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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/



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/

Lab 6;: Encoders and Decoders

In Lab 5, we learned that gates arranged to perform a specific function, such as binary
addition, can be represented with a chip. Other applications of this concept include
encoders and decoders. Encoders are logic circuits responsible for reducing the size of
an input. Decoders preform the inverse operation, increasing the size of an input. In a
previous lab, we learned what a seven-segment display is and in this lab we will explore
how decoders apply to this electronic device.

Learning Objectives
In this lab, students will:

1. Explain how decoders works, specifically in an SSD
2. Create a circuit with a BCD to Seven Segment Display Decoder and verify its
truth table

Expected Deliverables

In this lab you will collect the following deliverables:

o Diagram of a BCD to 7 Segment Display Decoder
e Truth tables
e Conclusion questions

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




6.1 Theory and Background

Decoders

Translate binary code

One hot encoded:
» For any combination
of inputs, only one
output is 1

The value of the enable
signal dictates if the
decoder will work

Used for memory
access

Figure 6-1 Video Screenshot. View the video here: https://youtu.be/RH2SeKV DKg

IE' Video Summary

e Decoders are devices that translate a binary code of n-bits of information into 2n
bits of information

e For any combination of signals there is only one output that can have a value of 1

e Encoders perform the opposite function of a decoder

e Encoders encode information from 2”n input lines into an n-bit output line



https://youtu.be/RH2SeKV_DKg

Decoders

The process of translating ambiguous information into something understood by a
device receiving the data is called decoding.
Therefore, the resulting device is known as a decoder.

e Decoders take binary codes of n bits and generate 2" outputs.

e The outputs of a binary decoder are said to be one-hot encoded because for
any combination of the input signals there is only one output having the value 1

e Decoders can include an enable signal for controlling the circuit operation.

e This enable signal can be active-low (meaning that the circuit will operate only
when enable is 0) or active-high (the decoder is enabled when enable is 1).

e Decoders with enable inputs can be used for constructing larger decoders.

e One of the most important applications of decoders is memory access, where
they are used for decoding the address of the rows in the memory blocks.

Let’s take the example of a 2 to 4 decoder enabled when the En signal is 1:

En — %

Figure 6-2 Decoder




From this, we can determine the following truth table and logic circuit:
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Figure 6-3 Truth table (left) and logic circuit (right)

Encoders

Encoders are logic circuits that perform the opposite function of a decoder. Binary
encoders encode information from 2" input lines, producing an n-bit code.

e At any given time, only one of the 2" inputs can be 1.

e Encoding is used for reducing the number of bits needed to represent
information. They are often used in application such as data transmission and
data storing.

e The graphical symbol of the 4 to 2 binary encoder is presented below. The cases
in which more than one input is 1 are not shown in the truth table because they
are treated as don’t care conditions.
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Figure 6-4 Encoder (left) and truth table (right)




e |t can be seen in the truth table that the output O1 is 1 when either Iz or Iz is 1 and
that the output Oo is 1 when either Iz or 1 is 1.

e It can also be seen that the input lo can be ignored

e The encoders presented so far are considered to have one-hot encoded inputs.

The corresponding logic circuit is presented below:

Figure 6-5 Logic circuit

Another commonly used type of encoder is a priority encoder:
e Priority encoders are able to prioritize inputs
e This is important because regular encoders can generate the wrong output when
there is more than one input present at logic level 1.
e This type of encoder has an additional output, z, which indicates the case in
which none of the inputs is 1.

The graphical symbol of the priority encoder is presented below. The truth table
describes the behavior of a 4-to-2 priority encoder. It can be seen on the last line of the
truth table that if the input I3 is 1, the outputs are all 1 and the values on the other inputs

of the decode do not matter and are denoted by ‘x'.
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Figure 6-6 Priority encoder (left) and truth table (right)




6.2 Exercise: Seven Segment Display Diagram

Note: Seven Segment Displays (SSD) explored in a previous lab use a Binary Coded
Decimal (BCD) to a 7-Segment Display Decoder.

6-1 Explain briefly how a decoder works.

a) Decoders take binary codes of n bits and generate 2" outputs. Each possible set
of inputs is mapped to a corresponding output. Thus, an input is decoded from n
bits and output as a 2n bit number.

b) A decoder analyzes all its input bits to determine the corresponding decoded
output. A decoder can generate the wrong output when there is more than one
input equal to 1.

6-2 What is the difference between an encoder and a priority encoder?

a) An encoder analyzes all its input bits to determine the corresponding encoded
output. A priority encoder can generate the wrong output when there is more than
one input equal to 1. A regular encoder, however, can have multiple inputs equal
to 1.

b) An encoder analyzes all its input bits to determine the corresponding encoded
output. A regular encoder can generate the wrong output when there is more than
one input equal to 1. A priority encoder, however, can have multiple inputs equal to
1, as it prioritizes certain inputs and can ignore others.

6.3 Implement: Building a BCD to Seven Segment Display Decoder

BCD to Seven Segment Display Decoder
Build the following circuit:
e From the TTL Group, select the 74STD Family and then the 7447N.
e From the Basic Group, select the RPACK Family and then the 7Line_lsolated

resistor.
e Right click on the resistor and view properties. Change the resistance to 220 Q




From the Indicators Group, select HEX DISPLAY and then
SEVEN_SEG_COM_A_GREEN.
From the Sources Group select POWER_SOURCES and then VCC. Place one
near the bottom of the Decoder and one near the top of the SSD.
Place four INTERACTIVE_DIGITAL_CONSTANTS.
o Change the keys for toggle to math the ones shown in the figure
below.

Write them as shown:

Multisim
.msl4
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Figure 6-7 Circuit diagram
- Multisim: Ovoua apxeiou “6 BCD to SSD.ms14”.
MpooBnkn aTo zip file pe dvopa "Lab06_ovouartemwvuuo_ AM.zip”
« Remember this: a
f b
g
————
e c




Testing a BCD to Seven Segment Display Decoder
e Run the Simulation

6-3 Vary the inputs to complete the following truth table of an SSD

D C B A a b C d e f g N(_;Jl:rt]s;ltc
0 0 0 0

0 0 0 1

0 0 1 0

0 0 1 1

0 1 0 0

0 1 0 1

0 1 1 0

0 1 1 1

1 0 0 0

1 0 0 1

1 0 1 0 X X X X X X X none
1 0 1 1 X X X X X X X none
1 1 0 0 X X X X X X X none
1 1 0 1 X X X X X X X none
1 1 1 0 X X X X X X X none
1 1 1 1 X X X X X X X none




Multisim
.msl4

6.4 Implement: Building a Circuit for a 10 to 4 Priority Encoder

Circuit
e Create the following circuit:
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Figure 6-8 Circuit diagram
- Multisim: Ovopa apxeiou “6_Encoder.ms14”.

MpooBnkn aTo zip file pe dvopa "Lab06_ovouartemwvuuo_ AM.zip”




Testing 10 to 4 Priority Encoder

e Run the circuit.

6-4 Complete the following truth table for the 10 to 4 priority encoder.

in9 | in8 | in7 | in6 in5 in4 in3 in2 inl D C B A
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 0
1 1 1 1 1 1 1 0 X
1 1 1 1 1 1 0 X X
1 1 1 1 1 0 X X X
1 1 1 1 0 X X X X
1 1 1 0 X X X X X
1 1 0 X X X 0 X X
1 0 X X X X X X X
0 X X X X X X X X

6-5 What happens when two inputs are low?

a) When one input is low, the lights that are on display the corresponding binary
number. When two inputs are low, lights display the binary number corresponding
to the highest of the two input values.

b) When one input is low, the lights that are off display the corresponding binary
number. When two inputs are low, lights display the binary number corresponding
to the highest of the two input values.

6-6 Can you determine how the encoder defines priorities?
a) The larger input number takes priority.

b) The smaller input number takes priority.

Stop the circuit when you’re done.




6.5 Conclusion

6-7 Why do encoders and decoders have different ratios of inputs and outputs?

a) Encoders translate a number from n bits to 2" bits whereas decoders translate a
number from 2" bits to n bits. This is because the goal of an encoder is to
increase the number of bits whereas the goal of a decoder is to translate a larger,
encoded number back into its short form.

b) Encoders translate a number from 2" bits to n bits whereas decoders translate a
number from n bits to 2" bits. This is because the goal of an encoder is to reduce
the number of bits whereas the goal of a decoder is to translate a shortened,
encoded number back into its long form.

6-8 How do Enable signals control the way a decoder works?

A. It decides which of the inputs enters the decoders first

B. It converts n bits to 2°n outputs

C. Determines whether the circuit will operate when it is set to either 0 or 1
D. All of the above

6-9 Which logic gates are needed to create a 2 to 4 decoder?

2 NOT gates and 4 AND gates
2 NOT gates and 4 OR gates
2 AND gates and 4 NOT gates
2 AND gates and 4 OR gates

OO0 ®p

6-10 In binary encoders, at any given time:

A. Only one of the n outputs can be 1

B. Only one of the 2”n inputs can be 1

C. There must be an enable input

D. Can store a maximum of 2 bits of information




6.6 Exercise: HDL - Verilog, Decoder 3x8

A. YAotmroiote oe yAwooa Verilog évav Amokwdikotroint, 3 o€ 8, Pe €10000UG
IN [2:0] kan enable (orjpa evepyoTtroinong oto “17) kai £€¢odo OUT [7:0].

OvopdoTte To module: “decoder_3x8”

- Verilog: Ovopa apyeiou “decoder_3x8.v”.

MpooBnkn oTo zip file pe dvopa "Lab06_ovouaremwvupo_ AM.zip”

B. ‘Emeara kataokeudoTe pia povada dokiung (test bench) 6mmou Ba dokipalete 10
TTPONYOUNEVO KUKAWHG cag divovTag OAEG TIG duvaTES £10000UG WG £ENG:

» 210 10 nsec: enable =0

» 210 20 nsec: enable =1

» 210 30 nsec: IN = 000

» 210 40 nsec: IN =001

» 210 50 nsec: IN =010

» 210 60 nsec: IN =011

>

» kal kéBe 10nsec 1o IN va augdvel kata 1.

MTTOpEITE VO XPNOIKMOTIOINCETE TNV EVTOAN “repeat”.

© .X. repeat (10) #5 XXxX;

H evtoAn “xxx” Ba ekteAeoTei 10 QoOpES Kal JAAIOTA KABE Qopd ue avauovr S5nsec

Na XpnoIJoTToINOETE TNV EVIOAR, $monitor yia va eAEyEeTe TIC €10060U¢ - £€6O0UC.
Mrropeite va xpnoiuoTroioeTe kai TN dladikagia cuoTAPaTog $time n oTToia

@ ETTIOTPEPEI TOV XPOVO TNG TTPOCOUOIWONC.
.X. $monitor ("Time =%3d x =%b y = %b", $time, X, y);
KaBe popd mou aAAdlouv ol X, y oTo terminal Ba £xoupe Kal TNV XPOVIKR OTIVUA
TNG EKTEAEONG TNG EVTOAAG.




Na xpnoiyotroifoete TIG evioAég $Sdumpfile kol $dumpvars woTe va Tmapayei 1o
@ apxeio “vcd” pE TIC KUMATOMOP®EC Twv onudTtwy. ETema va avoiete autd To

apxeio pe 1o VSCode ) 1o gtkwave yia va O€iTe TIG KUPATOUOPPES KAl VO EAEYEETE

OTITIKA TOV TPOTTO TTOU PETARBAAAETAI N ££000G OTOUG CUVOUACHOUG TNG £100D0U.

OvopdoTte To module: “t_decoder_3x8”.

- Verilog: Ovopa apxeiou “t_decoder 3x8.v”.

MpooBnkn aTo zip file pe dvopa "Lab06_ovouartemwvupo_ AM.zip”

2€ KABE TTEPITITWON EAEYETE TIC KUPATOUOPPEG YIa TRV CWOTA TIUN €£600uU.

Kavte éva screenshot Twv KUpaTopop@WyV ocag Kal TTpooBEaTe TO OTO Zip file.
(MTTOPEI Va gival printscreen Tou UTTOAOYIOTH 1 dia uToypagia he To KIvRTO 0AG)

. - Picture: Ovopa apxeiou “t_decoder_ 3x8”.
MpooBnkn oTo zip file pe dvopa "Lab06_ovouartemwvupo_ AM.zip”




