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Chapter 6
Registers and Counters
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FIGURE 6.2
Four-bit register with parallel load
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CLK Serial-Transfer Example P
L L L T Timing Pulse _-Shift Register A Shift Register B
b) Timing diagram
( = e [nitial value 1 0 1 @ 0 0 1 0
FIGURE 6.4 After T, A1 0 1 1 0 0 1
Serial transfer from register A to register B After Ty 1 1 1 0 1 1 0 0
After Ty 0 1 1 1 0O 1 1 0
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Serial adder
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8 JK unu D ua:luts Full Adder

JK Flip-Flop
J K | Qt+1)
0 0 o(1) No change
0 1 0 Reset
10 |1 Set
1 1 Q'(1) Complement
Table 6.2
State Table for Serial Adder
Present State Inputs Next State Output Flip-Flop Inputs
Q X ¥ Q 5 Jo Ko
0 0 0 0 0 0 X
0 0 1 0 1 0 X
0 1 0 0 1 0 X
0 1 1 1 0 1 X
1 0 0 0 1 X 1
1 0 1 1 0 X 0
1 1 0 1 0 X 0
1 1 1 1 1 X 0
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Second form of serial adder
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Table 6.3

Function Table for the Register of Fig. 6.7

Parallel outputs

Mode Control A; Az Ay Ag
51 So Register Operation |
0 0 No change 0 0] Q 0
0 1 Shift right Clear_b ——+-d
. . If.' C C C
1 1 Parallel load .
CLK . -
A_par
e : : 5 y
=0 — ] ]
j| e - o fo-
4 x1 4 x1 4x1 4 %1
MUX MUX MUX MUX
5p —>= = = .
MEB_in =— Shift_Register — [ 58 in 31210 31210 1210 37210
L
CLE | 4
Clear_b
I_par Serial Serial
_ input for "
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Table 6.4 910 LSB U MSB
Binary Count Sequence
Ay~ Ay~ A~ A ‘r ) ’ "
0 0 0 0
e o
0 0 0 1 = T
0 0 1« 0
0 0 1 1 ., )
0 [« 0+« 0 ‘r ’ |
0 1 0 1
0 1 le—" 0 —t e P % b
0 1 1 1 ! _ _|
1< 0+ 0 0
r Az v 4
13 neg. edge W flip Uas9
FIGURE 6.8 —pc, —m_fy
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3 T flipflop

Table 6.5 _ o -
State Table for BCD Counter "WYY synchronous o:10gu truth table ua:n1 Karnaugh map 10
Present State Next State Qutput Flip-Flop Inputs
G Q4 Q @ Qg Q, Q; Q, y TQ; TQy TQ; TQ
0 0 0 0 () 0 0 1 0 () 0 0 1
0 0 0 1 () 0 1 (0 0 () 0 1 1
0 0 1 0 () 0 1 1 0 () 0 0 1
0 0 1 1 () 1 0 (0 0 () 1 1 1
0 1 0 0 (0 1 0 1 0 0 0 0 1
0 1 0 1 (0 1 1 0 0 0 0 1 1
0 1 1 0 (0 1 1 1 0 0 0 0 1
0 1 1 1 1 0 0 0 0 1 1 1 1
1 0 0 0 1 0 0 1 0 ] 0 0 1
1 0 0 1 (0 0 0 0 1 1 0 0 1

a>nalusanaaiu

(carry out)



T'oy = 030,

T'os = Q204

T'og = 001 + Q40,04
y = 00
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Four-bit synchronous binary counter

g

CLK

. A JK = 11M comp nNn JK Flip-Flop
. clock
o J K |Qi+1)
K 0 0 | O®@) No change
0 1 0 Reset
1 0 |1 Set
1 1 Q'(1) Complement
; 4 JK =11 i1 comp
L Wadamvuddu 1 Hua
K
] 4: JK = 11 i1 comp
o Wadanmvounidu 1 Kua
K
; 4 JK =T N1 comp
L Wadanmvounidu 1 Kua
K
}Tumxlxlagu . . .
IWWU synchronous o2nUUUVIYNI ripple



Ii'm

Mownm

N
——

UuluHrsSoavild
Up = 1 Uudu
Down = 1 Uuav

A
Up U priority u1nn31 Down L; LJ

FIGURE 6.13

Four-bit up—down binary ¢

JUMLET

[

T -
C
h| |—r_‘} -
(>

CLE

tudufo adanvudtdu 1 Hua TR comp WU
O111 - 1000

tuavdAa adanvucitdu O Hua K comp WU
1000 - OMM



Conrni

Logd —[:,'?0—

v

v

URUAURUAURURUIS

viviiviviliviviivly

Count
Load ) Iy
Data_in =< 4-Bit Binary Counter == A_count
4 4
h
Clear | L C out
CLK
(a) r;;..:
I
Table 6.6
Function Table for the Counter of Fig. 6.14
Clear CLK Load Count Function LS8V priority [‘_}:
0 X X X Clear to 0
1 1 1 X Load inputs I
1 1 0 1 Count next binary state
1 1 0 0 No change
Clear
CLE
FIGURE .14

Four-bit binary counter with parallel load
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TUDv 1001 (9) uasiklkaa 0000 (0) UV 1010 (10) uastkiAasgs 0000 (0)

Ay Ay A Ay Ay Ay Ay Ay
—— ¢
] ]
Load N - Count = 1 Clear N «— Count = 1
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Inputs have no effect
(a) Using the load input (b) Using the clear input

FIGURE 6.15

Two ways to achieve a BCD counter using a counter with parallel load
wuu (a) Gn31 wsaliasoiwa (1010) ARaAUY LUU (b) 9:a31v 1010 ponwn Wudaidu a (ns) HAU propagation delay At reset flipflop
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Table 6.7 L . L. - L _
State Table for Counter ©DNUUUAIHSUANSEU state ISuaQulUu 000 Awo Waovautd 011 au 111 - -
Present State Mext State Flip-Flop Inputs
C
A B C A B C Ja Ki Jg Kg Jo K¢ e
0 0 0 0 0 1 0 X 0 X 1 X Logic ] K
0 0 1 0 1 0 0 X 1 X X 1
0 1 0 1 0 0 1 X X 1 0 X Clock
1 g ? : ? I:J i g ? i ; :;{ (a) Logic circuit diagram
1 1 0 0o 0 0 X 1 X 1 0 X FIGURE 6.16

Counter with unused states
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Generation of timing signals
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FIGURE 6.18
Construction of a Johnson counter

, (£).
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ALK3D shift right owUNG
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Flip-flop outputs

input

OO R R R RELRO

ORrRr R RELRERELR OO

P PR, OOOO
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O OO0 O0OO0oOkr o
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output

OO0 OOk OO

OO OFr OO0 OO0
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M k-map
8 ASv

Sequence AND gate required
number A B C E fudai  foT output
e _- .~ GIonUNYADQ =

1 0 0 0 (0- o0 A'E’

2 1,0 0 0 8 AB’

3 r 1 0 o 12 BC'

4 B e e | . CE" | |

5 1 1 1 (1" 15  AE

6 \*(\D ;1 1 1 7 A'B

7 0 0 1 1 3 B'C

8 0 0 0 1 1 C'E

(b) Count sequence and required decoding

121 1 shift WU n/2 ASY dufiv LSB 191 O shift 1Ww1dn n/2 ASY
9:10AU counter NcMVAU 8 WUU M Karnaugh map dn n ASY
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