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Shift Register: Types
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* Shift register

o Parallel-in Parallel-out

o Serial-in Serial-out

o Serial-in Parallel-
o Parallel-in Serial-
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(Mode Control | Register |
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0 0 Hold
0 1 Shift to right
1 0 Shift to left
1 1 Parallel Mode
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Counter N

* A circuit that cycles through a specified number of states

* Applications
> Counting!

o Chronometer
o Traffic light
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Counter: Type

* Synchronous
o Applies the same clock to all flip flops

o Parallel counter

* Asynchronous
° Do not have a common clock pulse

o A.k.a., ripple counter

> Ripple clock pulse
> Flip-flop outputs can be used as a source of clock for other flip-flops



Asynchronous
Counters




R

2-bit Ripple Counter

* Design a 2-bit ripple binary counter
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2-bit Ripple Counter: Truth g}
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* We need two output

° (otoggles every cycle o o
o (), toggles every two cycle .
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2-bit Ripple Counter
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* Flip flops candidates
o ]K

J 0 J K Q0 C|0F
= 0 0 0 IL|O0 Hold
_[> 0 0 1 J1.|1
— &k 0P 0 1 0 IL|0 Rese
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10 0 IL|[T1 Set
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1 1 0 J1| 1 Toggle
I 1 1 JL|o

Recycle
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2-bit Ripple Counter: Flip Flops™

* Flip flops candidates
o @)—
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2-bit Ripple Counter: JKFF

* Qutputs
° Qo toggles every cycle

° () toggles every two cycle

Qo
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2-bit Ripple Counter: JKFF 3
(cont’d) e

* Qutputs
° Qo toggles every cycle

° () toggles every two cycle
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2-bit Ripple Counter: JK FF g}

o Wt
(cont’d) T
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2-bit Ripple Counter: T FF 7

* Qutputs
° Qo toggles every cycle

° () toggles every two cycle

it




2-bit Ripple Counter: T FF

* Qutputs
° Qo toggles every cycle

° () toggles every two cycle

(L ! Qo (L [ Q1

CLK CLR CLR




if}

u'/i./ﬁ%/u

2-bit Ripple Counter: D FF

* Flip flops candidates
oD
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Recycle
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2-bit Ripple Counter: D FF

* Flip flops candidates
oD

> Negative edge
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0 1
1 0
1 1

Recycle
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2-bit Ripple Counter: D FF

* Flip flops candidates @

D &
> Negative edge
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2-bit Ripple Counter: D FF

* Flip flops candidates
oD

> Negative edge

Carry q ql
Counter
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Asynchronous Up/Down ﬁ}
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Counter T

* Up counters
o Counts upward from zero to the maximum value

* Down counters
o Counts down from the maximum to zero value

Recycle Recycle
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Asynchronous Up/Down %
Counter

—
 2-bit down counter m
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Design an Asynchronous ﬁ}
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* Design an asynchronous 4-bit counter
o Counting upward




Asynchronous 4-bit Counter -
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Asynchronous 4-bit Counter
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Asynchronous Counter with 03
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Mod K T

* Mod-2" counters

o Counts through 2" states o o

° n flip flops

* Mod-x counters o 0
o x<g2n

o Counts through x states

° Truncated sequence
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Asynchronous Counter with ¢,

Mod K (cont’d)

* How to design a Mod-x counters
o Recycle the counter at a special state
o Not traverse through all of the states in the binary sequence

Xn-1 X1 Xo
Count
control
S S S
- Q J | Q J | Q J |
CK<p CK< CK<p— Colunt
pulse
Q K |-« Q K | Q K |
R R R
State detection i i Clear

logic control
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Asynchronous Counter with ¢,
Mod-2 TR

* Example

o Design a Mode-2 2-bit counter o.o

e 1
1
J e J e

CLK # 0,
Clear
contro
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Asynchronous Counter with

O Pt
Mod-2 s
* Example
o Design a Mode-2 2-bit counter o o
Q}? 1 -
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J T J o Te
K o Kk 0P 1%

¢
CLK : Qo
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Asynchronous Counter with ¢,

Mod-10

* Decade counter

* BCD counter
o Mode-10 4-bit counter

1 2 3 4 5 6 7 8 9 10 11

CLK [ ]

Qo 0 J1 o 1 o J1 o J1 Jo_ J1 i@

(‘21001100110055I\oei

9, 0 0 0o o [t 1 1 1 o o }o

Q30000000011§:o§




Asynchronous Counter with
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Mod-10 (cont’d)
* Decade counter
* BCD counter
> Mode-10 4-bit counter
0 0, 0:
1
J> Y 19
K
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K 10
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Clear i i y
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Asynchronous Counter: |
Cascading e

 Cascading smaller ripple counters -> Larger ripple counters
o 2 2-bit counters > 4-bit counter

_________________________________________________________________________________________________________________________________________

Qo Q1 Q, 3
1
J 7o J 0 J 0 J 0
= > > > C
k TP k o 1P LHx 10




Asynchronous Counter:
Frequency Divider
* Frequency divider

MOD number of the counter

Q1
2 o B e Ml e
FLfLf LT
CLK Ttl tz t3 t4 t5

o Qutput of the last flip-flop (MSB) divides the input clock frequency by the
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Synchronous Counter

* Parallel counter
o A common clock pulse

o All flip flops are clocked at the same time

* Example: 2-bit synchronous binary counter
° J-K FFs
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2-bit Synchronous Counter: JKﬁ
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* Example: 2-bit synchronous binary counter
o J-K FFs
o Determine flip flop inputs based on inputs and current states
° Move from current state to the next one
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2-bit Synchronous Counter: JKi}
FF (cont’d)
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2-bit Synchronous Counter: JKi}

FF (cont’d)
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3-bit Synchronous Counter: T- ﬂ}
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3-bit Synchronous Counter: T— ﬁ}
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FF (cont’d)
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3-bit Synchronous Counter: T— ﬁ}
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FF (cont’d)
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3-bit Synchronous Counter: T— ﬁ}
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FF (cont’d)
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3-bit Synchronous Counter: T%
FF (cont’d)

Ty =1 Ty _ QoQ1 . Qn _1
Ty = Qo
Qo Q: | @ |
T, = QoQ1
PRE PRE PRE
T 0 T 0 r Q

CLK ‘f T f
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Synchronous BCD Counter: T-
FF

T, T; T,

T3

Q3 Q2 Q1 Qo

Q3 Q2 Q1 Qo
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Synchronous BCD Counter: T- 0
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Design Sample
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Sample 1 T

* Design an adder using flip flops.




Sample 1 (cont’d)

* Serial adder
Shift . -
control —————> Shift register A
CLK * >
e X
S
—>y FA
Serial ST SO i
input +—>| Shift register B
L2 >
Q
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Sample 2

* Design an accumulator using flip flips.
* An adder that totals a series of binary data




Sample 2 (cont’d)

* Parallel Accumulator using flip flips

Xn X2 x1
Y l { Y l Y Y l
FA FA HA
— O D — 0 D — 0 D
CK<PO—= CK <0O— CK <O
CLR CLR CLR
A A A
Clear
Accumulate
Y'Y Y 4
Zn+1 Zn z2 z1
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Sample 2 (cont’d)
* Serial accumulator using flip flips
— ‘ I ] S—
~ 2 b LagP
1 ! L

n-bit shift Serial out
' register
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