Serial Adder

» If speed 1s not of great importance, a cost-effective option 1s
to use a serial adder

« Serial adder: bits are added a pair at a time (in one clock
cycle)
* A=a_,a,,...a, B=b_ b ,...b,

A

a
Shift register [ ™
Adder ’
FSM —==|  Shift register
| Shift register -
) 1L
ﬁ Sum = A+ B
B

Clock

McMaster
University g8

7 Figure 8.39. Block diagram for the serial adder. yright S. Shirani



Serial Adder

e @: state that the carry-in1s 0

e H: state that the carry-in isl

McMaster

University

W

Reset  (apms)

110
000 01=0
01=1 100
10a1 11x1
0101
G: carry-inr= 0
H: carry-in= 1

Figure 8.40. State diagram for the serial adder FSM.
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Serial Adder

Present Next state Output s
state | 4p=00 01 10 11 |00 01 10 11
G G G G H|O0O 1 1 0
H G H H H|1 0 0 1

Figure 8.41. State table for the serial adder FSM.
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Serial Adder

Next state Output
Present
state | ab=00 01 10 11 | OO O 10 11
y Y S
0 0 0 0 1 0 1 | 0
1 0 1 1 1 1 0 0 l

Figure 8.42. State-assigned table for Figure 8.41.

Y =ab+ ay+ by
S=a@b®c
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Serial Adder

a T -

Full

b—c—-

adder Y .
—— D ol
carry-out
Clock > 6
Reset T

Figure 8.43. Circuit for the adder FSM in Figure 8.39.
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Moore-type serial adder

« Since 1n both states G and H, 1t 1s possible to generate two
outputs depending on the input, a Moore-type FSM will need
more than two states

e GOand Gl:carryis O sumis O or 1
e HOandHI1: carryis 1 sumisOor 1

McMaster
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Moore-type serial adder

Figure 8.44. State diagram for the Moore-type serial adder FSM.
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Moore-type serial adder

Present Nextstate Output
state | 4p=00 01 10 11 s
Go Go G G Hp 0
Gy Go Gi G Ho |
Hy G] Hy Hyp H 1 0
H, Gy Hp Hp H, 1

Figure 8.45. State table for the Moore-type serial adder FSM.
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Moore-type serial adder

Nextstate
Present |
state | ab=00 01 10 11 | Output
Y2y Y, ¥, s
00 00 0l 01 10 0
01 00 0l 01 10 |
10 01 10 10 11 0
11 01 10 10 11 |

Figure 8.46. State-assigned table for Figure 8.45.

Y,=ab+ay, + by,

Y=a®b®c

S=Y
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Moore-type serial adder

Sum bit Y, Y1
a —= D Q"=
5 'Ful‘l
adder Carry-out -
— > Q
Y ? Vs
D Q
Clock > (-2
Reset ?

Figure 8.47. Circuit for the Moore-type serial adder FSM.
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Counter design using sequential circuits

e Counting sequence: 0,1,2,3,4,5,6,7,0,1,..

 Input signal w: 1if w=1 count is incremented, if w=0 count 1s

frozen

u =0 \ =0 u =0 n =0

3111

w =10 w=20 w =10 =0

McMaster Figure 8.60. State diagram for the counter.
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Figure 8.61. State table for the counter.

Present Next state Output
state w=0 w=
A A B 0
B B C 1
C C D 2
D D E 3
E E F 4
F F G 5
G G H 6
H H A 7
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State table

Next state
Present .
state w=20 w=1 Count
y2yivo BhYiYe YaYiYo 222129
A 000 000 001 000
B 001 001 010 001
C 010 010 011 010
D 011 011 100 011
E 100 100 101 100
F 101 101 110 101
G 110 110 111 110
H 111 111 000 111

Figure 8.62. State-assigned table for the counter.
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Implementation using D flip-flop

Yido Yo
WY, WY,

o 00 o1 11 10 o 00 ol 11 10
00| 0 | | 0 00| 0 0 | T
ar| o | | 0 orf o 0 | |
1|1 0 0 | 1| o | 0 1
10 1 0 0 | 10| 0 | 0| W

Yy = l-t'_\‘“+ u'_\-'(, Y, = IT'.\‘] +."I;U+ “'."().‘-'1

Yo

Wys

00 o1 11 10

owlolololo
URICHIER D

1yl 1 011

10010 1 0

Y, = ‘-".V: + .:'U."z + _:'1 va+ “'."r.l."l.;':
Figure 8.63. Karnaugh maps for D flip-flops for the counter.
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Dy=Y,=wy,+wy,
D =Y =wy +y Yo+ Wy, )

D,=Y,=wy, +y, Yo+ Y, i+ WYy, ¥,
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w )’0
‘D Q Yo
— ol
Y
D Q i
—> 6 _—

D Q Y2
._> ~

Q b
T
Clock
Resem
NI(‘NIZ{ bter Figure 8.64. Circuit diagram for the counter implemented

University w with D flip-flops.
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Implementation using JK flip-flop

 Fora 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 1n 0 J=d, K=1

J K[Q(t+1)

0 0] Q(t) I Q

01 0 S

1o] 1 Ik al—

1] Q(r)

(b) Truth table (c) Graphical symbol
McMaster

University
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Present Flip-flop inputs
- - Count
state w= 0 w= 1
Y2y1)y0 222120
nht | 2K 1Ky JoKo | 2 Yo | 2Ky 1Ky JoKo
A 000 000 0d 0d 0d 001 0d 0d Id 000
B 001 001 0d 0d do 010 0d Id dl 001
C 010 010 0d do 0d 011 0d do Id 010
D 011 011 0d do do 100 1d dl dl 011
E 100 100 do 0d 0d 101 do 0d 1d 100
F 101 101 do 0d do 110 do Id dl 101
G 110 110 do do 0d 111 do do 1d 110
H 111 111 do do do 000 dl dl dl 111
Figure 8.65. Excitation table for the counter with JK flip-flops.
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Y1Yo
Wys
o 00 01 11 10
00| o d d | 0
ory o d d |0
1)1 d d 1
101 d d 1
.’() =W
Y1Yo
Wys
T 00 01 11 10
00l o 0 d d
or| o 0 d d
Iy o 1 d d
0] 0 | d d
Iy = wyg
Y1Yo
Wys
T 00 01 11 10
o0 o 0 0olo0
or| d d d d
1| d d d d
] o0 0 1 0
Jy = wypyy

McMaster

University W

wys

wys

wys

Y1Yo

00 01 11 10
00| d 0 0 d
or| d 0 0 d
11| d 1 1 d
10 |.d 1 1 d

Ky=mw

1Yo

00 01 11 10
00 d d 0 0
01| d d 0 0
1| d|d 1 0
0| d | d 1 0

Ky = wyg

YiYo

00 01 11 10
00 d d d d
ory o 0 0 0
I|o 0 | 0
0fd| d d/| d

Ky = wyoy

Figure 8.66. Karnaugh maps for JK flip-flops in the counter.
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K Q
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} § Q Y
K Q
Clock T
Resetn -
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University Figure 8.67.

Circuit diagram using JK flip-flops.
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w J Q Yo
—>
K Q
1
B JQ 9
>
K Q
1
[\
J Y
) ; Q 5
K Q
Clock T
Resetn +

Figure 8.68. Factored-form implementation of the counter.
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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

niversity S8 . o
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Example 1

Y N
DT> a )--
> Q
1D o
Y.
B Doy i
Clock Q
o
Resetn °

Figure 8.80. Circuit for Example 8.8.
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Yi=wy,+wy,

Y, =wy +wy,

Example 1

=Y,

Present

Next State

O
state |w=0 w= 1 utput
J 7 Z
Y2yl Y, vy,

00 00 01 0
01 00 10 0
10 00 11 0
11 00 11 |

Present Next state Output
stiate. | w=0 w=1 z
A A B 0
B A C 0
C A D 0
D A D 1

(a) State-assigned table

Figure 8.81. Tables for the circuit in Example 8.80.

(b) State table

Copyrignt S. Shirani



Example 2

J 1 Vi
w ¥ J Q
>0 ™ -
_L/ K Q
K,
Q
\ J Va
YA J Q )
Clock > _
K’z K Q
i

Resetn —*

Figure 8.82. Circuit for Example 8.9.
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Example 2

Jl =W Present Flip-flop inputs
- state w= (0 w= 1 Output
] T JoK>» J 1K, J2K» J1K |
=W

2= W 00 01 01 00 11 0
K. = - 01 01 01 10 11 0

2™ 10 01 01 00 10 0
Z2=Y,) 11 01 01 10 10 |

Figure 8.83. The excitation table for the circuit in Figure 8.82.
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Example 2

Next State
Present Outout

state | w=0 w= 1 P Present Next state Output
A\ y4 .

Y2¥i Y?_Y] Y: Y] state w =0 w= 1 Z
00 00 01 0 A A B 0
01 00 10 0 B A C 0
10 00 11 0 C A D 0
11 00 11 1 D A D 1

(a) State-assigned table (b) State table
McMaster
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Example 3

W —e _X D, D O %
./ z
—_D_I_ - }
‘_[>° j——l D T, T o Yo
_>—I Clock > 0

Resetn o
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D1 =W(y2+y1)

T'2 =WY1)’2+W)’2

=Y )

McMaster

I !‘.l‘-c:\“\‘

W

Example 3

Flip-flop inputs

Present |
state |lw=0 w=1 Output
yayi D, D) -

10 10 0l 0
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Example 3

Next State
Present Outout
state w=0 w=1 uipt Present Next state Output
S\ V4 tato .
Y2Yi YZYI YJY] state w = 0 w = | Z
00 00 01 () A A 3 ()
01 00 10 0 B A C 0
| 0 00 I () C A D ()
|1 00 Il | D A D |
(a) State-assigned table (b) State table
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