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The D flip flopisusedtos
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a short fm
port ofa micro-computer.
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tem. A flip-flop €

a digital sys
information, We ne

more binary
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an store on
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It is capable of

e and store iton the Q
Q and Q outputs. AD (lip flop can be used
used as the output

Je symbol of the D flip-flop is shown below figure 6.29
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Figure 6.29
is 0, the output is also zero0-

an understand that when D
‘DELAY FF” or «Buffer’ or

also 1. Henceitis called*®

and is a very important and useful subsystem of

e binary information. Hence, in order to store
are the one which is having a group

to count

g the number of clock pulses, which
ber of clock pulses

countin
um

ithasto actually remember then
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e counters are used for counting pulses in large variety of counting pplicy;
ch ws control systems, computers, clectronic and scientific instruments e, Therc
wide range of applicaticns of counters. It includes the occurence of events, ﬁ.eunn
Cy

division, time sequence of operation of equipments of digital systemns. s

Counters can be broadly classified into the following two types

(.)nS

i) Asynchronous (or) Ripple (or) Serial counters

) Synchronous (or) Parallel counters.
A ripple counter is also called as an Asynchronous counter, because it i
asynchronous sequenctial circuit. But, Asynchronous counter is a synchronoys St‘qumt'an

circuit. Al the flip-flops in a synchronous counter are under the control of same Clock
pulse, which is synchronously applicd to all the flip-flops, An asynchronous Counter ;. %
under the control of same clock pulse. e

The comparison between the serial and parallel counters is given in the fo”O‘m‘n
8

table.
Parallel Co mm,

Serial Counters

Ench FF is clocked by the by the previous FF | All the FFs are clocked simultancously

Propagation delay of Counte, o
propagation delay of one Ff and th,
combinational hardware, Hence Speed

ofoperation is high.
e ]

Propagation delay of the counter=propagation
delay of cach FFs = No.of FFs, Hence speed

of operation is low.

Hardware is more com plex..

Hardware is simple.

6.7.1 Ripple Counters

Consider a 2-bit binary counter. This should
2, 3. Two JK FFs are used. Both their inputs ar
triggering is used here.

Now, the clock pulse comesin. Since both the Inputs are connected HIGH, the FF.
Atogygles, during the negative going transition (NGT) of clock. This output of FF-A is the
clock for FF-B. Hence FF-B also toggles during the NGT of FF-A .

Thetiming diagram and the count table gives the count sequence of the counter.
“State” ofa “plain 2-bit binary counter”.

produce the count S€quenceas (), )
e connected to Vu- Negative edge

Each of'these counts are saidtobe a

drt, |
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The counter circuit, iming dj

) Counter Circuit
3

“&7am and the count table are shown in figure 6.30.

+\/cCo— v

Clk F‘;p f‘opA

Flip flop B

b) Timing Diagram

v Lo LIT L 2L 51 151 o1 71 fs1 Js1

¢) Count Table

cx | B | 4
0 0 0
I 0 1
2 1 0
3 1 1
4 0 0
5 0 1
6 ! 0

Figure 6.30

After the counting finishes for 4 clock pulses, the sequences starts again. Hence for
this reason, it 1s called “Modulo—4 counter”. Modules of a counter is the total number of
. 1 states ofa counter.

St
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We can notice that, 2 FFs can
& counter 3 I'F's (2° = 8) are require u
So the clock is said to be rippling through the 1P

or Asynchronous counters.

6.7.2 Up and Down Counters )
t is possible to make the count
Cr

from 0 to 9 I :
¢ 3 methods given below

We know counters can count up
yone ofth

count down by modifying the countersinan .
i) Make the FF to triggeron positive going transition (PGT)instead of NG

Q ofonc FFto the T of the next FF instead of Q.

i) Connect

iii) Take the counter outputs from Q-
We can construct a modulo-4 down counter by using the above methods.

I-Method

+Vcco—

J Qpf——oB

J Q.

> Flip flop B

Cik > Flip flop A

K a, K a,

(a) Counter circuit

This is obtained by modifying the clock of the ripple counter. 0
»

e oL L 2L sl el fsL Tel Izl Jel fs] e

T lo e T Le 7 le L

(b) Timing diagram

M,
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2

ypethod =
+Vee

J O

J Qg |——8
Clk D> Flip flop A
- Flip lop B
a; _

K iy

(a) Counter circuit

1 |
on° 2] [3] [+ 51 Je) 7] el [5

(b) Timing diagram

By using 6: as clock pulse for the FF-B; and taking the counter outputs from Q

4 [0, ve obtain this.

 |Method - 3

+Vce
J s J Qs

Clk Flip flop A Flip flop B _
K Q.— K & B

(a) Counter circuit

PO

A
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(b) Timing diagram

Figure 6.31

- veitis clear thar i
This is obtained by taking the counters output from Q. | ‘cm:" itis clear that, Wany
W .
one of these methods are used, we can convert an up-counter to a down counter.

6.7.3 Ring Counter

This counter is used to generate gating signals. This shifts asingle 1 from s input tha
output. This s aserial transfer of information, where the bit stays on for a number of pulseg
equal to the number of bits in the shift registers. This type of generating “word time signals”
Is necessary in the control unit of serial computers.

Timing Sequence

Forinstance, if the word length of a computer is 8 bits, the output of the control unit
should stay on for 8 clock pulses. So that start bit enables 3 bit counter which produces §

states and for the 8 states the output of the control unit stays ON.
¥
.' - . - - - -
= The logic diagram for word time control is shown in figure 6.32.

Start o— S QWO:U time
counter
Sto
} R

Figure 6.32

3 - Bit counter |
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Table 3.17. Truth table for 2 bit Synchronous Counter

T O A R
z i 5 "U*'Q‘ g
!Zéx PRy o ?f.,.:fp_*_ ‘(- o 2

0 0 0

3.8.2. Modulus-N-Counters

The counter with‘n’ flipflops has maximum MOD number 2”. Find the number of
flipflops (1) required for the desired MOD number (N) using the equation,

22N

(i) For example, 2 3 bit binary counter is a MOD 8 counter. The basic counter can

Jodified to produce MOD numbers less than 2" by allowing the counter to skin those
be n ‘ Y B
are normally part of counting scquence.

(1) MOD 5 Counter:

2!! - ‘v
27 =35
2% =4 less than N
2 =8>N(5)
.~ 3 flipflops are required.
@i1i) MOD 10 Counter:
2"=N=10

27 =8, less than N ;
2= 16>N(10)

~ 4 flipflops required.

To construct any MOD-N counter, the following method can be used.




Digitay
= ) requircd for the desired MOD n\lﬂ‘%\

umber
d the number of lipflops (n (V) g 3

1. Fin
equation, 2" 2 N.

Connect all the flipflop @
Find the binary number for N.

Connect all flipflop outputs for which Q
gate,

5. Connect the NAND gate outpu

s a required countcr.

=1 when the count is

2w

N, as Inputy to NA-‘-'I
)

{ to the CLR input of cach Mipflop.

state, NAND gate goes LOW. resulting aiy gipg

N.rh
When the counter reaches " :

0. Therefore, the counter counts from 0 through (N
lor example, MOD-10 counter reaches state 10 (1010). ie., QJQ;Q|QO=(10"))'

output Q4 and Q, are connected (0 the NAND gatc and the output of NAND paje Boes Loy
and rcsct-(ing all flipflops to zero. Thercfore MOD-10 cm_mtc_d counts fml_'n 0000 19 100} 4y
then recycles to the zero value. The MOD-10 counter circuit is shown in Fig. 351

High
FFO FF1 FF2 FP)
1% %IH LA M o O o ) Q, 1_ L qQ
ax—<¢ % D >
— K, K, Lk,
L T [ ki =

Fig. 3.51. MOD-10 (Decade) Counter
3.8.3. Shift Register Counters

A shifter counter is a basically a shift register with the serial output connected back
to the serial input to produce special sequences. Two of the most common types of shift
register counters are:

(i) Johnson Counter (Shift Counter).

(i) Ring Counter.

1. Johnson Counter (Shift Counter)

» the complement of the out i i

; i put of the last flip-flop is connectsd

back to thefD input Of;he ﬁr§‘ flip-flop. This feedback arrangement produF:es 2 characteristic

lslilu:e‘ncl:;s os;a:s ha[s sm town Im Table 3.18. for 3 4 bit Johnson counter. The 4 bit sequence
ENt states. In genenal, a Johnson counter will produces a modulus of 2n

where ‘n’ is the number of stages in
the cou o Ty
ooy nter. For example 5 bit Johnson counter has 10
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Ihe timng :
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l:)’.'_‘).ﬂ,l.\n al\‘oz.’: to Digital Converters

Analog to dipi
= digital con : ,
: onverters o . :
erters is a digital network which converts analog signal

into digital signal. The basic |
) asic block di ’ - 6o . :
lock dingram of Analog to digital converter s shown in

figure 6.2,
'Slrlrll IF_()C

(|’ — [
Analog d, &
input v - .
e ADC cooooon I Digital
Fereees HOUPUL

Figurc 6.42

When analog input is given, an output binary dataof d, dy, ...- d, is produced as

function of D. [

[ D= d, 27" +d, R L e, &

Analog to digital converter has two additional control signals. Oneis START and
another one is EOC. STAI%T in forms the converter when to start the conversion whereas
EOC informs when the conversion is complete. EOC stands for “End ofconversion’.

Analog to digital convertcrs are classified as two groups.

2. Indirecttype

e

I. Directtype
Direct type are classified as

1. Flash (comparator) type converter.

2. Staircase type converter.

3. Tracking or servo converter.

4. Successive approximation type converter.
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Indirect type are classified as \

I Charge balancing analog to digital converter.

2. Dual slope analog to digital converter.

Successive Approximation Method

Figure 6.43 shows an 8-bit converter which requires 8 clock pulses to

Obtaip 4.
dutput. 1t consists of successive approximation register (SAR), operationg] ¢
Dﬂf‘.

fi plify
i ) ; . i
\converter. SAR is used (o find the required value of each bit by X

Sta rtl T End
Vv

—+d,

- e

.

- e .

— d,

3
T T S ol

P

(LE. H , .
entested. Whe emMSB o LSB), oneat
State and thig ISt g

aken as
ableon SAR Will be the digita)

_ , V. th "
avail cnfj of conversion (EOC )comman.;aj \&‘ g 8
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Advantages
|. Highresolution

2. Itis very versatile

3. High speed

The Staircase Ramp Type
Figure 6.44 shows basic block diagram of a stair case ramp type analog to digital

converter. [tconsists of comparator DAC, AND gate, counter and display\

The basic principle is that the input signal V_ is compared with an internal stair ¢ase
yoltage V. generated by a series circuit consisting of a pulse generator (clock), a counter
counting the pulses and a digital to analog converter, converting the counter outputintod

init.

designal.
- - PR 2 -~ - - Id & ol o
As soon as V_is cqual to V_, the input comparator closes a gate between the clock

| counter, the counter stops and its output is shown on the display.

an
V. R Comparator
DAC < Ref. Voltage
Va —
4
Counter » Display
Clock
1 - ‘
” Reset/ Start
Figure 6.44
Operation

rates pulses continuously. At the start of ameasurement, the counter

The clock gene
utput of the digital to analog converter 1s also zero.

isresetat 0 at time t, so that the o
[fV, is notequal to zero, the input comparator applies an output voltage that opens
the gate so that clock pulses are passed on to the counter through gate. The counter starts
counting and the DAC starts to produce an output voltage increasing by one small step at
each count of the counter. The resultis a stair case voltage applied to the second input of

the comparator, as shown in figure 6.45.
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i
t,-Start
B

e L,-Stop

e e
- bV,

———

(Gate Close)

DAC Output

Figure 6.45
This process continues until the staircase voltage is cqual to orslightly preater than
the input voltage V.. Atinstant t,, the output voltage of the input comparator changes state
or polarity, so that the gate closes and counter is stopped. The display unit
result ot the count,

shows the

digital signal into analog si gnal before processing

' igital control of automatic Process control systems
etc.
Basic Block Diagram
+ VR -I-
4. (MSB)
1 "__—11—— +
Binary| dy------ D/A Y
Word |dny...... Converter °
d, —
(LSB)

Figure 6.46
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‘J Figll['c 6.46 ShD\VS ba.‘:.lc blUCk diagl am Ofdlgitﬂl to an;llog converter. The "npul s
p-bit binary word and is combined with reference voltage to give an analog output signal.

The outputotdigital to analog converter is cither a voltage or current. The output Vet
ofn-bitdigital to analog converter ig given by

Vo = Vy (d|2-l‘Fd22_1+....+dn2'")\

Vr— Reference voltage

where

d, dy, ... d = n-bitbinary words
d, — MSB with weight of V.2
d, — LSB with weight of Vp/2n
The different types of digital to analog converters are

1. Binary weighted resistors DAC
2. R-2R ladder

3. Inverted R-2R ladder.

= g8
Ilere, we discussed about binary weighted resistors DAC and R-2R ladder DA
Binary Weighted Resistor DAC
i : . Z e
The binary weighted resistor DAC uses operational amplifier to sum n binary weigh

. - - B e
currents derived from a reference voltage Vi, via current scaling resistors 2R, 4R,
2rR. It is shown in figure 6.47.

Iy +
=

i)
[77]
172}
»~
[¥7]
-- [
i
2
=1
-t

—
Iy

o2 SR

..0

' - = = i

L]

'

"

L]

P

I|II

ol

-llll—""‘T =)




6.46 U Basic

—

¥ . Electrical and Electronics En_;l_l__[}“’f’_.’!“!',‘ : .

. I 1 e Il .
Here, the svn'tchpositionsarccontmllr:tlhylllt digitalinputs. Whey, ., digls,

g \ al
: itch is closed and digital inputis zero, the sywipep, 0 0
is one, the corresponding switch is closed and dig ‘ ! lifi It) _Setl . “'Iu*lt‘lm
o o ' amplifier is used as asununing amphtice: Due gy, Aon
Here, the operational 'm_lph 1eris AP e .L Im'l'”‘ln
impedance of op-amp, summing current will tlo & nalorR., Ny 1 :
. ¥ Ie
total current is ’
The output voltage is the voltage drop across Reand itis given g
Vo= =11 Ry
(h+ L+l L) R
\
w b il oK, aakg IJ-\—J-'-‘--l ..... kd ~-;—”--)R,
V5 AR 8R 2°R
e --—,\i‘-‘-(dlz'rd,f’fd"'* ..... +d 2")
R
when Ri= R, the output voltage becomes
L\"f. = =V (dl'.'!"-fd)'l‘2 +d,27 4.4 d, 2 ') ]
e From this equation, analog output voltage is directly proportional to the inpuy digita ;
R-2R Ladder
A{/ /’/f
Figure 6.48
Figure 6.48
SR N S R-
iy hows R-2R Jadder network. The input to the
be left T 121" to ground re ino ¢ ‘e Must
- T OPencireuited, The o T Presenting *0°, 1y should
Figure 6.48 shoyys 3 bi SIStors which s load, is same 1l W be never
2 'S 3-bj T : . . .
tDAC, allbits of digita) Input,

44
|
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rd*® 100°. The circuit

{ The switch positions d,.d,, d, corresponds to the binary WO

canbe Simpliﬁed to the equivalent form. Itis shown in figure 6.49.
~Vn

2R

=
2/3 R

{

Figurc 6.50

Figure 6.49
From figure 6.49, the equivalent resistance at node *A with respect 10 ground is R
2
SRR s R
2R +2R

The resistance between node ‘B’ and ground =R+ R=2R.

Now, the equivalent resistance at node ‘B’ = 2R[|2R =R
The resistance between node ‘C’ and ground = R+ R = 9R as shown in figure 6.49.

Now from figure 6.50, the equivalent resistance at node °C’ with respect to ground.

_ 2R xR _ 2
JR+R 301
From figure 6.50, the voltage at node ‘C’ is calculated as
2R _iny
X | == -2
R(3)= 3VRR_—VR
L S O
3 3

-2R{ -V
Then, output voltage V= R L 4R)

Vv
Vo—",)_R'

The output voltage of digital to analog converter is proportional to the sum of the
weights represented by the switches.
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Advantages

—

. High resolution

2. Highaccuracy
_ ) 2R, regardless of nu

) i s, Rand 2R, reg mbe :

. Itrequires only two values0f resistor * O bigg

digital input. ]

Two Mark Questions and Answers

(%]

1. Define the terms BIT and BYTE.
= 5 A Tas ' I.t
BIT: Itis an abreviation of the words binary dig!
1s either '0" or'1",

BYTE: Itisastring or gorup of cight bits.

2. Explain the radix of a number system-
as the number of different symbolg Use(

stem is defined :
. orevste < W nt oo
ple binary numbgT System uses two different symbglg

and smallest unit Ofi"fbmmtiom ;
t

Radix or base of a number sy
in the number system. FForexam
'0' and 'l". Thus it has aradix of 2.

ion?
5 . " sentation?
3. Whatis decimal system of number representat

15 ten different symbolsor digitsi.e., 0, 1,2, 3, 4 5 ¢

The decimal number system h ,
em are represented in terms of these ten digit

7, 8 and 9. All higher numbers in this syst : i .
only. The decimal system has aradix of 10. Itis a positional system i.e., each digijt i,

a given decimal number has a weightora value.

4. Explain the octaland hexadecimal number systems.

Octal number system
It has eight basic symbols. They are 0, 1,2,3,4, 5, 6 and 7. The nextdigit after 7 in

this system will be 10 following by 11, 12, 13 and so on. The octal has a radix or base

of 8. Each digit in the octal number system has a place value or weight.
Hexadecimal number system

It has sixteen basic digits or symbols. Theyare 0. 1,2, 3,4,5,6,7,8,9, A B, C, D,
E, and F. After reaching F, bwo digit combinations are formed taking the second digit
followed by the first digit and so on. The hexadecimal system has a radix or base of
16. Each digit in the hexadecimal number has a place value or weight




