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Serial Adder 
•  If speed is not of great importance, a cost-effective option is 

to use a serial adder 
•  Serial adder: bits are added a pair at a time (in one clock 

cycle) 
•  A=an-1an-2…a0, B=bn-1bn-2…b0 
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Serial Adder 
•  G: state that the carry-in is 0 
•  H: state that the carry-in is1 
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Serial Adder 
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Serial Adder 

€ 

Y = ab + ay + by
s = a⊕ b⊕ c
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Serial Adder 
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Moore-type serial adder 
•  Since in both states G and H, it is possible to generate two 

outputs depending on the input, a Moore-type FSM will need 
more than two states 

•  G0 and G1: carry is 0 sum is 0 or 1 
•  H0 andH1: carry is 1 sum is 0 or 1 
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Moore-type serial adder 
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Moore-type serial adder 
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Moore-type serial adder 

€ 

Y2 = ab + ay2 + by2
Y1 = a⊕ b⊕ c
s = y1
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Moore-type serial adder 
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Counter design using sequential circuits 
•  Counting sequence: 0,1,2,3,4,5,6,7,0,1,.. 
•  Input signal w: if w=1 count is incremented, if w=0 count is 

frozen 
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State table 
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Implementation using D flip-flop 
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€ 

€ 

D0 =Y0 = w
−

y0 + w y0
−

D1 =Y1 = w
−

y1 + y1 y0
−

+ wy0 y1
−

D2 =Y2 = w
−

y2 + y2 y0
−

+ y2 y1
−

+ wy0y1 y2
−
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Implementation using JK flip-flop 
•  For a JK flip-flop: 

–  If state=0, to remains in 0 J=0, K=d 
–  If state=0, to change to 1 J=1, K=d 
–  If state=1, to remains in 1 J=d, K=0 
–  If state=1, to remains in 0 J=d, K=1 
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Analysis of Synchronous Sequential Circuits 
•  Outputs of flip-flops represent the current state 
•  Inputs of flip-flops determine the next state 
•  We can build the state transition table 
•  Then we build state diagram 
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Example 1 
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Example 1 

€ 

Y1 = wy2 + w y1
−

Y2 = wy1 + wy2
z = y2y1
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Example 2 
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Example 2 

€ 

J1 = w

K1 = w
−

+ y2
J2 = wy1

K2 = w
−

z = y2y1
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Example 2 
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Example 3 
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Example 3 

€ 

D1 = w(y2 + y1
−

)

T2 = wy1 y
−

2+w
−

y2
z = y2y1
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Example 3 


