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Counte
rs

* Counters - Circuits that performs the operation of
counting at every clock edge.

* Counter aredesigned using flip-flops, typically
the negative edge triggered.

* Counters can be desighed as asynchronous or
synchronous.

* Asynchronous counters - The clock s
applied on the first stage. Subsequent
stages derive the clock from the pervious stage.
*Synchronous counters - The clockis
applied to all  stages using a common

~lacl cinnAal



Counters - Asynchronous

Counters |
* 3-bit Asynchronous counter using T

flip-floos. . N
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Stage 1
In asynchronous counters the clk signal is fed to the 1t stage only
Subsequent stages takes the Q from the previous stage for clk



Counters - Synchronous
Counters

* 3-bit Synchronous Counter using
flip-flo L

clk —e—C Ql—
.

CLR

i——{:g
Al

CLR —: .

In synchronous counters, a common clk signal is used to clock all flip-flops



Design of Synchronous
Counters

* How to design the 3-bit synchronous counter?

*There are a systematic procedure of designing
synchronous counters.

* Step 1: Derive the state transition diagram

* Step 2: Derive the next state and state
transition table

* Step 3: Using K-Maps, derive the logic
expressions

*Step 4: Implement the circuit



Design of Synchronous
Counters

*The design of negative edge
triggered 3-bit synchronous counter using T flip-
flops.
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Design of Synchronous

Counte

'S

Step 2: Derive the next state and state transition

table 3-bit counter, weﬁneed 3 flip-flops Using T fllp-flops
F’resent State Heﬁf'é_tate”f H“‘E}u;p ut Transition Fligﬁ'ﬂop Inputs
Q Q, Q |Q Q, Q |Q Q Q |T, T, T,

O O O 0O O 1 0-0 0-—-0 0-—1 0O O 1

o 0 1 o 1 0 0—-0 0—-1 10| 0 1 1

0 1 0 0 1 1 0—0 1 —-1 0 —1 0O O 1

0 1 1 1 0O 0 0—-1 1—-0 10| 1 1 1

1 0 O 1 0 1 1—1 0—-0 0 —1 o 0 1

1 0 1 1 1 0 11 01 1 50| O 1 1

1 1 0 1 1 1 1—1 1 -1 0—1 o 0 1

1 1 1 o 0 O 10 1 -0 10| 1 1 L




Design of Synchronous
* Step 3: Using K-Maps, derive the logic expressions
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Design of Synchronous

R e vl s : :
Step 4: Implement the circuit
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Register - Shift
glsters
*Shi

registers are used primarily for storage and data
movement.

* There are four types of shift registers.
* Serial In Serial Out - SISO
* Serial In Parallel Out - SIPO
* Parallel In Serial Out - PISO
* Parallel In Parallel Out - PIPO

* All the first reqgisters are arrays of flip-flops, arranged in
certain ways.



Serial In Serial OQut
- SISO

* 4-bit SISO shift register
* Each clock pulse will move an input bit to the

next flin-flons
. ':'[:- ':'1 ':'2
N —D Q D Q D Q D Q— out
clk T> F> F> D
when clk = T Input is 1-bit in, and output is 1-bit out

Q, <=in,
Q, <=Q,
Q,<=Q,

out<=Q,



Serial In Parallel Out
- SIPO

* 4-bit SIPO shift register
* 1-bit input /n, and 4-bit output
out[3:0]

out[0] out[1] out[2]

in — D Q D Q ‘ D D

clk T F F> >
when clk = T

out[0] <= in,

out[1] <= out[0]
out[2] <= out[1]
out[3] <= out[2]

out[3]



Parallel In Serial Out
- PISO

* 4-bit PISO shift reqgister
* 4-bit input in[3:0] and 1-bit output out with

in[0] in[1 in[2 in[3
S, i [1] 2] [3]
—T—______d,xc L L .
If shift/load =0, / [ ] T ] T ]
in[3:0] is loaded into | Ik J L_ ,J | J o L |
the flip-flops &L\I Lj ~ 4
- | oo
If shift/load =1, 9 J Vo v/ Vo
in[3:0] is NOT loaded
into the flip-flops, but \[
the current data in the —J —J —J
— D Q B Cl ] ] D

flip-flops are shifted from

left to right clk —$— f f>

]




Parallel In Parallel Out
- PIPO

*4-bit PIPO shift register
* 4-bit input in[3:0] and 4-bit output
out[3:0]

in[0] in[1] in[2] in[3]
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out[0] out[1] out[2]

when clk = P
out[3:0] <=in[3:0]

out[3]
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