6.3.11 Shift Register Counters
One of the applications of shift registers is that they can be arranged to form severy] ¢ Pes of

counters. Shift register counters are obtained from serial-in, serial-out shift registers by POViding

feedback from the output of the last FF to the input of the first FF. These devices are called coun
because they exhibit a specified sequence of states. The most widely used shift register Counter:.
the ring counter (also called the basic ring counter or the simple ring counter) as well as the twisé; 4
ring counter (also called the Johnson counter or the switch-tail ring counter). 4
Ring counter: This is the simplest shift register counter. The basic ring counter using D Fhsig
shown in Figure 6.94. The realization of this counter using J-K FFs is shown in Figure 695, ks
state diagram and the sequence table are shown in Figure 6.96. Its timing diagram is showniy
Figure 6.97. The FFs are arranged as in a normal shift register, i.e. the Q output of each stage is
connected to the D input of the next stage, but the Q output of the last FF is connected back to the
D input of the first FF such that the array of FFs is arranged in a ring and, therefore, the name ring

Scanned with CamScanner

counter.
L D, Q D, Q D, Q D, o.,-]
> FF, > FF, > FF, > FF,
61 — 62 — 63 — a"'
CLK
o, J
Figure 6.94 Logic diagram of a 4-bit ring counter using D flip-flops.
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Figure 6.95 Logic diagram of a 4-bit ring counter using J-K flip-flops.
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(b) Sequence tabie

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

Inmost instances, only a single 1 is in the register and is made to circulate around the register
slong as clock pulses are applied. Initially, the first FF is preset to a 1. So, the initial state is 1000,
£Q,=1,Q,=0,Q;=0and Q, = 0. After each clock
bihe right by one bit and Q, is shifted back to Q,
e mber of distinct states in the ring counter, i.c. the mod of the ring counter is equal to the
tmber of FFs used in the counter. An n-bit ring counter can count only n bits, whereas an n-bit
ple counter can count 2” bits. So, the ring counter is uneconomical compared to a ripple counter.
'bﬂ!‘ﬂﬂleadvanﬁg“abf féquiring no decoder, since we can read the count by simply noting which
isset Since jt is ent

fe irely a synchronous operation and requires no gates external to FFs, it has
Rrther advantage of being very fast.

pulse, the contents of the register are shifted
The sequence repeats after four clock pulses.

_. J;MH"S Wﬂnter (Johnson counter): This counter is obtained from a serial-in, serial-out
t 'l‘h: PYI'PIC}_ViQipg feedback from the inverted output of the last FF to the D input of the

it Fy e .
viﬁth?l;sﬂ--a of each stage is connected to the D input of the next stage, but the Q output
g g nnected to the D input of first stage, therefore, the name rwisted ring counter.
ement produces a unique sequence of states.

gram of a 4-bit Johnson counter using D FFs is shown in Figure 6.98. The
me using J-K FFs is shown in Figure 6.99. The state diagram and the sequence
Figure 6.100. The timing diagram of a Johnson counter is shown in Figure 6.101.
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Figure 6,98 Logic diagram of a 4-bit twisted ring counter using D flip-flopg
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Figure 6.99 Logic diagram of a 4-bit twisted ring counter using J-K flip-flops
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(a) State diagram (b) Sequence table

Elgure 6.100 State diagram anq»seq_uentl:e table of a twisted ring counter.
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twisted rina counter.
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| Det‘"injtially all the FFs be reset, i.e. the state of the counter be 0000. After each clock pulse, the

i of Q, i8 shl;’t&:g(;g _Qz.. the‘ level of.Q2 t0 Q;. Q, to Q, and the level of Q, to Q, and the sequence
- enin Figure 6. 1s obtained. This sequence is repeated after every eight clock pulses.
g ~Ann FFJohn§on counter can have 25 unique states and can count up to 2n pulses. So, it is a
_1.9p counter. Itis more ecqnomical than the normal ring counter, but less economical than the
i pp]e counter. It reqlufes “YO l!}pm gates for decoding regardless of the size of the counter. Thus,
it requires more decoding CIPCUI‘U)’ than that by the normal ring counter, but less than that by the
ipple counter. It represents a middle ground between the ring counter and the ripple counter.
Both types of' nng count.ers suffer from the problem of lock-out, i.e. if the counter finds itself
;nan unused state, it Wll} pe.rsxst in moving from one unused state to another and will never find its
way 10 3 usec! state: Tl_us difficulty can be corrected by adding a gate. With this addition, if the
counter finds itself initially in an unused state, then after a number of clock pulses, depending on
the state, the counter will find its way to a used state and thereafter, follow the desired sequence. A
Johnson counter designed to prevent lock-out is shown in Figure 6.102. A self-starting ring counter
(whatever may be the initial state, single 1 will eventually circulate) is shown in Figure 6.103.
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Figure 6.102 Logic diagram of a 4-bit Johnson counter designed to prevent lock-out.
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Figure 6.103 Logic diagram of a self-starting ring counter.
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