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o —
Gated
EN—— S-R
Latch
R —— 0—Q
Figure 23.3 Logic Symbol of a Gated S-R Latch
Input Output
EN S R Qis1
0 X X Qt
1 0 0 Q
1 0 1 0 v
1 1 0 1
1 1 1 invalid
Table 23.1 Truth-Table of a gated S-R Latch
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C5302 - Digital Logic Design (Semester Quiz # 03 - (Graded))

Question # 2 of 10 ( Start time: 10:06:45 AM, 26 June 2024 )

In gated 5R latch, what is the value of the output it EN=1, 5=0 and R=1?

Select the correct option

ot
QO

CN

imvalid
o W |
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The 3-bit up counter can be implemented using S-R flip-flops and D flip-flops.
Implementation of the counter using S-R flip-flop requires the use of S-R flip-flop transition
table in step 3. The remaining steps follow step 3.

S-R flip-flop based Implementation
Flip-Flop Transition Table

To implement the counter using S-R flip-flops instead of J-K flip-flops, the | S-R '
transition table is used. The S-R flip-flop does not allow S and R inputs to be set to logic 1 and
1 respectively and is considered to be an invalid state. Based on the three set of valid inputs
the S-R transition table is shown. Table 31.5

Flip-flop Inputs Output Transitions
S R Qi Qi+1
0 X 0 0
1 0 0 1
0 1 1 0
X 0 1 1

Table 31.5  S-R flip-flop Transition table 3 |6



C5302 - Digital Logic Design (Semester Quiz # 03 - (Graded))

Question # 3 of 10 ( Start time: 10:07:19 AM, 26 June 2024 )

To implement the counter using S-R flip-flops instead of J-K flip-flops, the

-

transition tabla s usead.

Select the correct option

Mone of above

MNext State

S-R




(CS302 - Digital Logic & Design

2. NEXT-STATE TABLE

Once the state diagram of the sequential circuit is defined, a Next-State Table is
derived which lists each present state and the corresponding next state. The next state is the
state to which the sequential circuit switches when a clock fransition occurs. Table 31.1

314

Lesson No. 31

Present State Next State

Qz Q1 Q:] Qz Q1 QD
0 0 0 0 0 1
0 0 1 0 1 0
0 1 0 0 1 1
0 1 1 1 0 0
1 0 0 1 0 1

1 0 1 1 1 0
1 1 0 1 1 1

1 1 1 0 0 0

Table 31.1 Next-State Table for a 3-bit Up-Counter



CS5302 - Digital Logic Design (Semester Quiz # 03 - (Graded))

Question # 4 of 10 ( Start time: 10:07:48 AM, 26 June 2024 )

Once the state diagram is drawn for any sequential circuit the naxt step is to draw

Select the correct option

Logic expression

O

Karnaugh map

Mext-stote table

Transiation table

| p—



One-Shot Mono-stable multi-vibrator

Bi-stable devices remain in either of their two states unless the inputs force the device
to switch its state. The device remains in its alternate state unless the inputs are changed
again to force the device back to its original state. A mono-stable device only has a Single
stable state and it remains in its stable state. It temporarily changes to its unstable state when
it is triggered. It remains in its unstable state for a predetermined length of time and then it
automatically switches back to its stable state. The length of time for which the device remains
in the unstable state is determined by the time constant determined by the Resistor and
Capacitor connected externally to the mon-stable device. The output of the device is a pulse
having a time duration determined by R and C. These mono-stable devices are also known as
One-Shots. Figure 25.9. One-Shots are of two types, the nonretriggerable and retriggerable.

+V

NOR R

mpy

Figure 25.9a Circuit diagram of a One-Shot 25 5

~_ NOT
Lﬁ

.




C5302 - Digital Logic Design (Semester Quiz # 03 - (Graded))

Question # 5 of 10 ( Start time: 10:08:12 AM, 26 June 2024 )

A oné-shot mono-stable davice contains

Select the correct option

F N
S

XNOR gaote, Resistor, Capacitor and NOT Gate

AND gate, Resistor, Capacitor and NOT Gate

MOR gate, Resistor, Capacitor and NOT Gate V

A

MAND gate, Resistor, Capacitor and NOT Gate



Sequential Clrcmts

ymbinational digital circuits have no storage element; therefore combinational
circuits handle unly mstantanenus inputs. The outputs of the combinational circuits also can
not be stored. The absence of a memory element restricts the use of digital combinational
circuits to certain application areas. The use of a memory element which is capable of storing
digital inputs and outputs is an important part of all practical digital circuits.

Consider an ALU which performs Arithmetic and Logical operations. An ALU can not
perform its operations unless it is connected to memory elements that store the inputs applied
at the inputs of the ALU and outputs from the ALU. Consider an ALU that performs addition
operation on a set of numbers, 2, 3, 4 and 5. The ALU can add two numbers at a time;

© Copyright Virtual University of Pakistan 210



C$302 - Digital Logic Design (Semester Quiz # 03 - (Graded))

Question # 10 of 10 ( Start time: 10:10:27 AM, 26 June 2024 )

The combinational digital circuits have - Storage element; therafore combinational circuits handle only instantaneous inputs.

e m

Select the correct option

wo
s
)
one
no
1
® :
LY
threa
S |




C5302 - Digital Logic Design (Semester Quiz # 03 - (Graded))

Question # 8 of 10 ( Start time: 10:09:43 AM, 26 June 2024 )

the terminal count of a modulus=13 binary counter is
—

Select the correct option

0000

noo

101
-
()

1



4. Propagtaion Delay tpy. measured with respect to the leading edge of the clear input to the
high-to-low transition of the output. Figure 23.16. On a high-to-low transition of the clear
signal the flip-flop changes its output state to logic low. The Propagation Delay is
measured at 50% transition mark on the triggering edge of the clear signal and the 50%
mark on the high-to-low transition of the output that occurs due to the preset signal.

N S

-
I:PHL

Figure 23.16 Propagation Delay, clear to high-to-low transition of the output
Set-up Time
When a clock transition occurs at the clock input of a flip-flop the output of the flip-flop
is set to a new state based on the inputs. For the flip-flop to change its output to a new state at
the clock transition, the input should be stable. The minimum time required for the input logic
levels to remain stable before the clock transition occurs is known as the Set-up time. Figure

23.17. 2’5[{



C5302 - Digital Logic Design (Semester Quiz # 03 - (Graded))

Question ## 9 of 10 ( Start time: 10:10:05 AM, 26 June 2024 )

The minimum time required for the input logic levels to remain stable before the clock transition occurs is known as the

-

Select the correct option

Pulse Interval time

()
L

Set-up time /

Hold time

-
\_/

Pulse Stability time (P5T)



Traffic Signal Controller Inputs and Outputs
The State Machine which controls the Traffic Signal has several inputs and outputs.

The inputs are the

+ NSSR: The NS5R is activated when a car is over either of the four sensors on the North-
South section of the road

« EWSR: The EWSR is activated when a car is over either of the four sensors on the East-
West section of the road
A Timer is used to count the 5 minute and 1 minute traffic signal cycle during the day and
night. Two signals LTIME and STIME provide the timing inputs to the State Machine.

« LTIME: The LTIME signal is activated if 5 minutes have elapsed; the signal remains
aclive unless the timer is reset.

+« STIME: The STIME signal is activated if 1 minute has elapsed; the signal remains
aclive unless the timer is reset.

The outputs of the State Machine are
+« N3SGm: The Green signal controlling the traffic on the North-South section

= MN5Yel: The Yellow signal cﬂntrﬂlling the traffic on the Morth-South section
© Copyright Virtual University of Pakistan 374

5302 - Digital Logic & Design

N3Red: The Red signal controlling the traffic on the North-South section

EWGm: The Green signal controlling the traffic on the East-West section

EWYel: The Yellow signal controlling the traffic on the East-West section

EWRed: The Red signal controlling the traffic on the East-West section

TMRST: The Reset signal which resets the timer after the LTIME or the STIME signals
are activated to indicate a time interval of 5 and 1 minutes respectively.



C$302 - Digital Logie Design (Semester Quiz # 04 - (Graded))

Question # 10of 10 ( Start time: 11:47:56 PM, 03 July 2024 )

,,,,,,,,, Yellow signal controlling the traffic on the East-Waest section.

Select the correct option

EWYel

9

NSYel

O

EWRed

M5Gm



Mealy Machine

State Diagram
The sequential circuit represented earlier as a Moore Machine is described as a Mealy

Machine. Figure 33.3. The output of a Mealy machine depends upon the present state at the
inputs. The state diagram shows the six states. When the input is 1, the machine switches
from its present state to the next. If the input is 0, the machine remains in its present state. The
outputs of the machine when it switches to the next state or it remains the present state are
shown with the directed arrows. For, example at state ‘a’, when the input is 1 the machine
changes to the next state and the output is set to 111. When the input is set at 0, the machine
remains in its current state with outputs 011.

Qe OO0O0v00_0_0_00O0_0_0O0_0O0_0O0O0O0O0O0O0O0O0O0OoO0O0OoOoO0_OoO0O0O0O0O0_0OoO0O0O0O0O0O0O0O0O0O0O0O0OoO0O0O0OoO0O0O0O0O0OO0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0OO___"=
© Copyright Virtual University of Pakistan 333



C5302 - Digital Logic Design (Semester Quiz # 04 - (Graded))

Question # 2 of 10 ( Start time: 11:48:32 PM, 03 July 2024 )

According to Moore circuit, the output of synchronous sequential circuit depend|s on - ot flip flop.

e

Select the correct option

= Presant State
&

External Inputs

MNext State

Pravious State



C5302 - Digital Logic Design (Semester Quiz # 04 - (Graded))

Question # 3 of 10 ( Start time: 11:48:58 PM, 03 July 2024 )

Once the state diagram is drawn for any sequential circuit the next step is to draw

Select the correct option

Karnaugh map

Mext-state table

Logic expression

I Transiation table

—



£$302 - Digital Logic Design (Semester Quiz # 04 - (Graded))

Question # 4 of 10 ( Start time: 11:49:17 PM, 03 July 2024 )

The n tip-fiops store states.

Select the correct option

P S
I'M_F)I

2a(n+1)

2An

P
w.




C$302 - Digital Logie Design (Semester Quiz # 04 - (Graded))

Question # 5 of 10 ( Start time: 11:49:34 PM, 03 July 2024 )

A flip-tiop is presently in 5ET state and must remain 5ET on the next clock pulse. What must j and K ba?

Select the correct option

J=X({Dontcare),K=0

J=1,K = ¥{Don't care)

J=0,K = X(Don't care) [}




C5302 - Digital Logic Design (Semester Quiz # 04 - (Graded))

Question # & of 10 ( Start time: 11:50:16 PM, 03 July 2024 )

With a 100 KHz clock frequancy, eight bits can be serially entered into a shift register in

Select the correct option

B0 mili seconds

™

)

80 micro seconds

CN

B micro seconds

O

10 micro seconds

gy



The Transition table is very similar to the State table. The state table can be derived from the
Transition table by assigning State Names to each State and including the output of the State
Machine. The output of the State Machine is determined by the Output Equation

MAX = Q,Q,EN

The State Table for a Mealy Machine is given. Table 38.8. The Transition Table represents the
function of the Mealy State Machine which is a 2-bit Counter. The Counter doesn’'t count when
the input ENABLE=0 and increments when input ENABLE=1. The output MAX of the State
Machine is dependent upon the current state and the Input ENABLE. The State Diagrams for
the Mealy State machine derived from the State Table is shown. Figure 38.4.

Present Next State Next State Output MAX | Output MAX
State ENABLE=0 | ENABLE=1 ENABLE=0 | ENABLE=1
A A B 0 0

B B C 0 0

e C D 0 0

D D A 0 1

Table 38.8 State table of a Mealy Machine ?Jg Z
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Question # 7 of 10 ( Start time: 11:50:57 PM, 03 July 2024 )

Which of the following Output Equations determines the output of the State Machine?

Select the correct option

MAYX = QO0OQIEM
&

MIN = Q0Q1

O

MIN = QOQIEN

$

MAX = QIEN
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Question # 8 of 10 ( Start time: 11:52:11 PM, 03 July 2024 )

The characteristic equation of D-flip-flop implies that

e i il ¥

Select the correct option

The next state is independent of present state

O

The next state is dependent on previous state

The next state is independent of inputs




The ABEL Input file for Elevator State Machine
The main declaration and definition sections of the ABEL input file for the Elevator
State Machine are described. Table 36.4.

The SR1, SR1_, SR2, SR2_ variables are the S-R latch Q and Q outputs for latches
SR1 and SR2. These laiches are implemented using the AND-OR gates of the PLD device,
there outputs are available at the output pins 16, 17, 18 and 19 of the GAL16V8 device. These
outputs are generated by combinational circuits therefore these outputs are defined as
ISTYPE ‘com.buffer’. These outputs are feed back to the AND gate array for connection to the
D flip-flops. The outputs from the three D flip-flops, DOOR, MOTION and DIR are declared as
ISTYPE ‘reg.buffer’ as these three outputs are the outputs of the sequential circuit D flip-flops
in the OLMC modules. Table 36.4a.
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Question # 9 of 10 [ Start time: 11:52:36 PM, 03 July 2024 )

The outputs of SR latches in elevator state machine are generated by combinational circuits therefore, these outputs are defined as ISTYPE *

- -

Select the correct option

O

reg.buffer

com.org
O

COMm.reg
O

com.buffer
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Question # 10 of 10 ( Start time: 11:53:00 PM, 03 July 2024 )

A divide-by=-10 Johnson counter requires

Select the correct option

twelve flip-flops

=
()
: S four flip-flops

five flip-flops

O

ten flip-fiops J
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Question # 7 of 10 ( Start time: 10:09:22 AM, 26 June 2024 )

A divide-by-10 ring counter requires a minimum of

Select the correct option

four flip-flops

e
S

ten flip-flops

O

twelve flip-flops

O

five flip-flops 'L/'



Shift Register Counters

Shift register counters are basically, shift registers connected to perform rotate left and
rotate right operations. When data is rotated through a register counter a specific sequence of
states is repeated. Two commonly used register counters in digital logic are the Johnson

Counter and the Ring Counter.

1. Johnson Counter

In a Johnson counter, the Q output of the last flip-flop of the shift register is connected
to the data input of the first flip-flop. The circuit of a 4-bit, D flip-flop based Johnson Counter is
shown in figure 34.16. The sequence of states that are implemented by a n-bit Johnson
counter are 2n. Thus a 4-bit Johnson counter sequences through 8 states and a 5-bit Johnson
counter sequences through 10 states. Table 34.1
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2. Ring Counter

The Ring Counter is similar to the Johnson counter, except that the Q output of the last
flip-flop of the shift register is connected to the data input of the first flip-flop of the shift
register. All the flip-flops of the counter are cleared to logic low except for the first flip-flop
which is preset to logic high. Figure 34.17. -

PRE i
[ (D) )
L SET SET SET SET J

D Q D Q D Q D Q

2|ip—ﬂ0p_1 >ﬂip—f|0p_2 %ip—flap_?; _leip—ﬂlji::l
GL CLE O CLE Q CLE Q CLE Q
0 3 1 T

= :
Figure 34.17 4-bit Ring Counter
After the initialization of the counter, the logic high set at the output of the first flip-flop
is shifted right at each clock transition. Table 34.2. With a Ring Counter circuit no decoding
gates are required. Each state of the ring counter has a unigue output.

Clock Qo Q4 Q2 Qs
Pulse e -
0 £ 0 0 0.
1 0 - 1 0 0
2 0 . 0 q 1 (40
3 0 N 0 0 S

Table 34.2 Sequence of states of a 4-bit Ring Counter
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The 74HC164 is an MSI 8-bit Serial In/Parallel Out Shift Register. The Shift register
has 8 parallel Outputs, an Asynchronous Active-low CLR input which clears the shift register.
The shift register is triggered on the positive clock transition. The Serial data is applied through
inputs A and B. Input pins A and B are internally connected through an internal NAND gate.
The two pins act as a data input and shift register enable inputs. Serial data is applied at either
input A or B. The other input when set to logic high enables the shift operation. The Figure
34.6

510

A R ——
B — 74HC164
CLR —C
CLK —>

Q,Q, Q,Q, Q, Q QQ,
Figure 34.6a 74HC164, 8-bit Serial In/Parallel Out Shift Register

ML



(CS302 - Digital Logic & Design

SH/LD ~

SER
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Figure 34.9

>

74HC165

0

Q
C}i

74HC165, 8-bit Parallel In/Serial Out Shift Register

344,345



6. Rotate Right Operation

The serial output of the register is connected to the serial input of the register. By
applying clock pulses data is shifted right. The data shifted out of the serial out pin at the right

hand side is re-circulated back into the shift register input at the left hand side. Thus the data
is rotated right within the register. Figure 34.14

Y
|

L 4

Figure 34.14 Rotate Right Operation

7. Rotate Left Operation

The serial output of the register is connected to the serial input of the register. By
applying clock pulses data is shifted left. The data shifted out of the serial out pin at the left

hand side is re-circulated back into the shift register input at the right hand side. Thus the data
is rotated left within the register. Figure 34.15
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