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Registers and Counters
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= Circuits that include flip—flops are usually classified
by the function they perform
= Registers
= Counters

= Register is a group of flip—flops.

= Each flip—flop is capable of storing one bit of
information.

= An n-Dbit register consists of a group of n flip—flops.

= Register is a group of binary cells suitable for holding
binary information.

= A counter is essentially a register that goes through a
predetermined sequence of states.
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Registers
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= Clock=0to 1: Input lo D
information is transferred "<
to output : [ => A 7
= Clock =0 and 1; Output 1 :’C — A1
unchanged R
s Clear = 0 ; Clearing the —
register to all 0’s prior to I fC A2
its clocked operation. R
. ||
s Clear : asynchronous
input. g A .

Clock Clear
Fig. 6-1 4-Bit Register
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Register with Parallel Load
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s Synchronous digital systems have a master
clock generator that supplies a continuous
train of clock pulses.

s [he transfer of new information into a register
Is referred to as loading the register.

s |f all the bits of the register are loaded
simultaneously with a common clock pulse,
we say that the loading is done in parallel.

s [he load input determines whether the next
pulse will accept new information or leave the
information in the register intact
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Register with Parallel Load
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= Load =1 ;the |inputs Load ——{>o—r—{>o—
are transferred into the
register Iy

= Load = 0 ; maintain the
content of the register

D Ay

= Because the D flip—flop
does not have a “no
change”

Clock

Fig. 6-2 4-Bit Register with Parallel Load
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Shift Registers
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s Capable of shifting its binary information in
one or both directions

Serial ST |D D D D SO Serial

input output
> C > C > C > C

CLK

Fig. 6-3 4-Bit Shift Register

The simplest shift register
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Shift Registers: Serial Transfer

-

S 5O 51 50
> Shift register A »| Shift register B ——»
e 3
CLK CLK
Clock — \
Shift — J
control
(a) Block diagram
Clock
Shift
control
CLK

(b) Timing diagram

Fig. 6-4 Serial Transfer from Register A to register 8
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To prevent the loss
of information stored
in the source register
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Serial-Transfer Example
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Table 6—1: Serial-Transfer Example

Timing pulse Shift register A Shift register B Serial output of B
Initial value 1011 0010
After Ti 1>§>o(1< \‘1 % B‘}‘ 0
After T 110 1100 1
After Ts 0911 0110 0
0

After T 1011 101 1

A is transferred into B, while the content of A remains unchanged
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Serial Addition
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J— _» For storing sum QOperation
i st/ " — The A register —>augend
cog‘tlr‘t;é >| Shift register A — The B register ->addend
1" s - Carry —>0
>y FA
| y ] Cl— UThe SO of A and B provide a
enia > 150 i pair of significant bits for the
mnpu .—:- Shift register B FA

O Output Q gives the input
D carry at z

UThe shift-right control
C enables both registers and the

carry flip—flop.
Clear —T

UThe sum bit from S enters

0

) the leftmost flip—flop of A
L/ UParallel adder needs more
Fig, 6-5 Serial Adder circuits than serial adder
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State Table for Serial Adder
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Present value of carry
Table 6-2 Output carry

State Table forSerial Adder - —

Present Flip-Flop
State Inputs Output Inputs
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Second form of Serial Adder

S ) S 5 5 &S & SO O 00

S1

Shift
i ) SO =x
control »| Shift register A : \ll S
CLK >
: SI
Senal s SO =y . \ J
input >| Shift register B J
> > C
Epan f’
Clear

Fig. 6-6 Second form of Serial Adder
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Universal Shift Register
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If the register has both shifts and parallel load capabilities, it
is referred to as a universal shift register.

= A clear control to clear the register to 0.
= A clock input to synchronize the operations.

= A shift—right control to enable the shift right operation and
the serial input and output lines associated with the shift
right.

= A shift—left control to enable the shift left operation and

the serial input and output lines associated with the shift
left.

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

= n parallel output lines

= A control state that leaves the information in the register
unchanged in the presence of the clock.
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Universal Shift Register
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Parallel outputs
A3 A A 4

- . ( D ‘ﬁf(\‘ D Fg\ D QsSs, So —> 0, 0 ;No change

' ' asSi, So—> 0, 1 ; Shift right, The
serial input for shift-right is
transferred to the AS3.

Si— 4x1 e S " asSi, So —> 1, 0 ; Shift left, The
MUX MUX MUX MUX serial input for shift-left is
3210 3210 3210 321 transferred to the AO.

0
|| | | 1]
T QSi:, So —> 1, 1 ;Parallel load

CLK

Serial L Serial
input for input for
shift-right f e

5 i ] I shift-left

Parallel inputs
Fig. 6-7 4-Bit Universal Shift Register
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Universal Shift Register
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= Shift register are often used to interface digital
systems.

= Suppose it is necessary to transmit an n—bit quantity
between two points.
= |t will be expensive to use n lines to transmit the n bits in
parallel.

It is more economical to use a single line and transmit the
information serially, one bit at a time.

The transmitter accepts the n—bit data in parallel into a shift
register and then transmits the data serially along the
common line.

The receiver accepts the data serially into a shift register.

When all n—bits are received, they can be taken from the

outputs of the register in parallel.

= The transmitter: a parallel-to—serial conversion of
data, the receiver: a serial-to—parallel conversion.
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Counters

S ) S 5 5 &S & SO O 00

s A register that goes through a prescribed
sequence of states upon the application of
input pulses is called a counter.

= [he input pulses may be clock pulses or they
may originated from some external source and
may occur at a fixed interval of time or at
random.

s A counter that follows the binary number
sequence is called a binary counter.

= An n—bit binary counter consists of n flip—flops
and can count in binary from 0 through 2”°n —1.

Korea University of Technology and Education

Counters
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= Counters in two categories

= Ripple counters

= Synchronous counters

= Ripple counters

= [he flip—flop output transition serves as a source for
triggering other flip—flops.

= The Cinput some or all flip—flops are triggered not by the
common clock pulses, but rather by the transition that occurs
in other flip—flop outputs.

n Synchronous counters
= [The C inputs of all flip—flops receive the common clock .
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Binary Ripple Counters
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T Ap [ D + Ag
Count Co X Count— >y | Series connection of
! LS T Complementing flip—flops
T Ay [—,f_) Ay
_ _ How about for Cont—down ?
PCr $Cp b . .
7 ! i —Positive edge triggered
—1 A 1l 4, —Or connected to comp. out
—pCp Cr
1 | .
T A v i) Ay v
—PCr Cp b
7 T
I_ogic—l
Reset Reset
(a) With T flip-flops (b) With D flip-flops

Fig. 6-8 4-Bit Binary Ripple Counter

Korea University of Technology and Education

Count Sequence for a Binary Ripple Counter
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Count sequence Conditions for
Az A2 A1 Ao Complementing
0 00O Complement Ao
00 ‘ Complement Ao Ao will go from 1 to 0 and
00 Complement Ao complement A:
0 011 Complement Ao Aowill go from 1 to 0 and

complement Az ;
Aswill go from 1 to 0 and

01 00 Complement Ao
complement Az
01 0 1 Complement Ao .
0110 c | A Ao will go from 1 to 0 and
omplement Ao complement A:
01 11 Complement Ao
1 000 and so on...
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BCD Ripple Counter
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S p— ¥
Count- cC
1K
J + QB
c
)00 (o)
56 e
A
: J Q4
)
K
Fig. 6-9 State Diagram of a Decimal BCD-Counter
> C
b—K r—
Logic-1

Fig. 6-10 BCD Ripple Counter
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BCD Ripple Counter
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. Q1 is complemented on the negative edge
of every count pulse.

o Q2 is complemented if Q8=0 and Q1 goes
from 1 to 0. Q2 is cleared if Q8=1 and Q1
goes from 1 to 0.

3. Q4 is complemented when Q2 goes from 1
to 0.

4. Q8 is complemented when Q4Q2=11 and
Q1 goes from 1 to 0. Q8 is cleared if either
Q4 or Q2 is 0 and Q1 goes from 1 to O
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Three—Decade Decimal BCD Counter
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Qg Q4 Q2 O Qg Q4 Q2 Oy Og Q4 02 Oy
by 3
BCD ‘ BCD | BCD Count
Counter Counter Counter ‘ pulses
102 digit 10! digit 100 digit

Fig. 6-11 Block Diagram of a Three-Decade Decimal BCD Counter

O To count from 0 to 999, We need a three—decade counter.

O When Q8 in one decade goes from 1 to O, it triggers the count
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Synchronous Counters
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s Clock pulses are applied to the inputs of all
flip—flops

= A common clock triggers all flip—flops
simultaneously rather than one at a time as in
a ripple counter
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Synchronous Binary Counter
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= The first stage AO has its J and K T
equal to 1 if the counter is Count enable K ‘
enabled .

= The other J and K inputs are 7 A
equal to 1 if all previous low— —p>C
order bits are equal to 1 and the K
count is enabled.

= A flip=flop in any other position T -
is complemented when all the K
bits in the lower significant
positions are equal to 1 _,, A5

= A3A2A1A0=0011 -> 0100 —p>C
K
‘ L—Di To next stage
CLK

Fig. 6-12 4-Bit Synchronous Binar; Counter
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Up—Down Binary Counter

e ) ) ) ) 69 9 5 010
Up

= Up input control=1 ;count .'D“l_
up (the T inputs receive Down D+—+LP—. 1™
their signals from the
values of the previous

normal outputs of the flip— Q—D - a
flops.) ' —bC
= Down input control=1, up
input control=0 ; count U
down | :r( Ay
= Up=down=0 ;unchanged
state I
= Up=down=1 ;count up [T D\ - As
i

CLK

Fig. 6-13 4-Bit Up-Down Binary Counter
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BCD Counter

Table 6-5
State Table for BCD Counter
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Present State Next State Output Flip-Flop Inputs
B QU Q@ @ QR Q Q & Y TQg TQs TQy TQ
0 0 0 0 0 0 0 1 0 0 0 0 |
0 0 0 | 0 0 | 0 0 0 0 1 |
0 0 | 0 0 0 | | 0 0 0 0 |
0 0 | 1 0 | 0 0 0 0 | | |
0 | 0 0 0 | 0 1 0 0 0 0 |
0 | 0 1 0 | | 0 0 0 0 | |
0 | | 0 0 | 1 | 0 0 0 0 |
0 | 1 | 1 0 0 0 0 | | | |
| 0 0 0 1 0 0 | 0 0 0 0 |
| 0 0 | 0 0 0 0 1 | 0 0 1

To1=1

TQ2=0Q'8Q1
TQa=0Q2Q1
Toes=0QsQ1+Q4Q2Q1
y=QeQ1
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Example
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» Design a synchronous BCD counter with J—K
flip—flops.
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Binary Counter with Parallel Load

e ey Cour
= Parallel load for initial Mt > ——

number tosd —P="D -
= Input load control=1; o ; D:D—;}- B
disables the count > L1 |
sequence, data transfer 7 D T~ a
= Load =0 and — H >
count=1 ;count L T
= Load=0 and n———HD) —D:D A
count=0 ;unchanged L D pgl
= Carry out=1 (all flip— N H L — 11— .
flop=1 and Count=1) § __[):L/ T
@ D .
Clear T
CLK
LD— Carry-output

Fig. 6-14 4-Bit Binary Counter with Parallel Load
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BCD Counter using Binary Counter with Parallel
Load

= The AND gate
detects the
occurrence of state
|100& (9) in thehoultpué.
n this state, the loa A A )
input is enabled and R fa
all-0’s input is
loaded into register.

A ) Y ) 8 O O 00

= The NAND gate
detects the count of Load <— Count = | Qear <— Count = 1
1 01 0(1 O) , dS Soon O?;jun(:?;a, t<— Clear = 1 0?;::::{4 <— Load =0
as this 'COUH'J[ OCcCuUrs . l— CLK — CLK
the reqister is cleared.

= A momentary spike NEE
occurs in output A2 Inputs have no effect
as the count goes a) Using the load ine the clear

(a) Using the load input (b) Using the clear input

from 1001 to 1010
an d Imm ed late |y to Fig. 6-15 Twwo ways to Achieve a BCD Counter Using a Counter with Parallel Load

0000
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Other Counters
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A B C
Ja=B Ka=B
& JB=C Ke=1
— ]
c ¢ i Jc=B Kec=1
J oo K J oo K J oA K
| l J Clock
(a) Logic diagram Logic-1 Except 011 f 111

@ = @ Table 6-7
d "\ State Table for Counter

Present Next
State State Flip-Flop Inputs

7 feutard I
@ b ARERSSC AREBIN G I K Js Ke Jo Kc
-

@

; 7 g 0 0 ) el () s
N v’ 0 0 1 (0 [ |
@ = @ 0 1 0 L 0 0 X X
T (0] 0 0
(b) State diagram 100 i ab ) |
1 1 0 ) 1 X

P opE pd —
— pd o — 34 g
plo— 24 DG — b4

Fig. 6-16 Counter with Unused States
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Example
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 Design a counter with the following repeated
binary sequence: 0, 1, 2, 4, 6. Use D flip—flops
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Ring Counter
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= For generating timing T ) T, T
signal that control the 1 Zf N

seqguence of operations

= A circular shift register
with only one flip—flop

N N decoder

Count = 2-bit counter|
enable

be”’]g set at any (a) Ring-counter (initial value = 1000) (b) Counter and decoder
particular time; all others ok
are cleared. N
= The single bit is shifted T,
from one flip—flop to
the other. T
= 27n timing signals need ;
27°n flip—flops ’
T3

(c) Sequence of four timing signals

Fig. 6-17 Generation of Timing Signals
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Johnson Counter
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= A circular shift register

with the complement L], |4 b |8 e p |—&
output of the last flip— I - - -
flop connected to the ‘ Y ( L ‘ - ( E"

input of the first flip—
flop.

= A k—Dbit switch—tail ring
counter will go through
a sequence of 2k states.

CLK

(a) Four-stage switch-tail ring counter

. Sequence Flip-flop outputs AND sate required

= A Johnson counter is a weber 5 o S
k—bit switch—tail ring | TR i)
counter with 2k 2 1 0 0 0 AB'

. 3 ] i} BC'
decoding gates to . P T T g 5
provide outputs for 2k : 2 1 . d o]
timing signals. 7 o 0 1 1 B'C

8 0 0 0 1 C'E

(b) Count sequence and required decoding

Fig. 6-18 Construction of a Johnson Counter
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Memory Decoding
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= [he equivalent logic of a binary cell that stores one
bit of information

= [he binary cell stores one bit in its internal flip—flop

= It has three inputs and one output. The read/write
input determines the cell operation when it is selected.

Select

Select

_':D_ 3 {'D_Oulpm Input—>»{ BC > Output
B
=

R T

Read/Write

Input —s

Read/Write

(a) Logic diagram 1 / O (b) Block diagram

Fig. 7-5 Memory Cell
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Internal Construction
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Input data
Word 0 . } 7 1 .
! 4 words of 4 bits
PP TS TSN LS =16 binary cells
U] 1 h " )
Address
inputs Word 1 1 i i i
decoder I I 1 ¥
Word 2 1 I 7 1
y>| BC (o> y»| BC (> > BC |> > BC |
Memory EN 1 1 I )
enable Word 3
ikl Y Y Y Y
Y= BC» b BCp» ' BCp» " BC >
Read/Write 1 : : 1
Output data

Fig. 7-6 Diagram of a4 X 4 RAM
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Read—-0Only Memory
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ROM = AND gates connected as a decoder + a number of OR gates

0

1

Ty —— 5
Iy —— 3
Ih— | 5% 32 '
- decoder
I3 — 28
Iq— 29
30

31

YYYYY

A7 A A; Ay A; Ag

Fig. 7-10 Internal Logic of a 32 X 8§ ROM
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ROM Truth Table (Partial)
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Table 7-3
ROM Truth Table (Partial)

Inputs Outputs
4 13 12 1N 10 A7 A6 A5 A4 A3 A2 Al A0
0 o o 0 0 I 0 | 1 0 1 1 0
0 o 0 0 | () () 0 | 1 I ( 1
o o o 1 0 1 1 0 0 0 | 0 |
0 0 0 I I 1 0 1 | 0 0 | 0
1 | 1 0 O 0 0 0 0 1 0 0 1
1 1 l 0 I | 1 I 0 0 0 I 0
1 I l | 0 0 I 0 0 1 0 | 0
1 l l
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Combinational Circuit Implementation

S ) S 5 5 &S & SO O 00

1

S A 7 O N Al Is,lo,lo)=Sum of
Iy ——| . il ! minterms(0,2,3,::+,29)
!] i 5% 32 ‘-: . %
;:— d:cc:.n:i;r )
Pa— e : Input—>00011(3)
L w11 1 ' Others=> all "0’

! ol Output->10110010

YYYVYVWY

Aq Ag /I_q 11.4 /I_: /‘.1 /l| Ag

Fig. 7-11 Programming the ROM According to Table 7-3
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Programmable LOGIC ARRAY
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—— Programmable
OR array

- AB

AC

Programmable
AND array

4 {

Fig. 7-14 PLA with 3 Inputs, 4 Product Terms, and 2 Outpuis
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