324 =————

where f = clock frequency in MHz
n = number of stages
At = time delay in K8 To. sl
e.g. 4-bit register having clock frequency of 2 MHz, calcWlate the tj, o

The time delay is given a8 J
gl
4.31 COUNTER

Counter is special sequential device whic
b4 3 counter have number of binary sta
sequential manner. |
e

h is used to count the clock m
te which progress in defineq ﬁ‘;‘&

Or
A counter is an sequential machine that is constructed with the help of flp

flop and it changes its state according to the state diagram.
Or : :
A counter is basically a register that is capable of counting the numberg
clock pulses that are available at its clock input.
The counting of counter may be ascending, descending or in any manne

defined by the designer.

For example:
A single J-K flip-flop can acts as an counter which counts two states &

shown in below diagram.

When positive edge of clock is arrived L J | O
then the J-K flip-flop changes its state JK
from O to 1lor1toO. : Clock > flip
flop

Let us assume initially the flip-flop is

in reset condition i.e., @, , , =0 and we K Qv

apply the input J = K= 1 hence the output

is given as Fig. 4.128.

Qn 1= Qn
where @ ,,= Next state
@, = Present state

Fi‘
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Lkl Jt. CLKZ i, CLK3

o

|
|
1
|
|
1
1
|
|
|
'

flip-flop

Fig. 4.129. Waveform of 1 bit counter
piagram: For single bit counter

state
et Truth Tabl
ﬁpu?ea o Clock \ Output @Q,.,)
Iined fiy, ed T n
1
T 0 )
help of flip. o i 1 repeating sequence
; FIG. 4.130.
number of - State diagram consist of circle which contains the binary value.
Arrows in state diagram show the progress sequence of the counter. State is

1y manner changed on arrival of clock pulse. For each clock pulse one state is changed.

Counter can be classified on the basis of following factors.
> Number of qutput bits or Number of flip-flop.

) states as (i Number of states or modulus counter.

(i) Single mode and multimode counter.

(@) Synchronous and Asynchronous counter.

Qp.1

431.1. Number of Output Bits or Number of Flip-Flop

~ Counters can be classified on the basis of flip-flop used. One .ﬂip-ﬂOP output
——— Ot sequivalent to one bit of the counter. So, it is also known a8 binary counters.

r Amording to this criteria the flip-flop are . e
() Single bit Binary Counter: Single bit counter consist of two state t,
“shown below in state diagram.

|
&

.4
131, State diagram of 1 bit counter

Preset

Reset

Fig. 4.132.

A
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aay nput of 7'is high and the state is chq

pit counter the 1

For singl® 2 1 1 ic arrived. Initially output is considered a5 < ) Ve,
itive edge © ‘
0! 1 : 0 1 L ! 0
| I I |
i L | !
ot : | '
| Propagation delay : 1 :
1 of T flip-flop I J !
Fig. 4.133.
Truth Table
Clock | Output(Q,.,) |
i 1 ].
g 0 i.
T 1 / repeating sequence i

(ii) 2-bit Counter: As the name suggested two bit counter consist of ty, |
flip-flop arranged in given below manner. \

Preset
DT 1
T=1—6— L T L
4
CIK > FFO > FF1
3 .
Clear I g 1

Fig. 4.134. 2-bit Ripple/Asynchronous Counter

2-bit counter shown (Ripple) in above figure is an asynchronous counter

iﬁ: I;iCh all flip-flop are not Synchronized (means clock is not common to allfip
8).

1
i
|

to “opé?zitt?lcll lc lear inputrlsjhare used to set the output of counter i.e., initializatioi '.
! ” outPUt. e input T e . s h].g |
logic (means 1’). put T of the flip-flop is always connected |

State Diagram e

Fig. 4.135,

yalué

rom the
. and th

Clock—

01 {MSB)"_

Working

The
we have

Wh

Positive

The
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1 flip

ation
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M Ul possible state of the 2 bit counter 1s shown in fi.
gure.

Truth Table

e
Clock pulse Output

Y

0
0 1
1 0
1 1
0 0
— repeatition/
recycle

ve truth table 1t is cleared that 2 bit counter can counts fo
ur

from the abo
d the functmnahty can be better understandable using wavefor
m.

0 use)

1

Fig. 4.1 36. Wavefonn

able if

Woming
e easily understand

N hT;Ie working of 2 bit Asynchro
ve knowledge about the working 0
When input T'=1 then output Qn+1

Pogit .
ive edge of clock pulse the output 18
to the clock inpu

hence on arrival of

= Q, i-e- Toggle
just opposite of pr
¢ of flip-flop 1 he

ate which ca

evious output.
nce when positive

Th —~ .
eoutput Q, 18 feeded
n be better

ge of A : ’
of @, is arrived then FF1 changes 18 st

Ung
i;s;andable from waveform
e 3-bit Counter: 3 bit €%
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g ol I

Clear ——

Clock pulse is applied to FFO and the output, @0 of the FFO is feede%
clock of FF-1 and similarly the output, @, of the FF-1 is feeded to clock of FRy |

State Diagram
Reset
000>
HEEP CooD
: (010>
- Co11D
(100>

Fig. 4.137. 3-bit Asynchronous/Ripple Counter

I_E!K‘l‘:: Clk2 CIKSJ: CIK4 CIK5 CIKé , CIK7 CIK8  CIK9

cm—!‘l—! L_l L_l | ot

Q‘w |
1 : ; ; 1

3 orgingo pput of ¥
e -
Tl:ﬂculate e {:
(0}
, trfdefswnd .
P FR2 u g Modulu
‘310'0\11"‘"ar o 5 %
)-\\ unter e nSﬁstiil
j\ 1Y et
po%° fodulus cO%
ign odulus ¢
des’> o rnchron®
of 5‘-2 5’ states
| den M oduluS‘
l @) 3 only &t
Truth Table l\ &1) 2"
Q, MSB) Q | Q(LSp] |
0 0 N \
0 0 1
0 1 0
0 1 L )
1 0 0
1 0 1 Hence mo
1 1 0 .
T 1 % 4.31.3. Sing
A counter
manner i.e., &
Il bl | I 1 = ——
For exan
]—_I | : | |_.|_L- recycle again
: L .0-. 1 Io Designing ¢
| { () State Dia

Q=0——0] 0l o [
01_1_.‘*=L ' N e M
e AT ) )
R R e XTI SEE ROOE S
! 1 | —— 1 1 1
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' ¢ the FFO, i-e.. Qo is f .

Wou put v o oositi eeded to the clock_mput of the FF1 hence
output W P ve edge of output Qo is arrived. Similarl

: rly

s its outpu when positive edge of @, is arrived which canb
e

m waveform diagram.

us Counter

;,31.2- or cAD also be class
Cou*” ot of tWO possible state,

unter.

ified on the I.Jasis of number of states. Modulus-2
similarly modulus-4 counter consist of 4

uﬂterco in an co

0 ple s4846° =

¢ counter may be synchronouses or asynchronous. Generally for
er uses synchronous technique because design

alus counter design
unter is easier than asynchronous counter. €.g., MOD-5

e ous €O
synchro”
d i’;ws 5 states 1-€- ¢rom 0 to 4 (000, 001, 010, 011, 100).
¢ 0 Modulus-Z Counter: Modulus—Z counter consist of only two state (i.e., 0
donly single flip-flop 18 enough to design mod-2 counter. ‘
Reset

&1) an

Fig. 4.139.
nter is similar to single bit counter.

Multimode Counter
if it counts th

Hence mod-2 cou

e clock pulses in single

4.31.3. Single Mode and

single mode

A counter i8 said to be
| manmeri.e., ascending O .y or in descending order. :
nter which counts its value in ascending order and

. For example: UP cou
recycle agains from its initial value.

| Designing of up Counter:
() State Diagram i




shown below-
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330 '—/—’_///t_m:t_};—state variable assignmey, t:\ f_

e cons h

By using state diagram |
nding order of decimal numheri
Ie.l

unts in asce
In up counter the counter @

)

0,1,2 3 4- « Filled using Excit“i“‘ltq,
. T e
NextState | Da B
EuesntStste __ome T o 0T L O e
Q| @ S 0 10 0 0
g B val . 1 0 0 1 m
o 1 Lo .
02 |
84 o2 [ o8 | aMf 1 [0 |5
0 1 e
i3 0 oy| 1 0 15 1 o | 73
X S | 1 1
: 9 1 1; 1 1 0 0
b ' 1 1 1
1 1 0 f : : -
I 1 1 } 0 0 0p 0 0 0

implement using DFF.
. D,(@, @, Q)=2m(3,4,5,6)

The flip-flop is selected for construction of 3 bit up counter is D flip-flop,
Now use solve the equation of D,, D,, D, with the help of k-map ay

[for D, the value is high at minterms 3, 4,5 &¢|

D, @y Q@) =3m (1, 25,6) =
' [for D,, the vlaue is high at minterms 1, 2, 5 &

D, (@, @, @) =Zm (0, 2, 4, 6)
[for D, the vlaue is high at minterms 0, 2, 4,6

ForD,
Q,.Qy
Q,\_ 00 01 11 10
0 I 1 1 > 0260
1 [}__l | b »Q,Q,
R
Q,Q,Q,
Fig. 4.141.

Dg‘—' @Ql Q0+Q2 QO +Q2 Ql
= & Q Q0+Q2(Qo + 61)

Clear

Output
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ont? Log
FD’D" Q,.Q,
Q. O J _ 10
. li:ﬂ -, G,
i 1] o a,
Fig. 4142,
D= Q& +Q Q,
=Q,9Q,
Q2Q,

Fig. 4.143.
D 0 - Qo
Implement the equation of Dy, D,, D, with help of Flip-Flop and
combinational circuits as.

s 0, 2, 4, 6] 0,—

— Qg
D - D
a —q, (MsB)| Q 0
> FF1 > FF2
Gk > FFO
= e Q,
Q :[ Q
’—_02 1 —T

Clear —— I :__ =

Fig. 4.144. o
_counter is taken from Q, (MSB), @y, Q, (LSB)

Output of the 3 bit up
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332 ‘3\ o™ give the

E . :
itati r flip-flop 1s given as: o
Note: EXCltatan. taPle fond determine the inputs from output; (QmQ Ho¥
It is used for designing a _J________K___N
S
= . - . Flip-Flop Flip.p ; |
(Present | (Next Flip-Flop Flo, |
State) |State) 0________;_____ - | . >
0 0 0 X .
1
: d 1 |
1 1
1 0 0. 1 X é {1) . |
i 1 X 0 X i
o an single modem |

Down Counter: Down cpunter is alez;1 e
counter its value in descending ordzr :;)112)’ 1 176
i ) 5 g Ly Ly Uy fa 7000
order of decimal number i.e., 7, 6, 5, 4, . .
For designing the down counter first of all we make its state diagray, " !
then state assignment table as shown below.

State Diagram: For D,

n counter works degcen d?" !_

Fig. 4.145.
State diagram of 3 bit counter is shown above.

For D0

State variable assignment table

e

Now im
®ombinatior

\o\- °\f° =\~

O O O Of | p=i| 1| =




¥ Table— |

;\J\:\J\ J\J\

|

R

Yo

Now implementing the €

uits and its Design

; | -
Mﬂ » the equation for Dy, D,, D, using k-map
v Nﬂw g0 DZ (in Qp QQ) = Em (0, 5, 6; 7)
D, (Qy @ Q) =2m (0,3, 47
DU (Q?,’ Ql’ Q[}) = Em (0, 2, 4! 6)
Q, Q4
ol 1 T‘
1 1 1 ""“‘ Q, Qo
8,58  Q,Q
Fig. 4.146.
D,= Q@ Q+Q,Q +Q,Q
02!01
for Dy QN_00 01 11 10
ol 1l EET
R0,
JESLES
Q Q
Fig. 4.147
D]_: Ql Q0+ él QO
= Q1 o QO
Q,.Q
For DU 21 o1 11 10
Qo e,
o [l A= A
1
. S
Fig. 4.148.
D,= Qo

quation of Dy, Dy, D,

- Umhy A
- “mbinational circuit.

i

\

using D Flip-Flop and




Q, Q‘jD‘
Qo
Q =
a %
iy
Clock > FFO > FF1 D FRo i
;
Q, I | (_)'1 -..ﬁl
Clear j j\
Fig. 4.149.
Muitimode Counter
Y, Multimode counter are counter which works in tw

0 or more than two
\ with the help an extra input.

For example: Up/Down counter is an multimo

de counter which can coup
in up direction as well as in down direction.

4.31.4 Asynchronous Counter and Synchronous Counter
Synchronous counter is an coun

A,

all flip-flop. In synchronous counter flip-flop are Synchronized with system clock

wnter in which same clock pulse is appliedt

Preset l J
g T > FF-1 b FRO
Clock
Sgaed
F\.
(as sam'g 'c‘l‘c;l:l:;u?'b'_t Synchronous counter
' Se is appli
Synchronous Counter g an ¢ Pplied to FF,, FF, & FF,)

With same clock D

N ) ) r 'z
ulse, ounter in which all the flip-flop are &%

clear
Fig- *

4.151.

COMPAR
432 CyNCHR

=B

AsynchI'C
co m mon |

other me
next flip
common
_ Asynchr
while S;

— Asynch
while s3

— Asynch
to Sync

— In asy
presen

Asynchronc

In asyncl
of other flip-1




FF2

e

ich can counts

e is.applied to
1 system clock.

_QOJ

FF-0

O\

- ed
re energiz®
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L
ﬂﬂal
ous counter the OutPu_t_ of one flip-flop is feeded to clock input

o n
g -
0 nﬁet,‘[%ﬂ@ j‘_l_'nch is shown in beI?""',_ éiagram,
Jo[.he/r"{;'l
[ N
o R T
T\ Q1 P u T2 Qu
plock § P

cled’ /r;-:it_as nchronou

Fig. 4131 y s counter (as different clock pulse is applied)
(MPARISON BETWEEN ASYNCHRONOUS AN

B2 $/NCHRONOUS COUNTER °

- Asynchronous counter is a type of counter in which clock pulse is not
common to all :}119 flip-flops. For first flip-flop clock pulse is given and for
other means 2 flip-flop, th'e output of first flip-flop is acting as a clock to
next flip-flop and HO.Ont while in Synchronous counter the clock pulse is
common to all the flip-flops.

_ Asynchronous counter (Ripple Counter) is also known as serial counter
while Synchronous counter is known as parallel counter.

_ Asynchronous counter (divide by N or Ripple Counter) is simpler to design
while synchronous counter is difficult is to design.

_ Asynchronous counter requires the least amount of hardware as compared
to Synchronous Counter.

_ In asynchronous counter u
present in Synchronous Counter.

Asynchronous Counter/Ripple Counter
In asynchronous counter, the output of one flip flop is feeded to clock input

ol other flip-flop as shown in fig. 4.155.

nwanted spikes are produced which is not

Logic 1
]
FE2 . FF1 4 FFO 4 — Ck
Ve Q .Q_°_____.._
Fig. 4.152.

In this the Clk input drives FFO and output of FFO (Q) drives FF1 and
a kind of asynchronous counter.

%tput of F o h indi

(§ F1(Q,) drives FF2 which indicates :
t‘:ll)uts ie, T, 1T T. are connected o logic 1. Here, each flip flop toggles at
o EBative edge olf CIZJk pulse (a8 bubble is shown in clock pulse). As output of

as‘; flip flop (F/F) drives clock input of other, hence .it is called as an
“chronoys counter and a8 trigger mMoves like a ripple in water,

hence it is

4__-—
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ous counter the output of one flip-flop i ,
pous L - 1€ 111p-1l0p ls.t_‘ﬂg_d_giim clock input

: op which is shown in below diagram.

—"

r :
Ep% GmFig- 4451. 3-bit asynchronous counter (as different clock pulse is applied)
o | COmpARISON BETWEEN ASYNCHRONOUS AND
& syNCHRONOUS COUNTER

//mr_onous counter is a type of counter in which clock pulse is not
common to all tcllle ﬂlp-ﬂops. For first flip-flop clock pulse is given and for

—3, other means 27 flip-flop, the output of first flip-flop is acting as a clock to

T next flip-flop and s0 on while in Synchronous counter the clock pulse is

common to all the flip-flops.
_ Asynchronous counter (Ripple Counter) is also known as serial counter
while Synchronous counter is known as parallel counter.
_ Asynchronous counter (divide by N or Ripple Counter) is simpler to design

while synchronous counter is difficult is to design.
— Asynchronous counter requires the least amount of hardware as compared

to Synchronous Counter.
— In asynchronous counter unwanted spikes are produced which is not
present in Synchronous Counter.
ounter
tput of one flip flop is fe

n two mode

| can counts

Asynchronous Counter/Ripple C
In asynchronous counter, the ou
of other flip-flop as shown in fig. 4.155.

' : Logic 1

eded to clock input

s applied fo.
rstem clock.

Qp

FFO 4 — Ck

=]
]
F

Fig. 4.152-

s FFO and output of FFO (Qp) drives FF1 and

s a kind of asynchronous counter.
ch flip flop togeles 22

aut;: this the Clk input drive i

N tof FF1 (Q,) drives FF2 which indicate

Pitsje, T T T, are connected to logic 1. Here, ea

e (as pubble is shown in clock pulse): output of
1 lled as an

Negaty
| o oative edge of CLK pulse o
a: flip flop (F/F) Trives clock input of other, hence it is ca al
a5 trigger moves like 2 ripple in water, hence1t1S
s trigger MOVES AKX 2=

¢
ronous counter and
» J !4
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W o
ipple counter nd when Q1 takes a transition f,
called as 8 I'P 1 toggles & *
means FF

m]_ Y

: 1 toggles. Hence overall Propagatio, , 0y
trigger FF FF2 LOE : N dg), %
it can trigger FFz,,': ffai'::ﬁvidual propagation delays of FFo, Fp Fry " %
time i8 eunB])to il E (PD)gro + (PD)ggy + (PD)ppy :

(F.VJRipple counte
Operati;::ft ripple counter truth table is given as below
The 3-D1

W Qg Ql Qo
0 0 0 0
X 0 0 1 S
2 0 i 0
3 0 1> 1>
4 3 0 0
5 1 0 1>
6 1 1 0
7 1 1> 1>
8 0 0 0

Initially all F/Fs are cleared hence @, = @, = @, = 0. FFO0 toggles at ever

QO cannot trigger @, as it's a positive change hence Q,=0.
Similarly 0 — 0 state of @, cannot trigger Q,. Hence @, = 0.
In this way counter will count from 000 — 111.

Waveform 1
CIK j | r "
b }
1
Qp —d i
2T : |
Q, |
’ 47T 3
s
0’ i o
o 8T
e ——— ___-‘.
!
Fig. 4.153,
thm counter can be utilized as a frequen
time period is becommg d % i

i
i
i
clock pulses on negative transition of clock. At Ist clock pulse 0 — 1 transition |

i
|
¢

ic C

Divi

(ii) MoD-5
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= STk
Q=7 ( )

Q= % (Clk f)

sing three flip flops, We can get 23 = 8 distinct/unique states. Houno

Sl 3_1) ;
n count from [0 Sl 1)] t.e., 0 -7 states.
e _ :
‘BOBI‘EM Design the fouoz;;nfdasmchmnous (Ripple counter)
P MoD oD 5
3) MoD
() oD (5) MoD 9 ) sk
. .Jtcan be designed by specifically by J- it
n: y by J-K F/F
s'oh;(tl,ol : by using TF/F and T = 1 counter. The condition
=
(I’) MOD"'?'
* 1
,'——’—']I [ ._@D-a counts f/m
"4 01 T1 Qo TO Q‘ QO
FF1 < FF0O <p—CLK e b
01
cLR | CLR 1 0|
- Skipped 1 1
| | ~—q,  Ls=e -
i fiin i Q e .
Divide by 3/ MOD-3 Ripple counter - - Ty h
(i) MoD-5 g

Divide by 5/ MoD-5 Ripple counter




