Concept of Counter Sequential
Logié: Girsaiks

* What is a Counter? Q * Tﬂpes of Counters
(]
o A counter is o mquenﬁai circuit that goes Gk o Q1 . Assnchmnous (RLPPLQ) Counter
o — ounter ¥
through a prescribed sequence uj states . — Flip-flops are ’m‘.sgered. one after
on the o.pplica.ﬁon of clock puLses, ' Q another (rippl.e eﬁect).
> Wy
e It is used for counting the number of S it . Sgnchmnou.s Counter
Pulses, rrwnsuri.ng time intervals, frequencs — ALl fI.LP"fLOPS are {'.rl'.gge.red.
division, sequence generation, etc. * Exmf’te’ simultaneously by the same clock.

A 3-bit counter has 3 flip-flops.

Total. states = 2° = 8 b R Eaice

Sequence (Up Counter): ~ Counts in WeRcany order

% Basic Operation Gout | a a (0 T T
0 0 0 0 ¢ Down Counter
o A counter has ‘n’ j'L'l.PLflaPs, so it can i 0 0 1 o Coanbs d,ecrausing sk
have 2" different stabes. 2 0 1 L beis B0 A0
3 0 1 1 e
e With each clock pul.se, it moves fmm. 4 1 0 0 2 Upf:Down. Caiiitse
one state to the next state in a 5 1 0 1
— Can count in both directions
sequence . 6 i 1 0 .
based on a control input.
o After the last state, it returns to the 7 3 1 2
fi.rsf state and the process repe.ni:s Then it returns to O.

Difference Between AsSnchronou.s and Sgnc.hronou.s Counter

Feature Asynchronous (R'Lpple) Counter Synchronous Counter
Only the first flip-flop receives the
1. Clocking external clock. All flip-flops receive the same clock
Other flip-flops are triggered by the signal simultaneously.

ou.tpu.t of the previous 'FLlp-fLop ;
Flip-flops change stote one after another, All flip-flops change state at the

a. OPe.rati.on

creating a ripple effect. same time.
Slower due to cumulative pro ation . " A
3. Speed Helag, . ek Filp oo, PToRag Faster since there is no ripple delay.
4 Max. Opem]:in.g Frequency | Low High
5. Hardware Complexity Simple design, requires fewer gales. More complex, requires additional
gates for combinational Llogic.
6. Power Con.sumpf:i.on Ge.n.era.Ll.3 Llower . Generally higher.
7. Glikhes More prone to sLlJf.ch.es due to Prol:m.g_aii.on oo SLl'.l'.ch.es.
delay.
5. e Used in simple, low-speed applications isad; i MiEgl speei eripliceliong

like microprocessors, memory

like freque division .
e address counters.

9. Exa.mple 3-bit Ripple Counter using JK/T flip-flops. 3-bit Sf-jﬂ‘:hm"w'-‘-ﬁ Counter using
JK/T FlLP—lePs_

Sgnchmmus counters are Prefe.rrad. in modern d.i.si.tai sgstem.s due to their hlgh 5peed and 'rel.i.ahi.Ll'.ts, while
asanchronous counters are used in slm.pl.a and low-cost d.e.si.gns.

For Details Notes, Visit www.polynoteshub.co.in




Opemtion of 3-bit R'Lppl.e UP/DOWN Counter
with Timing Diagram - Programmable RLPPLG Counter

% Operation of 3-bit Ripple UP/DOWN Counter 9 3-bit Ripple UP/DOWN Counter Circuit

UP/DOWN
e A 3-bit ripple counter uses three flip-flops (FF, FF,, FF,) (U/D)
1

to count through 2° = 8 states.

. Aufﬁp-flnpsmﬂfup-ﬂupsu&h.J-Kni
(toggle mode) .

FF1
s UP/DOWN control input (U/D): ;
UKD =1 = UP counting 1 Qy
U/D = 0 — Down counki CLK
i o CLK
'Whqu./D-lﬂ.;P),mhﬂip-ﬂoplsdwkede&w o
Q output of the previous flip-flop. Ky Qg

o When U/D = O (Down), each flip-flop is clocked by =~ ———— oo :

I
the Q (complement) output of the previous flip-flop. | U/D -1 (Up) —» Select 1 input — Use Q of previous FF o = —_
| U/D « O (Down) — Select ‘0" input — Use Q of previous FF |
R e R e e e e 1-Q Up
% State Table (Up Count) - U/D = 1 % State Table (Down Count) - U/D = O
Count Q, Q, Qo Count Q, Q, Qq
(Decimal) (MSB) (LSB) (Decimal) (MSB) (LSB) Features
0 0 0 0 0 0 0 0 Sl ign
1 0 0 1 7 1 1 1 SR
2 0 1 0 6 1 1 0 B i st
3 0 1 1 5 1 0 1 S ‘E;“‘““ﬁ
4 1 0 0 4 1 0 0 i i
5 1 0 1 3 0 1 1 configiontion
6 1 1 0 2 0 1 0 * Speed is limited by
7 1 1 1 1 0 1 1 ripple propagation
Then repe(xl‘. te O Then mpeu.t to O delay .
* Tw’ D'ﬂro.m b ¢ Prosmmo.blz R'Lppl.e Counter

(a) UP Count (U/D = 1) OAcauntercmhcnmdaPrugrwmbhtomlfromanﬂ
1 2 3 4 5 6 7 8 initiol value to any final volue.

o [ B O G Y P e e

A | e e Y gy £ automatically reset to the initial count.

+ This is achieved usi mbinational ing and clearing.
01 hL j ﬂ 13 using col d.ecod.mg lulnng
[ | UP/DOWN ——1 . Qo ST
_ U S Sa— l = /D) 3-bit Ripple b Decoder /
UP/DOWN i Combinational
CLK  —  eoiter Q, Logic
(b) DOWN Count (U/D = 0)

1o e O Oy O O I 8 CLR

i b 3 & 5 6 7 8

|

|

1

| To count from 2 (010) to 6 (110) in UP mode
| Load initial count = 2 (010)
|

|

|

|

I

¢ Decode final count = 6 (110) using a 3-input AND gate
o When 110 occurs, CLR = O — Counter resets to 010
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Opera.ﬁon of L-hit Ri.pple UP/DOWN Counter

with Rmi.n.g Di.a.gm.m - Prosm.mmu.bLe RiPpLe Counter

-

% Operation of 4-bit Ripple UP/DOWN Counter % 4-bit Ripple UP/DOWN Counter Circuit

o A 4-bit ripple counter uses four JK flip-flops (FFy, FF,, FF,, FFy) Qo &, Q, Qs
with J = K = 1 (toggle mode) to count through 2* = 16 states. FFO FF1 FF2 FF3

s All flip-flops are triggered on the folling edge of the clock from (LSB) (MSB)
the Previ.cus stage (ripple conneckion) . i l 4 1 1

1 JD Qo = Jj. Q1 =7 ]2 Qg = 13 Q3
» UP/DOWN control input (U/D): |

Um-14UFcumth15(m0mtputojpmbusFF) CLK 4
U/D =« 0 = Down cntmhrLS (use Q output nf previous FF) CLK

CLK d CLK

o When U/D = 1 (Up), each flip-flop is clocked by the Q output Ko Q —-IKs Q
ef tha. peeviats flip-flop.
UP/DOWN

o When U/D = O (Down), each flip-flop is clocked by the Q /D)

(complement) cutput of the previous flip-flop. [ | =
| U/D =1 (Up) - Seledt ‘1 inpud — Use Q@ of previous FF | Q=N P
| U/D = 0 (own) = Select ‘0" input — Use Q of previous FF | 1= Q W)
% State Table (Up Count) - U/D = 1 % State Table (Down Count) - U/D = 0
Count | O3 [Qp| Q| Qo [€[Qufar| a Count | Q3 |Qy|@y| Cos | 0y Q| Q Features
(Decimal) | (MSB) (Deind) | (MSB) (LSB) (Decimal) | (MSB) (Bainal) | (MSB) (LSB)
o | o |o|o|s8 |t1|o]o] o 5 [ ¢ [1]1] 7 [0 |21]1 ¥ ok Snliveijugc anid
1 o |@|efs [Felale] 1 w2z Jadlsi s lalz] 3 dowrsoard ~ direction.
2 o [o[t |0 [1]o]t] o 3 |1 (1o 2 [0 [2] o0 o Simple ripple (asynchronous)
3 o (o1 |1 [2s]oft] ¢ [ 1 [afe[ & [a 1o sl
4 AEIEIEIRINE w14 |glslalaleld G s T e e
5 o [t]|o|w[a]a]o] 1 w [+ [e[e] 2o [2a]e s
6 o |t fal] & [£]x]e] 2 s [4 [mle] & [ale]| 2
¥ o |11 [a]e]e] 1 | 8 [t Jolo]Jo Jofo]o LA e il e b
Thesv regik B D, Then st 45, N propagation. dslay.

% Timbig Dagun, % Programmable Ripple Counter
(a) UP Count (U/D = 1)
i 2 3 &4 5 6 7 B 9 10 11 42 43 14 15 ©Q Oﬁmmhmmcoﬂhmwtﬂmiomsfmdwlu\

S 6 O o T et e s
O i S i T i

o This is achieved using combinational deceding and elearing.

oy By N o Ty T :
o i o —>
Qs L T T e dT mmod UP/DOWN Q Combinational
Counter 0y —s] Losi.c
(b) DOWN Count (U/D = 0)
1514 131221110 9 8 7 6 5 4 3 2 1 0 15 [ |
T B gl g e N My s A ol B CLR (Ackive Low)
Q i i W W P AP S = ) :
PSRN | I e 6 i Example !
Q@ 1 . 1 T 1 L1 L | T count from 5 (0101) to 13 (1101) in UP made |
| Load initial count = 5 (0101) I
. R b1 L T | o oo 05 COA0HY, iiaga i D e i
& — T T = I J i  When 1101 occurs (4Q,Q;Qp = 110 1), CIR = 0 — Counter resels to 0101 |
| * Counter will repeat the sequence 5, 6, 7, 8, 9, 10, 11, 12, 13, 5 ... !
% Note PR Y =~ S sl e A S s L -
'I::_: ____________________________________________________________________
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Design of Synchronous Counter { sequentel
with the help of RS Flip-Flop Logic Circuits

% Concept : * Circuit Diagram :

B e o T I T

all flip-flops are triggered by the same clock i Q‘o Q.l ?2 i:
pulse (common clock). ! 1:
* Here, RS flip-flops are used to design a : » R Q > R Q > R Q j
synchronous 3-bit binary counter (MOD-8). | P . - :
: 5 Q 'S Q S Q :
* The counter counts in binary sequence from | o = e :
000 to 111 and then repeats. ! (LSB) (MSB) 1
o All flip-flops receive the same clock signal, i CLK E
so the state changes simultaneously. : :r—A-LI.- f-lq-a: f_["*P; Py t_ri_g;e_r; # b_y_t;u; e ‘: }
i ! clock pulse (sgnchr_or_w?'u_s)_{ __________ ' !:
:Aj_-[r_uflj_T?tflf_:_ ____________________________ . % Working Principle :
|| Present State Next State Input to RS Flip-Flops \ : 'Ir _______________________________
(ot ots e Wiasin.sta8 (VT2 B I EEL iR vem| ¢ | The sounter starts from B00. I
:t (S2 Ra) | (St R1) | (So Ro) |! i o For each clock pulse, the next state is E
:‘ 000 001 N 0 0 10 i ! :.:pl;ed to the RS inputs according to !
' o001 010 o0 8 | 1 @ | oo |i b TTEAEHE i
: 010 011 0 0 10 0 0 ' i g Since all flip-flops get the- same clock !
[ 011 100 i 06 0 1 0 0 | : : pulse, the state changes simultaneously. :
| o T e I = oo i E o The counter goes through 8 states (000 to 111)i
't 101 110 3. 061 06 0 0L and then repeats. i
[‘ 110 111 0 0 | 0 0 1 0 i ::ﬁiéﬂ:;:::::::::::::::::::-_:::t:
1 111 000 w1l L h 04 fla=ty 9 | |
f Total States = 8 (2°) i | The input combinations for RS flip-flops are |
———————————————————————————————————————————— : | based on the state transition table. i
% Output Waveform: oo oS dersrresefnar sty )
By = e % Key Points :
kTS (T e T T L e L) € DR fe e

e Synchronous counter (common clock).

o Al flip-flops receive the same clock pulse.

o (Can be extended for more bits
(e.q., 4-bit, 5-bit, ...).

I
i
I
I
i
i
i
e Counts in binary sequence (MOD-8). :
I
|
I
I
I
I
I

e e < s R s g e i S e g e .o s i s - i i e e B

; Feature Description ]
: TgPe ’ Sgnchron(ﬁs Eounter l
| | Flip-Flop RS flip-flop - |
i | Number of Bits 3 (mod-8) = {
i y Clocking_ NS e Corﬁmop clock fOI-' thip—f[ops o ey l T I:
E Counting Sequence 000 = 001 — 010 —» 011 — 100 — 101 — 110 — 111 — 000 :

Mo mm e mm o am e R ER SR e e e e e e e e e e e e e e e S e e e e e e = e e e e = e e e e e e e e e = = e = e
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Design of Synchronous Counter Sequentiol

with the help of JK Flip-Flop s
% Concept : % Circuit Diagram :
e A synchronous counter is a counter in which Q Q Q,

all flip-flops are triggered by the same clock

pulse (common clock).

1
|
I
I
:
o Here, JK flip-flops are used to design a i [__ ] Q J Q J3 Q
synchronous 3-bit binary counter (MOD-8). !
J J | b CLK »b CLK —b CLK
* All flip-flops receive the same clock signal, | K Q K Q K Q
so the state changes simultaneously. E FFO FF1 FE2
: (LsB) (MsB)
'CLK - J
% Truth Table (General) : E ! All flip-flops are triggered by the same clock pulse !
1 (synchronous). !
R e e e e e e o e S o e NAF NS e e e e el el ey e e e e e
i Present State Next State | Input to JK Flip-Flops l : & EKG.MEI.E : 3-bit Synchronous
E (Qz Q; Qo) | (Qz+ Qg+ Qo) I % ke | n| K ‘ Te | Kz | E Binary Counter (M0D-8)
f 0 0 o o o 1|1 [0 [ 1] 0 | 1 | 0 [I[ Presentstote Next State
i @ 0 1 |0 1 ® [ 71 | @ |t |0 |13 |ifGsaae (Qz+ Qs+ Qo)
| | 4 |
T #% B | 1 1|2 |0 |1 (& |8 |0 | 000 001
IR AT YR EN 001 010
R RSy RN A 010 011
! 1
(ERERERAE R Pl e el 3T 011 100
E ! I
I o EREBEAIOERRE. 100 101
d 01 s [oo e [alag o]l e | 1 101 110
11 | 1 1 | I
| Total States = 2°= 8 : 110 111
e e e T Bk e e = _—=_me 4 111 000
% Output Waveform : Frmmm——- e 3
____________________________________________ ! Key Points : 1'
I ] e i
{ CLK | ) | | Time ; | o Uses JK flip-flops. |
| ! ; ! ! | ! | | e Synchronous counter (common clock). :
1
N S [y S [ '} e Jo=Ko=1 (for LSB). !
' | the Jy=% =@ !
ll ; ! I I .I I I i | o J2=Kz=Qo-Qy. :
| | |
: Q, (MSB) : I. I| ! i L All flip-flops receive the same clock pulse. :
| | | | | 1 % |
| F - ‘ ‘ ' ' - 1 | e Can be extended for more bits !
e ket o R e ST i R e ). !
e S T N e e W S WSR. o r S x|
% Summary / Comparison
: Feature Description T _i
: Type Synchronous counter E
: Flip-Flop JK flip-flop !
: Number of Bits 3 (mod-8) ;
i Clocking Commen clock for all flip-flops :
| Counting Sequence 000 — 001 — 010 — 011 — 100 — 101 — 110 — 111 — 000 i
® ®
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Design of Synchronous Counter ( Sequental
With the help of D Fup_Flop Logic Circuits

L —8
oncept : ircuit Diagram :
* C t * Circuit D
e A synchronous counter is a counter in which -~ """ """ TTTTT T T T m A m T m T m A mEE i
. - : == a -a-a -a - '_ D — 6’ ]
all flip-flops are triggered by the same clock | Do = Qo Qs Qs QZ Di = Q- Q Q 2= Q2 0 |
1 2
pulse (common clock). : L To l I ] J !
I
e Here, D flip-flops are used to design a ; D Q D Qr "D Q E
synchronous 3-bit binary counter (MOD-8). | |
: CLK CLK CLK :
e All flip-flops receive the same clock signal, DFFO SFFI DFF2 i
[} 1
so the state changes simultaneously. :C : (LSB) (MsB) |
1CL 1
I 1
i ! All flip-flops are triggered by the same clock pulse | |
% Truth Table (General) : U Nl e o SAP RS b S 3
R e, EE NN e B W R wod WS T T 3 : ] .
: | Present State Next State Input to D Flip-Flops | * Input Logic for D Flip-Flops :
| e e 5
:! (C;z Q; 000) _{_(;z+ {Eﬁ_oj) I;z _ I;1 ‘ Iio E ! Do = Q- Q- Q2 1:
1 T O O R T 1
(IR 8 fnF (o ke il i :
0 1 o § i i 0 T T Dy = Qs |
| | T | {1t e e e et Tt e e St e
1 911 1 0 0 - 0 le 2 W Example (First few states) :
] I 1 0 1 1 0 i A S M e e
: = 111 Clock Q Q1 Qo Q Q Q |
| 1 0 1 L 1 0 1 1 | 0 | Pulse (Present) (Next) :
W 1 % 1 1 1 1 e ) 1 | | |
N 0o 0 0 | 0 TR A R L R L
| = - LB | Wil 1 001 ~| 010 |
| 3 0 O 100 |
% Output Waveform : I
T R e s e il 111 ~ o000 |
: CLK | | | [ | 1 T-Ime-| —--------—c---—----—-—-—-—=-—==—=---=-="+
1 | | | | | | | "
| Qo (us8)_ | | &4 Whebanty: \
| |

e Uses D flip-flops.

® Synchronous counter (common clock).

I
:
I
. ® Do, Dy, Dz are derived from present
! |
1 114 o 0 = = o, 1" ) ! b o
: Count : 000 | 001 'O10 011 100 101 110 111 000.. :
1

|
|
|
I
state (Qz, Q;, Qo). i
|
I
|

® ALL flip-flops receive the same clock pulse.
. . ® Can be extended for more bits
Y Summary / Comparison : ' (e.g., 4-bit, 5-bit, ...).
~ Feature L ey | [T Description VI i Pl |
Type Synchronous counter
Flip-Flop D flip-flop
Number of Bits 3 (mod-8)
Counting Sequence 000 — 001 — 010 — 011 — 100 — 101 — 110 — 111 — 000
Clocking Common clock for all flip-flops
Input Logic Do=Qo-Q-Q , Di=Q-Q , Da=Q
*— ®
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Design of Synchronous Counter
with the help of T Flip-Flop

Sequential

Logic Circuits

% Concept :

* A synchronous counter is a counter in which

% Circuit Diagram :

®

: Qo Q |
all flip-flops are triggered by the same : :
clock pulse (common clock). : T-1 T ="Qo-Q :

| |

o Here, T flip-flops are used to design a ' —{T  Q TQ :
synchronous 3-bit binary counter (MOD-8). | :

; . _ | i —a CLK !

o All flip-flops receive the same clock signal, ! Q Q |
so the state changes simultaneously. . FFO FF2 :

: (LsB) (MSB) :

HeLk® :

_________________________________ l
. ! | All flip-flops are triggered by the same clock pulse g
% Truth Table (General) : ! ) ggered by P ¥
poe et B e e e e B ot ShapcussE gt e Sotach ol ol ety e ol se oy
| Present State ‘ Next State ‘ Thnputs i Y Input Logic for T Flip-Flops
Q2 Q1 Qo Q2+ Qi+ Qot T T T b O T R e T o T O G o 2
: ( )— ( L ) AL 1) ! | For a synchronous counter using T flip-flops : |
| 0 0 0 0 0 1 0 0 1 ol I
1 | T[) = I
| e | |
: z Ci} 1 0 1 ) 0 0 1 1 x Ti = Qo |
| 0 A2 L) ; Pl Ty Ol |'
| 0 1 1 1 0 0 [ 1 1 i : b R e !
: 1 0 0 1 0 1 1 0 1 LW Example (First few states)
I ! | T o e e W T P C S ey O NS
| | e = S e e —— ™
1 0 1 1 1 0 | 1 0 1 L] Clock Q@ @ Q Q@ Q Q |
Hot 0 B T IR (Present) o) l
| i L e ™ i 5 oA —ili.
T & 1 ¢ % ¢ [ 4 @ 1 ' 0 000 -] 00 1 i
l N e T W | - I
! Total States = 2°= 8 (MOD-8) I N T, | S5 8
8 DG S o S e SO Rt 8 Ao Y e i 2 0 1 0 = Bilg e |
Y Output Waveform |3 8 11 & foo 6 |
oy L SRl P W o L W T Y s L | T :
Ti o — = 1
:lCLK_l_\_I_\_l_\_l_\_I_\_I_\_f_\_I_\_h_ﬂ_ﬂ‘ﬁ;, ; T T S Lol
i Qo |—i = [l : r R S A L Sl gy
! (LSB) ! 5 , DY Key Points : !
I [ | | I | ! ,l I
P Q ! 1 e Uses T flip-flops. |
| 0, F ol e N l ! i e Synchronous counter (common clock). !
| (MSB) | i1 e To=1, Ti=Q, T2=Q-Qr. |
| ! ' .
| Count: |000 001 010 o1 100 101 110 111 000 . | 1o Al flip-flops receive the same clock pulse. |
e e e e e e e e e e " | o Can be extended for more bits |
* Summary / Comparlson Ld :I (e-g-' 4-bit, s_bitj ---); Jll:
; ~ Feature ulld Description e :
: Type a Synchronous counter g
: FLI__p—Flop T flip-flop | :
' | Number of Bits | 3 (mod-8) :
| Clocking | Common clock for all flip-flops D ¢ 1:
: Input Logic To=1 Ti=Qo, Tz =G '
e s e e e e ae e L S E e S m Smoome o g8 ¢
@ )
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Design. of R'mg (N:1) Counter

-— -
L

% Ring (N:1) Counter % Circuit Diagram of Ring (N:1) Counter (using D Flip-Flops)

. A R::E:hcounjl;zrl:sl:, ci(rcu|:nr sh::; r.eazr Q, Q, Q, s Qs
SN gk i) emmilie FFO FF1 FF2 FFN-2 FFN-1
through N flip-flops.

D Q D Q D aQ —---—=|D Q D Q

o It is o MOD-N counter (has N states).

5 CLK CLK CLK CLK bCLK

It requires N flip-flops and N AND gates 3
(to senemi:e one-hot oLL{'.Pu.Es).

CLK
o It is o type of self-starting counter. e e e S i
| The Q output of cach flip-flop is connected bo the D input of the next flpflop. |
! I
o Rl i i ik - i il L W ¥ s 5 o
* Opemﬂon W Truth Table (General) % Example: 4:1 Ring Counter
i ; ; State Table
e i et g Present State Next State il e
thers are 0.
others are Bt By o ) Q| g Ty v 0 Clock | Count | Q3 | Q, | Q, | Q,
e On each clock PuLse., the 5&13[: L i Sh.l-.fl.S 1 B BB 8 0 1 0...06 O Initial 0 1 0 0 0
to the next flip-flop in the ring. O 1 0...0 0 0 O41..6 0 1st Pulse 1 0 1 0 0
b
o After N clock pulses, the “1’ returns to g o L0 g Juet O rd- B ¢ ¥ : 2
the first flip-flop and the sequence repeats. 5o R e B 5 AN T - 3rd Pulse 3 0] 0 0 1
4th Pulse b 1 0 0 0
o Thus, it has N unigue states. 5 20 83 t 3 9 L
(Total States = N) (Seqmm repeats after N = 4 states)
* gli'tf__{ti * Da-::od.ins Lcsi.c (For 4:1 Ring Counter)

o The counter is decoded so that only the stage

Qa Qi Qj. Qo ]
holding *4' produces a high output. =@ €200 3)
| ie., Output is HIGH only
o For N flip-flops, N decoded outputs are available. | ]
| when the corresponding
o At any time, only one output is high (one-hot output). | flip-flop output is 1.
Y:! Y:i Yi YO II

% Woveform D'ﬂmm (4:1 R'Eg Counter)
Ehuaurme Tilial Stebe: G0, 0405 » $000)
0 1 ] 3 4 5 [ ¥ 8

| 1
| . |
Key Points

-6 I (A 5 5 O O R i
i : : . : | o Ring counter is o MOD-N |
Q, | | : ' : i counter. ;

. = | | | | | © It has N states.
Q, | ; | | | | i o Only one flip-flop is HIGH |
8, | | ' | e | o tine. i
% | [ i o It i self-starting. !
| | 4 Usadoa fhik, |
Y, _| T 1 i zﬁ; ”::;mjm:“l i

signals, contro

Yi _l |— i applications !
Yo _| I A Lh S—— j
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Johnson Counter (2N:1) Sequentil

- i Losl:. Circuits
* Johnson Counter (2Ni1) W Circuit D[ﬂ.ﬂmm of Johnson Counter using N FL'LP-FLoPs
® Johnson counter is o modified Q, Q, Q, Qu-s Qy-1
ri.ns counter .
FFO FF1 FF2 FFn-2 FFN-1
[ ] In_ Johnson cnuni.er, Hw. invers-z CT)
o Ve lost Jiip—flop-odpu th:fel g o L g R e U e T
back to the input of the first >CLK >CLK > CLK > CLK >CLK
.fl';P-ﬂuP‘ r'y 3 7'y h F Yy
o8 ke Mg flas. il s P

2N l.l.nqu.e states . <}:

: ! P e et e L o G e e i -
* It is o self-starting counter. i.._Thg fvirse (i) UM A llirsflog ok B oot Wi TVt f W ok il |
* Operation W Tuth Tabla (Geraral) * Example: 4-bit Johnson Counter
R (N = &, 2N = 8 states)
. Im‘.t;u.lia, the counter is cleared (all sutputs = 0). Praseid Shaka Next S Clock % " i .
Pu!_se. 3 2 1 0
* On each clock , bits shift to the right. | Qw1 O oo Q@ Qp G [ Qi Qp oo @ Q) Q
50 Pl Bk ki rgh Initial 0 0 0 0
* The complement of the last flpflop output | O O - 0 0 010 0 ? 8 2 w | a9 | 0| @ 1
is fed back to the first flip-flop. B B & 0 1|0 W g a9 d | 0 o | 1 1
g 0. DL TR A @ o 1
L] ﬁf{:er 2N elock Pu].sa.s, the sequence = 8 1 1 1
i 0 1 4 1| ©® 0 « g E 4 bth 1 1 1 0
rnFenJ:s.
. - . . - - . . - - . - Sth 1 1 O 0
® Tt has 2N states.
i O U A (N ¢ N (- (- - L 0 etk : P : 0
Fth 0 0 0 0
¢ Example: For N = &4, total states = ON = 8. T RS I T (TR [
8h | 0 | 0 | 0 |0 (repead)
Total States = 2N
* Waveform Diagram (Example: 4-bit Johnson Counter) !H;---]-(_“_P;-_ ----------------------- !
s e ! e ints i
Jt IRalESBeeLs |
Assume Initial State: Qa QE Q‘ Qo = 0000 : o Johnson counter uses N fllp-f[ops, :
0 1 2 3 4 5 6 T8 | o It has 2N states. :
ek [ LT L LD L L L L L LTme | o The complament of the last fip-flop output |
Q, J—|_ i ' i is fed back to the first flip—flop. i
! | i : o It is self-starting. :
G 1 1 [ e | o It is widely used in frequency division, !
1 | | i sequence generation, and control circuits. E
\ ]
o - - -
N S & .. S | 1 e ol 0L O R 1Y s * Comparison with Ring Counter
Decoded Ou.tpui'.s —~
YE | | | (_ Feature Rl'.rl.g Counter (N:1) Johnson Counter (2N:1)
s | Number of States N 2N
Y, | | i Feedback Lk Qs P D, | Doplament of Loel G
to First D
Y, I i :
Self-Starting No Yes
TP Sl e RS A AR e N N K Tonstacd 6
I At any time, either all outputs are O, or the outputs contain i State Sequence One-hat i 2 4 1’m2 5
| 4 " | Toup 3 5
| o.aroupofis_fnllowed bHaﬁmuP of [0 i L g,

p
L ]
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Registers in Digital Electronics { s

3 o Logic Circuits

% Definition : % Circuit Diagram (4-bit Register) :

* Key Points :

A register is a group of flip-flops
used to store and temporarily hold

® A register is a collection of flip-flops.
® Each flip-flop stores one binary bit (0 or 1).

® Registers are used for data storage

1
|
I
I
]
I
® Data can be shifted left or right in shift :
I
E
|
|
I
|
|

binary data.

an n-bit register requires n flip-flops.

____________________________________

, A 4-bit register uses 4 flip-flops to store 4 bits
l of data (Qs, Q2, Q1, Qo).

S o e Em mm mm mm o m mm Em m Em Em Em R R e Em Em Em Em e R = Em =

Y Example :
A 4-bit register can store 4 binary bits :

10N 1T
It uses 4 flip-flops, with each flip-flotp

Since each flip-flop can store 1 bit, |

and data transfer.

registers. storing one bit :
® Registers are important building blocks
of digital systems, CPUs, counters and 1 0 ! !
memory circuits. FF3 FF2 FF1 FFO
_______________________________________ ) T e S O e T e o e B i e S |
* ies of Rggl sters : ¢ pes with Diagram
Common types include : L | 1. SISO | . [ 2. SfPO Parallel

i
I
|
]
I
|
|
|
I
I

() (5150 (Serial-In Serial-Out)

(2) (sIPO  (Serial-In Parallel-Out)

I

|

|

I

|

|

1

|

|

. Syl !
(3) [ P1SO  (Parallel-In Serial-Out) | !
o) | |

I

I

I

I

i

Qut

- Data enters and exits serially.

FF3 FF2  FF1

i i
I I :
I ! I
| I
i
I I
| Serial 5 Serml: ! f/ i—’/ ‘( I :
|[ I"_' . Out 1 SE'I:QL_.DQ_.D al-|p a|-[p @] !
| ‘ I
I | I
I : |
I : |

- Data enters serially, exits in parallel. :
|
- l - A
|
Pcrallel ] | Parallel Parallel
|
|
|

L 1
iasEis e il

FF3 FF2 FF1 FFO FF3 FF2 FF1 FFO

- Data enters in parallel, exits serially.

(@) [ PIPO  (Porallel-In Parallel-Out)
- Data enters and exits in po.ro.{lel

B P e iy e o S Rt O e e

e e e e e e e e e e e ==

o Used in data storage and transfer.

A register is a group of flip-flops

e Used in CPUs, microcontrollers and microprocesors.

I
| I
1 |
o that stores binary information.
e Used in counters, shift registers and memory circuits. (L
|
-
|

| Register = n flip-flops = n biQ

o e e = = e e e e mm mm mm mm mm e = o

e Helps in temporary data holding and synchronization.

For Detailed Notes, Visit www.polynoteshub.co.in




Serial In Serial Out (SISO) Shift Register ( squenta
Operation with Circuit Diagram Logic Circuits

L 2

% Concept : % Circuit Diagram :
o A Serial In Serial Out (SISO) shift !

register takes input data in serial
form and provides output data
in serial form.

Seril Tput Serial
Output
(1) I—DD Q » D Q » D Q » D Q —»(50)

e It consists of a chain of flip-flops
(usually D flip-flops) connected

in series.

e With each clock pulse, the data
moves from one flip-flop to the next.

rHere, 4 D flip-flops are connected in series. The clock signal
| is common to all flip-flops.
I

e The data moves from left to right.
o The output is delayed by the number of flip-flops.

in the same order as it was applied.

% Operation: % Truth Table :

|' s i : {7 TR R T S e DA P Tl - A AL SN T e = S s SR

: @ {att:ulé?, all flip-flops are cleared : i | Clock Pulse | SI (Input) Qo Q1 ll Qz | Qz(SO)||

| g £a Via E. 1 :

: @ A serial input bit is applied to the first 1 : Lt : ! g . I

: flip-flop (FFO). .l 1 1 1 0 0 0 |

I 1 y = i

: @ On each clock pulse, the data moves one i : B 2 1) 0 & 0 1 _ 0 0 :

; stage to the right. : ! 3 1 1 0 1 0 :

: @ After 4 clock pulses, the first input bit ll : 4 1 1 1 0 1 i

| t the output (SO) Pl '

: AEpeRs & P F o (Example: Input sequence = 1 0 1 1) :

| . . I 1 =-— - = ]
l .| LT e e e e e e e e

| @ The next bits follow in the same manner ST VAN 7 g Ly

: @ Thus, the data is shifted out serially \ e The output appears after 4 clock pulses (for 4-bit register).

| I

| I

| I

Timing Diagram / Waveform : S R EFIVAEW S W oo ,
t _____ g____g ___________ f_ _______________________ R Key Points :
CLK _I_—l l| | 1I ] | | | ! e SISO means Serial In Serial Out.
SI 1 e 1 H 1 ! . 7.4
(Input) 2 { If - i _— o Consists of n D flip-flops.

¢ Data moves from left to right

l :
| 1
I |
I 1
: Qo |
' fF) — 1 L= o — —__
| QL | [~ =] [ :
1 (FFL) — |
I |
I |
: :
| 1
I 1
I 1
I 1
I |

with each clock pulse.

e QOutput is available after n clock pulses.

|
I
I
|
|
|
|
I
1
I
|
1
1
1
1
1
I
1
|
1
I
|
i

|
o L R A ¥
(FF2) I : , , e Used in serial data transmission,
Q3 SSO) ' i E 0 IIT‘—L» data storage and conversion.
(FF3 : .' | :
Clock Pulse No. I : 3 | 4 [|[— |
i N N T e D L Sl o W TRt e, R e e
% Summary :
Feature Description
Full Form Serial In Serial Out (SISO) Shift Register
Flip-flops used n D flip-flops (in series)
Input Serial input (SI)
Output Serial output (S0)
Data movement Left to right (with clock pulses)
Clocking Commen clock for all flip-flops
[ 3
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Serial In Parallel Out (SIPO) Shift Register ( sSequential

(in parallel).

: Here, 4 D flip-flops are connected in series.

|
i The Q outputs give parallel data, and the output can also be taken ;
' from the last flip-flop for serial output (optional). :

Operation with Circuit Diagram Logic Circuits
3 ®

% Concept : * Circuit Diagram :

o A Serial In Parallel Out (SIPO) shift | Serial g:;iﬁlt:
register takes input data in serial form I: IPSPIu)t —oial—.[oel .ol .5 Q-—p(s%s
and provides output data in parallel form. | :

! I

o It consists of a chain of flip-flops ! ek s s S !

(usually D flip-flops) connected in series. i i i EF2 e :
CLK—= : . I

o After n clock pulses, the data appears I ' : :

at all the output lines simultaneously Q; Q3 ) i

I

1

i

:

! Qo Q1
; (Parallel Out)  (Parallel Out)  (Parallel Out)  (Parallel Out
:

I

I

I

I

* Operation :

Initially, all flip-flops are cleared
Q= 0).

. |

E A serial input bit is applied to the E :.- i _C_lu;c_k ______ S _I____-_ T EJ.?_ - :Q_-l_ — ___Q_z_ S (_13_ = E
: first flip-flop (FFO). ! || Pulse (Input) (FFO) (FF1) (FF2) | (FF3) ||
E On each clock pulss:', the data moves E i il | ¥ 0 0 0 | 0 :[
i one stage to the right. E 1: 1 1 A 0 0 | 0 i
| After 4 clock pulses (for 4-bit regtsfcer),: ! 2 0 0 1 0 ‘ 0 |
! the data appears at all the output lines! !} | | .
| simultaneously, (Qo, Qi, Qa, Q3). L 3 1 1 0 1 0 !
: ' O | (i :
) The output can also be taken from the | ! 4 = 1 1 ! : v L : =
: last flip-flop as serial output (SO). | ! (Example: Input sequence = 1 0 1 1) |
1 L I

______________________________________________

Hming Diagram / Waweforms = sommesdescdetomeostenssootessse. v
*_____9____9____/ _____ f ____________________ 2 * Key Points : !
1 1 | 1
: CLK _r'-|| Fl ¥—| lr’-l f_l —» | | ® SIPO means Serial In Parallel Out. :
E (I:plut) '| | 0 4 i i 1 S Input is serial, output is parallel. :

I I 1 )
' Qo BN i | II E E e Consists of n D flip-flops. E
: (EEO) I —_ll—ii i 1 e Data moves from left to right with !
E (FF1) :l | | ! ot each clock pulse. ;

L
: (%%2) : : _||—|L— ' | e After n clock pulses, the data is :
: Q3 | i ! l L available at all output lines simultaneauslg‘:
] | | F 3 1
3D ! | | ! | | e Used in data transmission, ADC, DAC, !
,_C_I.o_cl: _P‘ils_e_Nf; oy _1_ i _2_ Py :i 1o e _"f N : | memory systems, and communication |
* Summary : e o B :
: Feature Descnﬂm;t __ ___ =k i _‘:
; Full Form Serial In Parallel Out (SIPO) Shift Register ;
i Flip-flops used n D flip-flops (in series) :
f Input Serial input (SI) :
! OQutput Parallel output (Qo, Q1, Qz, ..., Qn-1) N - ;
! Da‘tq. _mc-\ie_ment Lef‘l: to right (with clock pulses) - ol :
: Clocking an - Ecil_nmon_ clock for all flip-flops ) el e i, :
® —
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Parallel In Serial Out (PISO) Shift Register ( sequenti

" Operation with Circuit Diagram Logic Circuits
&
% Concept : % Circuit Diagram :

e A Parallel In Serial Out (PISO) shift
register takes input data in parallel

=
Parallel p, Dy |

form and provides output data

in serial form.

Inputs |
Serial |
l Output!
L 1 4 3 (50) !
® It consists of a chain of flip-flops b Q D Q D QD @ 2
D> CLK P> CLK P> CLK b CLK

:
I
I
I
|
I
i |
(usually D flip-flops) with a common i J:
Mod
clock. e D ‘ FF3 |7 FF2 |7 FF1 [ FFO i
e The data loaded in parallel is shifted L CLK . !
I
: :
I |
I 1
| |
I

v

out one bit at a time after a control

signal is applied.

B e e T e i o o T ol T o I A 3
I

! When Mode = 0 — Parallel Load (data enters in parallel).
| When Mode = 1 —  Shift (data shifts out serially).

% Operation : T ST e te A R S R T s :
T + % Truth Table :
| @ Initially, Mode = 0 (Parallel Load). 1, - o oo e e i i q.,
: d 1| Clock Parallel Input Serial Output ||
: On the first clock pulse, the parallel !, | pcp Mode Ds | D Ds Do (50) !
| |
: input data (D3, Dz, D1, Do) is loaded | — | !
; : p i | Initial - QB Q Qs Qo = I
! into the flip-flops. L . 5 B 5 5 3 |
1 I 3 2 1 0 o :
: Then, Mode is changed to 1 (Shift). ! '
® ¥ N T P I BT U Ay |
I . . 1 — T |
E @ With ecfc'h clock Euls?,hthe data shifts il _3 r 1 : - - - = D, |
i one position to the right. i E 4 1 & | 3 3 £ Dy :
! The last bit (Do) appears at the serial | | 5 1 - - = = Do !
] 1 |
! output (SO) after 4 clock pulses. '1 (Example: Parallel input = 1 0 1 1 — Serial output = 1 0 11) |
e i S e e e o s s B i, . .. 0 . A . S ., s i .l i . A . -
% Timing Diagram / Waveform : -"‘*"‘I‘(‘ SRR A
e -TImmTemmmmImeesmmomSmomsooeoooeee- . + Yr_Key Points :
L A e A AT i i
e [ B | B [ [ Tne. |tk P10 _ |
I I I 1 ' | & Consists of n D flip-flops. I
| Mode 0 ' > | . :
: || ! ! i 1+ ® Parallel data is loaded when Mode = 0.
1 ] i
! D3 _ 1 — i .. ! | e Data shifts right when Mode = 1 E
D2 0 : i i E (using clock pulses). :
E D1 188 : ‘! i i o S?rial. output appears at the last i
' Do { : . . | flip-flop (Qu). i
: ! : : : 1 | ® Widely used in data transmission, [
' SO 5 LT #FELh 3 T ADC, DAC, memory systems and !
T ey Al o R aE NSRS T e g e g ) i communication systems. :
RSUMmargizil Tt RS . R 0 20 SRS d U RE e T R SR T T e i
ir Feature _' Description B -1
: Full Form Parallel In Serial Out (PISO) Shift Register !
: Flip-flops used nD ﬂip-.flops (i_r.n series) ey - :
; Input Parallel input (D3, D2, Di, Do) ;
: OQutput Serial output (S0) :
: Data movement B | Ri_ght shift (after Loud.'irgg) e = o g . :
IL Clocking | Common clock for all flip-flops 4
e e e e e e e e e e e J
L -8
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Parallel In Parallel Out (PIPO) Shift Register (s

Operation with Circuit Diagram tage Qradf
° ’ 2
% Concept : % Circuit Diagram :
e A Parallel In Parallel Out (PIPO) _P- “liwl Puralletl
shift register takes input data Iamte a9 D o ko e
. . nputs Q Q@ Q Qo
in parallel form and provides ‘
output data in parallel form.
o It consists of a chain of flip-flops R

in parallel.

o All flip-flops receive the same
clock pulse simultaneously.

— CLK > CLK > CLK > CLK
FF3 j7 FF2 |7 FF1 [_ FFO
CLK . . .

All flip-flops are connected in parallel and receive the same
clock pulse. The input data is given in parallel and the output
is obtained in parallel.

e The data is transferred from input

|

1

1

|

(usually D flip-flops) connected |
1

|

|

|

1

I

|

1

to output without shifting. :
|

% Operation: % Truth Table :

E @ %gltialé?, all flip-flops are cleared E ‘: C[cck t _in;d:_ (Paro.l!el.) —O_u tp_ut_EP;ralhl) i
| i T A T2
| @ The parallel input data (D3, D2, D1, Do) | || 2 _e s D?j P ST O
i is applied to the respective flip-flops. | || Initial 2l Vs . Al S T
i @ On each clock pulse, all flip-flops E i 1 1 0 1 1 1 oLt E
| load the input data simultaneously. ' | L 0 1 0 1 L I Rl ¢
: @ The same data appears at the output E i 3 Tt 1 0 1 1 L0 I:
! (Q3, Q2, Qs, Qo). il 4 EREALYRAEIRAET:
E @ The data remains at the output until E E (Example Input sequence changes at each clock pulse) i

the next clock pulse with new data. ' “-cc oo oomm . x

e PIPO means Parallel In Parallel Out.

o Widely used in data storage, microprocessors,
registers and memory systems.

E CLK ' l |_! I_\ |’_l | |I 3 EE e Consists of n D flip-flops. E
: 3 R TRE 7 i S Al flip-flops receive the same clock pulse. 1
| I 0 0 ' | |

D3 I A : E . o Parallel data is loaded when clock pulse 'l
D2 m 0 1 I g is applied. !
D1 1 i. 0 1 1 i E e Qutput is available at the same time {
" o as input (no shifting). t

3 :

i ]

[ ’|

i 0 | 1 0 A T el e e ms e e W0 L
Q — =@ = ! *

! ! ! ; i ummar
, 0 [ 0 | ; _‘T.T?.T.H:'.'. ______________________
Qz | 1 | | 1 1 (Output | == - i
| | | | $follows | ! Feature _Descrlptton !
Q 1 l 0 | 1 1 l input) 1 1| Full Form Parallel In Parallel Out (PIPO) Shift Register |
: ! | i : : Flip-flops used | n D flip-flops (in parallel) :
QO 1 | 1 —I 0 0 : : : Input Parallel input (D3, D2, D1, Do) :
______________ bl o N TR R AT e S e Ak Parallel output (Q3, Q2, Q1, Qo) |
:1 Data movement | No shifting (direct transfer) II
| Clocking Common clock for all flip-flops ’|
o —8
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