: NMANEMIZTHMIO
1 H OEZZAANIAZ TMHMA HAEKTPOAOrQN MHXANIKON & MHXANIKQN YMOAOTIZTON
§ /

ECE119 Wnpiakn 2xediaon

EpyaoTtnpiakég aoknoeig, Multisim - Verilog

Lab 8: Latches and Sequential Logic Circuits

Kapaptrepdmrouhog Anuntpng 2eTTéUPpIog 2023




Required Tools and TeChNOIOQY ........uuuuiiiiieiieeee e 1

Lab 8: Latches and Sequential LOgIC CIrCUILS ........uuuiiiieeiiiiiiiiiiiine e et eeeeeeeens 2
Learning ODJECHVES. ........ciiiiiiiiiiiiiiieeeee ettt 2
EXpected DeliVErabIes...........oooiiiiiiiiiiiiieeeeeeeeeeeee e 2
8.1 Theory and BacCKgrOUNG ...........cooiiiiiiiiiiiie e e e e e e 3
8.2 Implement: Building a Gated D Latch Circuit using Logic Gates..................ceeeen. 9
8.3 Exercise: Verifying the Gated SR Latch Characteristic Table............ccccccccoooee. 12
ST N o o 1151 o] o SR 15
8.5 Exercise: HDL - Verilog, D-LatCh........ccoooiiiiiiiiii e 16

Required Tools and Technology

Software: NI Multisim 14.0 or newer v Install Multisim:
http://www.ni.com/gate/gb/GB

ACADEMICEVALMULTISIM/
uUs
v" View Help:
http://www.ni.com/multisim/tec
hnical-resources/

MultisimLive v' https://www.multisim.com/



http://www.ni.com/gate/gb/GB_ACADEMICEVALMULTISIM/US
http://www.ni.com/gate/gb/GB_ACADEMICEVALMULTISIM/US
http://www.ni.com/gate/gb/GB_ACADEMICEVALMULTISIM/US
http://www.ni.com/multisim/technical-resources/
http://www.ni.com/multisim/technical-resources/
https://www.multisim.com/

Lab 8: Latches and Sequential Logic Circuits

In all previous labs, we were dealing with combinational logic circuits. A combinational
logic circuit is one such that all outputs may be determined from the current inputs. In
this lab, we will introduce sequential logic circuits through the application of latches. A
sequential logic circuit is one such that outputs depend on the previous inputs in
addition to the current inputs. We will also look at how clock signals can be
implemented into a circuit.

Learning Objectives
In this lab, students will:

1. Understand the difference between synchronous and asynchronous sequential
circuits.

2. Test and compare circuits for D latches using both logic gates and latches.

Confirm the characteristic table of a gated SR latch.

4. Observe and articulate the difference between D latches and SR latches.

w

Expected Deliverables
In this lab you will collect the following deliverables:

o Latch features table

e Latch comparisons

e Observations of probe behavior
e Conclusion questions

Your instructor may expect you to complete a lab report. Refer to your instructor for
specific requirements or templates.




8.1 Theory and Background

Sequential Circuit

Output depends on
past behaviour

Combination Synchronous:

Logic Circuit « Knows its signal at
distinct moments in
time

Asynchronous:

» Knows its signal at
any moment in
time

Figure 8-1 Video. View the video here: https://youtu.be/RMY4rTyVso0

IE' Video Summary

e A sequential circuit’s output depends on the present combination of inputs, and
the past behavior of the circuit

e There are two classes of sequential circuits: synchronous and asynchronous

e The clock signal is a rectangular pulse train

Sequential Circuit

A sequential circuit is one whose output depends not only on the present combination of
the inputs, but also on the past behavior of the circuit.

e The basic building block of sequential circuits is the bistable, a circuit having two
stable states.

e The state of a sequential circuit is represented by a set of bits, called state
variables, containing all the information about the past necessary to explain the
future behavior of the circuit.

e The outputs of sequential circuits are a function of both their inputs and of the
history of these inputs.



https://youtu.be/RMY4rTyVso0

The block diagram of a sequential logic circuit is presented below.

inputs outputs
» Combinational
Circuit

Storage
Elements

Figure 8-2 Sequential logic circuit block diagram

There are two main classes of sequential circuits, depending on the timing of their
signals:
1. Synchronous sequential circuits — their behavior can be defined knowing its
signals at distinct moments in time.
2. Asynchronous sequential circuits — their behavior can be defined knowing the
input signals at any moment in time and the order in which they change.

This lab presents synchronous sequential circuits, which employ a block signal for
synchronization. Throughout this lab, synchronous sequential circuits will be simply
called sequential circuits.

Clock Signals

The clock signal is a rectangular pulse train. It has a precise pulse width and a precise
interval between pulses, called clock cycle time.

e These signals are used by sequential circuits by synchronizing the activity within
the circuit and for the synchronizing the update of stored values.

e Most sequential circuits change their state on one of the edges of the clock
pulses (rising or falling edge), being referred to as edge-triggered.

e The timing events is important when dealing with sequential logic circuits.
Therefore, in this case, besides the truth table, one should also know the order in
which events occurred, i.e. the logic timing diagram.

e The table presenting the sequential circuits operation is often called a
characteristic table rather than a truth table, since it does not represent a
combinational circuit.




e The majority of digital systems are principally synchronous circuits are easier to
design and troubleshoot, changing outputs only at specific moments in time.
They always contain some asynchronous circuits too.

e An example pulse train is shown below (left), as well as an example timing
diagram for an AND gate (right).

rising falling

edge edge ‘ low

time (ms) 0 0.5 1 156 2 2.F 3 36 4

Figure 8-3 Pulse train (left) and timing diagram for an AND gate (right)

The SR Latch

A latch is a storage element that operates with signal levels rather than signal
transitions.
e A latch is a level sensitive device and the basic building block of flip-flops, which
will be presented later.
e One of the simplest sequential circuits is the basic latch.

The basic latch is presented in the figure below and has the functionality described by
the accompanying characteristic table.

A . HEEE
0o 0 |o1|w

0 1 0 1
_ 1 0 1 0
Q
S 1 1 0 0

Figure 8-4 Basic latch (left) and characteristic table (right)

e The circuit has two inputs, S (Set) and R (Reset), and two outputs, Q and Q, with
Q the complement of Q.




e The state of the latch can be controlled through the S and R inputs, which set
and reset the output Q.

e The word “set” denotes the process of making the output Q a logic value 1, while
‘reset” denotes the process of making the output Q a logic value 0.

Note: The output of the circuit depends not only on the current inputs, but also on the
previous value of the output.
e When both the inputs are 0, the output remains unchanged.
e A pulse on the S input sets the output to 1 and a pulse to R resets the latch
(Q=0)
e Both S and R set to 1 does not represent a valid combination of the inputs
because this force the two outputs to O, resulting in an unstable circuit.
o In practical applications, setting both inputs to 1 is forbidden.

The symbols for a SR latch are presented in the figure below

Figure 8-5 SR latch symbols

The SR latch is bistable element with one bit of state stored in Q. Its state can be
controlled through the two inputs, S and R. When none of the two inputs is asserted, the
state of the circuit remains unchanged. The SR latch represents the basic element for
most static memory structures.




The Gated SR Latch and D Latch

The SR latch changes its states at random moments in time, when the outputs are
changed.

e Its operation can be modified in such a way that an input signal (ENABLE)
controls the moment when the state of the latch changes.

e The circuit is called a gated SR latch.

e The ENABLE signal can be used an ON/OFF signal, a synchronizing signal, or a
clock signal.

e The characteristic table (center) presents the operation of the gated SR latch.
Q(t) represents the current value of the output and Q(t+1) represents the next
state.

e The SR latch circuit is shown below (left) along with its graphical signal (right).

— en [ 5] ] aen
0 X X

Q Qft)
1:0:0 alt)
En —»
1:0:1 0 _Ir  ol—
SEn Q 1:1:°0 1 — Clk
—_— —S Ol—
S 1:1:1 X Q

Figure 8-6 latch circuit (left), characteristic table (center), and graphical symbol (right)

The D latch eliminates the undesirable condition of the indeterminate state in the SR
latch.
e It ensures that the inputs S and R are never equal to 1 in the same time.
e The circuit has only two inputs, D and CIk or En.
e The D input stands for data.
e The D latch circuit is presented in the figure below (left), along with the D latch
characteristic table (center) and graphical symbol (right).

=Dy, EIE
C 0

X Qit) no change

Clk -l : o 0 et —D Ql—
[ e resal siale

_:3 5 | >0—1— O 1 1 1 set state Clk Ob—

Figure 8-7 D latch circuit (left), latch characteristic table (center), and graphical symbol (right)




8-1 How are sequential circuits different from combinational logic circuits?

a) Sequential circuits are different from combinational logic circuits as they depend
on their previous states in addition to their current inputs.

b) Sequential circuits are different from combinational logic circuits as they depend
only on their current inputs.

8-2 What is the difference between synchronous and asynchronous sequential circuits?

a) Asynchronous sequential circuits allow their behavior to be defined knowing its
signals at distinct moments in time. Synchronous sequential circuits allow their
behavior to be defined knowing the input signals at any moment in time and the
order in which they change.

b) Synchronous sequential circuits allow their behavior to be defined knowing its
signals at distinct moments in time. Asynchronous sequential circuits allow their
behavior to be defined knowing the input signals at any moment in time and the
order in which they change.




8.2 Implement: Building a Gated D Latch Circuit using Logic Gates

D Latch

Instructions:

e Launch Multisim.

e Build the following D latch circuit using logic gates:

Note: U2 is a digital constant set a high
S1is a button Electro_Mechanical / FLOW_NO

X1
u1 u3
u4
ué
[1] > B |
Key = A |/
y NOT ANDo _DO— %o
u?2 S1 NOR2
C j
u7
Sy | w |
S T
Y
AND2 NOR2
Figure 8-8 D latch circuit diagram
e If you use MultisimLive you can build the following:
X1
U1 us i u4 Ué
0 02— 4 @
>
5.00V
0
X2
R1 uUs
Ole hY 5 1
Don’t Change o/ 5.00V
this value

Figure 8-9 D latch circuit diagram



Multisim
.ms14

-

- Multisim: Ovopa apxeiou “8 D Latch.ms14”,
MpoaoBnkn aTo zip file pe dvopa "Lab8 ovouaremwvuuo_ AM.zip”

- MultisimLive: Ovopa apxeiou “8 D _Latch.png”.
Schematic image  TllpoaBrikn oTo zip file ye 6voua "Lab8 ovouaremwvupo AM.zip”

Testing a Gated D Latch Circuit using Logic Gates
Instructions:

e Start the Simulation.
e Press and close S1.
e Press and open S1
e Change Ulto1l.

8-3 Do the probes change and why?

a) No, because the enable has not been pressed so the circuit cannot activate a
change.

b) Yes, because the enable has not been pressed so the circuit can activate a
change.
Note: Our enable (or CIk) signal is being simulated by S1, an interactive button.

e Press the button S1.

8-4 Does the probe change and why?

a) No, the probe does not change because enable is activated and input is “1”.
b) Yes, now the probe has changed because enable is activated and input is “1”.

e Change UltoO.

8-5 Do the probes change and why?

a) No, the probe does not change because enable is activated and input is “0”.
b) Yes, the probe has changed because enable is activated and the input changes.

e Press the button S1
e Change Ulto 1.




8-6 Does the probe change and why?
a) No, because the enable has not been pressed so the circuit cannot activate a
change.
b) Yes, because the enable has not been pressed but input is “1”.

e Stop the simulation.

8-7 Compare your observations to figure 8-7’s characteristic table.

a) Is the same.
b) Differ.




8.3 Exercise: Verifying the Gated SR Latch Characteristic Table
Circuit
Instructions:

e Launch Multisim
e Connect the following circuit:

us ue E E .
R 0 — A
Key = A
EN 0 O NOT_Q
Key =B u7
- et
S [0] L NOR2
Key = C AND2
Figure 8-10 SR latch circuit diagram
e If you use MultisimLive you can build the following:
X1
R 3 u4 U6
4 @
>
N 7 5.00V
Co— 0
X2
S 3 N 5
(I 0 _/ 5.00V
Figure 8-11 SR latch circuit diagram
- Multisim: Ovoua apxeiou “8_Gated_SR_Latch.ms14”.
:ne 1 Mpoo6rkn oTo zip file ye dvopa "Lab8 ovouatemwvuuyo AM.zip”

ﬁ i
. - MultisimLive: Ovopa apxeiou “8_Gated SR_Latch.png”.
| Schematic image  TlpooBrikn aTo zip file ye dvoua "Lab8 ovouaremwvupo AM.zip”




e Start the simulation.

e Using the Characteristic table provided, vary the inputs and observe the probe.

0

X X Qf(t)
0 0 0 Qf(t)
1 0 1 0
1 1 0 1
1 1 1 0

Figure 8-12 Characteristic table

8-8 With the Enable input equal to 0, does it matter what you do to the S and R inputs?
a) Yes
b) No

e Set Enable to 1.
e SetStol.

8-9 Does the probe Q light up?
a) Yes
b) No
e SetStoO.

8-10 Does the probe Q light up?
a) Yes
b) No

8-11 Explain what has happened.

a) Despite S changing from 1 to O, the probe remained lit up because the reset state
remains zero.
b) The probe went out because S changing from 1 to 0.

e SetRtol.




8-12 Does the probe Q light up?

a) Yes
b) No

8-13 Explain what has happened.

a) When R changed to 1 it reset the probe and thus put it back to off because S was
false. This change was able to occur because enable is set to false.

b) When R changed to 1 it reset the probe and thus put it back to off because S was
false. This change was able to occur because enable is set to true.

8-14 Set S and R both equal to 1, what does the probes show? Is it approved?

a) Both is zero, Yesitis
b) Both is zero, No itisn’t

e Stop the simulation.




8.4 Conclusion

8-15 Based on your observations, what are the main differences between the behavior
of D latches and SR latches?

a) D latches are a simplification of SR latches. With a D latch ‘R’ is wired to be the
same with ‘S’ thus eliminating the indeterminate state. With an SR latch, the S and
R signals must be coordinated so they are never both 1.

b) D latches are a simplification of SR latches. With a D latch ‘R’ is wired to be the
opposite of ‘S’ thus eliminating the indeterminate state. With an SR latch, the S
and R signals must be coordinated so they are never both 1.

8-16 A sequential circuit’s behavior depends on:

A. The number and type of latches

B. Only on the inputs

C. Current inputs and previous behavior
D. The previous 4 bits

8-17 Sequential circuits employ which component for synchronization?

SR latches

Clock signals
Gated D latch
None of the above

OO0 wp

8-18 A gated SR latch is a combination of which logic gates?

2 AND and 2 NOR gates
2 AND and XNOR gates
2 AND and XOR gates
2 AND and NOT gates

o0 ®p

8-19 In the characteristic table of a gated SR latch, Q (t+1) represents:

A. A don’t care condition

B. The current value of the output
C. Removing the Q (t+1) state

D. The next step

8-20 The D latch eliminates the undesirable condition of the indeterminate state in the
SR latch by:




O

Verilog
v

A. Reducing the number of logic gates needed for the circuit
B. Having only the following two inputs: D and Clk or En

C. Removing the Q(t + 1) state

D. Adding another output

8.5 Exercise: HDL - Verilog, D-Latch

1. TpawTte oe yA\wooa Verilog Tnv TTepiypaen yia évav pavoaAwTr) Tutrou D, TTapouolo
ME auTtov Tou figure 8_7. Oa TTpETTel va €xel el00doug D, enable (to Clk oTto oxiua)

Kal €060 10 Q.

Na xpnoigotroifoeTe TNV always kai Tnv if.

OvopudoTte To module: “D_latch”

- Verilog:

Ovopa apxeiou “D_latch.v”.
MpoaoBnkn oTo zip file pe 6vopa "Lab8 ovouaremwvupyo AM.zip”

2. 'Emeira kataokeudoTe pia povada dokiung (test bench) é1rou Ba dokiudleTe TO
TTPONYOUNEVO KUKAWUA WG £EAG:

2Td 2 nsec:

VVVVYVYVYYVYVYYVYY

210 10 nsec:
21a 20 nsec:
21a 30 nsec:
>1a 40 nsec:
21a 50 nsec:
210 60 nsec:
21a 70 nsec:
21a 80 nsec:
21a 90 nsec:

enable =0
D=0
D=1
enable =1
D=0
D=1
enable =0
D=0
D=1
$finish

Na xpnoigotroifoete TNV vioAn “$monitor” yia va eAéyEeTe TIC £106d0UG - ££600UC.




OvopdoTte To module: “t_D_latch”

MpooBnkn oTo zip file pe évopa "Lab8 ovouaremwvuuo_ AM.zip”

- Verilog: Ovopa apxeiou “t_D latch.v”.

2.€ KABE TTEPITITWON EAEYETE TIG KUMOTOMOPYEG YIA TNV OCWOTH TIPE £€6600U.

Kavte éva screenshot Twv KUMOTOMOP@PWYV COG Kal TTPOooBEoTE TO OTO Zip file.
(MTTOPEI Va gival printscreen Tou UTTOAOYIOTH 1) hia wToypagia Pe TO KIvATO 00G)

% - Picture: Ovopa apxeiou “t_D latch 7.
| MpoaoBnkn oTo zip file pe 6vopa "Lab8 ovouaremwvupyo AM.zip”




