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CoMBINATIONIAL LOGIC CIRCUITS

= hen locarc, cﬂat&s are. connected —tocd(ther ) Iomaﬂucr: a

Specified potput or Certain specified combinations of input
vanables | with No storage involved, the r@sutﬁﬂa Circuit s

catled "combinational thal‘C-

- p combinatonal fu%u: Circait is c Clrcutt ohoge c)Lrtput
vale clepends tipon Ahe  present input \atue -
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b A number of (Tip-lops may be connected in a part; '
At iy, One (lip-flop can countup 1o 2 pulses; two f]'p"fr': loular fashian to count the pulses

" ".‘-"“‘ . . el ~ ! ATy ( I ]" (, )S ] . F: ey
Wy ﬂlp-nnp.\hlnUJUI“ up 10 2V pulses, In asimple cL Ps can count up fo 22 = 4 pulses.
W e The clock pulses are applied to the first f1i lflfllcr. all the flip-flops are connected

et L CONNEe st thp-Mop and the clock -
- s connecte \ . ¢ clock termin:
B tip-lop 18 1’L1le. lolhu%nulpul ol the previous fip-fop. Feedback m Ih il of c:;cg
‘ sount required 18 no o} ' - ack may be provide
ount 1e( is not 2%, Flip-flops may be used (¢ ybep
! y count up or down or up/down.

S;,"::..\‘}t.a\l!lllH]! C
I s 0. 600 6.67. 6.68, 6.69, etc. illustrate the use of flip-flops for counting

BT Flin-flops .
e e et s o e
e QUPFRE s s > input frequency by 2. Two flip-flops m:
:\ (he inl‘_‘“ frequency by 4.In gcncmll, N Mlip-fops m“)’ybcyuscd (o di\:ipdf? &T!?{Hl ?::::;f:(rllct;
LN flip-flops are conneeted as a ripple counter (a counter in which the external signal is
} o the clock terminal of the first flip-flop and the Q output of cach flip-flop is Conr;cctcd :(I,
: Jock input of next flip-flop) and if the input signal of frequency fis fed to the fi st flip-flop, the
put of this flip-flop will be of frequency f/2, the output of the second flip-flop will be of -frequéncy

o, and so on.
65a and the waveforms in Figure 6.65b (also Figures 6.66a and 6.66b) illustrate the

Figure 0.
sz of flip-flops for frequency division.

52 SHIFT REGISTERS

arallel form or in serial form. Multi-b
(accessible) simultaneously. Th

it data is said to be in parallel form
e data is said to be in serial form

one after the other, in time) at a single terminal. Data may
serial form. Paralle] data transfer is the simultaneous
o another. Serial data transfer is the fransmission
other. Serial data must be transmitted under the
the means to specify the time at which each

Ytz may be available in p
then all the bits are available
then the data bits appear sequentially (
o be transferred in parallel form or in
rnsmission of all bits of data from oné device t
of one bit of data at a time from one device to an
ynchronization of a clock, since the clock provides

12w bit is sampled.
~ Asa flip-flop (FF) can store on it is referred to as a single-bit
cgister. When more bits of data are to be stored, a number of FFs are used. A register is a set of FFs
lsed 10 store binary data. The storage capacity of a register is the number of bits (s and 0s) of
lngna! data it can retain. Loading a register means setting or resetting the individual FFs, i.e.
i‘gau;mg data into the register so that their states corres.pond to the b.its of data to be stored.
:Onnlrllg may be serial or parallel. In serial loading, data is tran§fcned into the register in seri.al
i Lllef one bit at a time, whereas in parallel Ioad.mg, the data is transferred into lr!e register in
orm meaning that all the FFs are n-iggercd into their new states at the same time. Parallel

a :
PUrequires that the SET and/or RESET controls of every FF be accessible.
al form or in parallel form. Serial output means that

A reojc . :
register may output data either in Sef’ : :
bit at a time serially. Parallel output means that the

' e dagg ;
Nire dais transferred out of the register, 0N¢
lime, dstored in the register is available in parallel form, and can be transferred out at the same

ly one bit of data,a Oora I,

rs. They are used basically

ts closely related to counte
hift register and a

Shi , i :
it ¢ :[2 fegisters are a type of Jogic circul
Slorage and transfer of digital data. The basic difference between a s
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counter is that, a shift register has no specified sequence of states except jn ¢
applications, whereas a counter has a spccii’i(l:d sequence of states. }_.%cia‘-
A shift register is a very important digital building block. It has innumerablez-:_:;j :
Registers are often used to momentarily store binary. information appearip aidh lh@app icalir]r
encoding matrix. A register might be used to accept input d.ala from an alphanm'n eri Log ; _
and then present the data at the input of a microprocessor chip. Similarly, shift regist fr ’1‘
used to momentarily store binary data at the output of a decoder. A shift Tegiﬁeriéii? e o,
basis for some very important arithmetic operations. For exampl] :

L At e 5 e, thg_o'pg;‘.l’.i’ms
complementation, multiplication, and division are frequently implemente(

ertain o,

by meaﬁs";;‘ ot Uﬂs if
A shift register can also be connected to form a number of different types of mﬁfgeg%
counters offer some very distinct advantages. ol }:; . The,
6.2.1 Buffer Register -.i f’f
. - - . . f _J-'. ;_'
Some registers do nothing more than storing a binary word. The buffer register is the si;

registers. It simply stores the binary word. The buffer may be a controlled buffer.{msz;‘“
buffer registers use D flip-flops. e 01 e

Figure 6.51 shows a 4-bit buffer register. The binary word to be stored is applit'a‘ﬂ_':';smedﬂ2
terminals. On the application of clock pulse, the output word becomes the same o

; LA ) . : as the word app;
at the input terminals, i.e. the input word is loaded into the register by the application of g
pulse. . o iR
X#L X,9 xsv[_ Ix;L oliain
D“ Q'l [ L Dz 02 [ Ds Qa e D4 Q‘ as tal ta :
P FF, > FF, > FF, > FF, |
CLK
O -

Figure 6.51 Logic diagram of a 4-bit buffer register.
When the positive clock edge arrives, the stored word becomes:
Q4Q3Q2Q1 = X4X3X2Xl
. - - Q = X
This circuit is too primitive to be of any use. What it needs

: is some control over
some way of holding them off untj] we are ready to store them o

or 2

6.2.2 Controlled Buffer Register

uffe i cr R SE
output becomes, Q = 0000, rregister. If CLR goes LOW, all the FFs arc 1

LOASViZe;Ig;Rﬂi]S HIGH: the register g ready for action. LOAD is the contro
, the datz.l bits X canp reach the p inputs of FFs. At the positive-
next clock pulse, the register is loaded, j ¢ ; ;i A
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X4

LO:‘D

o D,
FF,

D,

DS
FFa

Q,

> FF,

Figure 6.52 Logic diagram of

o LOAD is L
This forces each flip-flop ou

each clock pulse armve
e clock pulses.

Whe
S.

ssion in shift Registe

ed together such t,hat,d

ta may be shift

four basic types of
ara

£.2.3 Data Transmi

4qumber of FFs connecl
alled a shif register Da

purallel form. So, there arc
i parallel-in, serial-out; and paralle]-in,' P

sillsstrated in Figure 6.53. All of these €0
L8] circuits. Data may be rotated left or righ
ivillie. in a bidirectional way: Also, data may
nd shified out serially (in either way) or; in parzi

llel

Serial
.da!a
input

(a) Serial-in, serial-out, A
ift register

shift-right, sh

Serial
_data —
Input

L >

e

I R -
Parallel data out t)
(c) Serial-i i
) Serial-in, parallel out, shift register

Figure 6.53 ' Data trans

.

OW, the X bits cannot rle
tput

Longer buffer regis

g e fof
ed into
f shift registers: S€

nfiguration
t. Data may

a 4-bit controlled buffer register.

time, the inverted signal
input. Therefore, data is
ts of the register remain
dding more FFs.

ach the FFs. At the same
to feed back to its data

words, the conten

1In other
ters can be built by a

rs- i
d shifted out of them 1S
al form or in
out; serial-in, parallel-
fting in these registers
ailable as TTL MSU/
or right 10 left

yorin parallel

an

may be shifted into
ither in seri

e register €l
rial-in, serial-
ss of data shi
mercially av
from left to right
r way

ata
or out of th

~out. The proce
s are com
be shifted
be shifted in serially (in eithe
llel.

Serial
data

Serial
input

data

(b) Serial-in, serial-out,
shift-left, shift register

Parallel data input

i

parallel data out
(d) Parallel-in, parallel-out,

put
shift register

fer in registers (Contd.)
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Parallel data input

.

I 4.4 4

Serial in S il willa — out
data g
— —1 _.'Du‘pu‘ oul - - - <+—in

(f éeﬁal-fn. serial-out, shift-left,
shift-right, (bidirectional) shift register

(e) Parallel-in, serial-out,
shift register

Ty U

(g) Rotate-right shift register (h) Rotate-left shift register
Figure 6.53 Data transfer in registers.

6.2.4 Serial-in, Serial-out, Shift Register

This type of shift register accepts data serially, i.e. one bit at a time, and also outputs daty
serially. i . . )
The logic diagram of a 4-bit serial-in, serial-out, shift-right, Shlft‘ register is shown i
Figure 6.54. With four stages, i.e. four FFs, the register can store upto four bits of data. Seria] data
is applied at the D input of the first FE. The Q output of the first FF is connected to the D input of
the second FF, the Q output of the second FF is connected to the D input of the third FF and the Q
output of the third FF is connected to the D input of the fourth FF. The data is outputted from the
Q terminal of the last FF.
When serial data is transferred into a register, each new bit is clocked into the first FF at the
positive-going edge of each clock pulse. The bit that was previously stored by the first FF is

transferred to the second FF. The bit that was stored by the second FF is transferred to the third FF,
and so on. The bit that was stored by the last FF is shifted out.

Serial inputo———D, q, Dy @ D, Q, D, Q, | Serial output
> FFy > FF, > FlF:3 > FF,
CLK
Oo— = & i

Figure 6.54 4-bit serial-in, serial-out, shift-right, shift register.

A shift regis?er can also be constructed using J-K FFs or S-R FFs as shown in Figures 6.553
and 6.55b, respectively. The data is applied at the J(S) input of the first FF. The complement of this

is fed to the K(R) terminal of the first FF, The Q output of the first FF is connected to J(S) input of

the second FF, the Q output of the second FF (g J(S) input of the third FF, and so on. Also, Q; 18
connected to K, (R,), Q, is connected to K, (R,), and so on. :
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> »

il input
efi U Q, J, Q, 5 20 J a
3 4 e

2 1
FF
r R |‘0> FF, |-c:- FFy > FFy
K Q K B - -
1 1 2 02 Ka Qa K‘ o‘_
Og‘[ﬁ__/_"_

- -—-_-_-_-_-

gerial input
81 Q‘ ' 52 02 Sa Qa 1 s‘ 0‘ ="
> FF, I'G> FF, [-C> FFg > FFy
H1 01 Hz 62 Ha 63 H4 a-‘ T
[T e g |

ik

(b) Using S-R FFs
Figure 6.55 A 4-bit serial-in, ser_ial-out, shift register.
Figure 6.56 shows the logic diagrams of a 4-bit serial-in, serial-out, shift-left, shift register-
Serial input

(b) Logic diagram
-out, shift-

left, shift register.

Figure 6.56 A 4-bit serial-in, serial

hift Register

and the logic
ta bits are ente

-bit serial-in, parallel-out, shift

6121 i
5 Ser]al-ln, Fal’aliEI’out; S
but the data stored

Fi

“:giuszzrﬁi” shows the logic diagram Sy“.“b()l L :

nihe n thls-[ype of register, the dal red into the register serially,
0eglslcr is shifted out in pﬂra“ei form. . 54 i i

availah]::ce, the data bits are stored, 2l bit ap pears o & resl?ectlvc oup oo a0 2 il i

Pary iel-{,s'mUI}aneousw’ rather than on @ blt—by-plt basis as with the serial output. The ssenal-m,

i ut, shift register can be used as a serial-in, serial-out, shift register if the output 15 taken

rUl'n thc Q ) )
erminal of the last FF.
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i< PR T D, Op T D, Q.——b, Qq,
> FF| > FFQ > FFS > FF.;
CLK
O- FN & g
(a) Logic diagram
Data input
SRG4
CLK — l |
Qa Qg Qc Qp
(b) Logic symbol
Figure 6.57 A 4-bit serial-in, parallel-out, shift register.

6.2.6 Parallel-in, Serial-out, Shift Register
For a parallel-in, serial-out, shift register, the data bits are entered simultaneously into thEiI‘l‘BSp&clive

stages on parallel lines, rather than on a bit-by-bit basis on one line as with
the data bits are transferred out of the register serially, i.e. on a bit-by-bit basis over a single line.

Figure 6.58 illustrates a 4-bit parallel-in, serial-out, shift register using D FFs. There are foyr
data lines A, B, C, and D through which the data is entered into the r

egister in parallel form. The
signal Shift LOAD allows (a) the data to be e

ntered in parallel form into the register and (b) the
data to be shifted out serially from terminal Q,.

serial data inputs, py

== v 1 QA oB (o}
Shift/Load < D
DT [_x -—.— ————
G4 (G Gs| |G, Gs) |G,
D1 Ql Dz O2

> FF, > FF, FF, L FF,
CLK ' l_
&

(a) Logic diagram

Shift/Load |

/

(b) Logic symbol
Figure 6.58 A 4-bit parallgl-in, serial-out, shift register.
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.
ar W aates

f(/LOAD line i
when shift/L ine is HIGH, gates G,, G,, and G, are disabled, but gates G, G, and Gg

. allowing the data bits o shift-right from one stage to the next. When Shift/ LOAD i

g Gy, Os o G.ﬁ are disabled, whereas gates G,, G,,, and G -are enai:!cll al;nwin :;z

put 10 appear at bl g ?f the respective FFs. W!;cn ;'clock 3ul‘;e is applied Lhesegdata
ifted to.lhe Q output terminals of the FFs and, therefore, data il: iﬁ ullefi7 Ii)n on'e ';tt; The

s either the normal shifting operation or the parallél data ;:nlrl; depending I;Jﬂ E.;hich

‘H;lh]

sl

datd n

pits & e sh

OR gat€ allow
¢ enabled by the level on the Shift/ LOAD input.

AND E_raics ar

Parallel-out, Shift Register

in, parallel-out, shift register, the data is entered into the registe
aken out of the register in parallel form. Immediately following the simultane
bits, the bits appear on the parallel outputs.

l-out, shift register using D FFs. Data is applied
is applied, at the positive-going edge of
ster now stores the data.

627 parallel-in;
r in parallel form, and

jpa parallel
ous

Jlso the dat s

entry of all data y
" Figure 6.59 shows a 4-bit parallel-in, paralle

D input terminals of the FFs. When a clock pulse

Jlse, the D inputs are shifted into the Q outputs of the FFs. The regi

to the
usly for shifting out in parallel form.

that p _ 5 :
The stored data 18 available instantan€o
oA : B, 'oC oD
— Q D Q- p aH P Q-
—> w3 p S —
_ . =
CLK QR
! -I -
ba, ) Q0g 6Qg oQp
Figure 6.59 Logic diagf&im of a 4-bit parallel-in, parallel-out, shift register.
62.8 Bidirectional Shift Register
Abidirectional shift register is one in which the data bits can be shifted from left to right o from
fight to left. _ | | r.
f a 4-bit serial-in, serial-out, bidirectional (shift-left,

m o
mode signal.

is a 0, it works a
and two AND gates an

When Right/Left is a 1, the logic circuit

s a shift-left shift register.
d one OR

Figure 6.60 shows the logic diagra
hifl-right) shift register. Right/Left i the mOCe 72~
~orks s a shift-right shift register When Right/Left ,
gaé?ldmc“oml operation is achieved by using the mode signal

or each stage as shown in Figure 6.60. Wil
A HIGH on the Righ,/f;ﬁ control input enables the AND gates G,, G Gs and G and
les the AND oates G... G, G, and Gg’ and the state of Q output of each FF is passed through

© pate gates Gs, Gg> D7 * .7 s are then
Iy o the D input of the following FE. When a clock pulse occurs,
Ceyy — ]

“Uvely shifted one place to the right. ALOW on the Right/Left control input end

the data bit
bles the AND

disfib
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vand G, and the
gates G, G, G,, and Gy and disables the AND gates G, Cliz.i}j ok Ucdcum s (glout:?ul uf%h
FF is passed to the D input of the preceding FE. When a clock puls curs, tf  bits
s he circuit works as a bidirectional Shift rags.. N
cffectively shified one place to the left. Hence, the € e

D,.o—
Righﬂalto—@c— - *
Gi G5 G?
Dt 01 :)3 Foa i
l—> FF, l’ FF,
CLKo * =

Figure 6.60 Logic diagram of a 4-bit bidirectional shift register.

~6.2.9 Universal Shift Registers

A register capable of shifting in one direction only is a unidirectional shift register. One that cap
shift in both directions is a bidirectional shift register. If the register has both shifts and paralle]
load capabilities, it is referred to as a universal shift register. So a universal shift register is a

bidirectional register, whose input can be either in serial form or in parallel form and whose output
. - - +
also can be either in serial form or in parallel form.

The most general shift register has the following capabilities:

1. A clear control to clear the register to 0.

2. A clock input to synchronize the operations.

3. A shift-right control to enable the shift-ri
associated with the shift-right.

4. A shift-left control to enable the shift
associated with the shift-left.

5. A parallel load control to enabl
the parallel transfer.

6. n parallel output lines,

)

- A control state that leaves (he information in the register unchanged in the presence of
the clock. ; :

ght operation and serial input and output lines
-left operation and the serial input and output lines

¢ a parallel transfer and the n input lines associated with

. z -0l
=00, input 1 is selected when S,S; =
i i 1°0 » 1INp 170
and input 2 is selected whe[l $,S,=10ang input 3 is selected when S.S. = 11. The selection inputs
control the mode of operation of the regist 1°0

1 f th _&leraccording to the function entries in Table 6.9: Wl?sz
§,5, = 0, the present value of the register 'S applied to the D inputs of flip-flops. This con(_i_lu
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-om the output of ¢ : .
ach flip-flop into the input of the same flip-flop. Th o
) . The next cloc

g i P .
o™ " fers iNtO cach flip-flop the bi
y (AN ; p the binary value it held :
" o1, terminal 1 of the multi uc it held previously, and no chan
Itiplexer inputs have a path to the P inputqgfr? :hscmftlt:pmf;: ﬂ:.
=F1ops.

A1

;\'leh“'ﬁ 0. 4 shift-right operati '

This ":I“;L: <hift-left operation r:::r:n with the serial input transferred into flip-flop FFy. W

5% :-.I[q. _ 11. the binary infom; 2 with the other serial input going into fli 4 ﬂ: pFF Fi iy
=1 ation on the parallel input lines is transfcrrz intF:) thgrﬂgi:g

R I
hen 1 0 ;
s}ml”w"cm.s]y during the next clock edge.
§
Parallel outputs
: N

=
&

Clear FF. F
C 4 8 I—G E Fa 5 J—< c FF, j ’ FF,
. A D i D

CLK
51————-*,_2}:1 > 4x1 4x1 4x1
IS ' MUX, "| MUX, *| MUX
0 3210 »3 210 _ —>3 2 1 > 1
7 0 3210
[ | [l
15 ) -
Serial — 2z
input _for a Serial
shift-right g‘rﬂ?:lfeof:
L L I I,
Figure 6.61 4-bit universal shift register.
Table 6.9 Function table for the register of Figure 6.61
Mode control |
S, S Register operation
0 0 No change
0 il Shift right
1 0 Shift left
1 1 Parallel load
<10
Dynamic Shift Registers =
ed till now are called static shift registers, because each one
bit indefinitely. So,

All the p: o

Uflhe?;::]? registers we have discuss

Once 'Uadegry elements (i.e. FFs) used I,

ICister st ; lhe. contents of each element of th
» Slorage is accomplished by continually s

d to build the register can retain the data
e register remain the same. In a dynamic shift
hifting the bits from one stage to the next and
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P

w-cil'Cttlzlti|1g the output of the last stage into the first stage. Th? data CﬂﬂlinUaIly cifCUlatcs
the register under the control of a clock. To obtain output, a .?Cflﬂf output terming| Must Tougy
at a specific clock pulse; otherwise, the sequence of bits will not -corrc:‘ipond to the data :tc%‘!d

For example, if a 32-bit word is circulating lhrough a 32-bit fegister; serial gy
given at multiples of 32 clock pulses. To store new data in such a register, the re.
between the last stage and the first stage is intercepted and the new data is Joadeq
first stage. )

Since each stage of a dynamic shift register needs o retain a bit only for a time €qua] 1,
clock period, it is not necessary that each stage of the shift register be an FF, [p Particulgr, d}‘na:?c
shift registers are constructed using dynamic inverters. The clock pulses cause bits to pe trangfor
from one inverter stage to the next, by transferring the charge stored on the inherep, Capacitanc,
the MOS devices. This design requires the use of a clock, having certain minimum ffﬁqnency?;
ensure that the capacitance does not fully discharge between the ‘refresh’ cycles. The maj
advantages of dynamic MOS registers are their small power consumption and simplicity, Whic
permits a very large number of stages to be fabricated on a single IC. Their disadvantage i that z]
data transfer must be in serial form, which is much slower than parallel data transfer.

Dynamic MOS registers are widely used as memory devices in digital systems thay Operate
on serial data. Because of their small power consumption and the inherent slowness of the seriy]
systems, they are used in applications where power consumption and physical size are more
important considerations than speed, such as in pocket calculators. In the context of memory
applications, loading a register is called writing into it and taking an output from it is called reading.

Figure 6.62 shows the logic diagram and the truth table for the 240] dual 1024-bit dynamic

N-MOS shift register. It has a write/re-circulate (W/R) control that is used to govern whether new
serial data is written (loaded) into the register or whether the existing data is re-circulated (stored)
by the register. When W/R is HIGH, AND gate 3 is enabled and the serial input is transferred
through it to the register. When W/R is LOW, AND gate 4 is enabled and a re-circulation path from
output to input is completed. Serial data appears at the output, regardless of the state of W/R. The
circuit also has two active-LOW chip-select inputs, labelled -C_Sx and ﬁy. Both CS, and E§, must
be LOW in order to read or write data, Note, however,

“Hout mu&l
CIrculagio, be

Serially imop::eh

that re-circulation is independent of CS.
and CS, and re-circulation is also independent of W/R if at least one of the chip-selects is HIGH.

+V

R,
Qutput

(i 1024-bit
Serial rnpu_t: shift —LCD__’ H_
W/Ro register =
Chip [CS, 0
select (“;§r

(a) Logic diagram

Figure 6.62 One-half of the 2401 ¢4 1024-bit dynamic NMOS shift register (Contd.)
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ime delays:
agopcralio
where it i
by 4 specific 1
clock pulses requ
Jled by @
[ practices
qumber of $
by taking the seria
output by any num
arangement sho

Gerial/Paralle

processing of data is much
reason, digital systems
data in parallel form. Whe
paralle] lines is costly and
form, since serial data transmi
serial data to parallel form,
converting parallel data 1o seria
- aA‘ssrial-%n, par-allcl-ou
Univef.dlrd!]?l-m’ senal—out, S
cﬂwe:ﬁ shift re_gl'stcr f:an be u.se
sown i:1012‘5. A bidirectional shift registel
igure 6.57 can be used for sera
Ilclato-serial conversion of

he
cou;:eizz iape of ring cOUME"
LR (g Slbiyo.b‘a'““’d from a serial
Lo, gy e D input of the first FF
COUngey m:fglster by connecting the
puts can be used as @ s€d

WA C5 3
I 5 ; ¥ Funetion
0 - Write
X 1 i Re-circutate
" 2 : Re-circulate
x 0 5 Re-circulate

Read
(b) Truth table

Figure 6.62 One-half of the 2401 dual 1024-bit dynamic NMOS shift regist
eqisier

applications of Shift Registers

In many digital systems, it is nece _
ns on other dsta have been completed, 0:igrsj;ln‘:ﬂ:;i};;:fhl;aat:if:;'los'f{{;[;unUl su; h tme
s processed with other data. A shift register can be used to delay the arriva?l z; ‘iu V::Iem
unsber of C]_Ock pulses, since the number of stages corgesponds 10 lh(; r:::ﬂc:dl;
ired to shift each bit completely through the r egister. The total time delay can ;x.

djusting the clock frequency and by prescribing the number of stages in the regIster.
s fixed and the total delay can be adjusted only By conuulli;:g the
rial-in, parallel-out register and
have the flexibility (o delay the
tages in the register. The

the clock frequency i
tages through which the data is passed. By using a sé
| output at any one of the intermediate stages, We
Ises equal to or less than the number of s

ber of clock pu
wn in Figure 6.59 can be used to delay the data by 4 clock pulses-
| data conversion: We know that data can be available either in serial form or in
1lel form is much faster than that in serial form. Similarly. the
ultaneously. For this

| form. Transfer of data in para
faster when all th
:n which speed is an impor

n Jarge data is 10 be transmi

impraclicablé.llt is convenient and econo
] one line. Shift registers are us

ssion requires only
that a serial input can be processed by a parallel sy
| form, so that parallel data can be transmitted serially.
er can be used to perform seriul-m-pamllel conversion,
can be used to perform pnrullel-m—serial conversion. A
rm both the serial-lo—parullel and parallel-lo-seriul data
of data. The arran gement

be used to reverse the order
onversion of & 4-bit data. The arrangement

q 4-bit data.

e data bits are available sim
tant consideration are designed [0 OpFAIE on
tted over long distances, rransmitting data on

mical to transmit data in senal
od for converting

stem and for

SO

t, shift regist
hift register
d to perfo

ister can
l—lo-parallcl c

Sh.owc 6.58 can be used for pard
unters: Ring counters are consmlcted by modifying the serial-in, serial-out. shift mgisle:'rs.
rs—basic ring counter and Johnson counter. The basic nng
er by connecting the Q output of the
erial

ut, shift regist
r can be obtained from
ut of the first FE. RIng

risa decimal

serial-0
. The Johnson counte
Q output of the last FF 10 the D inp

uence of synchronizing pulses. The ring counte

| ———
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counter. It is a divide-by-N counter, where N is the numbcr.nf stages, T!lc ke)’!ﬂoard TR
example of the application of a shift register used as a ring counter in Conjunction 'ﬁfm-har‘
devices. L ) i, ey
Ring counters are dealt with in detail lnlcr.m this chf;plcr only. F'gUres 6‘108;,,',&"
(Section 6.3.13) illustrate the use of the shift register as a ring counter. Figyreg 6.]]2-31“6-"!;

(Section 6.3.13) illustrate the use of the shift register as a twisted ring counter, _ 6.1y

Universal asynchronous receiver transmitter (UART):  Computers and micropy sor,
systems often send and receive data in a parallel format. Frcquc:.nl]y lhgsc systems mysy e
with external devices that send and/or receive serial data. An interfacing device used tq "nmnpr'{
% I8
these conversions is the UART. ' — ' Ompliy
A UART is a specially designed integrated circuit that contaips all

the registe,
" . . 5 an
synchronizing circuitry necessary to receive data in serial form and to conyert e

X .and tra.ﬂsm]‘[ il i]"

parallel form and vice versa. Figure 6.63 shows the use of UART as an Interfacing device.
Serial data Parallel
transfer data bus

\ UART <::> oy

Microprocessor
system
Figure 6.63 UART as an interfacing device.

'
Y

Peripheral device

6.3 COUNTERS

A digital counter is a set of flj
input to the counter. The FF
binary equivalent of the total
implies, a counter is used to

P-flops (FFs) whose states change in response to pulses appliedatix
§ are interconnected such that their combined state at any time is
number of pulses that have occurred up to that time. Thus, as_it.? name
count pulses./A counter can also be used as a frequency 'diwderp‘

: jest
- The ripple counter is the simplest type of counter,_the easounlr.'f
mount of hardware, In ripple counters, the FFs within t.he--

ggle mode, i.e. with Js and Ks connected to logic 1
may be used here.

The asynchronous counter has

e
This limitation is overcome in parall

i X : 8.019- o of
adisadvantage, in so far as the unwanted splkelsdﬂf_._ ple¢ unt
¢l counters, The asynchronous counter is calle _ﬂ?,_;;--_f-.-
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5

n!cr. fO cxam ’ f
p (] gUCS rl'(ln‘l ' ” I l(! ﬂ(!m. thc ln' ‘laﬂ Call
r c _ l e Ihc V,Cn“{!

os the third to flip, a e

p, and the third causes the fourth to flip, and s In other
B yon, In ot

foing so, many intermediate

a hrief spike will be

- the oY
<€ whe? J caus
e 0™ of the first stage ri
[an'P'lh,;:r:iﬂﬁ‘"‘mo il r'“' nge ripples through to the last stage. |
1w [ r B rc - . 2 e Ci
MJ. = prief1y Lnlcl s ll‘crc I;a gatc that will AND duri::g a"(
A outpu ve ime the ny stateg,
P r;::mcr goes from 1111 to ()0();’ ). Ripple count I
us cOu'."cI__ * mnfers are a 80
s are clocked such that each FF in the counter

4 l‘l';]lc
; [ v
a " or $T1CS counters. Synch
se. This is accompli
Th ished by connecti
ccting the clock linet
o each stage of the
because the propagation

\:'f‘“’ :
. Ja 1€ Sﬂl'l'lc tn
| % '“1‘:'1 .
_hronous counters arc faster than asynchronous counter
h 5,

mchro
ynchronous and asynchronous counlers is given in Table 6.10

Thbl 6010 y . y .
/ b Ch ﬂnou.
—_— e e ———

‘As}nchmﬂﬂﬂs cou Syﬂl’ronous counters
Fs are conne i i ‘
cted in 1. In this type of counter there is no connection
rst FF and clock imput

wpe of counter F
between the output of fi

1 Ihi5 d
I way that the output of first FF drives
the output of the of next FF and so on.

:; tl]ick for the second FF,
cond the clock of the third and so on. :
), Allthe FFs are not clocked simultaneously. 2 All the-FFs are clocked simultaneously.
1 Design and1m Jementation is very simple even 3. Design and implementation becomes tedious
for more qumber of states.  andcomplex as the number of states increases.
nters is their Iow 4. Since clock is applied to all the FFs
the total propagarjon delay 1s

simultaneously

back of these cou
of only one FE.

+ Main draW

speed as the clock is propagaled through a

qumber of FFS pefore it reaches the last FE. equal to the propagation delay
Hence they are faster.

er which counts

ounter which counts in the
of the counter is called

_counter. An up-counter is a count

A down-counter jsac

0, 1,2 30 N.
1,0. Each of the counts
gh which the counter passes before returning 0

Hence, the modulus of a counter is equal to
that a counter can store. In other words,
its initial count 18 called the modulus

lled a mod-4 r. 1t divides the in

_ Acounter may beant
nihe upward direction, ie.
— 1, N"'29N'—3' “yey

downward direction, i.€- N,
e state of the counter. The number of states throu

the starti :
5 slarting state 18 called the modulus of the counter:
total number of distinct states (counts) including Z€r°

;:Eu:;?nbfr of input pulses that causes the counter
Clock s'lgn:[[?" Since a 2-bit counter ha:? %,states,
Snilarly, 5 3“:9”"”‘3? by 4, therefore, jtisa
Lieg.In _bit counter uses 3 FFs a0
b2 Hen general, an n-bit counter will have n FFS and
MOHCG' itis a divide-by-2" counte

% Nter may have a shortened 1

. invalid. The qumber of FFS quired 10 construct &

ivi input frequency

s, §
A Qme 0 i
Iy f the states are unutnhzed, 1.6.
s <", Amo

d.

by count

N erequals the smallest 72 for whic
unter.

|]' YEnce. g4 3
I8 s called a divide-by-N €0 :
k. Ina synchronous counter; te 13" :
e least jgnificant bit (

y
Eur]iasbed by providi
% iding a suitable feedDac
jtations as don’t cares. T

Y lreat
ating the corresponding €X¢

I.
ilize all the possible
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any counter is that bit which changes most often. In ripple counters, the L§p is the Qo
: : dernal eloek is applied.
EF 1o which the external elock is apy . ‘ ;
A counter which goes through all the possible states before rest .
counter, A counter in which the maximum number of states can be change(

modulus counter. The final state of the counter sequence is called the ferming( Couny,
Lock-out: In shortened-modulus counters, there may occur the problem ¢

When the counter is switched on, or any time during counting, because of no

may find itself in some unused (invalid) state. Subsequent clock pulses may cayge the cor.
move from one unused state to another unused state and the counter may never Come tg , '
state. So, the counter becomes useless. A counter WIIOSP: unuscd‘slalcs have thjs feature i e
suffer from the problem of lock-out. To ensure that, at ‘start-up’ the counter is in jiq i 0
external logic circuitry is provided which properly resets cach FF. The logic circy; for s,
the counter to its initial state can be provided either by obtaining an €Xpression for reset/pras., >
the FFs or by modifying the design such that the coumc?.r gog_s fro

state after the clock pulse. So, no don’t cares are permitted in thj

Flock-ou g,
ise Spikes! lhemq“hg;

m each invalig State to the ;- ¥
s design. et g
Combination of modulo counters: A single FF is a mod-2 counter,
any modulus by choosing an appropriate number of FFs and providing
of _diﬂ‘erem mods can be combined to get another mod counter. For exa
amod-3 counter can be combined to get a mod-10 counter; a mod-5 ¢
can be combined to get a mod-20 counter, and so on. The connec
counters may be a ripple connection, or

the counters may be operat
another independently of whether the individual counters are ripple

are at liberty to choose the order of the individual counters in a chain of counters,
will not change the modulus of the composite counter but ma
in the code in which the counter state is to be read,

We can have 3

Counter
Proper feedback Counter,
mple, a mod-2 Counter 4
ounter and 3 mod-4 Counter
tion between the indivj
ed in synchronism wig o
or synchronous. we
Such permutation
y well make a substantive difference

6.3.1 Asynchtonous Counters

Two-bit ripple up-counter

‘ using negative edge-triggered flip-flops:  The 2-bit up-counter counss
In the order 0, 1, 2, 3, 0,1,...,i.e. 00, 01,10, 11, 00, 01 s+--€lC. Figure 6.64 shows a 2-bit Tipple up-

ge-triggered J-K FFs, and its timing diagram. The counter is initially rese

f the second clock pulse, FF, toggles. So, Q, changes mem
HIGH to LOW and this negayi ing signal applied to CLK of FF, activates FF,, and hence, [h;
' =0and Q,=1,ie 10is the state of the counter ?ﬂ;aes
second clock pulse. At the negat; ing cdpe o third clock pulse, FF, toggles. S0 Ql'(;hre: |
- : ng signal to FF,, hence, FF, is not affected_- Theres e' @
=landQ =1, ie. 11is the state of the counter after the thirg clock pulse. At the nega“ve'.gm:fat :
of the fourth clock pulse, FF, Q| goes from a 1 to 2 0, This negative-going Sigl- e
toggles FF,, hence, Q, also chang t0 a 0. Therefore Q,=0and Q, =
of the counter after the fourth clock pulge Fo Lt :

€S a positive-goj
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tates. So, it acts as a mod-4 counter with . . ,
is thus 00, 01, 10, 11, 00, 01..... ctc. Q, as the LSB and Q, as the MSB. The

ol S
cquence O
G ence
ol |1l1'l"3 5Lq[]l,l‘l
'I."U v

’ Qq o1 _TQZ
O )
CLK
} = J2 02 """ * L‘ _Ul ..7
ol o> FF, Q0 |1 yofryelt
cLK 4l f
E — K, Q, Q, 0 1 0

............................ [
t

(a) Logic diagram

' (b) Timing diagram
Figure 6.64 Asynchronous 2-bit up-counter using negative edge-triggered flip-flops.

it ripple down-counter using I.IEg:itive edﬁe-triggered flip-flops: A 2-bit down-counter
rder 0, 3,_2, 1,0, '3:---, i.e. 00, 11, 10,01, 00, 11, ..., etc. Figure 6.65 shows a 2-bit
nter, using negative-edge triggered J-K FFs, and its timing diagram.

I'wo-h
ounts 1N the O
le down-cou

ipp
I v e B N AT
1, 01—j —{Js -ozAT.-,-'-" 0 Qy0e ‘} 0] L1207 140 _‘_.
i I .
“ila e, Uiy o [} 0T T Ye
— K Q, '_Kz Q' Qg0 AW S0 _O__I—..
t

(a) Logic diagram (b) Timing diagram

Figure 6.65 Asynch_ronohs 2-bit down-bdunter héiﬁjlnegativa edge-triggered flip-flops.

For down counting, Q, of FF, is connected to the clock of FF,. Let initially all the FFs be
esel, 1.e. let the count be 00. At the negat'ive-goihg edge of the first clock pulse, FF, toggles, so, Q,
0esfroma 0 toa 1 and (31 goes from a 1 to a 0. This negative-going signal at ('jl applied to the
lock input of FF,, toggles FF, and, therefore, Q, goes froma0toa 1. So, after one clock pulse
4=land Q, = 1, .e. the state of the counter is 11. At the negative-going edge of the second clock
:}Jf]cﬁ.gl changes froma 1 to a 0 and (3, from a 0 to a 1. This positive-going signal at 61 does not
e ijzuand, therefore, Q, remains ata 1. Hcr?ce, the state of the counter after the second clock
b u- d . At the negative-going edge of the third clock [ﬁllse. FF, toggles. So, Q, goes from a 0
1o unU Qli from a 1 1o a 0. This negative-going signa'l at Q, toggles FF, and, so, Q, changes from
ey h. ence, the state of the counter after the third clock pulse is 01. At the negative-going
)Ufﬂ'l!iv; e lfourt!w clock pulse, FF, toggles. So,Q, goes froma | toa 0 and 61 from a O to a 1. This
ey ngr?;:i signal at Q, does not affect FF,. So, Q, remains at a 0. Hence, the state of the
e Selluemee fourth clqck pulse is 00. For sqt{scquenl clock pulses the counter goes through the
To.p ; of states, i.e. the counter qolulnt_s‘ n Fhe order 00, 11, 10, 01, 00, and 11 ...

Witutes HT;]_E up-down counter using négative edge-triggered flip-flops: As the name
Own counter is a counter ".”.,hiCh can count both in upward and downward directions

-
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“as the variables, and reset R as the outp

(Figure 6.66). An up-down counter is also called a forward/backwar COlnte
counter. So, a control signal or a mode signal M is required to choose ¢
M= 1 forup counting, Q, is transmitted to clock of FF, and when M
transmitted 1o clock of FF,. This is achicved by using two AND g
Figure 6.66. The external clock signal is applied to FF,.

" Fah.
he dlrcui“n ( bid;,.
i Cr Moy
=0 for dow o Miny W |
ates and one Op 2

dlp as h J

Clock signal to FF, = (Q, - Up) + (Q, - Down) = QM + o,
M 01 L 01
D
Y, Q, +J, o,
O a> FF1 1> FF2
CLK
1 Kk, g,
[ .

Figure 6.66 Asynchronous 2-bit up-down counter using negative edge-triggere flip-figgs

6.3.2 Design of Asynchronous Counters

To design an asynchronous counter, first write the countin
reset signal R for various states of the counter and obt

K-map or any other method. Provide a feedback such
count.

& Sequence, then tabulate the values
ain the minimal expression for R or § .,
that R or R resets all the FFs after the desny

Design of a mod-6 asynchronous counter using T FFs:’
states 000, 001, 010, 011, 100, and 101. When the
temporarily goes to 110 state, but imme

A mod-6 counter has six v
sixth clock pulse is applied, the cou
diately resets to 000 because of the feedback providel
Itis a ‘divide-by-6 counter’, in the sense that it divides the input clock frequency by 6. It requrs
three FFs, because the smallest value of n satisfying the condition N < 2" is n = 3 three FF"f,"'
have eight possible states, out of which only six are utilized and the remaining two states |1
and 111, are invalid. If initially the counter is in 000 state, then after the first clock pulseitz®

t0 001, after the second clock pulse, it goes to 010, and so on. After the sixth clock pulse. it
to 000.

. . : . [ ). 1 Ild'\\
For the design, write a truth table (Figure 6.67¢) with the present state outputs Qy, U

. i et ), and{
ut and obtain an expression for R in terms of Qr[ L[f“' ek
That decides the feedback to be provided. From the truth table, R = Q,Q,. Foractive-L¥

R i : A 3 : oennds and it is e
R is used. The reset pulse is of very short duration, of the order of nunoseconds anc ;

. A1eo be detet™
the propagation delay time of the NAND gate used. The expression for R can also be de
as follows.

R =01for 000 to 101, R = 1 for 110, and R = X for 111
Therefore,

— 0 — 'Il[I
R= Q,Q.Q, + Q2,Q,Q, =Q,Q, o gre all ! ;
iming di "2 mod-6 countet =,
The logic diagram, the timing diagram, and the table for R of a n e waveor™
in Figure 6.67. From the timing diagram it is seen that glitch appears in th
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P L, | Ld e,
=0 B —
CLR L CLH 2} CLR 03 o
L I 1

(a) Logic diagram

t After State R

Q, . pulses Q, Q, Q,

T —p 0 0 0 0 0
t 1 0 071 0
Q, ]— 2 001 0 0
.................... S — 3 031, 1 0
Pt 4 1v=—B"+0 0
: 5 17 %0 3 0
Oe¥d . Limsusten J_ 6 1 10
L=k L, Ll
i 0 0 O 0
R u_ 7 0 0 1 0
.............................................................. .
: (c) Table for R

(b) Timing diagram
Figure 6.67 Asynchronous mod-6 counter using T flip-flops.

Design of a mod-10 asynchronous counter using T FFs: A mod-10 counter is a decade counter.
ltisalso called a BCD counter or a divide-by-10 counter. It requires four FFs (the smallest value of
nsatisfying the condition 10 < 2", is n = 4). So, there are 16 possible states, out of which ten are
valid and the remaining six are invalid. The counter has ten stable states, 0000 through 1001, i.e. it
counts from 0 to 9. The initial state is 0000 and after nine clock pulses it goes to 1001. When the
tenth clock pulse is applied, the counter goes to state 1010 temporarily, but because of the feedback
Provided, it resets to initial state 0000, So, there will be a glitch in the waveform of Q,. The state
10105 2 temporary state for which the reset signal R = 1, R = 0 for 0000 to 1001, and R = X (don’t
can‘»)_ft}r'lt)ll toll1l.
K Tfle count table and the K-map for reset are shown in Figures 6.68a and 6.68D,
Peﬂ_lv.el‘y. From the K-map, R = Q,Q,. So, feedback is provided from second and fourth
\..S,'f“" active-HIGH reset, Q,Q, is applied to the CLEAR terminal. For active-LOW reset,

Qi“gSz'is Connected to CLR of all the FFs. The logic diagram'of.l;ﬁe; decade counter is shown in
'€ 6.68¢ it
ta i‘ P ] b lllf'.'
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Ccount
After /
3 Oz 01

0 (O ¢

1 o O ? :] Q.,Qs _99 of 111 10
: 5 o 4 1 sl el D
4 0 1 0 9 = 4 5 7 6
6 0§+ ! 2 —2 13| _15| 14
7 o + 1 ! 11 x| < [[X]*

8 jifo & 2 —]_9| [ 11| ,[©
9 1 o 0 1 10 x ||x |1

0 o O o O

—

(b) K-Map

(a) Count table

1 L A
T_1—-————-— T_“""" T— T, Q
'I'1 01 T2 4 4
| & o> FF
COL-I-<-£> FF, > FF2 P 4
5@51— o= T oA B IR %

g 540

Figure

(c) Logic diagram

6.68 Asynchronous mod-10 counter using T flip-flops.

6.3.3 Synchronous Counters

] counters. They
ave changed their state. Th

are slow because each FF can change stz
e propagation delay thus ges
is very high, the asynchronous
problem is overcome i
n which all the FFs 2
a FF toggles or i
ate simultaneous!
add together (&7
nchrono
f the gaes
0se thi

Asynchronous counters are seria

only if all the preceding FFs h
accumulated, and so causes problems. If the clock frequency

counter may skip some of the states and, therefore, malfunction. This
synchronous or parallel counters. Synchronous counters are counters i
triggered simultaneously (in parallel) by the clock-input pulses. Whether
depends on the FF’s inputs (J,K,orD,orT,orS, R). Since all the FFs change st
i{] synchronization with the clock pulse, the propagation delays of FFs do not
ripple r.'f:)unters) to produce the overall delay. In fact, the propagation delay of asy
counter is equal to the propagation delay of just one FF plus the propagation delay 0
involved. So, the synchronous counters can operate at much higher frequencies than th
can be used in asynchronous counters. '

(parallel) Countersg that aving more circuitry than that of asynchronous counters. Man e
iy debiced stari co?;r eta\ta;l!able as ICs are designed to be presettable, i.¢- they can N Elliun i
also referred to as i)adh:l’ fhlt; f;ui:lsti:(:hmnouﬂy or synchronously. This presetting ope

re decoding pro
y sync o

/'.

el
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6.3 4 pesign of Synchronous Counters

ematic design of synchronous counters, the following procedure is used.

mber of flip-flops:  Based on the description of the problem, determine the required

1. Ni

e _ L.

Sm{:bCr n of the Fl's—the smallest value of n is such that the number of states N < 2"—and the
d esired counting sequence.

spep 2- State diagram: Draw lh‘_’ state diagram showing all the possible statcs. A state diagram,
hich can also bC_Cﬂ"cd the transition diagram, is a graphical means of depicting the sequence of
qates through which the counter progresses. In casc the counter goes 10 a particular state from the
in\'ﬂlid states on the next clock pulse, the same can also be included in the state diagram.

ep 3. Choice of flip-flops and excitation table:  Select the type of flip-flops to be used and write
the excitation table. An excitation table is a table that lists the present state (PS), the next state (NS) \

qnd the required excitations. ‘
Obtain the minimal expressions for the excitations
p-flops in terms of the present states

For & 8Y st

Step 4 Minimal expressions for excitations:
of the FFs using the K-maps drawn for the excitations of the fli

and inputs-
Step 5- Logic diagram: Draw a logic diagram based on the minimal expressions.

If the synchronous counter is a shortened-modulus counter it may suffer from the problem of
Jock-out. That is, the counter may not self-start. A self-starting counter is one that will eventually
enfer its proper sequence of states regardless of its initial state. The counter can be made self-starting
by so designing it that it goes to a particular state whenever it enters an invalid state. The same |
procedure can be used for counters of any number of bits and any arbitrary sequence. The only '_
restriction on the sequence is that, it cannot contain the same stale more than once within one i
complete cycle before repeating itself. ‘

In the case of an up-down counter the state diagram shows the relationship between the | E
present state, the inpult, and the next state of the counter. In the case of an up-counter or down-
counter the state diagram shows only the relationship between the present state and the next state

hecause only one type of input is given.
The excitation tables of various flip-flops used

in the counters are shown in Table 6.11.

Table 6.11 Excitation tables - |

PS NS Required inputs PS NS Required inputs i. |
Q  Qu S R Qi+, 051 1 4K |
0 0 0 X 0 0 YT | ;
0 1 1 0 0 [ “ix | |
1 0 0 1 1 0 ® I 1
il 1 X 0 1 1 X 0 |
: |
(a) S-R FF excitation table . - _(b) J-K FF excitation table E
' (Contd.)
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Table 6.11 Excitation tables (Contd.)

e e rS IVS___-—*;ET“T“HHh
S inpul quijr
NS Required inp 3 \T_inp1"
()n ()nol D (25 el ;¢ Gl
e 0 0 \\
0 0 0 ; 0
0 1 | 0 i I
1 0 0 I ! I I
I 1 1 I 0
(¢) D FF excitation table (d) TFF excitation table

6.3.5 Designofa Synchronous 3-bit Up-down Counter Using J-k FFs

Step 1. Determine the number of flip-flops required: A 3-bit counter requires three

states (000. 001, 010, 011, 100, 101, 110, 111) and all the states are valid. Hence
For selecting up and down modes, a control or mode signal M is required. [ et us say

- ; it Coy \
when the mode signal M = | and counts down when M = 0. The clock signal js applied 1:1 :;1
FFs simultaneously. )

FFs. Ras &

dﬁn'{ Cira

Step 2. Draw the state diagram: The state diagram of the 3-bit up-down counter js drawp
shown in Figure 6.69a. ‘

Step 3. Select the 1ype of flip-flops and draw the excitation table:

JK flip-flops are selected ap
the excitation table of a 3-bit up-down counter using JK flip-

flops is drawn as shown in F; gure 6, 6%

PS Mode NS

Required excitations
%Q%A M QQQ 7 K b K UK
00001111x_1x1x
O 00 .1 0.0:9. .o % 0 x 1 «x
0.0 170 .0 0 0 0 %L 0 x x 4
0 01 51" 0710 0 x 1 x x 1
01000010xx17‘
O B8 T9r 0. Ay 0. wl¥ w0 1
0 11 0o o0 1 ¢ 0 x x 0 x 1
O & 1t 000 v “ x¢d x4
100 0 0 11 x 1 1% 1 x
LGB A 9,0 A B Bow 4o
101 0 1 90 o x 0 0 x x 1
PO 4" 1 19419 x o 1 x %
1100101x0x11¥.
I [ R T T i 1?
L1 1Y 0 9yt e % B ok © ¥y
111 1 0 00 x 1 x XX

1
(a) State diagram

(b) Excitation table

Figure 6.69 Synchronous 3-bit up-down counter.

=l

. ; » that J;

Step 4. Obtain the minimal expressions:  From the excitation table we can coucll“:z l J,and®
and K =1, because all the entries for J| and K, are either X or 1. The K-maps for Jy, K3 %2

e
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on the excitation table and the minimal expressions obtained from them are shown in

d
pas®
Figl“"’ 6.70.
QM QM
Q:Qz2\, 00y 01 11 10 Q,0;\,00; 01 11 10
0 1 3 2 ] 1 3 2
00|l 1 00 —xJ X x x
a 5 7 3 ] 5 7 &
01 |_1] 01| x x || x x
2 3 5 T 12 K] G EEL
1n| x | x I_x_l x 1 1
8 9 1" 10 ] ] 1" 10
10| % x x X 10 1
" AR QM QM
= QQ\ o0 0t 11 10 QQ;\ oo 01 1110
L — 0 11— 3 2 0 e 3 2
ool 1 1 00 —;| x ||x x
: 4 5 7 6 a 5 7 s
Hik o1l x x ||x X 01]]1 1
12 13 15| 14 12 13 IS L
% 11| X X x 11| 1 1 :
_"‘..:'1 : : B g 1 10 B 9 1n 10
: 10 1 1 10 || %] x ||%] x
J,= QM+ QM K,=Q,M + QM |
uit

Figure 6.70 K-maps for excitations of synchronous 3-bit up-down counter. |
)

Step 5. Draw the logic diagram: A logic diagram using those minimal expressions can be drawn

as shown in Figure 6.71.

C_L

.I

M| o ' | '
TR -7 Jay O Jy  Qy— ! "

> FFy > FF b > FFs I :

-k, Q, K, Q Ky Qo[ *, |

ol | i |

Figure 6.71 Logic diagram of the synchronous 3-bit up-down counter using J-K FFs.

. J

5,3.5 %

e Design of a Synchronous BCD Up-down Counter Using T FFs 1
3 " ]
Pﬁlhme number of flip-flops: A BCD counter is a mod-10 counter and his 10 states (0000 |

: 'g 1001) and so it requiresn=4FFs (N<2",ie. 10= 24). 4-FF%s can have 16 states. So out of |

o | |

Tt {
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alid. For selecting up and down mogeg .

”

16 states. six states (1010 through 11 | 1)arcin s X co
mode signal M is E . Let us say it counts up when the mode signal M = 1 ang Coup “lrn{m
ode signal M 1s requirct: Il the FFs simultancously. . oy,

pplicd toa

when M = 0. The clock signal is @
te diagram of the mod-1

The sta 0/up-doyn counter js drawp as g
Oy

Step 2. The state diagran:

in Figure 6.72a. Jee T Mip-Tlops are selected

y - in- nd the excitation 1ab er 1p- I piie and the ¢y,

Siep 3. Thpe o/l oy :jown counter using T FFs is drawn as shown in Figure 6.7y XCita,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29 3

S

table of the modulo10 up- bt
The remaining minte are don s _
Fmem the excitation table we can se¢ that T, = | and the expressions for T4. TyandT E
24I¢ kY
T. = £ m( 0.15,16,19) + d(20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31)
S m. 8, 15, 16) + (20,21, 22,23, 24,25, 26, 27,28, 29, 30, 31)
,=xm(7. 8, 15
T.=Em@. 4 7.8 11, 12,15, 16) + d(20, 21, 22, 23, 24,25, 26, 27, 28,29, 30, 3,

l)

rms

follows:

PS Mode NS Required excitations
2.0, 0 M 0,0 % Q& T T T T,
B0 | 0 A0 S0 a0 B 1
2id0 0o, i 7e ofle” M R0 8 g
6 0.1 .00 . DRETIONT0 @ 0
Bip O Al 90, b0 fe0n 8 1
0 0 4 0 0l0n0 oo B 0 1 1
o 0 1 0 1 0 O 1 1 0 0 0 1
o 0 1 1 0 0 0«10 0 O 0 1
o 0o 1 1 1 0 1 0 0 04 )
o 1 0 O 1] o0 0 1 1 0 1 1 1
D 0L 0 e 4h, Qi AN 050,0 D 1
1 i (9P s TR 0 0o 1 0 O o 0 0 1
o 1 0 1 1 o 1 1 0 0O 0 1 1
6..1.1. 0 0 o 1 0 1 0o 0 1 1
o 1 1 0 1 o 1 1 1 o 0 0 1
o 1 1 1 0 0 1 1 0 o ‘0 @ 1
o 1 1 1 1 1" 1077 0 1 1 1 1
i 0 0 O 0 0i; 1 1 1 1 1 1 1
1 0 0 O 1 1. 000 1 0o 0 0o 1
4010 .0 0 100" 0. 0 o O 0o 1
1 0''0 1 1 0~ 0., 0 ‘0 1 0 6 1

- (b) Excitation table

(a) State diagram
Figure 6.72 Synchronous 'mod-10 'dp-down counter.

Step 4. The minimal expressions:  Since there are 4 state variables and a mode signal, W¢ requit
binatiom

a 5-yana!-31c K-map. 20 combinations of Q,Q,Q,Q,M are valid and the remaining 12 com ’
are mv;hd. Slc: the entries for e:ﬁcntations corresponding to those invalid combinations are du‘| ‘
cares. From the excitati nbingtion® *
Kemaps for T, and T tI:Jn léable we ObSl":rVI'B that T, = 1 because all the entries for TI‘}R‘

4 , based on the excitation table and the minimal expressions obtaine

them are shown in FigureI6.73. Also drawing and minimizing the K-maps for Ty, WE ect

T,=Q,QM+QQM + Q,Q,M+Q,QM

d ﬂ'(‘l”l

P

AT

<

-
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diagram: The logic diagram based on the above cquations is shown in

0
Q'lM 04 Q‘M
QQ\_ 00 01 11 10 QQN\ oo o1 1110
0 1 3 2 T 17— 19 18
00| 1 oo 1 1
4 5 7 6 el E
01 o1] x | x [[* x
12 13 15 14 28 29 31 30
11 E 11 X X x| X
B s 1 10 24| 25 7] 25
10 10| x X X X
T,=Q,QM+0,Q,QM + Q,Q,QM
QM 0 Q,\ oM 1
Q,QN\_ o0 01 11 10 QQ\_ oo o1 11 10
0 1 3 2 — 16 17 9] 18
00 ooll1
= 5 7 3 T [20 21 23| 22
01 1 o1 (] x x * X
12 13 15 12 1T [28 29 3 30
11 | 1| =] o< =]
T 8 9 (K 10 | 25 27 26
10 1| 10 _’i| x X X

T,=0Q,Q,M+ QQM+ Q,Q,
0d-10 up-down counter.

~ Figure 6.73 K-maps for excitations T, and T,ofam

Q.0,M a,8,0,M
QoM q
M osozg:m
M
Q-
> FF,
Q,—

- Figure 6.74 Logic diagram of synchronous mod-10 up-down counter.

637
3 '.7 'Design of a Synchronous Modulo-6 Gray Code Counter
- Lo ; The number of flip-flops:  'We know that the counting sequence for a modulo-6 Gray code
! ' 000, 001,011,010, 110and 11 1. It requires n.= 3 FFs (N<2",i.e. 6 < 2°). 3 FFs can have
.‘.‘ / A et il #Tit e " i

)
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8 states. So the remaining two states 101 and 100 are invalid.

: The CNtries
corresponding to invalid states are don’t cares. Or g
i,

Step 2. The state diagram:  The state diagram of the mod-6 Gray co

_ de Counter i e
in Figure 6.75a. AW ..

*ih,
Step 3. Type of flip-flops and the excitation table: T flip-flops are select |

. ‘ ed
table of the mod-6 Gray code counter using T flip-flops is written a5 shown And the &

0 Figllre 6 -;fh"

PS NS Requireg
—— XCitay
Q;Q, Q Q q,q N

-

e RN S e - N
@-@-@ $i i
011010000
01011010;
110111001
141’1, o0 pg ""f =

-

" \—\
(a) State diagram

(b) Excitation table
Figure 6.75 Synchronous mod-6 Gray code counter.

Step 4. The minimal expressions: The K-maps for excitations of FFs T

outputs of FFs Q,, Q, and Q,, their minimization and the minimal ex
obtained from them are shown in Figure 6.76. i

3 T3 aﬂd Tl in lfr.'[l;. i
PTessions for exciyy

Q,Q, Q,Q, Q,Q,
BN 01 11 10 Q& 00 01°. 1% 10: 0 QX001 11 1
0 1 3 2 [1] 1 3 2 — 0 i 3 2
0 ] 0 1] o|[1 [1]
] 5 7 6 4 5 7 6 a 5|75
11 x [ X 1 | 1 X Lx_ 1—| 1 Ji x | [f] 1
T3=0Q;Q, + a:50261 T,=Q,Q, + 6201 T, =Q,+Q,Q,+ .0

Figure 6.76 K-maps for excitations of a synchronous mod-6 Gray code counter.

Step 5. The logic diagram: The logic diagram based 6n those minimal expressions is i

shown in Figure 6.77.
Qa 0301 / 7 030|
Q. Q,Q, Q,Q,Q,
Q,Q
S T Q= T, Q—
P FF, P FF
ag Kt 62 Tk
CLK &1 .

~har

irmiira B8 77 | Amia
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g Design of a Synchronous Modulo-10 Gray Code Counter

| The number of flip-flops: ' We know that the counting sequence for a modulo-10 Gray

SV - nter is 0000, 0001, 0011, 0010, 0110, 0111, 0101, 0100, 1100. 1101, 0000.... Tt has
e so it requires n = 4 FFs (N < 2", i.c. 10 < 2%). Four FFs can have 16 states. So the

i o i i ies f itations

qining Six states 1111, 1110, 1010, 1011, 1001 and 1000 are invalid. The entries for excitation:
n:n.csponding to these invalid states are don't cares.
0

sep 2 The state diagram: The state diagram of the mod-10 Gray code counter is drawn as
hown in Figure 6.78a.

ep 3. The 1ype of flip-flops and the excitation table: T flip-flops are selected and the excitation
ble of the mod-10 Gray code counter using T FFs is written as shown in Figure 6.78b.

q

PS NS Required Excitations

Q4 03 Qz Ol Q, 03 02 01 T-z T:: Tz T,

o 0o o0 o o0O01 0o 0 © 1

0 0 0 1 o 0o 1 1 o B o 0

o 0o 1 1 0 0 1 0 0 0 O 1

0O 0 1 0 0 1 1 0 0 1 0 0

@ @ 0 3 100 01T 0o 0 O 1
0007 i 0-1:-0 1 +«0 0 1 0

0 1 0 1 o1 oo "0 0 O 1

0 1 0 O 1 1 0 0O 1 0 0 0
ORI E R F R
1 1 0 1 0 0 0 O 1 1 0 1

(a) State diagram (b) Excitation table
Figure 6.78 Synchronous mod-10 Gray code counter.

Step4. The minimal expressions: The K-maps for excitations of FFs T, T;, T, and T, in terms of
oulp};ls of FFs Q,, Q;, Q, and Q,, their minimization, and the minimal expressions for excitations
obtained from them are shown in Figure 6.79.

Step 5. The logic diagram: The logic diagram based on those minimal expressions is drawn as
shown in Figure 6.80. :

Q,Q, Q,Q,
QQ\ 00 o1 11 10 QQ:N\_ 00 o1 11 |10
0 1 3 2 0 1 3 2
00 00 1
7) 3 7 6 4 5 7 6
01 , 01
12 13 15 14 12 13 15 14
11 T [ x| | x Lt PR ) e e
8 ] 1 10 8 \
10| x x X x 10| x x : 'x b xw

Figure
ks 6.79  K-maps for excitations of a synchronous mod-10 Gray code counter (Contd.)
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Q,Q, i
QQ\_o00 Jo1] 11 10 AN 00 ot 11| 4
: 1 - 5 0 1 [ 3
o0 '_1l oof 1
! e
5 ,‘1_' 01 1 11"
A L3 | I |
11 H x LRI K] x || x
10| x Fl x | x 0] 1 x x|
3 ST
T, = 0,Q,Q, + Q,Q,Q, T1=0Q,+Q;0,Q, + 0,0,3,
+Q,Q,Q, + 0,Q,q,

Figure 6.79 K-maps for excitations of a synchronous mod-10 Gray code Counter

Q,
Q.':la!o‘l
= Q;Q,Q, Q,Q,
i a,a,0 8,0,
0,Q,Q, sl 2t 0
63626, T, Q1 — '|'2 Qz
> FF, > FF,
CLK
o— s - v

Figure 6.80 Logic diagram of synchronous mod-10 Gray code counter using T FFs.

6.3.9 Design of a Synchronous BCD Counter Using J-K FFs

Step 1. The number of flip-flops: A BCD counter is nothing but a mod-10 counter. It is a decade |
counter. It has 10 states (0000 through 1001). It requires n = 4 FFs (N < 2", i.e. 10 < 2%). Four Fis
can have 16 states. After the tenth clock pulse, the counter resets. So, states 1010 through, [1113¢
invalid. The entries for excitations corresponding to invalid states are don’t cares.

Step 2. The state diagram: The state diagram of the BCD counter is drawn as showt!"
Figure 6.81a. i

a i o ‘. . : n
Step 3. The type of flip-flops and the excitation table: ) K flip-flops are selected and the excital
table of the BCD counter using J-K FFs is drawn as shown in Figure 6.81b.

Step 4. The minimal expressions: The K-maps for the excitations of FFs J p K Iy K, sz b
an.d _K, in terms of the outputs'of the FFs Q4 Q;, Q, and Q,, based on the excitation tjuhl-..

minimization and the minimal expressions obtained 2fru:!m thf;m are shown in Figure 6.8 -
Step 5. The logic diagram: draw? |
shown in Figure 6,83,

Ko

ic di al s ions 18
The logic diagram based on those minimal expressions
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(o0 {aor0){aor)~(ore0
(a) State diagram
PS NS Required excitations
0‘ 03 02 Q‘ 04 03 02 Q| J‘ K4 Ja Ka J2 Kz J1 K|
o 0 0 O 0o 0 0 1 0 x 0..x 0 x 1 x
o 0 0 1 0 0 1 0 0 x 0 x 1 x x 1
o 0 1 0 o JOR « KRy [ 0 x 0 x x 0 1 x
o 0 1 1 o 1 0 O 0 x 1 » 4 s 1
p 1 0 O o 1 0 1 0 x x 0 0 x 1 x
[ JEAES o [t 0 =1+ -0 0wy 'O y RS x 1 i
o 1 1 0 i KPR iy (i | 0 x x 0 x 0 =% |
0.1 1.1 1 0 0 O 1 X x 1 . 1 x 1 '
Tvant 00 i 0 0 1 x 0 0 x 0 x 1 75% |
1 0 0 1 0 0 0O x 1 0 % QW wl x.-1
(b) Excitation table . |
Figure 6.81 Synchronous BCD (mod-10) counter. ) '
|
0,0, Q,Q, Q,Q, | o8
00N g0 o1 11 10 QQs\_ o0 o1 1110 QQ;\ oo 01 11 10 Ll 4
0 1 3 2 0 1 3| 2| a 1 3 2 : | [ B
00 I 00| x % | % x 00 1] | |
a 5 7 3 a 5 7 6 4 5 7 6 8 |
01 |T| 01| x x | x X 01| x X X x | |
12| 13 15 14 12 13 15 14 12 13 15 14 W f
1] x x x x 11| x x X X 11| x x x X ' R |
g L | | |
: 8 ] K 10 ] g [0 10 ] sl (11 10 '
0] x | x | x | x 10 171 %] | x 10 x| | x . ‘
|
J4 = Q3QZQ1 K4 - 01 I Ja = 0201 E l
u 0201 0201 020.11 % "I
O\ 00 01 11 10 QQN\_o00 01 11 10 QN0 o1 11 10 i
50 1 3 2 0 1 a 2 0 1 3 2 .
00 T ] |ilx oo x |[>x |1 00| x | x _q x B
o 4 5 7 6 a 5 7 6 a 5 7 6 Ll
1 X X 01| x X 1 01 1 | 1|
—— l |
12 13 15 14 12 13 15 14| 12 13 15 14 i
'.1 X X X b 11| X b x X p 11| x b X X
ol T T 8[[ 9] [ 10 s o[ [ l
p x | x 10 % Tlx ] =il Cogol x| ox |[x) ] % .
p, =00 K=, Ka=0:0, | l '
| Y.'f-._g re 6.82 K-maps for excitations of synchronous BCD counter using J-K flip-flops. q_
‘-\\;.: ' 1 |
' i \ ,
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Figure 6.83 Logic diagram of synchronous BCD counter using J-K flip-flopg,

6.3.10 Design of a Synchronous Mod-6 Counter Using J-K FFs

Step 1. The number of flip-flops: We know that the counting sequence for , mod-

: : 6 .

000, 001, 010, 011, 100, 101, 000, ... . It has six states. So it requires n = 3 FFg (N<on ice{){;mer.“
- ree lst can have eight states. So the remaining two states 110 and 111 are invalid.'fh'e 51
OF excitations corresponding to invalid states are don’t cares. Nl

S{ep 2. The state diagram: The state diagram for the mod-6 counter is drawn g4 shown ;
Figure 6.844a. . OWnjy

;S’;'p 3. The type of flip-flops and the excitation table:  JK flip-flops are selected and the excity;;
able of a mod-6 counter using J-K FFs is drawn as shown in Figure 6.84b. (States 110 ang 1] c-.-E

be removed from the state diagram if it is not required to determine whether the counter js g
Slal'llng or not). i

PS NS Required excitations
QQQ Q3Q,Q J K J, K J K
0 0 O 0O 0 1 0 x 0 x 1 x
oie 1 0 1 0 0 x 1 x x 1
0 1 0 0o 1 1 0 x x 0 1%
gL 9 i 0 0 1 % x 1 x 1
1340 .0 1 0 1 x 0 0 x 1 x
1.1.0, 1 0 0 0 x 1 0 x x 1
(a) State diagram (b) Excitation table

Figure 6.84 Synchronous mod-6 counter using J-K flip-flops.

- ¥ lﬂ
Step 4. The minimal expressions:  The K-maps for excitations of FFs J;, K3, J,, Ky 1) "‘",‘i"}:'m
terms of the outputs of FFs Q;, Q, and Q,, their minimization, and the minimal expression
excitations obtained from them are shown in Figure 6.85.

Q,Q,
Q, 00 01, 911 10
of 1 3 2
0] x x x X
4 5 7 6
1 i X X

il )
e qlip-flops (€°
aps for excitations of synchronous mod-6 counter using J-K flip
m

K-

fjgure 0.05
Flg d
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QBN 00 o1 11 10 a\. 00 O 11 10
0 7 3 2 0 ! 3 2
0] 1 x X 1 ol] x 1 1 )
2 3 7 ] 4 5 7 g
1] |1 X X x 1] % 1 X *
K2= 01 J1 = 1 K1 = 1

Figure 6.85 K-maps for excitations of synchronous mod-6 counter using J-K flip-flops.

step 5. The logic diagram:  The logic diagram based on those minimal expressions is drawn as
shown in Figure 6.86.

1

oo & —l:' H: q "—_.D_ by QG

> FF, ’-c:» FF, ~-> FF,

K Q- Ky Q- Ka Q
o 4

Figure 6.86 Logic diagram of synchronous mod-6 counter using J-K flip-flops.

Check for self starting:  For this counter, 110 and 111 are the invalid states. We can determine
the counter’s sequence when its initial present state is 110 or 111. Given each present state, we can
determine the J and K inputs from the logic diagram. With these inputs applied to the counter,
whichis in the present state, we can determine each of the next states of the counter. From Table 6.12
we see that, if the present state (Q;Q,Q,) is 110, the excitations are J,=0,K;=0,J,=0, K, =0,
l,=land K| = 1. With these excitations, the counter changes from 110 to 111. If the present state
is111, the excitations are I, =1, K;=1, J,=0,K,=1, J,=1and K, = 1. With these excitations the
counter changes from 111 to 000. From the table, to check for lock-out, we see that the counter is
«lf-starting because if the counter initially finds itself in state 111, it goes to 000 after one clock

pulse and if the counter is initially in state 110, then it goes to 111 after one clock pulse and goes
0000 after two clock pulses.

Table 6.12 Check for lock-out

it PS Present inputs NS
-‘---_-_-_-_-___ .
3% Q 5 KL KL K % % 9
1 o 0 0 0 0 T i U
UG L il B ] ! fuio] @o 0 0
EXAMPLE 6.7 Design a type D counter that goes through states 0, 1, 2, 4, 0, ... . The

d (unused) states must always go to zero (000) on the next clock pulse.

Undeg;re
518 A
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Solution

Step 1. The number of flip-flops:  This counter has only four stable states 0, 1,
001, 010, 100), but it requires three FFs because it counts 4 (100) as well. Three
eight states. So, the remaining four states (011, 101, 110, 1 I'1) are undesired. Th
states must go to 000 after the next clock pulse. So, no don’t cares.

Step 2. The state diagram: The state diagram of the 0, 1, 2, 4, 0, ... counter is drawn 44
shown in Figure 6.87a. '

2and 4 (00,
FFs can haVQ
ese u ndcsired

Step 3. The rype of flip-flops and the excitation table: D flip-flops are select

ed and e
excitation table of the counter using D FFs is written as shown in Figure 6.87b.

PS NS Required excitations

° Q; Q, Q Q; Q; Q, D, D, D,
0t 0’ 0 07077 0 0 1

047041 041 10 0 1 0

0.1, 0 I 1D 0 1 0 0

S 0 0 0 0 0. 0

1!.Vo '-0 70" Wo sl 0 0 0

T~ 0r= 0 0 O -0 0 0

.40 0/::0 .10 0 0 0

B i | 07010 0 0 0

(a) State diagram (b) Excitation table

Figure 6.87 Example 6.7: 0,1,2,4,0, .. counter..

Step 4. The minimal expressions:

From the excitation table we can see that no minimization
is possible. So the expressions for

excitations read from the_ excitation table are:

D, =Q,Q,Q; D,= QQ,Q;; D, = Q:Q,Q,
Step 5. The logic diagram: The logic diagram base
shown in Figure 6.88. The counter is self-starting,
lock-out as may be seen from the state diagram.

j L D1 01 153\ []2 02 DS 03

> FF ~p> FF,

a1'| 62— 63“

d on these expressions is drawn as
i.e. it does not suffer from the problem of

CLK o=
O

——

Figure 6.88 Example 6.7: Logic diagram of type D counter that goes through states 0, 1, 2, 4, 0, -2

EXAMPLE 6.8 Design a J-K counter that
counter self-starting? Modify the circuit syc
comes back to state 3.

goes through states 3, 4, 6, 7 and 3... . Is th.az
h that whenever it goes to an invalid state 1
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Golution

wmber of flip- .
frlclp) lﬁﬂtft:e maxim{lﬂ:z {)7‘:3&8%5 ?Ttécoc:;:.!ntcr has only four states: 3, 4, 6,7 (011, 100, 110,
L flip-flops can ‘0 1S counter requires three FFs (7 < 2%). A counter
uszeni%l:fr:;g . Tlr:e en?ries fol:'a;rfc?tlit‘::; “es. So the Tema?ning fourc :lale: ((000, 00)1 , 010, 101)
" di 2 COlTespo“ding to these invalid states are don’t cares.
step 2. The state diagram:  The state diagram of e 3
Figure 6.89a. €5,4,6,7,3;:

step 3. The type of flip-flops and the

excitati ; .
excitation table of the counter using g FF:: fion table: JK flip-flops are selected and the

1s drawn as shown in Figure 6.89b. .+-

.. counter is shown in

Required excitations

Q
(8) 2% Q 9,0,0, I, K 4 K 4K |
o o o [: ) 10,0 | JETTC ST SO IO "o ‘
o 0 o 1 1 0 x 0 1 x 0  x |
o o 1 1 0 1 1 % x 0 x 0 1 x R
L S NG| 0 1 1 x 1 x 0 x 0 I bt
' |
(a) State diagram (b) Excitation table | Eh
Figure 6.89 Example 6.8: Type J-K 3, 4,86,7, 3, ... counter. ‘ ' |

Step 4. The minimal expressions: From the excitation table, J, = 1 and J, = 1, since all
the entries for J, and J, are either a | or a X. The K-maps for K, K,,J, and K, based on the

o 1
excitation table, their minimization, and the minimal expressions obtained from them are
4 shown in Figure 6.90.

{1} 2
1 Q,Q, ' Q,Q - ‘ I .
Qx 00 01 11 10 QN 00 01 1110 HE

0 1 3 2 0 1 3 2 114 5
0\ x x x X \ ol[x X 1 % | |

|

A 5 7 6 4 5 7 6 i fe
‘\ —— \ 1\ oll \ |
| |

K:]:Ql K2=03 l

= - 1T x] (]

4 5 T 1 B
N % | = 7 l‘ﬁ 1] x| % ﬂ T
1
K,=Q4
citations of type J-K3, 4,673, ..counter.

Q,Q | Il
Q.Q, QN 1110 - \ |
Q;\_ o0 01 11 10 xwu o |
° |
|

J1:02

Figure 6.90 Example 6.8: K-maps for €

m se minimal.
Step S. The logic diagram: The logic diagra for the counter based on tho o
ep 5. The logic dia 4

- meure 6.91.
expressions is drawn as shown 1o Figu
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1
o—J, aq—
Jt 01 2 2
FF
> FF, o "
% a | ..
Ky Q- L KE A
CLK |

Figure 6.91 Example 6.8: Logic diagram of the J-K counter that goes through spape, 34
9 R
7, B

Test for lock-out: The NS entries of Table 6.13 to check for.locif-
problem of lock-out and the counter is self-starting, because any time it
it comes out and goes into a useful state after one clock pulse. The state

out show g, th

. €re I5
8O€s Into ap jp,

a'l ‘L..;

diagram of th, coun:a;?Q
shown in Figure 6.89a. b
Table 6.13 Example 6.8: Check for lock-out
- ___‘_‘____—_‘-‘-‘__
PS Present inputs NS
T = e
Q, Q, Q, 1, K, L, K, T K, Q, Q, Q
0 6°.9 i - 0 1 1 0 1 1 1 0
0 o 1 1 1 1 | 1 1 l I 0
0 1 0 1 0 A | 0 1 1 0 o
1 0 1 1 1 1 0 1 0 07 T 1

To see that the counter goes to state
obtain an expression for resetRorsetS ass

such that the counter goes to 011 after the next clock pulse.

OZQ‘t
PS Reset Q& 00 01 11 1o
03 02 Q' R - ol 1 3] ]
s of 1] [35]
0 0 o ¢ - — m E
0 Lo 1 | .. * ]__r‘ ¥ L
0 1 o 1 ]
1 0 -4 1 = 8.0
- R= 0201 + 0301
(a) Truth table (b) K-map
Figure 6.92 Example 6.8: Type J-K 3, 4, 6,7, 3, ... counter.
.\\'f
Since we do not want the coupger ¢

)
. oreset to 000, and instead we want it to g0 [r‘;\il: '
apply the output to the clfaar terminal of FF, and to the preset terminals of FF, and FFy
the modified circuit of Figure 6.93,

——

e
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hown in Figure 6.92 and modify the circuit accordingh |

3 (011) whenever it enters any of the invalid st |




(o]
e
1 J? O? 10_'.’3 Oj_
> FF.l > FF, 3
K, 6.‘, Kaﬁﬁ 3
L =

Figure 693 Example 6.8: Logic diagram of the J-K counter modified to go to state 3 from invalid
states.

5311 shift Register Counters

ope of the applications of shift registers is that they can be arranged to form several types of
ounlers. Shift register counters are obtained from serial-in, serial-out shift registers by providing
from the output of the last FF to the input of the first FF. These devices are called counters
they exhibit a specified sequence of states. The most widely used shift register counter is
er (also called the basic ring counter or the simple ring counter) as well as the twisted
also called the Johnson counter or the switch-tail ring counter).

Ring counter: This is the simplest shift register counter. The basic ring counter using D FFs is
gown in Figure 6.94. The realization of this counter using J-K FFs is shown in Figure 6.95. Its
qate diagram and the sequence table are shown in Figure 6.96. Its timing diagram is shown in
Figure 6.97. The FFs are arranged as in a normal shift register, i.e. the Q output of each stage is
«onnected to the D input of the next stage, but the Q output of the last FF is connected back to the
Dinput of the first FF such that the array of FFs is arranged in a ring and, therefore, the name ring

counter.
oH

e ing count
sing counter

I: D, @ D, @ Dy  Q Dy

> . FF, > FF, > FF, > FFy

Figure 6.94 Logic diagram of a 4-bit ring counter using D flip-flops.

| Ji Q, J2 Q, Ja Q, Jg Q,
B o> FF, &> FF, <> FFs > FF,
Kt 6‘ K2 az K3 63 K4 64'—|
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B

—e e
O? Os 0‘ Aﬂarcloﬂkpu|5a
__-__-'"""'--.

CO—=-000C=0
O=0D00=00
o000 -<~000C

©oco—-0co00=«|0

~NoOoOOAaAWN =D

(a) State diagram (b) Sequence table

Figure 6.96 State diagram and sequence table of a 4-bjt fing counte.

k

.......

Figure 6.97 Timing diagram of a 4-bit ring counter.

In most instances, only a single 1 is in the register and is made to circulate around the registr
as long as clock pulses are applied. Initially, the first FF is presetto a 1. So, the initial state is 1000,
Le.Q,=1,Q,=0, Q;=0and Q, =0. After each clock pulse, the contents of the register are shifie!
to the right by one bit and Q, is shifted back to Q,. The sequence repeats after four clock pulses.
The number of distinct states in the ring counter, i.e. the mod of the ring counter is equal o ¢
number of FFs used in the counter. An n-bit ring counter can count only n bits, whereas an 70!
ripple counter can count 2” bits. So, the ring counter is uneconomical compared to a ripple countt
but has the advantage of requiring no decoder, since we can read the count by simply noting \}hfttj
FF is set. Since it is entirely a synchronous operation and requires no gates external to FFs. ith
the further advantage of being very fast,

Twisted ring counter (Johnson counter): This counter is obtained from a serial-in, _\-cn::t..:;:':
shift register by providing feedback from the inverted output of the last FF to the D inpt! :utplﬂ
first FE. The Q-output of each stage is connected to the D input of the next stage, but l!w,?{:“uh‘f'-
of the last stage is connected to the D input of first stage, therefore, the name nwisted 1S
This feedback arrangement produces a unique sequence of states. ST L.
The logic diagram of a 4-bit Johnson counter using D FFs is shown in Fl.‘-.l“'l:‘c cequen
realization of the same using J-K FFs is shown in Figure 6.99. The state diagram a!]d}ijgufc 01
table are shown in Figure 6.100. The timing diagram of a Johnson counter is shown it
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2 FF2 > FF3 > FF‘

e 6.98 Logic diagram of a 4-bit twisted ring counter using D flip-flops.

Q, Jy Oy
> FF, e FF,
Q, K, Qg

a 4-bit twisted ring counter using J-K flip-flops-

—

Q, Q Q, After clock pulse

Q

o o 0 O 0
1 0 0 O 1
1 1 0 O 2
g~ 11 0O 3
4o AT 3 4
o 1 1 1 5
g-0 1,1 6
o 0 0 1 7
o o 0 O 8
1 o 0 O 9

(b) Sequence table
able of a twisted ring counter.

(a) State diagram
Figure 6.100 State diagram an

d sequence t

..................................

..................................

Figure 6.101 Timing diagram of a 4'-bit twisted ring counter.
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' 1}*'
ProGramMABLE LocIc Drevices
AND THRESHOLD LocIc

5.1 PROGRAMMABLE LOGIC DEVICES
Logic designers have a wide range of standard ICs gy
and logic circuit arrangements on a chip. In ag
manufacturers and at g reasonably low cost. For 1}
standard ICs to form an almost endless v

ailuble to them with numerous logic functior
dition, these ICs are available from ma)

* . ey I
1ese reasons, designers have been interconneci

. v J = Ve o
ariety of different circuits and systems. Standa‘_rd__lffil
example, Multiplexers, demultiplexers, decoders, encoders, adders, code converters, comparalc®

. s v, ﬂ
parity gencramrs.’checkcrs. ALUs, €IC.) are also called fixed function ICs becaus¢ cach g
them performs a fixed digital operation. 4

However, there are some problems w
ICs. Some system designs might require hy

) | '.f_‘ - &un!
ith circuit and system designs that use only stan
Some of the disady

ndreds or thousands of these ICs. :
antages of this methog are as follows: sy
I. Large board space requirements

2. Large power requirements

3. Lack of security o

4. Additional cost, space, POWer requirements, eqc, required to modify the deSISI‘
introduce more features ;

Usually the designs are 100 complex g be implemented using fixed function ICS
To overcome the disadvantages of fixed-funcyj

ope .t al
nction [Cs, application _;pgc;ﬁc Hl.fifir
(ASICs) have been developed. The ASICs are designeq by the users to meet the speci l
of a circuit and are produced by an IC manyfye
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