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Registers and Counters

I
= Register:

= A set of flip-flops, possibly with added combinational
gates, that perform data-processing tasks

» Store and manipulate information in a digital system

= Counter:

» A register that goes through a predetermined
sequence of states
= A special type of register

» Employed in circuits to sequence and control

operations
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The Simplest Register
I I R
= Consist of only flip-flops [ CR
= Triggered by common clock T
input
. h b= AEG
» The Clear input goes to the R L be —
(reset) input of all flip-flops R B
. i —5,  Qf—
» Clear= 0 - all flip-flops —in, e —
are reset asynchronously b D 4, :32 22:
= The Clear input is useful for B S—
cleaning the registers to all 0's _’f (5) Symbol
prior to its clocked operation
= Must maintain at logic 1 5 __DC 4
during normal operations J

Clock Clear 6-4




Register with Parallel Load

Load—[>o—«
When Load = 1, all the

S -

bits of data inputs are

I
0

7

transferred into the
registers

= Parallel loaded

When Load =0, the
outputs of the flip-flops
are connected to their

[
a

respective inputs )

L

= Keep no change /
n— |

control data loading

i

at the input side Clock

Fig. 62 4-Bit Register with Parallel Load

Ag

Az
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The Simplest Shift Register

= Shift register: a register capable of shifting its binary

information in one or both directions

= The simplest form: consist of only a chain of flip-flops

in cascade

Serial SI |D

SO

Serial

input

=
CLK ¢

b

=

ke

Fig. 6-3 4-Bit Shift Register

output
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Serial Transfer

= Serial mode: information is transferred and manipulated one bit

at a time

= Parallel mode: all the bits of the registers are transferred at the

same time

= Shift control: determine when and how many times of the
registers are shifted

= Register A is connected in circular mode in this circuit

.

Shift register A

50

Si

J

CLK

Shift register B

A
CLK

Clock
Shift

control

(a) Block diagram

SO

6-8




Serial Transfer Example

Clock
Shift
control
S I )
n T, Ty Ty
Timing Pulse Shift Register A Shift Register B
Initial value 1011 \ 0 01
After T1 1101 \ 1001
After T2 1110 \ 1100
After T3 0111 \ 0110
After T4 1011 1011
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Serial Adder

The bits of two binary numbers are added one pair at a time

through a single full adder (FA) circuit

Initialization: s st "
Shift register A

= A = augend; B = addend e

» Carry flip-flop is cleared to 0 ) vl
Serial 1
For each clock pulse: it T st regiser -

= A new sum bit is transferred to A

= A new carry is transferred to Q

= Both registers are shifted right
To add three or more numbers: e

« Shift in the next number from the 1 )
serial input while B is shifted to the FA
= A will accumulate their sum




Serial v.s. Parallel

= Serial adders: = Parallel adders:
» Use shift registers » Use registers with
= A sequential circuit parallel load for sum
= Require only one FA = Basically apure
and a carry flip-flop combinational circuit
= Slower but require » n FAs are required
less equipment » Faster

Redesign the Serial Adder

st
50 =
Shift register A X \ s

:I.| Shift register B [0 2. !
Present Next

L3 State Inputs State Outputs F/F Inputs

Q XY Q S Jo Ko

- 0 0 0 0 0 0 X

0 01 0 1 0 X

0 10 0 1 0 X

= 0o 11 1 0 1 X
Jo XY , , 1 00 0 1 X 1
Ko =Xy =(X+Y) 1 01 1 0 X 0
- 1 10 1 0 X 0
S=x0ydQ 1 1.1 1 1 X 0
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Universal Shift Register

I
= The most general shift register has the following
capabilities:
= A clear control to clear the register to 0
= A clock input to synchronize the operations

= A shift-right (left) control to enable the shift right (left)
operation and the serial input and output lines associated
with the shift right (left)

= A parallel-load control to enable a parallel transfer and the
n input lines associated with the parallel transfer

= 17 parallel output lines

= A control state that leaves the information in the register
unchanged in the presence of the clock

4-Bit Universal Shift Register

Parallel outputs
Az Az Aj Ag

T S
C—’—%l ] ﬁl ] ﬁl ] ﬁ‘ N

Mode Control Register St 4x1 4x1 4x1 4x1
_—_—m— . So —] MUX MUX MUX MUX
S1 SO Operation 3210 3210 3210 3210
0 0 No change | I I ' T
0 1 Shift right
q Serial y
1 0 Shift left input for [ Serial
shift-right sh}i)fl-lefl
1 1 Parallel load 5 b L Io

Parallel inputs
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Binary Ripple Counter

— e Lo Hhae Binary Count Sequence
Count |—Cpy Count——Cp || A3 AZ Al AO
Y N 0
- T 0 ._.
% e 0 ‘—‘
N 0 0
e T 3 L0
Lq CR —Cr Ll 0 1 1
- I — 14— 0 0
T ——A ‘:D H—A
% | b M the output transition
, triggers the next flip-flop
Logic-1

Reset
(a) With T flip-flops (b) With D flip-flops 6-16




BCD Ripple Counter

= The count will return to 0 after 9
= Q1: always complemented
s Q2:inverted whenQ8 =0and Q1 =1->0

Count

= Q4:inverted whenQ2=1->0

= Q8:whenQl=1->0
if (Q2 =Q4 =1) Q8is inverted
elseQ8 =0

(010

)

"y

J —— Qs

Fig. 6-9 State Diagram of a Decimal BCD-Counter

Three-Decade BCD Counter

connected to the "Count” port

Og Q4 02 O 0s Q4 02 O

Os 04 O2 O

BCD
Counter

BCD
Counter

J = o

BCD
Counter

Count

< pulses

102 digit 10! digit

100 digit

Fig. 6-11 Block Diagram of a Three-Decade Decimal BCD Counter
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Ripple v.s. Synchronous

= Ripple counters:
» Flip-flops are triggered by the outputs of another
flip-flops
= Triggering source may not the same for each flip-flop
= The flip-flops are changed serially

= Synchronous counters:

» Flip-flops are triggered by common clock pulses
= Triggering sources are the same for all flip-flops

= All operations are performed simultaneously
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Binary Counter

—pC
Count enable K

51—

J=0,K=0: no change R S
J=1,K=1: complement T )
Vi
L 7 A4,

D) —

T |4 A3
L L triggered by
complemented when K| positive clock edge
all the lower bits are “1" [
(checked by a AND chain) [ )— Toneststage I
CLK\/ 6-21

Up-Down Binary Counter

I up

Down :D T A
|
Up: 0000->0001->0010->... d
Down: 1111->1110->1101->... > TC A
L]
JJ:[>7T Az
{ ~C
take the complemented ]
values for count-down

calculation Y
3

CLK




Design a BCD Counter

I
= Go through normal sequential circuit design procedure

Present State Next State Output Fiip-Flop Inputs
Q Q4 Q Q Q Q4 Q Q y TQs TQ, TQ, TQ,
0 0 0 O 0 0 0 1 0 0 0 0 1
0 0 0 1 0 0 1 0 0 0 0 1 1
0 0 1 0 0 0 1 1 0 0 0 0 1
0 0 1 1 01 0 O 0 01 1 1
01 0 O 01 0 1 0 0 0 0 1
01 0 1 01 1 0 0 0 0 1 1
01 1 0 0 1 1 1 0 0 0 0 1
0 1 1 1 1 0 0 O 0 1 1 1 1
1 0 0 O 1 0 0 1 0 0 0 0 1
1 0 0 1 0 0 0 O 1 1 0 0 1
T =1 Tos = QQ y = QsQy

To, = Qg Qg Tos = QgQ;+Q4Q,Q

‘ Binary Counter with Parallel Load
I

controlled by

AND gates Clear CIK load Count  Function
boad — 9 B 0 X X X  Clear to 0
o D 1 1 X Load inputs
1 0 1 Count next
1 0 0 No change

1
1
1

.4,  asynchronous input

~
S

A
il

(%
I

illEsllss]ls

~
&

— A;

(%
I
-
]

-

|

Clear
CLK

——— merged by OR gates

%Cany-omput — set when count = 1111 624




‘ Achieve a BCD Counter

Load "0000" after "1001"

Inputs =0

Load l«<— Count = 1 Clear

l Az Ay A1 Ay l

Az Ay A1 Ay

Clear to "0000" immediately at "1010"

Counter

of Fig6-14 |<«<— Clear = 1

l<— CLK

Counter
of Fig.6-14

<— Count =1
<— Load =0

<— CLK

_ttt

(a) Using the load input

I

Inputs have no effect

(b) Using the clear input

Fig. 6-15 Two ways to Achieve a BCD Counter Using a Counter with Parallel Load
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Counter with Unused States

[
» If the machine falls into

A

the unused states, we

J

4

have to bring it back !!

= Cannot assign the used
states as don’t cares

Present Next Flip-Flop

State State Inputs

ABC ABC Ja Ka Jg K Jc Kc
000 001 0X0X1X
001 010 0X1XX1
010 100 1 XX10X
100 101 X00X1X
101 110 X01XX1
110 000 X1X10X

| l l Clock

(a) Logic diagram Logic-1

@@

(119) the destination
can be assigned
(1) arbitrarily

@@

(b) State diagram

Ring Counter

h

(a) Ring-counter (initial value = 1000)

TgyT) T) Ty

NN

2X4

decoder
F O

Count

—(2-bit counter
enable

(b) Counter and decoder

Ring counter: a circular shift
register with only one flip-flop
being set at any time

axcd LITLILILIL
) L]
| ]
. ]
" ]

(c) Sequence of four timing signals

14



Johnson Counter

Double the number of l—u 4 B < D |—E
states of a ring counter c c c c|.
by switch-tail connection P-4 p— B’ p—C' —
If this counter falls into
an unused state, it will  czx =
never come back to (a) Four-stage switch-tail ring counter
normal states !!
A L ) Sequence Flip-flop outputs AND gaty ired
To avoid this situation, mmber 4 B C F for output
use some gates to form 1 0o 0 0 o AF
H 5 2 0 0 0 AB’'
the input equation of 2 Yo o
each flip-flop instead of ‘ oo <
connecting directly 6 o 1 1 1 A'B
7 0 0 1 1 B'C
« EX:Dc=(A+C)B 8 00 0 1 CE
(b) Count sequence and required decoding
6-29
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