˋˍʰˋʹ A1

( t + 1 ) A0( t + 1 )
ɱʽʰln1 ln0 =

ɴ˅ˇʵˇˌ όҐA1 
A0)

A1 A0 00 01 10 11 Y1 Y0

0 0 00 01 10 11 0 1

0 1 00 01 10 11 0 1

1 0 00 01 10 11 1 0

1 1 00 01 10 11 1 1



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʃʰˊʱʵʶʽʴ˃ʰΥ ˁʰˍʰ˔˖ˊʹˍʺˌ 4bit
Å ɶ ˁˇʽ˄ʺ ʶʾˋˇʵˇˌ Clock ̄ ˎˊˇʵˇˍʶʾ ˈ˂ʰ ˍʰ flip-flops ̀ ˍʹ˄ ʻʶˍʽˁʺ ʰˁ˃ʺ ˁʱʻʶ ˉʰ˂˃ˇˏΣ 
ˁʰʽ ʹ ʵʽʰʻʷˋʽ˃ʹ ˉ˂ʹˊˇ˒ˇˊʾʰ ˋˍʽˌ пD-ʶʽˋˈʵˇˎˌ ˃ʶˍʰ˒ʷˊʶˍʰʽ ˋˍˇ˄ ˁʰˍʰ˔˖ˊʹˍʺ.

Logic diagram: ɽˇʴʽˁˈ ʵʽʱʴˊʰ˃˃ʰ 

Symbol:ʅˏ˃ʲˇ˂ˇ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɾ˄ʺ˃ʹ ɼʰˍʰ˔˖ˊʹˍ˗˄ όмύ

ÅʃˊˇˋʵˇˁʾʶˌΥ
ïɴ˄ʰˌ ˁʰˍʰ˔˖ˊʹˍʺˌ ˉˊʷˉʶʽ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ 
ʰˉˇʻʹˁʶˏʶʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˉˇ˂˂ʰˉ˂ʷˌ ˔ˊˇ˄ʽˁʷˌ 
ˉʶˊʽˈʵˇˎˌ.

ïɶ ζʰˉˇʻʺˁʶˎˋʹη ʺ ζ˒ˈˊˍ˖ˋʹη ˉ˂ʹˊˇ˒ˇˊʽ˗˄ 
ˉˊʷˉʶʽ ˄ʰ ʶ˂ʷʴ˔ʶˍʰʽ ʰˉˈ ˁʱˉˇʽˇ ˋʺ˃ʰ.

Åʃˊʰʴ˃ʰˍʽˁˈˍʹˍʰΥ
ïʁ ˉˊˇʹʴˇˏ˃ʶ˄ˇˌ ˁʰˍʰ˔˖ˊʹˍʺˌ ˒ˇˊˍ˗˄ʶʽ 
ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋʶ ˁʱʻʶ ˔ˊˇ˄ʽˁʺ ˉʶˊʾˇʵˇ ˍˇˎ 
ˊˇ˂ˇʴʽˇˏ( clock cycle ).
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɾ˄ʺ˃ʹ ɼʰˍʰ˔˖ˊʹˍ˗˄ (2)
ÅɽˏˋʹΥ
ïʋˊʺˋʹ ˍˇˎ ˋʺ˃ʰˍˇˌ ʴʽʰ ˃ˉ˂ˇˁʱˊʽˋ˃ʰ ˍˇˎ 
ˁʰˍʰ˔˖ˊʹˍʺ ʰˉˈ ˍˇ ˊˇ˂ˈʽ ʺ
ï˔́ ʺˋʹ ˍˇˎ ˋʺ˃ʰˍˇˌ ʴʽʰ ʷ˂ʶʴ˔ˇ ʰ˄ʱʵˊʰˋʹˌ ( feedback 

control ) h ˉˈ ˍʹ˄ ʷ˅ˇʵˇ ˍˇˎ ˁʰˍʰ˔˖ˊʹˍʺ ˉʾˋ˖ ˋˍʽˌ 
ʶʽˋˈʵˇˎˌ ˍˇˎ ʺ 
ï˔́ ʺˋʹ SR ̋  JK flip-flops ̱ ʰ ˇˉˇʾʰ ˁˊʰˍˇˏ˄ ˍʹ˄ 
ˉʰˊˇˏˋʰ ˁʰˍʱˋˍʰˋʹ ˍˇˎˌ ʴʽʰ ʶʾˋˇʵˇ ( 0, 0 ).

ÅLoad:̀ ˎ˔˄ʺ ˇ˄ˇ˃ʰˋʾʰ ʴʽʰ ˍˇ ˋʺ˃ʰ ˉˇˎ ʶ˂ʷʴ˔ʶʽ 
ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ˁʰʽ ˒ˈˊˍ˖ˋʹ ˁʰˍʰ˔˖ˊʹˍ˗˄.
ïLoad = 1: ʊˇˊˍ˗˄ʶʽ ˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ ʶʽˋˈʵ˖˄.
ïLoad = 0: h ˉˇʻʹˁʶˏʶʽ ˍʽˌ ˍʽ˃ʷˌ ˍˇˎ ˁʰˍʰ˔˖ˊʹˍʺ.
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɮˉˇ˒ˎʴʺ ʶ˂ʷʴ˔ˇˎ ˍˇˎ ˊˇ˂ˇʴʽˇˏ

Å ɾʽʰ ˂ˏˋʹ ʴʽʰ ˄ʰ ˉʰˊʰ˃ʶʾ˄ˇˎ˄ ʰ˄ʰ˂ˇʾ˖ˍʰ 
ˍʰ ˉʶˊʽʶ˔ˈ˃ʶ˄ʰ ˍˇˎ ˁʰˍʰ˔˖ˊʹˍʺ ʶʾ˄ʰʽ ˃ʽʰ 
ˉˏ˂ʹ ʶˉʾˍˊʶ˕ʹˌ ˋˍˇ ˊˇ˂ˈʽΦ

Å ɶ ʶʽˋʰʴ˖ʴʺ ˂ˇʴʽˁ˗˄ ˉˎ˂˗˄ ˋˍʹ ʴˊʰ˃˃ʺ 
ˍˇˎ ˊˇ˂ˇʴʽˇˏΣ ˉˊˇˁʰ˂ʶʾ ʱ˄ʽˋʶˌ 
ˁʰʻˎˋˍʶˊʺˋʶʽˌ ʵʽʱʵˇˋʹˌΦ

Å ɱʽʰ ˄ʰ ʶʾ˄ʰʽ ˋˎʴ˔ˊˇ˄ʽˋ˃ʷ˄ˇ ˍˇ ˁˏˁ˂˖˃ʰ 
ˉˊʷˉʶʽ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʾˋˇˎ˃ʶ ˈˍʽ ˈ˂ˇʽ ˇʽ 
ˉʰ˂˃ˇʾ ˒ˍʱ˄ˇˎ˄ ˍʹ˄ ʾʵʽʰ ˋˍʽʴ˃ʺΦ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʺˌ пbit

12
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʷˌ ˃ʶ clock gating
Åʆˇ ˋʺ˃ʰ Load˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍˇˎ ˋʺ˃ʰˍˇˌ ˍˇˎ 
ˊˇ˂ˇʴʽˇˏ ˈˍʰ˄ ʶʾ˄ʰʽ мΣ ˁʰʽ ʰˉ˄ʶˊʴˇˉˇʽʶʾ ˍˇ ˊˇ˂ˈʽ ˈˍʰ˄ ʶʾ˄ʰʽ лΦ

Åʃʰˊʱʵʶʽʴ˃ʰ ˉˊˇʲ˂ʺ˃ʰˍˇˌΥ ɱʽʰ Flip-flops ̒ ʶˍʽˁʺˌ 
ʰˁ˃ˇˉˎˊˇʵˈˍʹˋʹˌ ʺ ʰˊ˄ʹˍʽˁˇˏ-ʶˉʾˉʶʵˇˎ ˉˎˊˇʵˈˍʹˋʹˌΥ

Åʃˇʽˈ ʶʾ˄ʰʽ ˍˇ ˉˊˈʲ˂ʹ˃ʰΤ

ɮˉˈˁ˂ʽˋʹ ˍˇˎ gated clock h ˉˈ ˍˇ ˉˊʰʴ˃ʰˍʽˁˈ ˊˇ˂ˈʽ ˂ˈʴ˖ 
ˍʹˌ ˁʰʻˎˋˍʷˊʹˋʹˌ ʰˉˈ ˍʽˌ ʶˉʽˉˊˈˋʻʶˍʶˌ ˉˏ˂ʶˌ όclock skew ).

13



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʷˌ ˉʰˊʱ˂˂ʹ˂ʹˌ ˒ˈˊˍ˖ˋʹˌ ˃ʶ ʷ˂ʶʴ˔ˇ 
ʰ˄ʱʵˊʰˋʹˌ όмύ

Åʃʽˇ ʰ˅ʽˈˉʽˋˍˇˌ ˋ˔ʶʵʽʰˋ˃ˈˌΥ
ïʆˇ ˊˇ˂ˈʽ ʵˇˎ˂ʶˏʶʽ ʰˋˍʰ˃ʱˍʹˍʰ 

(ˋˍʰ FFs )Σ ˁʰʽ 
ïɳˉʽ˂ʶˁˍʽˁʺ ˔ˊʺˋʹ ˍˇˎLoadʴʽʰ 
ʰ˂˂ʰʴʺ ˍ˖˄ ˉʶˊʽʶ˔ˇ˃ʷ˄˖˄ ˍˇˎ 
ˁʰˍʰ˔˖ˊʹˍʺΦ

Åʃʰˊʱʵʶʽʴ˃ʰΥ ˁʰˍʰ˔˖ˊʹˍʺˌ н-
bit:

Åɱʽʰ Load = 0ˁ ˊʱˍʹˋʹ 
ˉʰˊˇˏˋʰˌ ˁʰˍʱˋˍʰˋʹˌΦ

Åɱʽʰ Load = 1˒ ˈˍ˖ˋʹ ˍʽ˃˗˄ 
ʶʽˋˈʵˇˎΣ ʲʱˋʹ ˍˇˎ ˊˇ˂ˇʴʽˇˏΦ

Åʃʽˇ ˋˏ˄ʻʶˍˇˌ ˋ˔ʶʵʽʰˋ˃ˈˌ ʰˉˈ 
clock gatingΣ ʰ˂˂ʱ ʶ˂ʷˎʻʶˊˇˌ 
ʰˉˈ ˉˊˇʲ˂ʺ˃ʰˍʰ ˔ˊˇ˄ʽˋ˃ˇˏΦ

14



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʹˌ ʃʰˊʱ˂˂ʹ˂ʹˌ ˒ˈˊˍ˖ˋʹˌ 
4 bit
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʷˌ ʁ˂ʾˋʻʹˋʹˌ όмύ
Åʁʽ ˁʰˍʰ˔˖ˊʹˍʷˌ ˇ˂ʾˋʻʹˋʹˌ ˃ʶˍʰ˒ʷˊˇˎ˄ ˉ˂ʹˊˇ˒ˇˊʾʶˌ 
ζˉ˂ʱʴʽʰη ˃ʷˋʰ ˋˍˇ˄ ˁʰˍʰ˔˖ˊʹˍʺΣ ˉˊˇˌ ˍʹ˄ ˉʶˊʽˋˋˈˍʶˊˇ 
ˋʹ˃ʰ˄ˍʽˁʺ ( MSB ) ̋  ˂ʽʴˈˍʶˊˇ ˋʹ˃ʰ˄ˍʽˁʺ ( LSB ) ̒ ʷˋʹ

Åʅˍʹ˄ ˉʽˇ ʰˉ˂ʺ ˉʶˊʾˉˍ˖ˋʹΣ ˇ ˁʰˍʰ˔˖ˊʹˍʺˌ ˇ˂ʾˋʻʹˋʹˌ ʶʾ˄ʰʽ 
ʰˉ˂ʱ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ʰˉˈ D flip-flops ʁ ˄˖˃ʷ˄ʰ ʵʽʰʵˇ˔ʽˁʱ ˖ˌ 
ʰˁˇ˂ˇˏʻ˖ˌΥ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʷˌ ʁ˂ʾˋʻʹˋʹˌ (2)

Åɳʾˋˇʵˇˌ ʵʶʵˇ˃ʷ˄˖˄Σ In, ̌ ˄ˇ˃ʱʸʶˍʰʽ ˋʶʽˊʽʰˁʺ 
ʶʾˋʽˇʵˇˌ ʺ ʁʾ ˋˇʵˇˌ ʵʶ˅ʽʱˌ ˇ˂ʾˋʻʹˋʹˌ.

Åɴ˅ˇʵˇˌ ʵʶʵˇ˃ʷ˄˖˄Σ Out, ̀ ˎ˔˄ʱ ˇ˄ˇ˃ʱʸʶˍʰʽ 
ˋʶʽˊʽʰˁʺ ʷ˅ˇʵˇˌ.

Åʆˇ ʵʽʱ˄ˎˋ˃ʰ όA, B, C, Out ) ̌˄ˇ˃ʱʸʶˍʰʽ ʹ 
ˉʰˊʱ˂˂ʹ˂ʹ ʷ˅ˇʵˇˌ.
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʷˌ ʁ˂ʾˋʻʹˋʹˌ (3)

Å ɶ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍˇˎ ˋʶʽˊʽʰˁˇˏ ˁʰˍʰ˔˖ˊʹˍʺ ˇ˂ʾˋʻʹˋʹˌ ʵʾ˄ʶˍʰʽ ˋˍˇ˄ 
ˉʾ˄ʰˁʰ ʰˉʷ˄ʰ˄ˍʽΦ

Å ʆл ʶʾ˄ʰʽ ʹ ˁʰˍʱˋˍʰˋʹ ʰˁˊʽʲ˗ˌ ˉˊʾ˄ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ˍˇˎ мˇˎ̄ ʰ˂˃ˇˏ ˍˇˎ 
ˊˇ˂ˇʴʽˇˏΦ

Å ʆм ʷˊ˔ʶˍʰʽ ˃ʶˍʱ ˍˇ˄ ˉˊ˗ˍˇ ˉʰ˂˃ˈ ˁʰʽ ˉˊʽ˄ ˍˇ˄ ʵʶˏˍʶˊˇΦ
Å ɮˊ˔ʽˁʷˌ ʱʴ˄˖ˋˍʶˌ ˁʰˍʰˋˍʱˋʶʽˌ ʵʹ˂˗˄ˇ˄ˍʰʽ ˃ʶ άΚέ.
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʷˌ ʁ˂ʾˋʻʹˋʹˌ (4)

Åʅˎ˃ˉ˂ʹˊ˗ˋˍʶ ˍʽˌ о ˍʶ˂ʶˎˍʰʾʶˌ ʴˊʰ˃˃ʷˌ ˍˇˎ ˉʾ˄ʰˁʰΦ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʅʶʽˊʽʰˁʺ ɾʶˍʰ˒ˇˊʱ όмύ

Åɴ˄ʰ ˕ʹ˒ʽʰˁˈ ˋˏˋˍʹ˃ʰ ˂ʶʽˍˇˎˊʴʶʾ ˋʶʽˊʽʰˁʱ ( in 
serial mode) ̍ ˍʰ˄ ˋʶ ˁʱʻʶ ˉʰ˂˃ˈ ˍˇˎ ˊˇ˂ˇʴʽˇˏΣ ʷ˄ʰ 
bit ˃ˈ˄ˇ ˍ˖˄ ʵˎʰʵʽˁ˗˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˃ʶˍʰ˒ʷˊʶˍʰʽ 
ˁʰʽ ˎˉˈˁʶʽˍʰʽ ˋʶ ʶˉʶ˅ʶˊʴʰˋʾʰΦ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʅʶʽˊʽʰˁʺ ɾʶˍʰ˒ˇˊʱ (2)
Å ʅʶ ˉʰˊʱ˂˂ʹ˂ʰ ˃ˇ˄ˇˉʱˍʽʰ ˎˉʱˊ˔ʶʽ ˉˊˈʲ˂ʹ˃ʰ 
ˋˎʴ˔ˊˇ˄ʽˋ˃ˇˏ ʶˉʶʽʵʺ ˎˉʱˊ˔ˇˎ˄ ʵʽʰ˒ˇˊʶˍʽˁʷˌ 
ˁʰʻˎˋˍʶˊʺˋʶʽˌ ˋʶ ˁʱʻʶ ˁʱʻʶ ʰʴ˖ʴˈΦ

Å ʆˇ ˉˊˈʲ˂ʹ˃ʰ ˇ˅ˏ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ 
˃ʶˍʱʵˇˋʹˌ bit.

Å ʁ ˋˎʴ˔ˊˇ˄ʽˋ˃ˈˌ ˉˇ˂ˏ ˉʽˇ ʶˏˁˇ˂ˇˌ ˃ʶ ʷ˄ʰ ˃ˈ˄ˇ 
ˁʰ˂˗ʵʽˇ ˃ʶ ˋˍʰʻʶˊʺ ˁʰʻˎˋˍʷˊʹˋʹ ʴʽʰ ˈ˂ʰ ˍʰ bit.

Å ɾʶ ʰˏ˅ʹˋʹ ˁˈˋˍˇˎˌ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ʷ˔ˇˎ˃ʶ 
ˇ˃ˇʽˈ˃ˇˊ˒ʹ ˁʰʻˎˋˍʷˊʹˋʹ ˋʶ ˉʰˊʱ˂˂ʹ˂ʶˌ 
ˇʵʶˏˋʶʽˌ.

Å ʃʰˊʱ˂˂ʹ˂ʶˌ ˇʵʶˏˋʶʽˌ ʰˉʰʽˍˇˏ˄ ˉˇ˂˂ʰˉ˂ʱˋʽˇ ˔˗ˊˇ 
ʰˉˈ ˋʶʽˊʽʰˁʷˌ ˇʵʶˏˋʶʽˌ ōƛǘ (ʶˎʶ˂ʽ˅ʾʰ).
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʅʶʽˊʽʰˁʺ ɾʶˍʰ˒ˇˊʱ ɲʶʵˇ˃ʷ˄˖˄
Å ʅʶʽˊʽʰˁʺ ˃ʶˍʰ˒ˇˊʱ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ʷ˄ʰ˄ ˁʰˍʰ˔˖ˊʹˍʺ ɮ ˋʶ ʷ˄ʰ˄ ˁʰˍʰ˔˖ˊʹˍʺ ɰΦ ɮˉʰʽˍʶʾˍʰʽ ˃ʾʰ 
ˉʶˊʾˇʵˇˌ ˊˇ˂ˇʴʽˇˏ ʴʽʰ ˁʱʻʶ bit.

Shift: ʁ˂ʾˋʻʹˋʹ 
Register: ɼʰˍʰ˔˖ˊʹˍʺˌ
Clock: ʄˇ˂ˈʽ
C input: ɳʾˋˇʵˇˌ C
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʅʶʽˊʽʰˁʺ ˃ʶˍʰ˒ˇˊʰ ʰˉˈ ˍˇ˄ ɮ ˋˍˇ˄ ɰ

Åʇˉˇʻʷˍˇˎ˃ʶ 4bit ˁ ʰˍʰ˔˖ˊʹˍʷˌ.

Åʁʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʶˉʰ˄ʰˍˊˇ˒ˇʵˇˍˇˏ˄ˍʰʽ ˋˍˇ˄ ʾʵʽˇ ˁʰˍʰ˔˖ˊʹˍʺ.

Åɼʱʻʶ ʻʶˍʽˁʺ ʰˁ˃ʺ ˍˇˎ ˉʰ˂˃ˇˏ ˉˊˇˁʰ˂ʶʾ ˈ˂ʽˋʻʹˋʹ ˋˍˇˎˌ ʵˏˇ 
ˁʰˍʰ˔˖ˊʹˍʷˌ.

Shift control: ɳ˂ʶʴ˔ˈ˃ʶ˄ʹ ˇ˂ʾˋʻʹˋʹ

Shift register: ɼʰˍʰ˔˖ˊʹˍʺˌˇ˂ʾˋʻʹˋʹˌ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʅʶʽˊʽʰˁʺ ʃˊˈˋʻʶˋʹ όмύ

Åʁʽ ʵˏˇ ʵˎʰʵʽˁˇʾ ˉˊˇˋʻʶˍʷˇʽ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˋʶʽˊʽʰˁʱ ˋʶ 
ʵˏˇ ˁʰˍʰ˔˖ˊʹˍʷˌ ɮ ˁʰʽ ɰΦ ʃˈˋˇˌ ˔ˊˈ˄ˇˌ ˔ˊʶʽʱʸʶˍʰʽ ʴʽʰ 
˄ʰ ˒ˇˊˍ˖ʻˇˏ˄ ˇʽ ʰˊʽʻ˃ˇʾΤ

Åʆʰ bits ̄ ˊˇˋʻʷˍˇ˄ˍʰʽ ʰ˄ʱ ʸʶˏʴˇˌ ˁʱʻʶ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺΣ 
˃ʷˋ˖ ʶ˄ˈˌ ˉ˂ʺˊʹ ʰʻˊˇʽˋˍʺ όfull-adder circuit ). ʃˈˋˇˌ 
˔ˊˈ˄ˇˌ ˔ˊʶʽʱʸʶˍʰʽ ʴʽʰ ˍʹ˄ ˉˊˈˋʻʶˋʹΤ

Åʆˇ carry out ̱ ˇˎ ˉ˂ʺˊʹ ʰʻˊˇʽˋˍʺ ˃ʶˍʰ˒ʷˊʶˍʰʽ ˋʶ ʷ˄ʰ D 
flip-flop, ̱ ˇˎ ˇˉˇʾˇˎ ʹ ʷ˅ˇʵˇˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˖ˌ ˍˇ 
carry in ɹ ʽʰ ˍˇ ʶˉˈ˃ʶ˄ˇ ʸʶˏʴˇˌ ˍ˖˄ bits.

ÅTo sum bit ̀ ˍʹ˄ ʷ˅ˇʵˇ S ̱ ˇˎ ˉ˂ʺˊʹ ʰʻˊˇʽˋˍʺ 
˃ʶˍʰ˒ʷˊʶˍʰʽ ˉʾˋ˖ ˋˍˇ˄ ˁʰˍʰ˔˖ˊʹˍʺ ɮ όˋˎˋˋ˖ˊʶˎˍʺˌ).
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʅʶʽˊʽʰˁʺ ʃˊˈˋʻʶˋʹ (2)

Åʃˈˋˇˌ ˔ˊˈ˄ˇˌ ˔ˊʶʽʱʸʶˍʰʽ ʴʽʰ ˇ˂ˈˁ˂ʹˊʹ ˍʹ 
ʵʽʰʵʽˁʰˋʾʰΤ

Åʅ˔ʶʵʽʱˋˍʶ ˍˇ ʵʽʱʴˊʰ˃˃ʰΣ ˋʶ ʶˉʾˉʶʵˇ 
ˁʰˍʰ˔˖ˊʹˍ˗˄ όʺ RTl-level = Register-Transfer 
[ŜǾŜƭ ύΧΦ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɲʽʱʴˊʰ˃˃ʰ ʅʶʽˊʽʰˁˇˏ ɮʻˊˇʽˋˍʺ
Å ʆˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʰˉˇʻʹˁʶˏʶˍʰʽ ˋˍˇ˄ ɮ.
Å ɾˉˇˊˇˏ˄ ˄ʰ ˉˊˇˋˍʶʻˇˏ˄ ˉʶˊʽˋˋˈˍʶˊˇʽ ʰˊʽʻ˃ˇʾ.

Serial input: ʅʶʽˊʽʰˁʺ ʶʾˋˇʵˇˌ
Shift control: ɳ˂ʶʴ˔ˈ˃ʶ˄ʹ ˇ˂ʾˋʻʹˋʹ
Shift register: ɼʰˍʰ˔˖ˊʹˍʺˌˇ˂ʾˋʻʹˋʹˌ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʅʶʽˊʽʰˁʺ ʺ ˉʰˊʱ˂˂ʹ˂ʹ ˉˊˈˋʻʶˋʹ
Åʁ ˉʰˊʱ˂˂ʹ˂ˇˌ ʰʻˊˇʽˋˍʺˌ ʶʾ˄ʰʽ ʷ˄ʰ ˋˎ˄ʵˎʰˋˍʽˁˈ 
ˁˏˁ˂˖˃ʰΣ ʶ˄˗ ˇ ˋʶʽˊʽʰˁˈˌ ʷ˄ʰ ʰˁˇ˂ˇˎʻʽʰˁˈΦ

Åʁ ˉʰˊʱ˂˂ʹ˂ˇˌ ʰʻˊˇʽˋˍʺˌ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˇ n ̄ ˂ʺˊʶˌ м-
bit ʰʻˇʽˋˍʷˌ ʴʽʰ ˉˊˇˋʻʶˍʷˇˎˌ ˍ˖˄ n-bit, ʁ ˄˗ ˇ 
ˋʶʽˊʽʰˁˈˌ ʰˉʰʽˍʶʾ ˃ˈ˄ˇ м ˉ˂ʺˊʹ м-bit ʰʻˊˇʽˋˍʺΦ

Åʆˇ ˋʶʽˊʽʰˁˈ ˁˏˁ˂˖˃ʰ ˉʱʽˊ˄ʶʽ n ̄ ʶˊʽˈʵˇˎˌ ˍˇˎ 
ˊˇ˂ˇʴʽˇˏ ʴʽʰ ˄ʰ ˇ˂ˇˁ˂ʹˊ˗ˋʶʽΣ ʶ˄˗ ˍˇ ˉʰˊʱ˂˂ʹ˂ˇ м.

Åʅˎ˄ˇˉˍʽˁʱΣ ˇ ˉʰ́ ʱ˂˂ʹ˂ˇˌ ʰʻˊˇʽˋˍʺˌ ʶʾ˄ʰʽ n ˒ ˇˊʷˌ 
˃ʶʴʰ˂ˏˍʶˊˇˌ ˍˇˎ ˋʶˊʽʰˁˇˏ ˋʶ ˔˗ˊˇΣ ʰ˂˂ʱ ʶʾ˄ʰʽ ˁʰʽ n 
˒ˇˊʶˌ ˉʽˇ ʴˊʺʴˇˊˇˌΦ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʷˌ ʁ˂ʾˋʻʹˋʹˌ 
ʃh ˊʱ˂˂ʹ˂ʹˌ ʊˈˊˍ˖ˋʹˌ όмύ

Å ʃˊˇˋʻʷˍˇ˄ˍʰˌ ʷ˄ʰ MUX ˃ ʶˍʰ˅ˏ ˁʱʻʶ ζˋˍʱʵʽˇη ˍˇˎ ˁʰˍʰ˔˖ˊʹˍʺ ˇ˂ʾˋʻʹˋʹˌΣ 
ʵʶʵˇ˃ʷ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ʺ ˒ˇˊˍ˗˄ˇ˄ˍʰʽ ˃ʶ ʰ˅ʽˈˉʽˋˍˇ ˍˊˈˉˇΦ

Å SHIFT = 0, ̱ʰ A ˁ ʰʽ  B h ˄ˍʽˁʰʻʽˋˍˇˏ˄ˍʰʽ ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋˍʽˌ ʴˊʰ˃˃ʷˌ DA ˁ ʰʽ DB ( 
ˉʰˊʱ˂˂ʹ˂ʹ ˒ˈˊˍ˖ˋʹύΣ ʰ˂˂ʽ˗ˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˇ˂ʽˋʻʰʾ˄ˇˎ˄ ˉˊˇˌ ˍʰ ʵʶ˅ʽʱ ˋˍʹ˄ ˁʱʻʶ 
ˉʶˊʾˇʵˇ ˊˇ˂ˇʴʽˇˏ ˁʰʽ ˒ˇˊˍ˗˄ʶˍʰʽ м-bit ( ˋʶʽˊʽʰˁʺ ˒ˈˊˍ˖ˋʹ).

Å ʃˊˇˋʻʷˍˇ˄ˍʰˌ ˁʰʽ ʱ˂˂ʰ bits, ˁ ʰˍʰˋˁʶˎʱʸˇˎ˃ʶ ˁʰˍʰ˔˖ˊʹˍʺ ˇ˂ʾˋʻʹˋʹˌ 
ˉʰˊʱ˂˂ʹ˂ʹˌ ˒ˈˊˍ˖ˋʹˌ n-bit.
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʷˌ ʁ˂ʾˋʻʹˋʹˌ 
ʃʰˊʱ˂˂ʹ˂ʹˌ ʊˈˊˍ˖ˋʹˌ (2)
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʷˌ ʁ˂ʾˋʻʹˋʹˌ 
ʃʰˊʱ˂˂ʹ˂ʹˌ ʊˈˊˍ˖ˋʹˌ (3)
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʷˌ ʁ˂ʾˋʻʹˋʹˌ 
ʃʰˊʱ˂˂ʹ˂ʹˌ ʊˈˊˍ˖ˋʹˌ (4)
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SHIFT = 1



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʷˌ ʁ˂ʾˋʻʹˋʹˌ 
ʃʰˊʱ˂˂ʹ˂ʹˌ ʊˈˊˍ˖ˋʹˌ (5)
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SHIFT = 0 

LOAD = 1



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʷˌ ʁ˂ʾˋʻʹˋʹˌ 
ʃʰˊʱ˂˂ʹ˂ʹˌ ʊˈˊˍ˖ˋʹˌ (6)
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SHIFT = 0 

LOAD = 1



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʷˌ ʁ˂ʾˋʻʹˋʹˌ 
ʃʰˊʱ˂˂ʹ˂ʹˌ ʊˈˊˍ˖ˋʹˌ (7)

Åɾˉˇˊˇˏ˃ʶ ˄ʰ ˉˊˇˋʻʷˋˇˎ˃ʶ ˍʹ˄ ˂ʶʽˍˇˎˊʴʾʰ 
άƘƻƭŘέ ʴʽʰ ʰˉˇʻʺˁʶˎˋʹκˁˊʱˍʹˋʹ ˍʹˌ 
ˉʰˊˇˏˋʰˌ ˉ˂ʹˊ̌ ˒ˇˊʾʰˌΦ

34

Shift Load ɽʶʽˍˇˎˊʴʾʰ

0 0 ɼˊʱˍʹˋʹ ˉʰˊˇˏˋʰˌ ˁʰˍʱˋˍʰˋʹˌΥ
Q0 ĄQ0, Q1 ĄQ1, Q2 ĄvнΣ ΧΦ

0 1 ʃʰˊʱ˂˂ʹ˂ʹ˒ˈˊˍ˖ˋʹΥ
D0 ĄQ0, D1 ĄQ1, D2 ĄvнΣ ΧΦ

1 X ʁ˂ʾˋʻʹˋʹΥ
SerialInput ĄQ0 ĄQ1 ĄQ2...



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʷˌ ˇ˂ʾˋʻʹˋʹˌ ˃ʶ 
ɳˉʽˉˊˈˋʻʶˍʶˌ ɽʶʽˍˇˎˊʴʾʶˌ

Åʃˊˇˋʻʷˍˇ˄ˍʰˌ ʷ˄ʰ MUX 4-ʶʽˋˈʵ˖˄ ˃ˉˊˇˋˍʱ ʰˉˈ 
ˁʱʻʶ flip-flop ̀ ʶ ʷ˄ʰ ˁʰˍʰ˔˖ˊʹˍʺ ˇ˂ʾˋʻʹˋʹˌΣ 
˃ˉˇˊˇˏ˃ʶ ˄ʰ ˎ˂ˇˉʽʺˋˇˎ˃ʶ ʷ˄ʰ ˁˏˁ˂˖˃ʰ ˃ʶ 
˂ʶʽˍˇˎˊʴʾʶˌΥ

ˇ˂ʾˋʻʹˋʹ ʵʶ˅ʽʱΣ ˇ˂ʾˋʻʹˋʹ ʰˊʽˋˍʶˊʱΣ 
ˉʰˊʱ˂˂ʹ˂ʹ ˒ˈˊˍ˖ˋʹΣ ˁˊʱˍʹˋʹ ˉʰˊˇˏˋʰˌ 
ˁʰˍʱˋˍʰˋʹˌΦ 

Åɼʰˍʰ˔˖ˊʹˍʷˌ ˇ˂ʾˋʻʹˋʹˌ ˃ˉˇˊˇˏ˄ ʶˉʾˋʹˌ ˄ʰ 
ˋ˔ʶʵʽʰˋˍˇˏ˄ ʴʽʰ ˇ˂ʾˋʻʹˋʹ ˉʶˊʽˋˋˈˍʶˊ˖˄ ˍˇˎ 
ʶ˄ˈˌ bit Ąˇ˂ʾˋʻʹˋʹ k( < n ) bits.
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɮ˃˒ʾʵˊˇ˃ˇˌ ˁʰˍʰ˔˖ˊʹˍʺˌ ˇ˂ʾˋʻʹˋʹˌ 
˃ʶ ˉʰˊʱ˂˂ʹ˂ʹ ˒ˈˊˍ˖ˋʹ 4bit

36

Å ɱʶ˄ʽˁˈˌ ˁʰˍʰ˔˖ˊʹˍʺˌˇ˂ʾˋʻʹˋʹˌ.

Parallel outputs: ʃʰˊʱ˂˂ʹ˂ʶˌ ʶ˅ˈʵˇˎˌ

Serial input of shift-right: ʅʶʽˊʽʰˁˇʾ ʶʾˋˇʵˇʽ ʴʽʰ ʵʶ˅ʽʱ ˇ˂ʾˋʻʹˋʹ

Serial input of shift-left: ʅʶʽˊʽʰˁˇʾ ʶʾˋˇʵˇʽ ʴʽʰ ʰˊʽˋˍʶˊʺ ˇ˂ʾˋʻʹˋʹ 



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʺˌ ʁ˂ʾˋʻʹˋʹˌ ɲʽˉ˂ʺˌ 
ɼʰˍʷˎʻˎ˄ˋʹˌ όмύ

S1S0 ɽʶʽˍˇˎˊʴʾʰ

00 ɼˊʰˍʹˋʹ ˉʰˊˇˏˋʰˌ ˁʰˍʱˋˍʰˋʹˌ

01 ʁ˂ʾˋʻʹˋʹ ˉˊˇˌˍʰ ˁʱˍ˖

10 ʁ˂ʾˋʻʹˋʹˉˊˇˌ ˍʰ ˉʱ˄˖

11 ʃʰˊʱ˂˂ʹ˂ʹ ˒ˈˊˍ˖ˋʹ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʺˌ ʁ˂ʾˋʻʹˋʹˌ ɲʽˉ˂ʺˌ 
ɼʰˍʷˎʻˎ˄ˋʹˌ (2)
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʺˌ ʁ˂ʾˋʻʹˋʹˌ ɲʽˉ˂ʺˌ 
ɼʰˍʷˎʻˎ˄ˋʹˌ (3)
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʺˌ ʁ˂ʾˋʻʹˋʹˌ ɲʽˉ˂ʺˌ 
ɼʰˍʷˎʻˎ˄ˋʹˌ (4)
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɼʰˍʰ˔˖ˊʹˍʺˌ ʁ˂ʾˋʻʹˋʹˌ ɲʽˉ˂ʺˌ 
ɼʰˍʷˎʻˎ˄ˋʹˌ (5)
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɾʶˍˊʹˍʷˌ
Åɴ˄ʰˌ ˃ʶˍˊʹˍʺˌ ʶʾ˄ʰʽ ʷ˄ʰˌ ˁʰˍʰ˔˖ˊʹˍʺˌ ˉˇˎ ζ˃ʶˍˊʱη 
˃ʽʰ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇʽ ʰˁˇ˂ˇˎʻʾʰ ˁʰˍʰˋˍʱˋʶ˖˄Σ ʲʱˋʹ 
ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ ˉʰ˂˃˗˄ ˍˇˎ ˊˇ˂ˇʴʽˇˏ.

Åʁʽ ˃ʶˍˊʹˍʷˌ ˁʰˍʹʴˇˊʽˇˉˇʽˇˏ˄ˍʰʽ ˋʶΥ
ïɾʶˍˊʹˍʷˌ ʄʽˉʺˌΥ
Åʆˇ ˊˇ˂ˈʽ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʶ˄˗˄ʶˍʰʽ ˋˍʹ˄ ʶʾˋˇʵˇ ˊˇ˂ˇʴʽˇˏ ˍˇˎ LSB

FF.
Åɱʽʰ ˍʰ ˎˉˈ˂ˇʽˉʰ FFsΣ ʹ ʷ˅ˇʵˇˌ ʶ˄ˈˌ FF ʁ ˄˗˄ʶˍʰʽ ˋˍʹ˄ ʶʾˋˇʵˇ 
ˊˇ˂ˇʴʽˇˏ ˍˇˎ ʶˉˈ˃ʶ˄ˇˎ ˋʹ˃ʰ˄ˍʽˁˇˏ FF.
Åɲʶ˄ ˎˉʱˊ˔ʶʽ ˁˇʽ˄ˈ ˊˇ˂ˈʽΦ
Åʋʰ˃ʹ˂ʺ ˁʰˍʰ˄ʱ˂˖ˋʹ ʽˋ˔ˏˇˌΦ ɱʽʰˍʽΤ

ïʅˏʴ˔ˊˇ˄ˇˎˌ ɾʶˍˊʹˍʷˌΥ
Åʂ˂ʰ̱ʰ FFs ̫ ˔ˇˎ˄ ˁˇʽ˄ˈ ˊˇ˂ˈʽ.
Åʋˊʺˋʹ ˁˇʽ˄ʺˌ ˂ˇʴʽˁʺˌ ʴʽʰ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ʶˉˈ˃ʶ˄ʹˌ ˁʰˍʱˋˍʰˋʹˌΦ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɾʶˍˊʹˍʺˌ ʄʽˉʺˌ ( Ripple Counter )(1)

Åʃ˖ˌ ʵˇˎ˂ʶˎʶʽΤ
ïʅˍʹ˄ ʻʶˍʽˁʺ ʰˁ˃ʺ ˋˍʹ˄ ʶʾˋˇʵˇ 
ˍˇˎ ˊˇ˂ˇʴʽˇˏ ˍˇˎ A,ˍˇ A 
ˋˎ˃ˉ˂ʹˊ˗˄ʶˍʰʽ.

ïɶ ʶʾˋˇʵˇˌ ˍˇˎ ˊˇ˂ˇʴʽˇˏ ʴʽʰ 
ˍˇ ɰ ʶʾ˄ʰʽ ˍˇ ˋˎ˃ˉ˂ʺˊ˖˃ʰ 
ˍʹˌ ʶ˅ˈʵˇˎ ˍˇˎ ɮ.

ïʂˍʰ˄ ˍˇ A h ˂˂ʱ˅ʶʽ ʰˉˈ м ˋʶ л 
(ʰˊ˄ʹˍʽˁʺ ʰˁ˃ʺύΣ ˎˉʱˊ˔ʶʽ 
ʻʶˍʽˁʺ ʰˁ˃ʺ ό л ˋʶ м ύ ˋˍʹ˄ 
ʶʾˋˇ˒ˇ ˍˇˎ ˊˇ˂ˇʴʽˇˏ ˍˇˎ ɰΣ 
ˉˊˇˋˁʰ˂˗˄ˍʰˌ ˍˇ ɰ ˄ʰ 
ˋˎ˃ˉ˂ʹˊ˖ʻʶʾ.

ÅĄʃˊˇˌ-ˍ-hˉʱ˄˖ όupward 
counting ). ɱʽʰˍʽΤ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɾʶˍˊʹˍʺˌ ʄʽˉʺˌ ( Ripple Counter) (2)

Åʆʰ ʲʷ˂ʹ ʵʶʽ˔˄ˇˎ˄ ˍʹ˄ ˋ˔ʷˋʹ ʰʽˍʾʰˌ-ʰˉˇˍʶ˂ʷˋ˃ʰˍˇˌ ʰˉˈ ˍʹ˄ 
ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʵʽʰ˒ʱ˄ʶʽʰ.

Åɶ ʰ˄ˍʾˋˍˇʽ˔ʹ ʰˁˇ˂ˇˎʻʾʰ ˁʰˍʰˋˍʱˋʶ˖˄ ʶʾ˄ʰʽΥ όB, A ) = ( 0, 0 ), ( 
0, 1 ), ( 1, 0 ), ( 1, 1 ), ( 0, 0 ), ( 0, 1 ), ...
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɾʶˍˊʹˍʺˌ ʄʽˉʺˌ ( Ripple Counter) (3)

Åɼʱʻʶ ʶˉʽˉˊˈˋʻʶˍˇ ōƛǘΣ /Σ 5Σ ΧΦ ʅˎ˃ˉʶˊʽ˒ʷˊʶˍʰʽ ˈˉ˖ˌ ˍˇ bit ɰ,
ʰ˂˂ʱʸˇ˄ˍʰˌ рл҈ ˂ʽʴˈˍʶˊˇ ˋˎ˔˄ʱ ʰˉˈ ˍˇ ˉˊˇʹʴˇˏ˃ʶ˄ˇ bit.

Åɱʽʰ о bits: ( C, B, A ) = ( 0, 0, 0 ), ( 0, 0, 1 ), ( 0, 1, 0 ), ( 0, 1, 1 ), ( 
мΣ лΣ л ύΣ ό мΣ лΣ м ύΣ ό мΣ мΣ л ύΣ ό мΣ мΣ м ύΣ ό лΣ лΣ л ύΣ Χ 
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɲˎʰʵʽˁˈˌ ɾʶˍˊʹˍʺˌ ʄʽˉʺˌ ˃ʶ T ˁ ʰʽ D 
flip-flop

46

( )h T flip-flops ( )̡ D flip-flops



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɲʽʱʴˊʰ˃˃ʰ ˁʰˍʰˋˍʱˋʶ˖˄ ʶ˄ˈˌ 
ʵʶˁʰʵʽˁˇˏ ˃ʶˍˊʹˍʺ BCD

Åɮˉʰʽˍˇˏ˄ˍʰʽ п CC.

Åɺʵʽˇ ˃ʶ ʵˎʰʵʽˁˈ ˃ʶˍˊʹˍʺ ˃ˈ˄ˇ ˉˇˎ ˃ʶˍʱ ˍˇ мллм ʲˊʾˋˁʶˍʰʽ ˍˇ 
0000.
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɽˇʴʽˁˈ ʵʽʱʴˊʰ˃˃ʰ ˃ʶˍˊʹˍʺ ˊʽˉʺˌ 
./5 ˃ʶ WY CC

Åɮˋˏʴ˔ˊˇ˄ˇ 
ʰˁˇ˂ˇˎʻʽʰˁˈˁˏˁ˂˖˃ʰ.

Åɸˎ˃ʹʻʶʾˍʶ ˈˍʽ 

ïɮ˄ J= 1 Q= 1.

ïɮ˄ K= 1 Q= 0.

ïɮ˄ J= K= 1 Q=
ˋˎ˃ˉ˂ʺˊ˖ˋʹ.

ïɮ˄ J= K= 0 Q=
ˋˍʰʻʶˊˈ.

48

BCD Ripple Counter



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʅˏ˄ʵʶˋʹ ˃ʶˍˊʹˍ˗˄ ./5 ʴʽʰ 
ˉˇ˂˂ʰˉ˂ʱ ʵʶˁʰʵʽˁʱ ˕ʹ˒ʾʰ

49

Block Diagram of a Three-Decade Decimal BCD Counterό ʅ˔ʹ˃ʰˍʽˁˈ ʵʽʱʴˊʰ˃˃ʰ ʴʽʰ 
ˍˊʶʾˌ ʵʶˁʰʵʽˁˇˏˌ BCD ˃ ʶˍˊʹˍʷˌ ύ

Count pulses: ɾʶˍˊʹˍʺˌ ˉʰ˂˃˗˄



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʅˏʴ˔ˊˇ˄ˇʽ ɲˎʰʵʽˁˇʾ ɾʶˍˊʹˍʷˌ (
Synchronous Binary Counters)

Åɱʽʰ ʶ˅ˇˎʵʶˍʷˊ˖ˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˍˇˎ άǊƛǇǇƭŜ ŜŦŦŜŎǘέ 
˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁˇʽ˄ˈ ˊˇ˂ˈʽ ʴʽʰ ˈ˂ʰ ˍʰ FFs ˁ ʰʽ ʷ˄ʰ ˋˎ˄ʵˎʰˋˍʽˁˈ 
˃ʷˊˇˌ ˍˇˎ ˁˎˁ˂˗˃ʰˍˇˌ ʴʽʰ ˉˊʰʴ˖ʴʺ ˍʹˌ ʶˉˈ˃ʶ˄ʹˌ ˁʰˍʱˋˍʰˋʹˌΦ

Åɱʽʰ ʷ˄ʰ ˃ʶˍˊʹˍʺ ˉˊˇˌ ˍʰ ˉʱ˄˖ Ą˔ˊʺˋʹ ˋˎ˄ʵˎʰˋˍʽˁˇˏ 
Incrementer.
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʅʶʽˊʽʰˁʺ ˍˇˉˇʻʷˍʹˋʹ ʃˎ˂˗˄ ( Serial 
Gating) (1)

Åɳˋ˖ˍʶˊʽˁʺ ˂ˇʴʽˁʺ
ïXOR ̀ ˎ˃ˉ˂ʹˊ˗˄ʶʽ ʺ ˁˊʰˍʱ ˍˇ ˁʱʻʶ bit ʰ˄ʱ˂ˇʴʰ.
ïɮ˂ˎˋʾʵʰ ʰˉˈ AND ̀ ˎ˃ˉ˂ʹˊ˗˄ʶʽ ʷ˄ʰ bit ʶʱ˄ ˈ˂ʰ ˍʰ 

bits h ˉˈ ˍˇ LSB ˃ ʷ˔ˊʽ ˍˇ ˍˊʷ˔ˇ˄ ʶʾ˄ʰʽ м.

ÅCount Enable
ïɸʷˍʶʽ ˈ˂ʶˌ ˍʽˌ ʶ˅ˈʵˇˎˌ ˍ˖˄ AND ̀ ʶ л ʴʽʰ ˄ʰ 
ζˁˊʰˍʺˋʶʽη ˍʹ˄ ˉʰˊˇˏˋʰ ˁʰˍʱˋˍʰˋʹ.

ÅCarry out
ïɼˇ˃˃ʱˍʽ ˍˇˎ Incrementer( ̄ ˊˇˋʰˎ˅ʹˍʺ).
ïɳ˄˗˄ʶˍʰʽ ˋˍˇ Count Enable ̱ ˇˎ ʶˉˈ˃ʶ˄ˇˎ ˃ʶˍˊʹˍʺ п-

bit ʴʽʰ ʵʹ˃ʽˇˎˊʴʾʰ ˃ʶʴʰ˂ˏˍʶˊ˖˄ ˃ʶˍˊʹˍ˗˄.
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʅʶʽˊʽʰˁʺ ˍˇˉˇʻʷˍʹˋʹ ʃˎ˂˗˄ ό Serial 
Gating) (2)

Logic Diagram-Serial Gatingό ɽˇʴʽˁˈ ʵʽʱʴˊʰ˃˃ʰ-ʅʶʽˊʽʰˁ˗˄ ˉˎ˂˗˄ ύ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʅʶʽˊʽʰˁʺ ˍˇˉˇʻʷˍʹˋʹ ʃˎ˂˗˄ ό Serial 
Gating) (3)

53

Q0 ( t + 1) = Q0 ( t ) ṥ EN

Q1 ( t + 1) = Q1 ( t ) ṥ ( EN ϊ Q0 (t) )

Q2 ( t + 1) = Q2 ( t ) ṥό 9b ϊ Q0 ( t ) ϊ Q1 ( t ) ) 

Q3 ( t + 1 ) = Q3 ( t ) ṥό 9b ϊ Q0ό ǘ ύ ϊ v1ό ǘ ύ ϊ v2 ( t ) )

Logic Diagram-Serial Gatingό ɽˇʴʽˁˈ ʵʽʱʴˊʰ˃˃ʰ-ʅʶʽˊʽʰˁ˗˄ ˉˎ˂˗˄ )



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʃʰˊʱ˂˂ʹ˂ʹ ˍˇˉˇʻʷˍʹˋʹ ʃˏ˂˗˄ ό tŀǊŀƭƭŜƭ 
gating )

Å ɮ˂ˎˋʾʵʰ ˍˇˎ Carry
ï ʅʶʽˊʱ ʰˉˈ ˉˏ˂ʶˌ AND ˃ ʷˋʰ ʰˉˈ ˍʹ˄ 
ˇˉˇʾʰ ˉʶˊ˄ʱ ˍˇ carry (άripplesέ).

ï ɲʾ˄ʶʽ ˃ʶʴʱ˂ʶˌ ˁʰʻˎˋˍʶˊʺˋʶʽˌ.
ï ʁ˄ˇ˃ʱʸʶˍʰʽ άǎŜǊƛŀƭ ƎŀǘƛƴƎέΦ

Å ɮ˄ˍʽˁʰˍʱˋˍˋʰˋʹ ˍʹˌ AND h ˂ˎˋʾʵʰˌ 
ˍˇˎ carry ˃ ʶ ˉˏ˂ʶˌ AND ̄ ʰˊʱ˂˂ʹ˂ʰ
ï ɾʶʽ˗˄ʶʽ ˍʽˌ ˁʰʻˎˋˍʶˊʺˋʶʽˌ 
˃ˇ˄ˇˉʰˍʽ˗˄.

ï ʁ˄ˇ˃ʱʸʶˍʰʽ άǇŀǊŀƭƭŜƭ ƎŀǘƛƴƎέΦ
ï ʃʰˊˈ˃ˇʽˇ ˃ʶ άŎŀǊǊȅ lookaheadέΦ
ï ʆľookahead̝ ˊʹˋʽ˃ˇˉˇʽʺˍʰʽ ˋˍʰ Cos 
ˁʰʽ Ensɹ ʽʰ ʰˉˇˍˊˇˉʺ 
ʵʹ˃ʽˇˎˊʴʾʰˌ˃ʶʴʱ˂˖˄ ˃ˇ˄ˇˉʰˍʽ˗˄ ˋʶ 
˃ʶʴʰˏˍʶˊˇˎˌ˃ʶˍˊʹˍʷˌ.

ï ʃ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ʴʽʰ parallel gating: ̄ ʽˇ 
ʴˊʺʴˇˊˇ ˋʶ ˁʱˉˇʽʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ( 1111 
Ą 0000 ). ʅˎ˃ʲˇ˂ʽˋ˃ˈˌ

Logic Diagram-Parallel Gatingό ɽˇʴʽˁˈ 
ʵʽʱʴˊʰ˃˃ʰ-ˉʰˊʱ˂˂ʹ˂˖˄ ˉˎ˂˗˄ ύ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʅˏʴ˔ˊˇ˄ˇʽ ɲˎʰʵʽˁˇʾ ɾʶˍˊʹˍʷˌ(1)

Åɶ ʵʽʰʵʽˁʰˋʾʰ ˋ˔ʶʵʽʰˋ˃ˇˏ ʴʽʰ ʷ˄ʰ ʵˎʰʵʽˁˈ 
˃ʶˍˊʹˍʺ ʶʾ˄ʰʽ ʾʵʽʰ ˃ʶ ʰˎˍʺ ʴʽʰ ʷ˄ʰ ˍˎ˔ʰʾˇ 
ˋˏʴ˔ˊˇ˄ˇ ʰˁˇ˂ˇˎʻʽʰˁˈ ˁˏˁ˂˖˃ʰΦ

Åʁʽ ʶʾˋˇʵˇʽ ˍˇˎ ˁˎˁ˂˗˃ʰˍˇˌ ʶʾ˄ʰʽ ˍˇ ˊˇ˂ˈʽ ( CLK)  
ˁʰʽ ʱ˂˂ʰ ʰˉʰˊʰʾˍʹˍʰ ˋʺ˃ʰˍʰ ʶ˂ʷʴ˔ˇˎ ό EN, Load
ˁˍ˂Φ ύ.

Åʁʽ ʷ˅ˇʵˇʽ ˍˇˎ ˁˎˁ˂˗˃ʰˍˇˌ ʶʾ˄ʰʽ ˇʽ ʷ˅ˇʵˇʽ ˍ˖˄ FF 
ό ˉʰˊˇˏˋʰ ˁʰˍʱˋˍʰˋʹ ύΦ

Åʅˎ˄ʺʻ˖ˌ ˇʽ ˉʽˇ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʷˌ ˎ˂ˇˉˇʽʺˋʶʽˌ 
˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ T-FFs ̋  JK-FFs.
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɾʶˍˊʹˍʷˌ˃ʶ JK flip-flop (1)
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ʅˏʴ˔ˊˇ˄ˇʽ ɲˎʰʵʽˁˇʾ ɾʶˍˊʹˍʷˌ

ʅ˔ʶʵʽʰˋ˃ˈˌ ˃ʶJ-K FFs ɹ ʽʰ Up Counter 4̟ -˄bit


