Shift registers

1.0 Introduction

Shift registers are atype of sequentia logic circuit, mainly for storage of
digital data. They are a group of flip-flops connected in a chain so that
the output from one flip-flop becomes the input of the next flip-flop.
Most of the registers possess no characteristic internal sequence of states.

All flip-flop is driven by a common clock, and al are set or reset
simultaneously.

In these few lectures, the basic types of shift registers are studied, such as
Seria In - Seria Out, Serid In - Paralel Out, Parallel In — Seria Out,
Parallel In - Parallel Out, and bidirectional shift registers. A specia form
of counter - the shift register counter, is aso introduced.

Register:
?? A st of nflip-flops
?? Each flip-flop stores one hit

?? Two basic functions. data storage (Figure 1.2) and data
movement (Figure 1.1).

Shift Register:
?? A register that allows each of the flip-flops to pass the stored
information to its adjacent neighbour
?? Figure 1.1 shows the basic data movement in shift registers.

Counter:
?? A register that goes through a predetermined sequence of states



Figure 1.1: Basic data movement in shift registers [Floyd]
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The storage capacity of aregister isthe total number of bits (1 or 0) of
digital datait can retain. Each stage (flip flop) in a shift register
represents one bit of storage capacity. Therefore the number of stagesin a

register determines its storage capacity.
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Figure 1.2: Theflip-flop as a storage el ement.
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2.0 Serial In - Serial Out Shift Registers

The seria in/seria out shift register accepts data serialy — that is, one bit
at atimeon asingle line. It produces the stored information on its output
aso in seria form.

2.1 Example: Basic four-bit shift register
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Drata input ﬂ m m ﬂ%nutput
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Figure2.1

A basic four-bit shift register can be constructed using four D flip-flops,
as shown in Figure 2.1.

The operation of the circuit is as follows.

?? Theregister isfirst cleared, forcing al four outputs to zero.

?? The input data is then applied sequentially to the D input of the
first flip-flop on the left (FFO).

?? During each clock pulse, one bit is transmitted from left to right.

?? Assume a data word to be 1001.

?? The least significant bit of the data has to be shifted through the
register from FFO to FF3.



In order to get the data out of the register, they must be shifted out
serially. This can be done destructively or non-destructively. For
destructive readout, the original data is lost and at the end of the read
cycle, dl flip-flops are reset to zero.

FFO | FF1 | FF2 | FF3
0 0 0 0

1001

The data is loaded to the register when the control lineisHIGH (ie
WRITE). The data can be shifted out of the register when the control line

isLOW (ie READ).

Cler | FFO | FF1 | FF2 | FF3
1001 | O 0 0 0
WRITE:
FFO | FF1 | FF2 [ FF3
1 0 0 1 | 0000
READ:
FFO | FF1 | FF2 | FF3
1 0 0 1 | 1001




Figure 2.2 illustrates entry of the four bits 1010 into the register. Figure
2.3 shows the four bits (1010) being serially shifted out of the register and

replaced by all zeros.
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Figure 2.2: Four bits (1010) being entered serialy into the register.
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Figure 2.3: Four bits (1010) being serially shifted out of the register and replaced
by all zeros



2.2 5-bit serial in/serial out shift registers

Figure 2.4 illustrates entry of the five bits 11010 into the register.
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3.0 Serial In - Parallel Out Shift Registers

For thiskind of register, data bits are entered serially in the same manner
as discussed in the last section. The difference is the way in which the
data bits are taken out of the register. Once the data are stored, each bit
appears on its respective output line, and all bits are available
simultaneoudly. A construction of afour-bit serid in - parallel out register

Is shown below.
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In the table below, we can see how the four-bit binary number 1001 is
shifted to the Q outputs of the register.

Clear | FFO FF1 FF2 FF3

1001 0 0 0 0
1 0 0 0
0 1 0 0
0 0 1 0
1 0 0 1




3.1 An 8-bit serial in/parallel out shift register (74HC164)

The 74HC164 is an example of an IC shift register having serial
in/parallel out operation. The logic diagram and logic block are shown in
Figure 3.1 (@),(b).
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Figure 3.1: Thelogic diagram and logic block of 74HC164
Figure 3.2: The timing diagram of 74HC164

e LMLMLAL LALLM LU

£ |

D |

N e 1|

] —

h

Wy __

S hY =) = Ky -9 5 oS =B
(?J 4 (3) (J 10y (11} (12) (13
(_}u = 2 5 G

¢



4.0 Parallel In - Serial Out Shift Registers

A four-bit parald in - seriad out shift register is shown below. The
circuit uses D flip-flops and NAND gates for entering data (ie writing) to
the register.

[eli] b1 oz D3
WRITE !

SHIFT )

. . N - .

CLK L= [

CLEAR |

ol
ol

DO, D1, D2 and D3 are the paradld inputs, where DO is the most
significant bit and D3 is the least significant bit. To write data in, the
mode control line is taken to LOW and the data is clocked in. The data
can be shifted when the mode control line is HIGH as SHIFT is active
high. The register performs right shift operation on the application of a
clock pulse, as shown in the table below.

Qo Q1 Q> Qs
Clear 0 0 0 0
Write 1 0 0 1
Shift 1 0 0 1
1 1 0 0 1
1 1 1 0 01
1 1 1 1 001
1 1 1 1 1001




4.1 8-bit Parallel Load Shift Register (74HC165)

The 74HC165 is an example of an IC shift register that has a paralle
infserial out operation. It can aso be operated as seria in/seria out.
Figure 4.1 shows the logic diagram and logic symbol of 74HC165.
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Figure 4.1: the logic diagram and logic symbol of 74HC165.
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5.0 Parallel In - Parallel Out Shift Registers

For pardle in - paralel out shift registers, all data bits appear on the
parale outputs immediately following the smultaneous entry of the data
bits. The following circuit is a four-bit paralel in - parallel out shift
register constructed by D flip-flops.
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The D's are the parallel inputs and the Q's are the parale outputs. Once
the register is clocked, al the data a the D inputs appear a the
corresponding Q outputs simultaneoudly.

5.1 4-bit Parallel-Access Shift Register (74HC195)

The 74HC195 can be used for parale in/parallel out operation, serial
in/serial out and serial in/parallel out operations. Qs is the output when it
is used for parallel in/seria out operation.
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Figure 5.2: The 74LS195A 4-bit parallel access shift register



Seral
mputs

FParallel
data
inpuls

Parallel
outpuis

L

-

Cl

|

SHLD

=

s
D,
!
D,

\
i Qr]

&

- .

ﬂ‘z-

i

L —— - —— ]

Senial shilt

I
[ —

1 AL

Senal shiff ———=

Figure 5.3: The timing diagram for 74LS195A shift register



6.0 Bidirectional Shift Registers

The registers discussed so far involved only right shift operations. Each
right shift operation has the effect of successively dividing the binary
number by two. If the operation is reversed (left shift), this has the effect
of multiplying the number by two. With suitable gating arrangement a
seria shift register can perform both operations.

A bidirectional, or reversible, shift register is one in which the data can be
shift either left or right. A four-bit bidirectiona shift register using D
flip-flops is shown below.

LEFT/RIGHT

Cutput data

Inpirt data

Here a set of NAND gates are configured as OR gates to select data
inputs from the right or left adjacent bistables, as selected by the
LEFT/RIGHT control line.

Alternative Circuit: [Floyd]
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6.1 4-Bit Bidirectional Universal Shift Registers (74HC194)

The 74HC194 is a universa bi-directional shift register. It has both serial

and parallel input and output capability.
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Figure 6.1: The 74HC194 4-bit bi-directiona universal shift register

i

-

]

|

]

Shill mghi

Shalt kel =

| =

(12)

S
- S R g PR | ST Wi RS S Buiog FERSRReE EcSoai et Epiind T v
= ~
o]
—
- e ol e e iy bdecvaede ool ol e e b o b on bk oo Lo . [
ldo] -
= e
|7} — =
Wy
; m
~T =~ =| = = =
222 = ¥
- = S D— I A —— 1|||1|....|.|||..|1|m| SDINEE 1A [—
1% 5 5 & K v s Galated R EE R Rt i A_ || - ﬁllllll e e -
] u o
S B o ]
SRS

iy

I,

i
D5

& _ ._ .

g

¢

g

c
5k SER
SLSER

i [. ;
£ 5L 58
Farallel

data o

LiLa
s
mpals

Paralled
ol

ool

[
ingus L £

Hlode

riil

FIGURE 10-22  Sam

kT

W T

Figure 6.2:The timing diagram of 74HC194

Clear Lioad



7.0 Shift Register Counters

Two of the most common types of shift register counters are introduced
here: the Ring counter and the Johnson counter. They are basically shift
registers with the serial outputs connected back to the serial inputs in
order to produce particular sequences. These registers ae classified as
counters because they exhibit a specified sequence of states.

7.1 Ring Counters

A ring counter is basically a circulating shift register in which the output
of the most significant stage is fed back to the input of the least
significant stage. The following is a 4-bit ring counter constructed from
D flip-flops. The output of each stage is shifted into the next stage on the
positive edge of a clock pulse. If the CLEAR signal is high, all the flip-
flops except the first one FFO are reset to 0. FFO is preset to 1 instead.

aET aET aET
D D
‘@ Fra [

tr

Since the count sequence has 4 distinct states, the counter can be
considered as a mod-4 counter. Only 4 of the maximum 16 states are
used, making ring counters very inefficient in terms of state usage. But
the mgjor advantage of a ring counter over a binary counter is that it is
sdf-decoding. No extra decoding circuit is needed to determine what
state the counter isin.
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7.1.1 Example: A 10-bit Ring Counter [Flyod]
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Figure 7.2: 10-bit ring counter waveform (initial state 1010000000)



7.2 Johnson Counters

Johnson counters are a variation of standard ring counters, with the
inverted output of the last stage fed back to the input of the first stage.
They are also known as twisted ring counters. An n-stage Johnson
counter yields a count sequence of length 2n, so it may be considered to
be a mod-2n counter. The circuit below shows a 4-bit Johnson counter.
The state sequence for the counter is given in the table .

FFO FF FF FF
SET SET SET SET
oD g & oD g T oD g o oD g a
—= —= —=
CLE
CLEAR
Clock Pulse | O3 |02 | Q1| Q0
1] O]J0]0| 0 |&
1 ojoln 1
2 o101 1
3 o1 1 1
4 111 1 1
5 111 1 1]
5 S R P e e
7 N e R e R e

2 Again, the apparent disadvantage of this counter is that the maximum
available states are not fully utilized. Only eight of the sixteen states
are being used.

2 Beware that for both the Ring and the Johnson counter must initialy
be forced into avalid state in the count sequence because they operate
on a subset of the available number of states. Otherwise, the ideal
sequence will not be followed.



7.2.1 Example: 5 bit Johnson Counter [Flyod]
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Figure 7.3: 5-bit Johnson Counter, its sequence and waveform



8.0 Applications
Shift registers can be found in many applications. Hereisalist of afew.
?7? To produce time delay

The serid in -seria out shift register can be used as atime delay device.
The amount of delay can be controlled by:

1. the number of stagesin the register
2. the clock frequency

Data in .'4 SRG § 04
‘ B — Data out

| MHz —

Data in I

Data out __ } — I

-—
| — ly=8us — 0000 =

Figure 8.1: The shift register as atime-delay device.
?? To smplify combinational logic

The ring counter technique can be effectively utilized to implement
synchronous sequential circuits. A magor problem in the realization of
sequentia circuits is the assignment of binary codes to the interna states
of the circuit in order to reduce the complexity of circuits required. By
assigning one flip-flop to one internal state, it is possible to smplify the
combinational logic required to realize the complete sequentia circuit.
When the circuit isin a particular state, the flip-flop corresponding to that
state is set to HIGH and al other flip-flops remain LOW.



?? To convert serial datato parallel data

A computer or microprocessor-based system commonly requires
incoming data to be in paralel format. But frequently, these systems
must communicate with external devices that send or receive serial data
S0, seria-to-parallel conversion is required. As shown in the previous
sections, aserid in - parale out register can achieve this.

Figure 8.2: Simplified logic diagram of a serial-to-parallel converter



