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REGISTER

A SEQUENTIAL CIRCUIT WHICH CONSISTS OF A GROUP OF FF'S AND (POSSIBLY)
EXTERNAL GATES CONTROLLING THE FF INPUTS WHERE

*FF'S HOLD BINARY INFO
AND
= EXTERNAL GATES CONTROL WHEN & HOW
NEW BINARY INFO IS TRANSFERRED TO FF'S

* (THE CONTENT OF A REGISTER = WORD = BIT STREAM STORED IN FF'S)
* (THE LENGTH OF A REGISTER = WORD LENGTH =# OF FF'S IN A REGISTER)

* ALL REGISTERS (EXCEPT GATED LATCHES) ARE BUILT BY USING FF'S
THAT ARE SENSITIVE TO PULSE TRANSITION RATHER THAN TO PULSE DURATION
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* THE TRANSFER OF NEW BINARY INFO INTO A REGISTER IS CALLED LOADING

* SERIAL LOAD (TRANSFER IN SERIAL MODE)
TRANSFER OF NEW BINARY INFO INTO A REGISTER BIT BY BIT
(# OF CLOCK PULSES NEEDED TO LOAD THE REGISTER = # OF FF'S IN THE REGISTER)

e.g., Let A and B be two 5-bit registers
A B

Serial ,

* PARALLEL LOAD (TRANSFER IN PARALLEL MODE)
TRANSFER OF NEW BINARY INFO INTO A REGISTER AS A WHOLE WORD
(# OF CLOCK PULSES NEEDED TO LOAD THE REGISTER = 1)

e.g., Let A and B be two 5-bit registers
A B

Parallel
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e.g., 4-BIT REGISTER WITH PARALLEL LOAD

RESETTING - Ay(t+1)=0
7
T A= 0
|
T A(tHD)=0
|
ALt D)=0
|
UL

Clock Clearb é(clear input arrives

t t+ 1 Copyright ©2013 Pearson Education, publishing as Prentic

between time t and t+1)
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e.g., 4-BIT REGISTER WITH PARALLEL LOAD

REFRESHING

O — Load —DO—

(between time t and t+1)
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Ap(tH)=A,(t)

A ()= A (1)

Ay(tH1)=Ax(t)

As(tH1)=As(1)

e.g., 4-BIT REGISTER WITH PARALLEL LOAD

LOADING

1 —) Load —DO—

(between time t and t+1)
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Ay(tH1)=I,

A(tHD=1,

Ay(tH)=14




TRANSFER IN PARALLEL MODE

() == Transfer — o>

Transfer = 0,
AT = 4,(0), E%D ) ,
for0<i<3 |
((I)IIEFRIIESHING) DC . —be | Ag(tH1)=A (1)
T
1 P &
: g ] Lo | Aj(tFD)=A4 (1)
| 7 :
’ ' | Lo | Ay(tHl)=An(Y)
| .
’ g L be | Ay(tFD)=As()
R _ﬂ_ﬂ_ Clock
{J e+
Clock Clock Clear b
T . 7

TRANSFER IN PARALLEL MODE

| w— Transfer — o>

D Ay

—be | Ag(tt1)=Qy

L A(FD=Q,

Ay(t+1)=Q,

Transfer = 1,
A;(t+1) = 0;,
for0<i<3 ; 5
(LOADING)
< 1Qp=Ig I
]
< Q=L 1
| T
¢ Q=1L
| 1
. Q=4 1
L]

Clock Clock Clear_b

-arson Education, publishing as Prenti

Lo | Ay(tHD=Q;

Clock

Eﬁ%@@

t t+l
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SHIFT REGISTER

A REGISTER CAPABLE OF SHIFTING ITS BINARY INFO TO ITS LEFT OR RIGHT
A REGISTER WHERE RS-FF OR D-FF'S ARE CONNECTED IN CASCADE

- UNIDIRECTIONAL

- BIDIRECTIONAL

UNIDIRECTIONAL 4-BIT SHIFT REGISTER (Shifts RIGHT)

i SI SO -
Serlal D D D D Serial
mput output

> C B > C > C
CLK
H. Ural 9

TRANSFER IN SERIAL MODE

(BIT TIME) :TIME INTERVAL BETWEEN CLOCK PULSES
(WORD TIME) : TIME INTERVAL NEEDED TO SHIFT THE ENTIRE CONTENT OF A REGISTER

e Data is transferred one bit at a time

* Note the data loop back for register A

S1y SO, | Sy 50y
> Shift register A >| Shift register B —>
i 1 CLK
CLK
Clock — \
Shift —
control
Time A B (a) Block diagram

TO 1011 0011
Tl 1101 1001 Clockﬁmmw

T2 1110 1100 .. T
T3 0111 0110

control
T4 1011 1011 Gh A )

(b) Timing diagram

Copyright ©2013 Pearson Education, publishing as Prentice Hall
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BIDIRECTIONAL SHIFT REGISTER WITH PARALLEL LOAD

A_par
sl 4
50
T ==
MSB_in —>| Shift_Register f«— LSB_in
CLK —
Clear_b 4

I_par
(a)

Parallel outputs

Ay A, A Ao
Q Q Q Q

Table 6.3 et 2 g o g
Function Table for the Register of Fig. 6.7 T( r ' r * ’—Q ‘

CLK

|1
|
|

Mode Control

51 So RegISter oPeratlon T axa . 4x1 ' 4x1 . 4x1 '
So —>| MUX MUX MUX MUX
0 0 No change 3210 3210 skl L
 SHEE ] i T |
0 1 Shift right l
1 0 Shift left in?)irlial':w - Scflmr'
shift-right — inpul ‘ur
1 il Parallel load A ) ! [
Parallel inputs
Copyoht 2012 Peron Educaion, g s Prestic Hall (b)

Copyright ©2013 Pearson Education, publishing as Prentice Hall

FIGURE 6.7 Four-bit universal shift register
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S, S, = 00 --->NO CHANGE
A;t+1)=A;Ofor 0<i<3

Parallel outputs

A; A, A Ag
o o (@) (@)
Clear_b ]
c C C G
D D D D
4N ‘ 41> : V4N V4 S
CLK
t t+1
87 Y 3 y
O §1 —>
4x1 4x1 4x1 4x1
MUX MUX MUX MUX
0 so —
3210 322 10 3210 3210
Serial Serial
in_pul 'for — input for
shift-eight shift-left
I L I Iy

Parallel inputs
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S; Sy =01 --->SHIFT RIGHT

A;(t+1)=A,,, O for0<i<2
Ay (t+1) = Serial Input for shift-right

Parallel outputs

A Ay Ay Ay
) o) (@) (@)
Clear_b —]
@ (€ (c @
D D D D
A ‘ 41 : 1N PN
CLK
t t+l
a2 i ¥ ¥
O §1 —>
4 X1 4 X1 4X1 4 X1
MUX MUX MUX MUX
1 Sp —>
3 R2IR0 2200 3210 220
Mt | | | | | |
A\ A\ N\

Serial Serial
inpul 'for == — input for
Hikright shift-left

I L I Iy

Parallel inputs

H. Ural

Ay () =
Serial output
for shift-right

13

S, Sy=10---> SHIFT LEFT

A (1) =A4;(O) for 0<i<2
Ay (t+1) =Serial Input for shift-left

Parallel outputs

A3 (t) = Aj Ay Ay Ay
Serial output
for shift-left 0 0 0 0
Clear_b ]
@ r (& r C F (@
D D D D
L ‘ 41 : L 4 S
CLK
t t+l
y y y ¥y
1 4xi 4x1 4x1 4x1
MUX MUX MUX MUX
0 so —
=5 2l ) 32 180 302180 _3 210
NS
p .
Serial =
§ ial
m_pul'for for
shift-eight shift-left
I L I Iy

Parallel inputs

H. Ural
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S, S,=11 --->PARALLEL LOAD
A;t+t1) =L@ for 0<i<3

Parallel outputs

As A, A Ay
) o) o o
Clear b -
g F e F g "‘ a
V1N ‘ 4> : V4N V4 S
CLK
t t+l
y y y y
1 axi1 4x1 4x1 4x1
] s—] MUX MUX MUX MUX
3;2 10 43;2 1‘ (|) 43;2 1‘ (‘) 43;2 i T
ini)irlizil'i)r 5 senal
nighe | | | e
I L I I
Parallel inputs
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COUNTER
A SEQUENTIAL CIRCUIT
(a cascade of JK or T FF's, such as a register)
THAT GOES THROUGH A PREDETERMINED SEQUENCE OF STATES
A) RIPPLE COUNTER
A counter in which CP inputs of all FF's (except the 1st FF) are triggered not by
incoming clock pulses but rather by state transitions that occur in the preceding FF's
B) SYNCHRONOUS COUNTER
A counter in which CP inputs of all FF's are triggered by incoming clock pulses
Terminology for Counters:
MODULUS (or MOD) : The number of states in the count sequence
Maximum MOD : The maximum number of states = 2"
where n is the number of bits used to represent a state
e.g., Mod-8 Binary Counter : Count Sequenceis 0, 1, 2, 3,4, 5, 6, 7, and repeat
Each state requires 3 bits to be represented, thus n =3 which means that maximum MOD is 8.
Sequential count sequence : natural numeric count
e.g., Count Sequence0, 1, 2, 3,4, 5, 6, 7 is a sequential count sequence.
Up/Down count sequence: Increasing (up) or decreasing (down) count sequence
eg.,0,1,2,3,4,56,7isUpand7,6,5,4,3,2,1,0is Down count sequence
Full count sequence : The number of states = Maximum Mod.
e.g., Mod-8 Binary counter with 3 bits used for representing states.
Truncated count sequence :The number of states < Maximum Mod.
e.g., Mod-6 Binary counter (0, 1, 2, 3, 4, 5) with 3 bits used for representing states
where states 6 and 7 are not used (missing states).
A truncated count sequence may or may not be sequential:
0,1,2,3,4,50r1,3,4,5,6,70r0,2,3,5,6, 7, etc.
H. Ural 16




A) RIPPLE COUNTER

1) BINARY RIPPLE COUNTER
e.g., a binary ripple counter counting from 0 to 15 and repeating
Count
Sequence As [ A 1AL A
0/0]0]0 Note that
0101011 * Count starts with binary 0 and increments by 1
olol1]o with each clock pulse
*A, is alternating with each clock pulse
0(0]1]1 * Each time A goes from 1 to 0, it complements A
0100 * Each time A, goes from 1 to 0, it complements A,
ol1101l1 * Each time A, goes from 1 to 0, it complements A,
O[1]1]0
O(1]1]1
11]0[{0]O0
1{0]0]1
1]0]1]0
L]O0[1]1
1[1]0]0
1101
1{1[1]0
1 {1 ]1]1
FIGURE 6.8 Four-bit binary ripple counter
& € L 2 “ Note that
In both circuits ,
Count P, Count ——>C * FFs respond to the negative edge transition (from 1 to 0)
7 I (notice circle at C input of each FF)
* Output of each FF goes to the C input of the next FF
; " 5 _* A, (the FF holding the LSB) gets the count pulses
* When a FF goes from 1 to 0, it complements the next FF
i C’f‘, In Figure 6.8.a)
- . ’ ) ? .
T inputs of all FFs are connected to a permanent logic 1
(T which makes each FF complement
? T . *if C input goes from 1 to 0
(this happens
Lo e, when the output of the previous FF goes from 1 to 0)
7 |
In Figure 6.8.b),
T As [ D . D input of each FFs is connected to its complement output
which makes each FF complement its state
| . if C input goes from 1 to 0
v | T (this happens
when the output of the previous FF goes from 1 to 0)
Logic 1
Reset Reser
(a) With T flip-flops (b) With D flip-flops

Copyright ©2013 Pearson Education, publishing as Prentice Hall
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e.g., Four-bit binary ripple counter with JK-FFs
(with J and K inputs of each FF is connected to Logic 1)
Note that
if J=K=1, then JK-FF toggles (like T FF toggles when T=1)

D J c J B J A J
CLK<OJ_ CLK<OJ_ CLK(OJ— CLK{O—e _l'l_ﬂ_.
B K K K B K A K 2
*All J and K inputs
assumed to be 1.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

D BEEEElEEEEEEE | | !
DCBA e e T e e e e T i
coum){OOOUEOON !001050011 E0100E010150110E01 11 3 100051001 310105101151100;1101 11 10 1111 0000:0001 0010
Recycle to 0000
H. Ural 19
2) BCD RIPPLE COUNTER — o
Count —a>C
‘—»00 (00—~ 019)—~(or)—~ (109 ag
J; &3
S W N
‘ . ‘ . +— K
FIGURE 6.9 State diagram of a decimal BCD counter
— J Qu
ifJ] =1,SET. ifK=1, RESET ]
if J=K=0 then no change (hold) <
if J=K=1 then toggle (complement) 15
Note that in Figure 6.10,
K =1 for all FFs.
Thus, if J=1 also, the FF toggles 2 8
when C goes from 1 to 0. :
From Figure 6.9, observe that — 15
Q1 changes state after each count pulse. Lk
Q2 complements each time Q1 goes from 1 to 0, as long as Q8 =0
Q2 remains at 0 when Q8 becomes 1.
Q4 complements each time Q2 goes from 1 to 0.
Q8 remains at 0 as long as Q2 or Q4 is 0. Logic 1
When both Q2 and Q4 are 1, Q8 complements when Q1 goes from 1 t0 0.  FIGURE®6:10 c.BGR-ripple-counter
QS8 is reset on the next transition of Q1.
H. Ural 20




FIGURE 6.11 Block diagram of a three-decade decimal BCD counter

Os Oy O Oy Os Oy O Oy Os Oy O Oy
BCD BCD BCD Count
Counter - Counter S Counter ; pulses
10? digit 10! digit 10° digit
H. Ural 21

B) SYNCHRONOUS COUNTER
A counter in which CP inputs of all FF's are triggered by incoming clock pulses

1) BINARY SYNCHRONOUS COUNTER
LSB is complemented at each clock pulse.
Other bits are complemented when all of its lower significant bits are 1.

e.g., a binary synchronous counter counting from 0 to 7 and repeating

Count Present Next
Sequence State State

000 000 001
001 001 010
010 010 011
011 011 100
100 100 101
101 101 110
110 110 111
111 ¥ 111 000

H. Ural 22




e.g., Using T FFs, design a mod-8 binary synchronous counter

Count Present Next Flip - Flop
Sequence State State Inputs

] B
000 000 001 001 r Q
001 001 010 011 _> -
010 010 011 001 0
011 011 100 111
100 100 101 001 Q(()’) Q(f(;fl)z
101 101 110 011 0 1 11
110 110 111 001 1 0 |1
111 ¥ 111 o000 111 11 ]0
T,=2m3,7)
Ty =2 m(1,3,5,7)
T =1
T,=Xm(@3,7) =BC (using K-Maps)
T, =% m(1,3,5,7)=C (using K-Maps)
T.=1
A B C
LA L B L c -
Q Q Q

CLK

H. Ural
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e.g., Using D FFs, design a mod-8 binary synchronous counter

Count Present Next Flip - Flop
Sequence State State Inputs
r
000 000 001 001 0
001 001 010 010 _> el N
010 010 011 011 0
011 011 100 100
100 100 101 101 Q(()’) Q(’Jl)lg
101 101 110 110 0 1 1
110 110 111 111 1 0 |10
111 111 000 000 11 )1
D, =3 m(3,4,5,6)
D, =Y m(1,2,5,6)
D, =X m(0,2,4,6)
B
| 1
D =% m(3,4,5,6) A[1 [ ]
D,=AB’ + AC’ + A’BC ¢
B
] EEEEEE
D, =Y m(1,2,5,6) a1 :
D, =BC’ +B’C C
B
| 1
D, =% m(0,2,4,6) i 1
C

D =C’

H. Ural
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e.g., Using JK FFs, design a mod-8 binary synchronous counter

Count Present Next Flip - Flop
Sequence State State Inputs
I o
000 000 001 O0OX 0X 1X
001 001 010 OX IX XI _>
010 010 011 O0X X0 1X f Q_o—
011 011 100 1X X1 X1
100 100 101 X0 0X 1X 00 0T K
101 101 110 X0 1X X1 0 0 [0 X
110 110 111 X0 X0 1X 0 1 [1 X
111 111 000 X1 X1 X1 1 0 |X 1
1 1 [X 0
J,=2m(3),d4,56,7) K,=2m(7),d(0,1,2,3)
J; =2 m(1,5), d(2,3,6,7) K, =% m(3,7), d(0,1,4,5)
Jo=1 K.=1
J,=2m(@3),d4,56,7) K,=32m(7),d(0,1,2,3)
J, =2 m(1,5), d(2,3,6,7) K, == m(3,7), d(0,1,4,5)
Jo=1 K.=1
B B
| 1 [ x [ x| x[x
4| x X | X Al 1
J,=BC K,=BC
B B
| X | X | X |1
Al X | X al x| x |1
J,=C K,=C

H. Ural
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Jo=1 J,=C J,=BC
K.=1 C K,=C B K,=BC
—{7 Q¢ ] Qs —J Q
CK CK P> CK
K Q K Q — K Q
High N \,
L g
H. Ural
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Binary Synchronous Counter with Missing States

e.g., Design a counter with count sequence 0, 1, 2, 4, 5, 6 (and repeat) by using JK-FFs
Note that states 3 and 7 (i.e., 011 and 111 are missing (not used))

State Diagram

@ T

®

@

State Table

Present State Next State Flip-Flop Inputs

A B C A B C Ja Ka Js Kg Jc Kc
0 0 0 0 0 1 0 X 0 X 1 X
0 0 1 0 1 0 0 X 1 X X 1

0 1 0 1 0 0 1 X X 1 0 X
1 0 0 1 0 1 X 0 0o X 1 X
1 0 1 1 1 0 X 0 1 X X 1

1 1 0 0 0 0 X 1 X 1 0 X

01 0@ J K
0 0 |0 X
0 1 |1 X
1 0 |X 1
1 1 [X 0

Copyright 62012 Pearson Education, publising as Prenice Hall
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Minterms Present State Next State Flip-Flop Inputs
A B C A B C Ja Ka Jsg Kg Jc Kc
0 0 0 0 0 0 1 0 X 0 X 1 X
1 0 0 1 0 1 0 0 X 1 X X 1
2 0 1 0 1 0 0 1 X X 1 0 X
4 1 0 0 1 0 1 X 0 0 X 1 X
5 1 0 1 1 1 0 X 0 1 X X 1
6 1 1 0 0 0 0 X 1 X 1 0 X
3 X X X X X X
7 X X X X X X
For minterms 3 and 7, J and K inputs of all FFs are DONT CARES
B B B
| X |1 | 1[X]X 1| X[X
AlX [ X[X]X A] 1| X]|X A1 [ X[ X
C C C
J,=B Jp=C Jo=B'
B B B
IX|X[X][X IX|X[X]1 X1 [X][X
7| X |1 AlX[IxX[Xx]1 AlX[1]X]X
C C
K,=B K, = K. =
H. Ural
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FIGURE 6.16 Counter with unused states

J,=B J o
—
K,=B K
@ - 1
pe
Y K;=1 K
® |
Jo=B' 7 é
1> C
KC=1 Logic 1 K

Note that states 3 and 7
(i.e., 011 and 111 are missing (not used))

H. Ural

Clock
(a) Logic circuit diagram

Copyright ©2013 Pearson Education, publish
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What if the counter goes into state 3 or state 77
Recall that states 3 and 7 (i.e., 011 and 111 are missing (not used))

If the counter goes into state 3 (i.e., 011) or state 7 (i.e. 11110,
what is the next state, when the next clock pulse arrives?

J,=B J,=C J.=B'
K,=B K,=1 Kc=1

For state 011, we put A(t)=0, B(t)=1, C(t)=1 For state 111, we put A(t)=1, B(t)=1, C(t)=1

into above FF input functions and come up with: into above FF input functions and come up with:
A(t+1)=A(t)' =1 because J, =1 and K, =1. A(t+1)=A(t)" =0 because J, =1 and K, =1.
B(t+1)=B(t)' =0 because J; =1 and K =1. B(t+1)=B(t)' =0 because J; =1 and K =1.
C(t+1)=0 because J. =0 and K =1. C(t+1)=0 because J. =0 and K =1.

Next state is 100 Next state is 000

SELF CORRECTING COUNTER

e.g., Using JK FFs, design a mod-16 binary synchronous counter

Present Next

State State Flip Flop Input Functions

A; 4,4, 4, A; 4,4, 4, Ja3Kaz JaaKaz Ja1Kas JaoKao o ot J K
0000J0001JloX 0X 0X 1X 0 0 [0 X
0001Jo0010jJox 0X 1X X1 0 1 |1 X
0010Joo011fJlox 0X X0 1X 1 0 |X 1
0011J0100jJJoX 1X X1 X1 1 1 X 0
0100J0101Jlox X0 0X 1X

010110110 10X X0 1X X1 Using K-Maps,
0110J]0111}Jj0oX X0 X0 1X one can simplify
0111110001]]1 X X1 X1 X1 Flip Flop Input Functions
1000J1001]|X00X 0X 1X s =4,4,4,
1001J1010/[X00X 1X X1 Kns =A,4,4,
1010J1o011][x00Xx X0 1X b =44,
1011|1100|[X01X X1 X1 Kz =4,4,
1100]1101|[X0 X0 0X 1X JK“ fjo
1101]1110][x0X01X X1 )
1110]1111][x0 X0 X0 1X ,{‘:’0 i
1111]J0000f[x1 X1 X1 X1




FIGURE 6.12 Four-bit synchronous binary counter

Count_enable e K

b =4,4,4, ‘

Kns =A4,4,4, U

JA2 —A1A0 I F——a
Ko =A,A, | 1

Ja1 =A, .

KA1 =Ay j

o U —
KAO = S C

=

CLK

Copyright ©2013 Pearson Education, publishing as Prentice Hall
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2) BINARY SYNCHRONOUS UP-DOWN COUNTER

Count-Up Counter
Goes trough the binary states in ascending (increasing) order.
LSB is complemented at each clock pulse.
Each other bit is complemented when all of its lower significant bits are 1.
e.g., all counters seen so far are countup counters

Count-Down Counter
Goes trough the binary states in descending (decreasing) order
LSB is complemented at each clock pulse.
Each other bit is complemented when all of its lower significant bits are 0.
e.g., A mod-16 binary synchronous countdown counter with JK FFs
Same as the one shown in the previous slide (Figure 6.12),
except that
the inputs to the AND gates must come from
the complemented outputs, instead of the normal outputs of the FFs.
Up-Down Counter
A counter that counts either up or down

H. Ural 36




FIGURE 6.13 Four-bit up—-down binary counter

Up

Down

Up Down Circuit
0 0 | Remains at the same count state e
0 1 COUNTS DOWN s
1 0 COUNTS UP
1 1 COUNTS UP
H. Ural 37
3) BCD SYNCHRONOUS COUNTER
Counts from0to 9
e.g., A BCD Synchronous Counter using T FFs
0@ 0@ T
0 0 0
0 1 1
1 0 1
Table 6.5 1 1 0
State Table for BCD Counter
Present State Next State Output Flip-Flop Inputs
Qs Q4 Q; Q Qs Q4 Q; Q y TQs TQs TQ; TQ
0 0 0 0 0 0 0 1 0 0 0 0 1
0 0 0 1 0 0 1 0 0 0 0 1 1
0 0 1 0 0 0 1 1 0 0 0 0o 1
0 0 1 1 0 1 0 0 0 0 1 1 1
0 1 0 0 0 1 0 1 0 0 0 0o 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 0o 1
1 0 0 1 0 0 0 0 1 1 0 0o 1
H. Ural 38




Using the State Table in Table 6.5,
where minterms m10, to m15 are DONT CARES are not explicitly shown
one can form the K-Maps for flipflop input functions

Tos = QsQ; 1Q,Q,Q,

TQ4 =Q,Q,
Toz =Q'Q,
y = QgQ,

Tas Q,
0 1 3 2
1)
4 5 7 6
Q,
2 [x X 4
1 13 1
Qs
1 | x])|x
8 1 10
Q,
Taz Q,
1 1]
0 1 3 2
)
7
Q,
X [ x [x
12 13 15 14
Qg
X | X
8 9 11 10
Q,

Q
Taa 2
1)
0 1 2
1
4 5 6 Q4
x | x |peflx
1 1
Q8 13 1
8 9 x\;.{ X
Q,
Tas Q,
(1T [ 1] 1T 1)
0 1 3 2
1 1 1 1
4 5 7 q Q4
X 12 x x 15 X 1
13 4
Qs 111 (x [x

Tos = QsQ; +Q4Q,Q;

TQ4 =Q,Q,
TQ2 =Q¢'Q,
TQl =1

y =QsQ,

1—1Q

-@-Q;




4) BINARY SYNCHRONOUS COUNTER WITH PARALLEL LOAD

Table 6.6

Function Table for the Counter of Fig. 6.14

Clear CLK Load Count Function
0 X X X Clear to 0
1 0 1 X Load inputs
1 1 0 1 Count next binary state
1 1 0 0 No change

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

C-out=Count 4;4,A4, A4,

Copyright ©2013 Pearson Education, publishing as Prentice Hall

(b)

‘L”L’Ll'l—\ﬁ
Data_in —“—-|  4-Bit Binary Counter [~ A_count
4 4

jear ] r—

(;’I,KQ @
Count ®

—PpcC

o ) — S
8

—“ Dt

G

K
e D Lo e
=l ~ o

| c

K
LD D |

—— @

Lo 1 ) | 4 £
I

! ): ~ out

—— 4,

FIGURE 6.14 Four-bit binary counter with parallel load

H. Ural
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X count ———

X Load

DR

I

i
o
N

I

o
o]

URUAURURAURURUIY

&% &% &5% wAvE:

0 Clear

X CLK
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} C_out

A"Ao(t+ 1 ):O

YA (tH1)=0

AAL(tH1)=0

“AL(t+H1)=0

42




0 Count

0 Load

I

]

NO CHANGE

&1 ¢ ?iﬁ

#@ K% S%LJ VAV,
s e

URUAURURAURURUIY

H. Ural

A=A

" A D= A

" Ag(tHD)= Ay()

" A (D= Ag(1)
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A"Ao(t+ 1 ):IO

"A (D)=,

“A(tH)= T,

“AL(tH)= 1
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A BINARY SYNCHRONOUS COUNTER WITH PARALLEL LOAD
CAN BE USED TO CONSTRUCT ANY MOD-N COUNTER

e.g., BCD Synchronous Counter

Ay Ay Ap A

Load ~<— Count =1

Counter

of Fig. 6.14 ~<— Clear = 1

<— CLK

Inputs = 0

(a) Using the load input

Copyright ©2013 Pearson

Az Ay Ay A
Clear l<— Count = 1
Counter _
S O Load =0
<— CLK

bt

Inputs have no effect

(b) Using the clear input

Education, publishing as Prentice Hall

FIGURE 6.15 Two ways to achieve a BCD counter using a counter with parallel load
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RING COUNTER

A ring counter takes the serial output of the last Flip-Flop of a shift register and
submits it to the serial input of the first Flip-Flop.

It is also called a re-circulating shift register where only one flip flop is set
at any particular time while all other flip flops are cleared.

e.g., 4-bit shift register connected as a ring counter

Initial state is 1000.

o l1s shifted right at each clock pulse and circulates from T3 to TO.

right

Since each FF is 1 only once at every 4 clock pulses, it generates four timing signals:

CLK
-Jf-f'.l

Ty

Sequence of four timing signals H. Ural 47

The same four timing signals can be generated by 2-bit counter :

-.Ir[J .Ir| -.Ifz -.Ir.“.
T T CLK
2x4 N
decoder o
3

Count M T
enable

Counter and decoder

Sequence of four timing signals

The 2-bit counter goes through states 00, 01, 10, 11
and

the 2x4 decoder decodes these four states and
generates the required timing sequence.

In summary, to generate 2" timing signals
we need either a shift register with 2" FFs
or

an n-bit binary counter and an nx2" decoder.
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JOHNSON COUNTER

A Johnson Counter re-circulates the complement output of the last flip-flop

back to the input of the first Flip-Flop.

CLK

A B C
D D D —E
(& [ >c
El
o— A’ o— B o— C' o———

(a) Four-stage switch-tail ring counter

A K-bit switch-tail ring counter goes through a sequence of 2K states
(in contrast, a K-bit ring counter goes through a sequence of K states).

Sequence Flip-flop outputs
number A B C E
1 0 0 0
2 1 0 0
3 1 1 0
4 1 1 1
5 1 1 1
6 0 1 1
7 0 0 1
8 0 0 0

E

[ = = = =]

Starting from all Os, each shift operation inserts 1s from left
until all FFs are filled with 1s.
Then, Os are inserted from left
until all FFs are filled with Os.

H. Ural
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Johnson counter can provide 2k timing signals with 2k decoding gates.
Decoding gates are specified in the table below.

Sequence
number

Flip-flop outputs

A

B

(G

s}

AND gate required
for output

OO N B W=

cCooRrRrR,~,O

OO R R =R OO

Ot == = OO0

b e - OO OO

Johnson counter can be constructed for any no. of timing sequences.

Number of flip flops needed is half the number of timing signals.

Number of decoding gates is equal to number of timing signals and

only 2-input gates are needed.

H. Ural
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