EConcordia

Department of Electrical & Computer Engineering

COEN 212:
DIGITAL SYSTEMS DESIGN 1
Lecture 11: Registers and Counters

Instructor: Dr. Reza Soleymani, Office: EV-5.125,
Telephone: 848-2424 ext.: 4103.
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Lecture 11: CConcordia
Obie ctives O f this le Cture Department of Electrical & Computer Engineering

e In this lecture, we talk about:
- Different types of Registers.
- Implementation of registers and
- Different Types of Counters.
- Implementation of Counters.
- Sample Applications.
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Lecture 11: \/Concordla
Reading for this lecture et sl & Comptr Enicering

e Digital Design by M. Morris R. Mano and
Michael D. Ciletti, 6th Edition, Pearson, 2018:

- Chapter 6
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Lecture 11:  Concordia
. Department of Electrical & Computer Engineering
Registers:

* 4-bit register: 4-bit register with Load control

Iy D Ao

B Load - ;. -

J R
I n A I » A
> C 1> ¢
R

Clock
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R e g i sters: Department of Electrical & Computer Engineering

e MUX for Load Confrol:

e Implementation of the MUX:

A;

Load ——[}D—
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Lecture 11: { Concordia
R e g i St ers: Department of Electrical & Computer Engineering

* 4-pbif register with Load:

D Ao

D Ay

D A

> €

D Az

T

Clock
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Lecture 11: QjConcordia
S h i f t Regi S te rs : Department of Electrical & Computer Engineering

e 4-bit Shift Register:

Serial SI D D D D SO Serial

mput output
>€ >€ e 2@

CLK

e Serial Transfer:

SIy S0, Sy S0
»| Shift register A »| Shift register B —>
j CLK
CLK
Clock N\
Shift J
control
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Regi S te r to Regi S te r Se ri 3 I Tra ns fe r Department of Electrical & Computer Engineering

e Serial Transfer:

C!r)(.'k-‘-'—-.=..__

Shift

control

CLK b ‘

e Content of registers:

Timing Pulse Shift Register A Shift Register B

Initial value 1011 0010
After T 1101 1001
After T, 1110 1100
After Ty 0111 0110
After T, 1011 1011
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Lecture 11: CCOHCOFdia
Se ri 3 I A d d i t i on: Department of Electrical & Computer Engineering

e Serial Adder:

Shift SI SO
control Shift register A
CLK (Augend)
S

X
y FA
Serial s/ hYel ¢ ¢
input #—>| Shift register B
(Addend)
Q
D
c<]
Clear 4T
)
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Lecture 11: \/COHCOFdIa
Serial Addition: JK FF IMplementation ™" "

e State Transition Table:

Present state Inputs Next state Output FF Inputs
Q X y ¢ S Jo Ko
0 0 0 0 0 0 X
0 0 1 0 1 0 X
0 1 0 0 1 0 X
0 1 1 1 0 1 X
1 0 0 0 1 X 1
1 0 1 1 0 X 0
1 1 0 1 0 X 0
1 1 1 1 1 X 0

 FFinput equations:
Jo =xy
Ko=x'y'=(x+y)
The output equation:
S =xDydQ

Slide 10



Lecture 11: CConcordia
Serial Addition: JK FF |mp|ementation Department of Electrical & Computer Engineering

e Serial adder circuit diagram:

Shift > SJ SO
control >| Shift register A \
CLK >| (Augend) ﬂ)ﬁ S
Serial > s7 SO
mput »| Shift register B
> (Addend)
0o
J C

> Clk

-
_Do—K
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Lecture 11:
Universal Shift Register

e A Universal SR can:
— Remain unchanged,
— Load serially and shift right,
— Load serially and shift left,
— Load in parallel.

€Concordia

Department of Electrical & Computer Engineering

e We need 4 control signals (2 conftrol bits):

Control bits operation
51 So
0 0 No change
0 1 Shift right
1 0 Shift left
1 1 Parallel load
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Lecture 11: CConcordia
U n ive rsa I S h i f t Regi S te r Department of Electrical & Computer Engineering

e The circuit for Universal shift Register:

arallel outputs
Ay A Ay Ay
D I
Q o] Q ]
[+ e — |
r C G C
Fat Fa FaX
| | ] ‘
CLK J l I
¥ ¥ ¥ L ¥
5 Ll ] h
41 4%1 41 41
. MUX . MUX _ MUX 5 MUX
50 5 ] 0

3210 3210 3210 3210
[

[ ] [

 Serial

nput for
shift-left
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Lecture 11:  Concordia
C ounters: Department of Electrical & Computer Engineering

A counter is a register that changes in a certain order.

e Examples:

— A binary counter counts from 0 to 2™-1.

— A BCD counter counts from 0 to 9 (0000 to 1001).
e There are two types of counters:

— Ripple counters

— Synchronous counters

* |In asynchronous counter, state changes are dictated by a
common clock.

* |In aripple counter, the output of one flip-flop has effect on
the next state of the following flip-flop.
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Lecture 11: CConcordia
Bi na ry Ri p p I e CO un te r Wi t h T F F Department of Electrical & Computer Engineering

e A 4-bitripple counter:

RRRRRR
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Lecture 11: CConcordia
Bi na ry Ri p p I e CO un te r Wi t h D F F Department of Electrical & Computer Engineering

e A 4-bit ripple counter with D FFs:

L

ﬂ

i

:r

T

T

-------
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Lecture 11: CConcordia
B c D Ri p p I e CO un t er: Department of Electrical & Computer Engineering

o State Diagram of a BCD Ripple Counter:

Circuit Diagram:
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Lecture 11: { Concordia
Sy NC h ronous C oun t ers: Department of Electrical & Computer Engineering

e State Diagram of a Synchronous Binary Counter:

—-<'>f.'l&I
J
|
| :-,(-R
-~
—-<‘>(R
S |
| |  u—
,__,.>(.R
M

RRRRRRR
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Lecture 11: CCOncordia
Up- Down Counters : Department of Electrical & Computer Engineering

e A 4-bit up/down counter:
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Sy NC h ronous B C D C Ount er: Department of Electrical & Computer Engineering

o State transition table of a 4-bit up/down counter:

Present state Next state Output FF inputs

Qg Q4 Qp Q4 Qg Q4 @ O y g T, T, Ty

O 0O 0 0O 0O 0 0 1 0 0O 0 0 1
O 0 O 1 0 O 1 0 0 0 O 1 1
0 0O 1 0 0 O 1 1 0 0O 0 o0 1
0 0O 1 1 0 1 0 O 0 0 1 1 1
0 1 0 0 0 1 0 1 0 0O 0 O 1
0 1 0 1 0 1 1 0 0 0O 0 1 1
0 1 1 0 0 1 1 1 0 O 0 0 1
0 1 1 1 1 0 0 0 0 1 1 1 1
1 0 0 O 1 0 O 1 0 0O 0 0O 1
1 0 O 1 O 0 0 0 1 1 0 O 1
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Lecture 11: Cconcordia
Sy NC h ronous B CD C Olll'lt er: Department of Electrical & Computer Engineering

Q
e K-map for T,: Q.Q, 2
Q EQ "1 .I'.I‘.I““[] Hrl'}l "‘?‘]1 m: I{I
(0 1 1
I}I I.I‘J_I_ mi I J'H? I
g g LT 14 Q a
11 X X X X
Q g Fhy 11 10
110 x | x
FF Input Equations: a
T1 — 1, !
T, = QgQ1,
Ty = Q204

Tg = QgQq + Q40204
and the output equation: y = Qg0;.
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Lecture 11: Cconcordia
Sy NC h ronous B CD COllnt er: Department of Electrical & Computer Engineering

e The circuit for a BCD a,
Counter with T Flip-flops:

.

13
N

D

T
]

Clock Reset
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Lecture 11: Cconcordia
Counters with Parall el L 0oa d: Department of Electrical & Computer Engineering

e Binary Counter with Parallel Load:

S 11
U% \,% AV,

Clear_b
CLK
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Lecture 11: CCOncordia
Counters with Unus e d Stat es: Department of Electrical & Computer Engineering

e Binary Counter with n flip-flops can have 2™ states.
e We may not need all these states.

e We have already seen the example of BCD counter that uses
only 10 out of 2* = 16 possible states.

e We can freat the unused states:
— as don’t care condition or
— some specific next states. Since,

 Example: consider a counter following the sequence 000, 001,
010, 100, 101, 110. That is, the counter skips 011 and 111,
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Lecture 11: \/COHCOI'dIa
Counters With Unu se d Stat es: Department of Electrical & Computer Engineering

e Example: consider a counter following the sequence 000, 001,
010, 100, 101, 110. Thatis, the counter skips 011 and 111.

e The state table for this counter is:

Present state Next state Flip-flop inputs

A B C A B C Ja Ka Jp Kp Jo K.
0 0 0 0 0 1 0 X 0 X 1 X
0 0 1 0 1 0 0 X 1 X X 1
0 1 0 1 0 0 1 X X 1 0 X
1 0 0 1 0 1 X 0 0 X 1 X
1 0 1 1 1 0 X 0 1 X X 1
1 1 0 0 0 0 X 1 X 1 0 X

e WehaveJ,=K,=B,]g=C,Kg=1,],=B', and K, = 1.
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Lecture 11: CCOnC0rdia
Counters w'ith Unus e d Stat es: Department of Electrical & Computer Engineering

* The circuit diagram is:

x State Diagram:

J B
e ()
J"f/ \\'\\
- (19)
)_‘ A
™ @
J C \\\\\ ,//}(
'—> (0 @4 @

Clock
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Lecture 11: CConcordia
Ring Coun ter: Department of Electrical & Computer Engineering

e A Ring Counter counts: 1000, 0100, 0010, 0001, 1000, ...
e At any time only one FF is on.
e |t can be used to control a sequence of repetitive operations.

e A Ring Counter can be implemented by connecting the
output of a shift register to ifs input.

T T T Ji
CLK

Two FF implementation:

h ' 1

2x4
decoder

| § =
) ———| 2-bit counter
nAaAnic
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Lecture 11: CCOncordia
] Ohnson Counter: Department of Electrical & Computer Engineering

e Schematic of
e switch-tail Ring Counter: I\

D> ¢ B C > c '
::-—A’( D—B'( o—C’|7 ::-L
CLK * -

e A Johnson counter is a switch tail ring with outputs (or inverted
outputs) of flip-flops combined (by AND) to form 2k fiming
signals.

e The rule for forming AND gate inputs is straightforward:

— For all zero pattern the inverted outputs of the first and last flip-
flop are used.

— For all one pattern the regular outputs of the extreme flip-flops are
used.

— For other patterns, the first two alternating bits, either O1 or 10 are
used.

A B C

Slide 28



Lecture 11:
Johnson Counter:

€Concordia

Department of Electrical & Computer Engineering

e The count sequence for the 4-bit tail-switch ring counter:

Sequence
number

(Flip-flop outputs)

A

B

C

E

AND gate required
for output

1

A'E’

AB’

BC’

CE’

AE

A'B

S~y W N

OolRr|lr(r|r|o|lo

B'C

8

Lo I O o B I S B el B e ()

0

Lo I el B el B ol I el S e ) I )

[l B el B ol I ol I ) I 3 )

C'E

e So, In this example: we useA'E’ for 0000, AE for 1111, AB' for
1000, BC' for1100. Similarly A'B for 0111 and B'C for 0011 and so

on.

e When Johnson counter goes to an unused state, it goes from
one invalid state to another. To avoid this, we may disconnect
the output of B flip-flop from the input D of C flip-flop and
instead feed C flip-flop with D, = (A + C)B.
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Know]edge Ch o Ck Department of Electrical & Computer Engineering

Question 1: Minimum number of Flip-flops needed to
implement a counter that counts up to 25 is:

a) 25, b) 5, C) 6, d) 8

Question 2: How many FF's do we need if we use ring counter:
a) 5, b) 8. c) 25, d) 12

Question 3: Compared to parallel adder, a Serial adder:

a) is faster, b) is slower, Cc) needs more gates, d)
both aand ¢
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