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DLLT -EMO1 : BASIC LOGIC GATE EXPERIMENTS

1-1 Introduction to Logics and Switches

1-2 Logic Gates Circuits
a. Diode Logic (DL) Circuit
b. ResistoiTransistor Logt (RTL) Circuit
c. DiodeTransistor Logic (DTL) Circuit
d. TransistofTransistor Lgic (TTL) Circuit
e. ComplementarivetalOxide-Semiconductor (CMOS) Circuit

1-3 Threshold Voltage Measurement
a. TTL Threshold Voltage Measurement
b. CMOS Threshol&¥/oltage Measurement

1-4 Voltage/Current Measurement
a.TTL I/O Voltage an Current Measurement
b. CMOS Voltage and Current Measurement

1-5 Basic Logic Gate Transmission Delay Measurement
a. TTL Gate Delay Time Measurement
b. CMOS Gate Diay Time Measurement

1-6 Measurements of Basic Logic Gates Characteristics
a. AND Gate Characteristics Measurement
b. OR Gate Characteristics Measurement
c. INVERTER Gate Characteristics Measurement
d. NAND Gate Characteristics Measurement
e. NORGate Characteristics Measurement
f. XOR Gate Characteristics Measurement

1-7 Interfaces Between Logic Gates
a. TTL to CMOS Interface
b. CMOS to TTL Interface



BASIC LOGIC GATE EXPERIMENTS

1-1 Introduction to logic and switches

OBJECTIVES
1. Understanding how digital and analog signals function.
2. Understandinthe relationship between switch and logic.

DISCUSSIONS

There are two types of matters, which occurs every moment in our daily life: The continuous or "Analog
matters andhe noncontinuous or "Digital" matters. Both matters will be discussed in thigteha

Analog System

In the analog system, a mathematical quantity is expressed by a certain number or value directly proportic
to it. For example, the odometer in a walf continuously indicate the speed by rotating the hand for a certain
degree. Aghe speed or "input" changes, position of the hand or "output” will change as well, matching th
current speed of the car. Both input and output are continuously chahgifart, the analog system is
actually a "Continuously Variable Presentation”.

Digital System

In the digital system, quantities are expressed by segmented numbers or symbols rather than contint
proportional values. For example, a digital watch displsgconds, minutes, hours and dates in segments of
one second. There are no conting changes between one and two second when in fact there are indefinit
divisions between one and two. On a digital watch, it is either "1" or "2" with nothing in bet@emight

say that digital watches with stopwatch function can count to one hihdred second but the fact remains
that there are indefinite divisions between 0.001 and 0.002 seconds.

Since it is impossible to use indefinite digits to express a greaisie, often an approximate number is used.
For example, the circumference factor " | i es somewhere between 3. 1!/
advance technologies no one knows exactly what the precise value is. We usually assume it to be 3.1416,
four decimal points. In digital systems changes and outputs occur in predeteregnezhts with nothing in
between. This is sometimes called "Naontinuous Changes".

Analog and digital system each has its own advantages. The analog system is easily calibrated, inexpen:
fast and accurate while the digital system is not easily inflee¢ by physical conditions or material
characteristic differences.

To combine the advantages each system offers, we can use the “BigitagConverter" or "DigitalAnalog
Converter". But before doing so it is essential that we understand the vagibals'slystems".

Usually the decimal system, which uses numbers 0, 1,2,3,4,5,6,7, 8, 9 to represent all quantities with
largest number being 9, is used most often.

In the binary system only two states 0 and 1 exists. Following is an example om lcowvert a binary
number into a decimal number.



101011 =122+ 1% 2% + 127+ 1x2°
L1l Ll=32 + 8 + 24+ 1
2ipipigialol= 43

To make the conversion between decimal and binary systems easier, the octodecimal system was inver
The largest number in octodecimal system is 7, which is equivalent to binary 111.

To convert from biary to octodecimal, divide the binary number in groups of three starting from the left hanc
side. For example, the binary number 1010101 is equal to octodecimal 255.

In computers the hexadecimal systems are used. The largest hexadecimal number is t&8@malir®, so

the numbers used in hexadecimal systemare 0,1,2..9,A,B,C,D,E, F

Sincel6 = 2* to convert binary numbers to hexadecimal numbers simple divide the binary number in groug
of four starting from the left hand sideor example:
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Of the binary, octodecimal and hexadecimal systems, the octodecimal system is the least used. Bin
numbers are marked at the end with the letter "B", while hexadecimal numbers are marked with letter H.

Conversion between binary andkadecimal numbers:
101111011.1111010111 = 17B.F5CH

Using the decimal point as the center, divide the binary number to the left in groups of four. Use the sal
procedure for the binary number to the right of the decimal point, adding a "0" at the enel lagrdew

1011110111 11101011100

oo ' oo /
1 7 M=B 15F 5 12=C

To convert from decimal to binary, we can first convert decimal to octodecimalEXample convert
decimal 86 to octecima:



8|86
8|10 theremainderis6so 8°is6

1 the remainderis 2so 8'is 2
8%is 1

so 8 61(): 1268
1265 = 001010110B (B : Binary)

Example 2: Converting decimal 12.65 to binary
In this case, where demonical points are involved, we have teedivdconversion in two steps.

Decimal points Multiply the decimal point by 8 as shown below. The whole numbers generated are th
octodecimal numbers.

0.65
8

X
8" [5.20
8

B,I m_ E
8
g [4].8

8
g [6.4
0.65,,=0.5146,=0.101001100110,

Switches have two distinctive states "1" and "0". Each represents an output logic state. Froouitlod Eig.
1-1 (a) we can verify this principle.

In Fig. 1-1 (a),

When the switch is in position 1, LED2 will be ON.

When the switch is in position 2, LED1 will be ON.

When the switch is in position 0, both LED1 and LED2 will be ON.

Switch logics cold have two or three states: "1 "; "0"; and "X" or 'open'.

Relays can be used to demonstrate digital operations. The relay is triggered when the input voltage reache:
action voltage, when the input voltage drops below the release voltage, the retagpailinctioning.
EQUIPMENTS REQUIRED

DLLT-1300 Digital Logic Lab Trainer, Basic Logic Gates Experiment Module DEMO1, and Digital
Multimeter

EXERCISE

1. Make sure the Fault Simulator DIP Switch follows the below setting :



aN

a5

OFF

2. Insert connection clipaccording to Fig. 4L (a) to construct the circuit shown in FiglXb).

GR1
1
RY R2
LTK L
cA2
Fig. 1-1 (a) Fig. 1-1 (b)

3. Connect Z1 to the Adgtable Power Supply on DLET30Q Adjust the output vedge, measure the
minimum and maximum voltage at Z2.

4. Adjust the output voltage and observe the LED (CR2).

5. Reconstruct the circuit according to FiglXc). Adjust the output voltage to 15V, Record the states of
LED when the switch is in position a, b, ¢

circuit a

Fig. 1-1 (c)

6. Reconstruct the circuit according to Figl1d) and use the relay as a load. Increase the input voltage
into the relay and observe the point at which the relaydrgydecrease the input voltage and observe
the release voltage.
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Fig.1-1(d)

RESULTS

1. The two points (or voltages) at which the LED is turned on and off can not be measutld exac
2. The two points (or voltages) at which the relay triggers and releases can be measured exactly.
3. The action of the relay is a "digital" action.

4. When the switch is "closed", or connected to "+V", or connectedoungy, it is in "floating” statand
both CR1, CR2 are on.

1-2 Logic Gate Circuits

OBJECTIVES

Understand the characteristics and principles of various logic gates.
DISCUSSIONS

Logic gates are constructed using two types of elements: the "Bipolar" and the "Metal Oxide Semiconductt
or MOSelements.

Bipolar logic elements include:

(1) Diode Logic, or "DL"

D1 Voo
A o—D— ;
R2
B O—{b—1—COF s |
o2\ c o—ki—1
R1
f D O—kK}—+—OF
= D4
(a) OR gate (b) AND gate

Fig. 1-2-1 Diode Logic Gates



Refe to Fig. £2-1 (a), when the input voltage at either A or B is higher than the barrier voltage (0.7V) of the
diode, there will be voltage at the output F. This is an "OR" logic gate. The value of A and B depends on t
specifications of D1 and D2 as wal the output load.

If there are voltages at both A and B, the output voltage at F will be decided by the higher of two inpi
voltages. For example, if A=5V and B=6V for the circuit of FigR-2, the output F will be 5.3V so D$
reversely norconductiwe.

A 01
5V
0.7V F
6V 5.3V
B D2
OFF
ON R4

Fig. 1-2-2 OR gate

The inputs can be increased by simply adding diodes. Refer to-£#8. 1

Do

AO0 O—D—y
D1

R1

I

An O—pD—
Fig. 1-2-3 "n"-input DL gate

In Fig. 1-2-1 (b), the lower of the two inputs C and D must be able to turn on D3 and D4, or- ¥V&&8.7V
or + Vce Vd=0.7V. Vc and Vd are the input voltages at C and D respectively.

If both C and D are low, the lower of the two will determine the output. In F2g4,Vcc= 10V, Vc=6V and
Vd=8V.The output F is 6.7V, D3 will be on and D4 will be off. Circuits such as this is called an "AND" gate.
To increase the input, refer to the connection shown in F2g4.1

+10V
+Vee

ON ;Rz
-4

c D3
6V o—Kk}—+4
0.7V
8V O—K}—+—C 6.7V
D pa F
OFF

Fig .1-:2-4 AND gate




EXAMPLE 1:
What happens when twbLs are connected in series, as in Fi@-3?

!- E' +Veo i
f
R3
Ao DS I,q,z DT :
A1 o—{% i o

D6 Da

R

i i
1 |

(a) OROR (b) ORAND

Fig. 1-2-5

ANSWER:
In Fig. 1:2-5 (a), F1 passes through D4 before reaching F2. Tdekeresistors for F1 and F2 are R1 and
R2 respectively. If D4 is on, R1 and R2 can be considered to be connected in parallel and the input curr
at A should increase, but the voltage at F2 will be 0.7V less than the voltage at F1i2%idp) if both
A0 and Al are at low voltage, F1 should @& but with the addition of an AND gate there should be
voltage drop at F1.

In order to make F1 close @, R1 must be far smaller than R3 so that when F1 is at high voltage (almost
reaching +V) D8 will be cubff. Obviously the circuit of Fig-R-5(b) is not an ideal connection as R1 has
high power consummation.

(2) ResistofTransistor Logic, or "RTL"

+Vcc
+Vec

R

O F
a1 Q2
R R
A B

(a) NOT gate (b) NOR gate Fig. -P-6

Fig. 1-2-6
RTL logic utiizes the transistor's cutoff and saturation characteristics to generate high and low outp
voltages, or "1" and "0" logic state. Refer to FigR-f (a), when input A is high the output F will be low,
when A is low F will be high so it is a "NOT" gate Fig. 22-6 (b), when one of the inputs A or B is
high, the transistor will turn on and the output F will be low. F is high only when both A and B are tow s
this is a "NOR" gate. When the circuits of Fig2-b are used as driver circuit their outputié aasily
influenced by the magnitude of the load they are driving. Furthermore, one transistor is responsible 1



both high and low state which will heat up the transistor considerably. The load carrying capacity of tt
output is quite low.

(3) DiodeTransigor Logic, or "DTL"

A typical DTL circuit is shown in Fig.-B-7.
Vecc
5v

Fig. 1-2-7 DTL circuit

Refer to Fig. 12-7, when one of the inputs A or B is low, P will also be low, both Q1 and Q2 awndff,

the output F will be low. Assuming the low input is 0.5V, voltage at P will be 1.2V (0.5V+0.7V). The
current at D1 and D2, lIL= (5\.2V) x (1.65? +2.155%) or 0.8mA. IIL is low current that the previous
DTL must drive, limiting the previous DTL's quit or "Fanout".

If both A and B are high then both Q1, Q2 will be on and the output F will be low (saturated Q2).
Although DTL possesses transistor amplification, its structure is identical to RTL, so its voltage an
current characteristics are also danio the RTL.

(4) TransistofTransistor Logic, or "TTL"

TTL replaces DTL with a unique characteristic: Under two different states 1 and 0, its output impudenc
Is quite low. The circuit diagram of a TTL 7400 NAND gate is shown in FE&31

Vco
+5v

e ey, OLBV

-

I
A |
1




The low and high input voltages for a standard TTL are limited-@08¥ and =2V respectively. When
one input is at 0.8V, a voltage of 0.1V exist at B pole of Q2, so Q4=off and Q3=0n, and the output is hig
I f the input vol t aglkageiokl.4Z s Q2=Q2 @3soff Bnd th@dutput iblagh. a

Due to the effect of junction capacitance the speed of standard TTL is not vary fast. By adding a "Schott
Diode" between B and C pole of the transistor, speed of TTLs can be increased drashieaBghdttky
diode has a forward bias of approximately 0.2V which increases the saturation voltage of transistor as w
as its cutoff time. TTLs with added Schottky diode are called "High Speed TTL" and marked with lette
"H" in their type number, such &HXX. Low power TTLs with Schottky diode are marked with LS,
such as 74LSXX.

+0.2V

Fig. 1-2-9 Schottky transistor

A Schottky transistor is shown in Fig:-219.When it saturates the voltage at C and E is approximately
0.5V, the saturation is not too deep aperating speed is increased.

Unipolar MOS elements include:
(1) PMOS
(2) NMOS
(3) CMOS

An invetter made from NMOS is shown in Fig-2110.

+Wdd
o

—i e

—O Vo

ViO--v—v—Il_:ﬂ'l

=
Fig. 1-2-10 NMOS inverter

In Fig. 1:2-10, Q2 is used as a load resistor and Q1 as an amplifier. Since the input impedance
MOSFET is very high (close to infinity), the output current is almostexastent @ only several € A.
So MOS is highly capable of driving loads of the same type and has very high fanout.



CMOS, or "Complementary Metal Oxide Semiconductor”, is made with P and N junctions. Atypical
CMOS is shown in Fig.-2-11.

L= =

Fig. 1-2-11

In Fig. 1:2-11, when input A=1, Q2 is on and Q1 off so the outpud. B¥hen A=, the result is opposite
as Q2 is off, Q1 is on and F=1. Clearly thisuanverter with Q1, Q2 responsible for 1 and O respectively.
The output capability is increased significantly.

CMOS with buffer(s) are ntaed with letter "B" at the endf their type number. "LIB" means a CMOS
without buffer. Fig. 32-12 shows symbol for CMOS with and without buffer(s).

MB84000B SERIES OTHERS
WITH I/O BUFFER NO BUFFER WITH OUTPUT BUFFER
A
A
B Y :§>_°Y QWY
c o D
D

Fig. 1-2-12 IC gates with and witut buffers

EQUIPMENTS REQUIRED

DLLT-1300 Digital Logic Lab Trainer, &ic Logic Gates Experiment Modul®_LT-EMO01, and Digital
Multimeter

EXERCISE
(a) DL Circuit OLLT-EMOL1 circuit c)
1. Insert connection clips according to Fig2 1a) to construct thequivalent DL circuit above.

2. Connect inputs D1, D2 to the 1.55V output of the Adjustable Power Supply. Use the circuit of
Fig. 1-1 (a) to reduce and limit the input voltage to betw@émmand 5V.



3. Connect D1, D2 to Data Switches $\W&nd SW1 respectiye Follow the 2 input sequences below,
measure and record the output voltages at F10.

@ @

D2 D1 | F10 D2 D1 | F10
L ov ov L
L o02v o2v L
L o0a4v 0o4v L
L osv oev L
L os8v osv L
L '\ \% =
L av 2v. L
L  3v 3v. L
L av a L
e 5V 5V L

Are the outputs different when one of the inputs is open?
CR4 1N4148 x 2 +5v
D1 O—{A——
R22
D2 O—{D—+4+—0 F10 > 2.7K
CR5 CR4
E1 b
R22 O]
27K E2 O—K}—+—OF10
CRS

Fig. 1-2(b)

4. Rearrange the connection clips according to Fig.(f).

5. Connect +V to the +5V output of Fixed Power Supply. As in step 2, limit the input voltaQ¥s5d
for inputs E1, E2.



6. Connect E1, E2 to Data Switches SW2 and SW3 respectively. Follow tiufsequences below,
measure and record the output voltages at F10.

0)
E2 E1 F10
+WV oV
+ 2V
+/ 3V
+V 4y
+V aV

(b) RTL Circuit OLLT-EMOL circuit b)

@

E2
Y
2V
3V
av

v

E1

F10

+V
+V
+
+V
+V

1. Insert connection clip between R5 and +V. Connect +V to the +5V output of the Fixed Power Supply

2. Limit the input voltages for H1 to betwed&V and 5V. Starting fronOV measures and records the
output at F11.Increase the input voltage in increment of 0.1V and records each corresponding outpu

* BV

F11 I
| at |
| |
L Ao
Fig 1.2c
H1 | F11 H1 | F11 H1 | F11 H1 | F1 H1 | F11
ov 1.1V 2.1V 3.1V 4.1V
0.2v 1.2V 2.2V 32v 4.2V
0.3V 1.3V 2.3V 3.3V 4.3V
0.4V 1.4V 2.4V 3.4V 4.4V
0.5V 1.5V 2.5V 3.5V 4.5V
0.6V 1.6V 2.6V 3.6V 4.6V
0.7v 1.7V 2.7V 3.7V 4.7V
0.8V 1.8V 2.8V 3.8V 4.8V
0.9V 1.9V 2.9V 3.9V 4.9V
1A 2V 3V 4\ sv




3. Replace R5 (1Kq) with R6 (10Kq) by moving
measurement step2.
H1 | F1 H1 | F11 H1 | F1 H1 | F11 H1 | F11
ov 1.1V 21V 34V 4.1V
0.2v 1.2V 2.2V 3.2v 4.2V
0.3v 1.3V 2.3V 3.3v 4.3V
0.4V 1.4V 2.4V 3.4V 4.4V
0.5V 1.5V 2.5V 3.5V 4.5v
0.6V 1.6V 2.6V 38v 4.6V
0.7v 1.7V 2.7V 3.7V 47V
0.8V 1.8V 28V 3.8V 4.8v
0.9v 1.9V 2.9v 39v 4.9V
v 2v 3V av 5V

(c) DTL Circuit OLLT-EMOL1 circuit c/b)

1. Connect the DL circuit of circuit with the RTL circuit ofcircuit b according to Fig. -2 (d) with a
test lead. Insert connection clips as marked. Connect €Wfafit b to the +5V output of Fixed Power

Supply.

2. Limit the input voltages for D1, D2 t@V~5V. Follow the input sequences belaweasure and record

outputs at F10 andl

1.

D2 D1 |F10 F1 D2 D1 |F10 FI1 D2 D1 |F10 F11
L ov L 24v L 44v
L 08V L 28V L 48V
L osv L 28v L a8y
L v L av L 5V
L 12v L 32v

L 14v L 34V

L 1ev L 38V

L 18v L 38V

L av L av

L 22v L a2v




CR4
D10—4—

D2 oo
CR3

Fig. 1-2(d)
(d) TTL Circuit OLLT-EMOL1 circuit d)

1. Insert connection clips according to Fig21e). U1l is astandard series 7400 NAND gatekile U2 is
a LS series 74L02 NOR gate.

2. Connect +5V ouut of Fixed Power Supply to +5V aircuit d.

3. Limit the input voltages for Al t@V~5V. Follow the input sequences below, measure and record
outputs at F1.

4. Limit the input voltages for A3 t&V~5V. Follow the input sequences below, measure and record
outputs at F2.



Fig. 1-2 (e)

A1l F1 Al F1 A1l F1 A1l F1 A1l F1
ov 1.5V 2.5v 3.5V 4.5V
0.6v 1.6V 2.6V 3.6V 4.6V
0.7v 1.7V 2.7V 3.7V 4.7V
0.8V 1.8V 2.8V 3.8V 4.8V
0.9v 1.9V 2.9v 3.9V 4.9V
1v 2v 3V 4V 5V
1.1V 21V 3.1V 4.1V
1.2v 2.2V 3.2v 4.2V
1.3v 2.3V 3.3V 4.3V
1.4V 2.4V 3.4V 4.4V
A3 F2 A3 F2 A3 Fz2 A3 F2
v 2V 3V 4V
1.1V 2.1V 3.1V 4.1V
1.2V 2.2V 3.2V 4.2V
1.3V 2.3V 3.3V 4.3V
1.4V 2.4V 3.4 4.4y
1.5V 2.5V 3.5V 4.5V
1.6V 2.6V 3.6V 4.6V
1.7V 2.7V 3.7V 4.7V
1.8V 2.8V 3.8V 4.8V
1.9V 2.9V 3.9V 4.9V
2y 3V 4 5v




(e) CMOS Circuit DLLT-EMOL1 circuit e)

1. Insert connection clips according to Fig21(f). U5 is a standard series CMOS CD4011. Connect
VDD to +12V output of the Fixed Power Supply.

Fig. 1-2 (f)

2. Increase the input vages for A5 in increments of 0.5V, starting fr@.Measure and record each
correspoding output voltage at Y1 below

A5 b AS |1 AS b AL 1

O 3.5v AT 10.5%
0.5 AT 7.5 11

1 4 54 BY 11 5%
1.5V oW 8.5V 12V

24 5.54 8
2.5\ BY a.5v

3w &5 10W

3. U6 is a 74HCO02 higlspeed CMOS gate.

4. Increase the input voltages for A7 in increments of 0.5V, starting @®énMeasure and record &a
corresponding output voltage at Y2 below.



A7 | Y2 A7 | Y2 A7 | Y2 A7 | Y2
ov 3.5V 1A% 10.5V
0.5V 4V 7.5V 11V
Vv 4.5V 8Vv 11.5V
1.5V sV 8.5V 12V
2v 5.5V oV
2.5V 6V 9.5V
3V 6.5V 10V

RESULTS
1. The following logic gates have very precise "HIGH" or "LOW" states:
(@ TTL
(b) LS series TTL (c) CMOS
(d) HC series CMOS
2. The following logicgates do not have very precl$€GH" or "LOW' states:
(&) DL
(b) RTL
(c) DTL
3. TTL measurements taken in this experiment should be close to these theoretical values:
vV, ¢0.8V; V22V, Vo €¢0.4V; V224V,
4. CMOS measurements taken in this experiment should be close to these theoretical values:

V, ¢ 30% VDD; V,, 270%VDD; V. ¢10%VDD; V., 290%VDD

FAULT SIMULATION

The output F11 of the RTL circuit remains high regardlesshe input state at H1. két could be the
problem(s)?
1-3 Threshold Voltage Measurement

OBJECTIVE

Understand the relationship between equivalent input/output voltages.



DISCUSSION

Threshold Voltage:

Threshold voltage, or VT, is the voltage at which the input and outptageobre equal. The circuit will
change state if the input voltage is higher or the output voltage is lower than VT. The value of VT varie
depending on the type of logic gate. In this experiment we will perform measurements on TTL standard a
LS seriegates, as well as CMOS standard and HC series gates.

EQUIPMENTS REQUIRED

DLLT-1300 Digital Logic Lab Trainer, DLLT-EMO1: Basic Logic Gates Experiment Moduénd Digital
Multimeter

EXERCISE
() TTL Threshold Voltage MeasuremeBi(T-EMOL circuit d)

1. Using Ula in the circuit of Fig.-3 (a), connect the input to the output. Measure the Voltage at A1 and
F1 with the multimeter.

2. Using U2a in the circuit of Fig.-3 (a), connect the input to the output. Measure the Voltage at A3 and
F2 with the multimeter

TP2

g
v

1

— — E— — — — — — —

——

circuit d

Fig. 1-:3 (a)

(b) CMOS Threshold Voltage MeasuremeDt. [ T-EMOL1 circuit e)

1. Using U5a in the circuit of Fig.-3 (b), connect the input with theistput. Measure the voltage at A5
and Y1 with the multimeter.

2. Using U6a in the circuit of Fig.-3 (b), connect the input with the taut. Measure the voltage at A7
andY?2 with the multimeter.



il |
| TFe ' Y3 u7e =[
L cE ¥6
| ﬁ? & U7k ]
| ™ asl Juseq | 2 c1g{>e—qv7|
| | ¥a [
R15 RrR16 T
| v i TPE B4 R24 l:ﬂn—{_:::—nﬂs |
RZ0
| 17 R18 R21 v+ | ganp |
i i ,_-m,"'
| |

circuit eJ

Fig. 1-3 (b)
RESULTS
1. Compare VT for standard and LS series TTL gates. Are there any differences?

2. Compare VT for standard and HC series CMOS gates. Are there any differences?

1-4 Voltage/Current Measurement

OBJECTIVE

Understand the voltage and current characteristics of TTL CMOS gates.
DISCUSSION

From the rated voltage:v, ¢0.8V; V,, 22V; V, ¢0.4V; V,, 2 2.4V; we can determine its rated current
valuesliH; lic; lon; loL.

The rated voltagewill affect the accuracy of output logic level while the current values will affect the gate's
ability to drive external loads.

In this experiment we will measure and compare voltage as well current values of various logic gates.
achieve higher accury, try to record as many decimal points as possidlen measuring voltages and
currents.

EQUIPMENTS REQUIRED

DLLT-1300 Digital Logic Lab Trainer DLLT-EMO1: Basic Logic Gates Experiment ModulBigital
Multimeter



EXERCISE

(@) TTL I/O Voltage and Cuent MeasuremenDLLT-EMO1 circuit d)

U3e

c1o—{e—0Fs
F7

1k].3

c2

—_—— —— —— =

) naa—-‘f::;z—n F& [
G4 FJ
BE;jE_D i

I

circuit d

1007 {

Vit p44
100

R12
50K

Fig. 1-4 (a)
1. Insert connection clips according to Fig4 1a).Connect TP1 to a data switch and switch it to O.

2. Using Ulafor this section, adjust R120Y/1.=0.8V.Measure voltage across A2 ahB3.
Vi= V.L=Vi/100= mA. Adjust R14 to find 81 and \oL.

3. Adjust R14 to set Vieto 2.4V and remove the connection clip between &idlground.
Measurehe value oloH. lon= mA.

4. Remove the connection clips between 2B and FAR13; place therbetween R8TP3and F2R13.

5. Connect TP2 to a data switch and switch it tM@asure U2a's voltage and current characteristics. Set
ViL to 0.8V and measure the voltage (V2) between A3 and TP3. Calou¥@/1.00= mA.
Adjust R14 to find \bH and \oL.

6. Adjust R14 to set Vi@oto 2.4V andremove the conneactn clip between R14 and grourideasure the
current (le1) between R14 and grounidx = mA.



7. Insert connection clips according to Fig4 Ib). Adjust R12 to set the voltageifybetwea TP3and
ground to 2V. Measure the voltage (V2) between A2 and M23100=hH= mA.

8. Adjust R12 and measure MoVoH. Adjust R14 SO Vo=0.4V, remove the connection clip between
R14 and Vcc. Measure the currell( between Vcc athR14.l1oL.= mA.

Fig. 1-4 (b)

1. Remove the connection between-R20 and FIR13 and place them between-R&0 and FZR13
respectively. Adjust R12 so the voltaga{Ms 2V. Measure the voltage V2 between A3 and TP3.

V2/100=1kH= mA.

2. Adjust R14 and measureoV, VoH. Adjust R14 ® VoL =0.4V. Remove the connection clip between
R14 and ground, measure the current llo.= mA.

(b) CMOS Voltage and Current Measurement (Modilé T-EMO1 circuit d)

1. Insert connection clips according Edg. 1-4 (c). U5a will be used in this section. Conn¥et to
+12V.Connect TP1 to a data switch and switch it to O.



2. Adjust R19 so the voltage vV between TP3 and ground is 3.6V. Adjust R21 and measure the
maximum and minimum voltage at Y1. Measthe voltage V3 between R19 and TP3. V3/100=1
mA. Adjust R21 to set the voltage Mdetween Y1 and ground to 10.8V. Remove the

connection clip between R21 and ground, measure the current loL between R21 and greund. Ig
maA.

3. Adjust R19 so thealtage MH between TP3 and ground is 8.4V. Remove the connection clip between
R21-ground, place it between R24. Adjust R21 and measure the maximum and minimum voltage
at Y1. Measure the voltage V4 between A5 and TP3. V4/106=1  mA. Adjust R21 so té

voltage Va between Y1 and ground is 1.2V. Measure the curranbé&ween R21 and Vcc. de
maA.

17

Fig. 1-4 (c)

RESULTS

1. CMOS input voltageV, ¢ 30% Vdd;V,, ? 30%Vd; output voltages
Vo, ¢10%Vdd;V,, 2 90%Vdd;When the output load is open Mev/dd, VoL=0V.

2. Due to its higher resistance value the LS series TTL gates have lower input dwaretiie standard
series TTL gates. Their output currents are about equal.



1-5 Basic Logic Gate Transmission Delay Measurements

OBJECTIVE

Understand the phenomenon of logic gate transmission delay.

DISCUSSION

An integrated circuit, or "IC", contasncomponents such as resistors; semiconductors; capacitors and othe
devices. When a signal changes state inside an IC, the IC will go through cycles ofdibeligege. The time
required to rising from 10% of the maximum voltage to 90% of the maximutageis referred to as the
"Rise Time" while the time required to fall from 90% of the maximum voltage down to 10% of the maximun

voltage is called "Fall Time". Square waves are used to compare the delay time between input and outj
50% of the maximum Vae is used as the reference point.

w—“—l*‘ T vi i i i
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t5 16 17 t8
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(a) NO DELAY (b) SMALL DELAY (c) LONG DELAY
Fig. 1-5

In cases where cycle of the input frequency is higher than the delay time of a logic gate, characteristics of
logic gate will be changed. For exampla,iaverter gate that is suppose to reverse the phase of input will not
have enough time to perform this task because the cycle is too fast. Instead of completely reversing the pl
of input, in some sections the output will remain in the same phaseiapuheendering gate useless.

Fig. 1-5 (a) shows the ideal transmission of data without any delay.

In Fig. 15 (b), a small amount of delay is present.

Fig. 1-5 (c) shows a long delay between the input and output. The input reached its maximum thlue at
while the output remains low due to the gate delay.

At t4, where the input drops, the output is still high. During43he input and output are equal. From t4 to t6
the input and outpudre in opposite phase. At t8, the output finally catches upthatinput. Such long delay
Is very unpractical in actual applications but demonstrates the principles of delay very clearly.

As mentioned in the first paragraph, rise time or "Tr", is the amount of time required to go from 10% to 90"
of the maximum voltge? Therefore, we can calculate Tr for the graph shown below as
Tr =90%t -10%t=9us- 1 us= 8us.



10

e o Seeer 44yt 4 NS H e S8

e con. spas oees wanm 1o omas dom s

——r T T

e haat. e o e .

NGBS NS P
-1t
i
t
t
H
S S,

Il e

70 LT ORI
o

TR T

@ o o o o e
o

The delay time for the graph below is 50% of the time required to reach the maxatueor 3is.

Vo

-

EQUIPMENTS REQUIRED

DLLT-1300Digital Logic LabTrainer DLLT-EMO1: Basic Logic Gates Experiment Moduf@scilloscope;
and DigitalMultimeter.

EXERCISE
() TTL Gate Delay Time Measurement

1. Make sure the Fault Simulator DIP Switch follows the below setting :

ON

s
L

OFF

2. Insert connection clips according to Fig5 (a). Ula and Ulb will be used in this step. Connect input
Al to the TTL level output of Clock Generator and select 100KHz. Measure and record waveforms «
Al, F1, and F3 with an oscilloscope.



a1

F1

rsf

What is the delay time for F1 and F3?

3. U2a andU2b are used in this step and A3 is the input. Connect A3 to 100 KHz TTL output of Clock
Generator, measure and record waveforms at A3, F2, and F4.

Ast

F2

Fa

What is the delay time for F2 and F4?

TP4

T2

I ———— Sy Sy el

Fig. 1-5 (a)

4. U3c is used in this step and C1 is the input. Connect C1 to 1 MHz TTL output of Clock Generato
measure and record waveforms at C1, F6, and F7.



Ct

]
]
I

i)

F7

What is the delay time for F6 and F7?
(b) CMOS Gate Delay Time Measurements
1. Insertconnection clips according to Fig:51(b), connect Vdd to +12V.

2. U5a and U5b are used in this step and A5 is the input. Connect A5 to 10KHz CMOS level output «
Clock Generator, measure and record waveforms at A5, Y1, and5Y81 Y3

AS‘

[ e g e e e e 9

i l
I o o C6 D—[:‘.'ﬂj'l'ﬂ- I
| 7] b — I
AB :'-l L 7 E[::p—g Y7
| weas ! va uTh l
| rR1S ZR16 UTa |
| v+ *u TP3 B4 S cac—[::n—-o‘fﬂl
| RAT R0 v [
16 [ | - [t e
| L ciu"'gj
itk i
| X |

Fig. 1-5 (b)

3. U6a and U6b are used in this step and A7 is the input. Connect A7 to 100KHz CMOS output of Clocl
Generator, measure and record waveforms at A7, Y2, and Y4.



A7

Y2

Y4

What is the delay time for Y2 and Y47?

4. U7b and U7c i used in this step and C6 is the input. Connect C6 to 100KHz CMOS output of Clock
Generator, measure and record waveforms at C6, Y6, and Y7.

csI .

vs{

v I

What is the delay time of Y6 and Y7?
RESULTS

1. How does the rise and fall time of Standard; LS series andi@ctype TTL gates compare with each
other? What about their delay times?

2. Which series of CMOS gate has higher rise and fall time? Standard series or HS series?

1-6 Measurements of Basic Logic Gates Characteristics
OBJECTIVE

Understandhe symbols andharacteristics of various basic logic gates.
DISCUSSIONS

The input and output characteristics of basic logic gates are defined below:

VoH - High output voltage loH - High output current
VoL - Low output voltage loL - Low output current
ViH - High input voltage [1H - High input current

ViL - Low input voltage I - Low input current



Characteristics of TTL gates are different from those of CMOS gates. The load and-lonitegf resistors
they are connected to are different as well. For exanmmpthee case of an OR gate and an AND gate:

1. OR gate inputsof TTL are connected to a 1¥Kresistor whileinputs of CMOS gates are connected
to a 10KY resistor.

i r:;)‘: F 2 F#Q —
1K 10K

TTL with 1KQ resistor at CMOS with 10KQ resistor
the input at the input

TTL with 1 KY resistor athe input CMOS with 10KY resistorat the nput

Resistance for the LS series TTL is approximately 5K the X inpu of a TTL OR gate is grounded
then the output F is equal to the input A (F=A), making expansion control impossible.

If the resistor is grounded and there is no signal at X, then X is égpiita being grounded and F=A.
If necessary a signal oll be added to X so that F=AxThe output can be controlled by X.

2. AND gate TTL AND gates are in hig state when it is open erhen a resistor is connected to the
supply voltage. CMOS AND gates are in high state when a resistor of at least li9®&o88ected to

the supply voltage.

*18v = 5w

i

e LY e S L) SIS S [y S

AHI GHO TTL and gat e

+15V +15V
| %wu
X X
CMOS F CMOS F
"] > e

"HIGH" CMOS AND gate

The "Truth Table" is a tdé that shows a logic gate's corresponding inputs and outputs under ideal conditions



1. OR gate

STATE INPUT OUTPUT
A B F
0 0 0 0 When A=0, B=0 the output F=0
1 0 1 1 When A=0, B=1 the output F=1
2 1 0 1 When A=l, B=0 the output F=1
3 1 1 1 When A=1, B=1 the output F=1

In Boolean expression, FAB+ AB +AB=A+B

2. AND gate
STATE INPUT OUTPUT
A B F
0 0 0 0 When A=0, B=0 the output F=0
1 0 1 0 When A=0, B=1 the output F=0
2 1 0 0 When A=1, B=0 the output F=0
3 1 1 1 When A=1, B=1 the output F=1

In Boolean expression, F=AB

3. INVERTER gate
STATE | INPUT | OUTPUT

A F
0 0 1 When A=0, the output F=.
1 1 0 When A=1, the output F=

In Boolean expression, | A:

4. XOR gate
STATE INPUT OUTPUT
A B F
0 0 0 0
1 0 1 1
2 1 0 1
3 1 1 0

When A=B, the output F=0
When Al B, the output F=1

In Boolean expression, FAB+AB =A AB



5. NAND gate

The output of a NAND gate is the exact opposite of an AND gate.

STATE INPUT OUTPUT
A B F
0 0 0 0 When A=0, B=0 the output F=1
1 0 1 When A=0, B=1 the output F=1
2 1 0 When A=1, B=0 the output F=1
3 1 1 When A=1, B=1 the output F=0

In Boolean expression, | AB
6. NOR gate

The output of a NOR gate is the exact opposite of an OR gate.

STATE INPUT OUTPUT
A B F
0 0 0 1 When A=0, B=0 the output F=1
1 0 1 0 When A=0, B=1 the output F=0
2 1 0 0 When A=1, B=0 the output F=0
3 1 1 0 When A=1, B=1 the output F=0

In Boolean expression, |A+B =AXB

These truth tables are based on "positive" logic where positive voltage represents "1" and negat
voltage repesents "0". In case negative logic is used the output will be reversed.

Compare the truth tables for a positive and a negative OR gate shown below:

STATE INPUT OUTPUT | STATE INPUT OUTPUT
A B F A B F
0 0 0 0 0 1 1 1
1 0 1 1 1 1 0 0
2 1 0 1 2 0 1 0
3 1 1 1 3 0 0 0

Observe the truth table for a negative logic OR gate. It to equivalent to a positive logic AND gate.

EQUIPMENTS REQUIRED

DLLT-1300 Digital Logic Lab Trainer DLLT-EMO1: Basic Logic Gates Experiment Moduland
Oscilloscope



EXERCISE
(a) AND Gate Characteristics Measurement (DLLFEMOL circuit d)
1. Insert connection clips according to FigelUla and Ulb will be used in this section.

2. Connect inputs Al, A2 to Data Switch SWWSW1 TTL level and output F3 to ba Indicator LO.
Follow the input sequences below and record the outputs.

STATE INPUT OUTPUT
A Al F3

WNPFO
R~ ool
R ORrRO

3. Connect A4 to the 10Hz TTL level output of Clock Generator. Measure and record the input an
output wavéorms.

I AZ=0 2 Az=1 @ A3=1Hz

B B e G S S m— —

circuit d

Fig. -6 STATE



(b) OR Gate Characteristics Measurement (DLLFEMO1 circuit d)

1. U2a and U2b oDLLT-EMOL1 circuit d will be used in this section.

2. Connect inputs A3, A4 to SWY SW1 TTL level and output F4 to L1. Follow the input sequences
below and record output F.

STATE| INPUT | OUTPUT
F4

PP OOoP+
>
P OR Olpn

WNPEFO

- D
U1a U1b e
A2 O— A2 0—
A4 " a4

3. Connect A4 to the 10Hz TTL level output of Clock Generator. Measure and record the input and
output waveforms.

® A3=0 @ A3=1 ® A3=1Hz

A4 I A4 [ A4T

o

I = I = |

v

(c) INVERTER Gate Characteristics Measurenent (Module DLLT -EMOL1 circuit d)

1. U3c of DLLT-EMOL1 circuit d will be used in this section.

2. Connect input C1 and output F6 of U3c to @\Wnd L1 (LED) respectively. Follow the input
sequences below and record outputs.

| C1 | Fé
.

1



1. Connect F6 to C2 uh a test lead. Connect output F7 to L2 (LED). Follow the input sequences below
and record the outputs.

| c2 | F7

0 0
1 1

(d) NAND Gate Characteristics Measurement (DLLT-EMO1 circuit d)

1. Ula of DLLT-EMOL1 circuit d will be used in this section. Connegputs Al, A2 to SW, SW1 TTL
level and output F1 to L1 (LED). Follow the input sequences below and record the outputs.

A2 Al F1

WNEFO
Pk OO
R ORFr O

2. Connect 10Hz TTL level square wave to A2, measure and record input/outpubmavedt the
following conditions.

® A1=0 @ A1=1 ® A1=1Hz
A2d A2 A2
F1 F1 F1

e) NOR Gate Characteristics Measurement (DLLTEMO1 circuit d)

1. U2a of DLLT-EMOL1 circuit d will be used in this section. Connect inputs A3, A4 to0S8BW1 TTL
level and output F2 to L1 (LED) Follow the input sequermew and record the outputs.

A4 A3 F2

wWNEFO
Pk OO
R ORFr O

2. Connect TTL level 10Hz square wave to A4, observe and record input/output waveforms under tt
following conditions with an oscilloscope:



® A3=0 @ A3=1 ® A3=1Hz

A4] A4 M]

T T

F2| Fz‘

i 1

F2

() XOR Gate Characterigics Measurement (DLLT-EMOL1 circuit d)

1. Uda of DLLT-EMOL1 circuit d will be used in this section. Connect inputs C4, C5 tdSSW1 TTL
level and output F9 to L1 (LED). Follow the input sequences below and record the outputs.

C5 C4 F9

WNEFO
PEFL OO
POPFPrO

2. Connect TTL level 10Hz square wave to C4, observe and record input/ output waveforms under t
following conditions with an oscilloscope.

® c5=1 @ c5=0 ® C5=1Hz

R

R

T 1 1

RESULTS

1. Phase relationship between input and output waveforms should be compareswaenwaves are
added.

FAULT SIMULATIONS
Utilizing U1, U2, U5, U6

1. The high state voltage F1 should be approximately 4.4V wheretare no loads. Measure Ula.
Connect inputs Al, A2 and measure F1 again. Determine possible faults.



2. Input states of Al. A, B1. Connect F3 to L1 and the output remains "1". Determine possible faults.

3. Input states of A3. A4, B2. Connect F4 to L2 and the output remains "0". Determine possible faults.

1-7 Interface between Logic Gates
OBJECTIVE

Understand the techniquesinferface connection.
DISCUSSIONS

TTL and CMOS are the most oftersed logic gates. Their specifications are shown below in Figia) and
Table 7.

TTL COMS
SUPPLY VOLTAG +5V£0.25V (3~18V
LOW INPUT VOLTAGE Vil [£0.8V =15V
TTL CMOS
> > 5.0v 5.0V
HIGH INPUT VOLTAGE ~ Vih [=2.0V =35V 7 f"f'{’f?’
/LOGI
LOW OUTPUT VOLTAGE Vol |<0.4V oV ouTPUT 2 %
,///1/ Viinf Ll ld 3.8y
HIGH OUTPUT VOLTAGE ~ Voh|=2.4V 5V syl /) vommn
LOWINPUT CURRENT il |<16mA  |<0.1pA Va7 1.5V
VOHM) ¥ IN,UT/
HIGH INPUT CURENT lih |<40pA <0.1mA > fouror 227
=4 = o HLOBIC 0 //,'J,Aﬂ

LOW OUTPUT CURRENT  lol |=16mA =1mA

HIGH OUTPUT CURRENT  Ioh |=0.4pA =0.1mA

Table 17 Hg.(&)

From Tablel-7 we <can see that CMOS gateds input volt:
voltage capability.

If a TTL gate is used to drive a CMOS gate, TTL¢
requirement of CMOS. On the othleand, when CMOS is used to drive TTL the output current OF CMOS
must be increased. This is why we must carefully review the date books before constructing any interfe
circuit.

A resistor Rx connected to the supply voltage can be added to increasputheoltage into CMOS when it
is driven by TTL , as shown in Fig-7L(BO .The range of RX is 30~ 4.7Kq for stranded series TTL and
8200 ®¥Kq for O™ series



When TTL is driven by CMOS a buffer should be added in between to increase the output current of CMO
Two standard CMOS connected in parallel could drive a LS series TTL.

*V=5V
Rx
el |
. |
TTL CcMOS
Fig. 1-7 (b)

EQUIPMENTS REQUJIRED

DLLT-1300 Digital Logic Lab TraineLLT-EMO1: Basic Logic Gates Experiment Moduldultimeter
EXERCISE

(@ TTL to CMOS interface (DLLT -EMOL1 circuit d/e)

1. Insert connection clips according to Fig7 1c). Ula is Standard sesi TTL gate which be used in this
section of the experiment.

2. Using the Multimeter, adjust resistance of R14 to 2.2K

3. Connect output of F1 to input of U5a. Use +5V supply voltage for both TTL and CMOS gates
Connect input Al to TTL output of Date Switch SWO0. Measure and record voltages at Al; F1; A5 an
Y1

Al |F1 A5 Yi|
0
1

4. Connect F1 to R13, Vcc to R14 Wwitonnection clips. Again measure and record Al; F1; A5; and Y1
below.
Al |F1 A5 Yi|
0
1




ré

circuit e

Fig. 1-7 (c)

| #o

(b) CMOS to TTL interface (DLLT -EMO1 circuit d/e)

1. U7a-U7c oncircuit e of ModuleDLLT-EMO1 will be used in this section. Insertrotection clips
according to Fig. I (c).

2. Connect output Y8 of U7a to input A1 of Ula and C8 to Data Switch SW1 TTL level output. Measur
and record Y8; Al; F1.
Cc8|Ys Al Fi|
0
1

3. Connection clips inserted between~0&, CA~C8 will connectC6~C7~C8 in parallel. Repeat the
measurements.
C8|Y8 Al F1|
0
1




4. Connect Y8 to input C1, C2, C3 of U3&J3c. C+C2~C3 as well as F&7~F8 are connected in
parallel. Repeat the measurements.
C8|Y8 C1 F6 |
0
1

RESULTS

1. The theoratal high output voltage (Voh) of TTL is 2.4V, which is the minimum allowable voltage.
However in actual applications of TTL to CMOS interface, the output voltage of TTL is close to +5V,
enough to drive CMOS.

2. The addition of a resistor to the outpudtaoTTL gate will increase its output voltage, as well as its
tolerance to noise interference.

3. When the output state of CMOS is "1", its minimal output voltage is roughly 4.4V. On the other hanc
the minimal input voltage requirement of TTL is aboM &o there is 2.4V of noise interference
immunity or tolerance.

4. Can a CMOS gate drive a standard TTL gate? How about a LS series TTL gate?



DLLT -EM02 COMBINATIONAL LOGIC CIRCUITS

2-1

2-2

2-3

2-4

2-5

2-6

2-7

NOR Gate Circuit

NAND Gate Circuit

XOR Gate Circuit

a. Constructing XOR Gate with NAND Gate
b. Constructing XOR Gate with Basic Gate
AND-OR-INVERTER (A -O-1) Gate Circuit
Comparator Circuit

a. Comparator Constructed with Basic Logic Gates
b. Comparator Constructed with TTC
Schmitt Gate Circuit

Open-Collector Gate Circuit

a. High Voltage/Current Circuit
b. Constructing an AND Gate with Op&bpllector Gate

COMBINATIONAL LOGIC CIRC UITS EXPERIMENTS

Combinational logic circuits are constructed with basic logicsgdte output will correspond only to the
current input, previous inputs and outputs can't influence the current output. Therefore the output of a

combinational logic cuits can be expressed by Boolean functions.

The major component of a combinationagic circuit includes Input Variables; Logic Gates and Output
Variables. The input variable could be either higher or lower than the output variable but both are bina

signals, or "0" and "1".

Assuming there are "n" input variables, there will be 2sjids input combinations, each with one
corresponding output combination. Before designing and constructing a combinational logic circuit tr

following information should & taken into consideration:

The following combinational logic gates are used very often and they are discussed in this chapter, along v

1. Truth tables of logic gates
2. Boolean Function

3. Karnaugh Map

4. de Morgan's Theorem

many other combination&gic gates.

. Combinational logic circuits with NAND and NOR gates
. AND-OR-INVERTER (A-O-1) gate

. XOR gate

. Opencollector gates

. Tristate gate

. Arithmetic circuits

. Encoder and decoder circuits

~NoO o~ WNBRE



8. Multiplexer and demultiplexer circuits
9. Comparator circuits
2-1 NOR Gate Circuit
OBJECTIVE
Understanohg how to consruct other combinational logigates using NOR gates.

DISCUSSION

The symbol of a NOR gate is shown in Figl.2The Boolean expression for thegdte is F= A + B; in de
Morgan's theorem, F= A + B = AB.

When A=B, F= A+ B = A +A= A. When B=0O, F= A + B = A0 = A. Therefore, the NOR gate can be used

to construct NOT, OR; AND; NAND; and XOR gates. We will not attempt to construct various logic gates ir
this experiment by carecting NOR gates in different ways.

Input A

Input B

Fig. 221 Symbol of NOR gate

EQUIPMENTS REQUIRED

DLLT-1300Digital Logic LabTrainer, DLLT-EMO02

EXERCISE
7. Make sure the Fault Simulator DIP Switch follows bedow setting :
8.
ON
OFF

9. Ula of Fig. 22 (a) will be used to construct a NOT gate.

10.Conrect inputs A, B to Data Switches SWO, SW1 and output F1 to Logic Indicator L1. Set SWO {c
"0", observe states of F1 at SW1="0" and SW1="1".
Does the circuit act as a NOatg? (Asn Fig. 22 (b))



c o
E’- Y2 b A U1d F
Do—a :i'wllj . . F

Fig. 22 (@) DLLT-EMO02: Assembly Logi Circuits (1) Fig. 22 (b) NOR gate used as NOT gate

11.Insert a connection clip between A and B. Connect A to SWO and F1 to L1. What is the state of F
when SW0=(and SW0=1?
Does the circuit act as a NOT gate?

12.Use U & and U 1c to construct affier shown on the left side of Fig-2(c). Insert connection clips
between A B; F1~Al; A1~ B1. Connect input A to SWO and output F3 to L1. What is the state of F3
when SV0=0 and SW0=17
Does the circuit act as a buffer?

i

Fig. 2-2 (c) NOR gate use as Buffer and OR gate

13.Use Uk and Ulc to construct an OR gate shown on the right side of-Bigc)2 Insert connection
clips between E~Al and AEXB1. Connect inputs A to Sy B to SW1,; and output F3 to L1. Follow
theinput sequences shown below and record the output states in Thble 2

SW1(B) SWO(A)| F

0 0

0 1

1 0

1 1
Table 21

14.Insert connection clips according to thguiie below. The circuit will act as an AND gate.

(1) Connect A to SW, D to SW1; Flto Al; F2 to 131- F3 to 11.
(2) Followthe input sequences given beld®ecord the output states in Tabi2.2



e mmmmm e

SW1(D) SWO(A)| F3

0 0

0 1

1 0

1 1
Table 22

RESULTS
1. NOR gate can be used to construct just about any basic logic gate.

2. Ther are two ways to use NOR gate as an inverter. Since TTL gates have higher current when 1
input is grounded, if TTL NOR gate is to be used as an inverter, its two isipoidd be connected
together.

FAULT SIMULATION
1. Ulaand Ulc are used as a buffed #re outputs stay in high state. Try to locate all possible faults.
2. The outputs stay at low state when Ula and Ulc are used as a buffer. Try to locate all possible fault:

3. When Ula. Ulb. Ulc are used as an AND gate, the output F is only affected fguth& What
could be the faults?

2-2 NAND Gate Circuit

OBJECTIVE
To understanding how the construarious combinational logic gates with NAND gates.

DISCUSSION
The gymbol of a NAND gate is shown in Fig-4. The Boolean expression f@aNAND gate isF= A3 B ; in

de Morgan's theorer A3 B =A + B.



When A=B, F= A3 B=A. When B=1, F=A3B= A3l = A. Like the NOR gates, NAND ¢@s can be
used to construct just about any basic logic gates. We will attempt to construct various basic gates in f
experiment by connecting NAND gates in different siay

F::‘_
B_

Fig. 24 Symbol of NAND gate
EQUIPMENTS REQUIRED
DLLT-1300Digital Logic L&b Trainer, DLLT-EMO02: Assembled Logic Circuits (1) Experiment Module
EXERCISE

1. Insert connection clips according to Figs@), using U2c and U2d to construct the NOTeggtown
on left side of Fig. 5(b).

e e e e e e e e e ey

E}—I A1 2 F4
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Fig. 25 (a)
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(b) NOT gate constructed withAND gate

I |

(1) Connect input A to Data Switch SW1 and output F2 to A2 and Logic Indicator L1; connect 131 t
Vcce ("1 7). Observe the output states.

When SW1="0", F2=

When SW1="1" F2=

Does the circuit act as a NOT gate?

(2) Connectinput Al to Vcc ("1 ") and remove the connection clip between A and Al to create the
NOT gate shown on the right side of Figs4b). Other connections remain the sameséde the
output states.

When SW1="0", F2=
When SW1="1", F2=
Does he circuit act as a NOT gate?



(3) Remove connection clips and insert them again according to-Bi¢p)2o construct the AND gate

shown in Fig. 26 (b). Connect A to SW1A1 to SW2 and F4 to L1. Follow the input sequences given
below and record the ouifs in Table 24.

Does the circuit act as an AND gate (F=AxB)?

i ———

A1 0— E2 F4
81 3
IZ@*’ sz

o_._....

>

o e e e
oo
thgi
k.
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3

e et =

circuit b |
=

[—————————E P Rt Bl
Fig. 26 (a)
SW2(A1) SW1(A)|F4
0 0
0 1
1 0
1 1
Table 24
ED
Lo
B O
Fig. 26 (b)

2. Insert connetion clips according to Fig.-Z2 (a) to construct the circuit of Fig-722(b). Connet A to
Al and SW1; F2 to A2; D to 131 and SW2; F3 to 132; F-fo Eollow the input sequences in Table
2-5 and record the outputs.

Does the circuit act as an OR gate AF8)?
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(b) OR gate constructed with NAND gate

SW2(D) SW1i(A)| F4

0 0

0 1

1 0

1 1
Table 25

RESULTS

1. NAND gates can be used to construct any basic logic gate.

2. There are two ways to construct inverters with NAND gates.eSime high state of TTL consumes almost
no current, if NAND gates are used to cometrinverters the spare input should be connected to high
potential.

FAULT SIMULATION

1. The output F2 remains in low state when U2b is used to construct a NOT gatediltdie the faults?

2. When U2b, U2c, U2d are used to construct an OR gate utpetd= remains in high state. What could be
the faults?

2-3 XOR Gate Circuit
OBJECTIVE

Understand the characteristics of XOR gates.



DISCUSSION

The symbol of a XOR gatis shown in Fig.-8. The output F is equal AA B= AB+AB . XOR gates can
be constructed using NOT, OR, AND, NOR or NAND gates or by using four NAND gates, as shown in Fic

2-9 (a) and (b).
o)

Fig. 2-8 Symbol of XOR gate

(a) with basic gates (b} with NAND gates only

Fig. 2-0 XOR gate circuits

Since F:AB+AB , Wwhen B=0 F: Ax 0+Ax 0=Ax1=1 and the circuit act dsiffer. When B=1, F= Ax1+
Ax1= A X 1= A, the circuit act as an inverter. In other words, the input state of a XOR ajatenthes
whether it will act as a buffer or an inverter. In this experiment, we will use basic logic gates to constru
XOR gates and study the relationship between thetsnand outputs.

EQUIPMENTS REQUIRED

DLLT-1300Digital Logic LabTrainer, DLLT-EMO02: Assembled Logic Circuits (1) Experiment Module
EXERCISE

(a) Constructing XOR gate with NAND gatiel¢dule DLLT-EMO2 circuit b)

1. Insert connection clips according togFi2-10 (a) to construct the circuit of Fig-1® (b). Connect
inputs A to SW1, D t&W2; outputs F1to L1, F2 to L2; F3to L3 and F4 to L4.
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Fig 2.10 (a) 0 0
A O— i Op2 1
L1 U2c 0
U2d ! Uk -0 Fa

D O—* F3 U2:7400

Fig 2.10 (b) equivalent circut

2. Follow the input sequences for A and D in Tablé @nd recaf the outputs.

3. Determine the Boolean expression for F1, F2, F3, F4.

(b) Constructing XOR Gate with Basic Gate (DI-EMO2 circuit c)
1. Insert connection clips according Fig. 211 (a) to construct the equivatesircuit of Fig. 2-11(b).
2. Connect inpuA, B to SW1 SW2; outputs F1, F2, F3,to L1, L2, L3.

3. Follow the input sequences for A and B in Tablé @hd record the output.
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Fig 2.11 (a)
A O F1
[>o___ U3b — .
¥
uda i : F3
U3b R
U4sb
B o — F2 {} u3b+Udc
U3:7400

U4:7416 D

Fig 2.11 (b) equivalenticuits

Tabe 27
1. Can this work as an XOR gate? If not how to modify it?

RESULTS

1. XOR gate can be constructed with either basic gates or four NAND gates with the sameesults.
However, using four NAND gates is much simpler.

2. By adding a NOT gate to thmutput of a XOR gate it can be converted into an XNOR.

FAULT SIMULATIONS

1. What could be wrong if 4 NAND gates are usea@onstruct a XOR gate and tbetput F=D?

2. What cauld cause the output F3 of a XOR gate made with basic gates to remain in high state?

2-4 AND-OR-INVERTER (A -O-I) Gate Circuits

OBJECTIVE



Understand the basic principledlcombined logic.
DISCUSSION

AND-OR-INVERTER (A-O-l) gates consist of two AND ¢@s, one OR gate and one INVERTER (NOT)
gate. The symbol of an-@-1 gate is shownn Fig. 212. The Boolean expression for the output F is

F= AB+CD .............. Equation (1)

Fig. 212

Equation (1) can be converted into de Morgan's theorem as:
F:(A+B)X(C+b) ......... Equation (2)
Equation (1) is also referred to as "Sum of Products".

Equation (2) is also referred to as "Product of Sum".
Basically, the AO-I gate 5 a "Sum of Products" logic combination.

EQUIPMENTS REQUIRED
DLLT-1300Digital Logic LabTrainer DLLT-EMO02: Assembled Logic Circuits (1) Experiment Module

EXERCISE

1 UseU3a, U3b, U3c and U4c on block cBELT-EMO02, shown in Fig. 23 (a),to constructhe A-O-
| gate of Fig. (b). Fig. A3 (c) is the equivalent-®-I circuit which uses U3a, U3b, U3c used as the
OR gate.

A
.
Al O

FT% D—-ﬂ{.}—-—

0w

circuit ¢


http://en.wikipedia.org/wiki/File:AOI22Symbol.svg

A O F1
A1 O—
B F2

() actual circuit

na O—

A1 00—

B1 00—

B O0—

(c) equivalent circuit

Fig. 213-A-O-I circuit

2. Connect input#\, A1, B, 131 to Data Switches SWSW1, SW2, SW3 respectively. Connect outputs
F3,F4 to Logic Indicators L1 and L2.

3. Set BxB1 to "0", follow the input sequences for A, Al in TabR&hd record the outputs.
BxB1=0

Al

PR, OO
R OoORr o>

Table 28
Does F3 act as an AND gate between A and A1?
4. When BxB11 0, Does F3 act as an AND gate between A and A1? (F3=AxA1)
5. When A=A1=0, follow the input sequences for B, 131 in Tab®ahd record the outputs.
AlxA=0

1 |F3 F4

R OOoOlWw

B
0
1
0



1 1 |
Table 29
Does F3 act as an AND gate between B and 1317
6. When AxAll 0, Does F3 act as an AND gate between BBt
7. Does F3 equal to AXA1+BxB1?
RESULTS
1. A-O-l gate can also be constructed using two AND gates and one NOR gate.
2. The following TTL ICs has AO-I function: 7450; 7451; 7453; 7454; 7460; 7464; 6465. Some of them
are 2 input OR gates and some are multiplput OR gates. Some has expanded input terminals or
open output gates to enable logic combination capabilities.

FAULT SIMULATION

1. The output F4 remains in low state, regardless of the input states of A, Al, B, B1. What could be tl
problem?

2-5 Comparator Circuit

OBJECTIVE

Understand the construction and operational principles of digital comparators.

DISCUSSION

At least two numbers are required to perform any comparison. The simplest form of comparator has t

inputs. If the two inputs are called A and B there are three possible outputs: A>B; A=B; A<B-Hg. 2
shows the schematic and symbol of a simple coatpa



A>B

i
v

A=B

5

A<B
B o—
(a)
A o———ai
o A=B
—=0_ A=B
——o0 A<B

B 1::——f
(b)
Fig. 2214 Comparators

A 1-bit comparator is shown in Fig-24. In actual applications-it comparators are used most ofterhit4
comparator ICs that determine greater or less inpatade TTL 7485 and CMOS 4063. TTL 74689 is an IC
that only compares whether the inputs are equal.

In a4-bit comparators, each bit represe2’s2*, 2%, 22 . Comparisonsvill start from the highest bit (23), if
input A is higher than input B at the 23 bit, the "A>B" output will be in high state.

If A and B are equal at th * bit, comparison will be carried out at the next highesp?itIf there is still no

result at this bit the process is repeated again at the next bit. At the low2%tibthe inputs are still equal
then the "A=B" output will be in high state.

IR N N
i
PJJB&}-E!-‘TE_ _L?"RJA.?:RFA?'\-HJ J.1}B_1AIIIB1I.I{B1 ED’F!JHJ-EI‘AJ}F!”
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N i B v o - oy
e — e

Expansion of comparator



B3 BE a1 BD

(a) Symbol of 4bit comparator

EQUIPMENTS REQUIRED

DLLT-1300Digital Logic LabTrainer ModuleDLLT-EMO02: Assembled Logic Circuits (1) Experiment

EXERCISE
(a) Comparator Constructed with Basic Logic Gates

1. Insert connection clips according to Figl@ (a). U3a, U3byJ3c, U4a,U4b, U4c and U5 will be used

to construct the-bit comparator shown iRig. 2-16 (b).
ALD""‘:' Fi
g oo

F2

circult o

P ———————— Y

(a)
A O
| E D--I>o. F1(A>B)
Uda .
U3T400 W— Fa ({A=B)
U4:7416 e o
USTa486G
F2 (A<B)}
e
(b)

Fig. 216 1 bit comparator



2. The inputs are triggered by high state voltage. Connect inputs A and B to Data Switch SW1 and SW
The outputs areigggered by low state voltage. Connect outputs F1, F2, F5 to Logic Indicators L1, L2.
L3 respectively.

3. Follow the input sequences in Tabld@. Measure and record the outputs.

INPUT QUTPUT

SW2(B) SW1(A) F1 F2 F5
0 0 A=B
0 1 A=B
1 0 A<B
1 1 A=B
Table 2.10

(b) Comparator Constructed with TTL IC

1. Circuit d of moduleDLLT-EMO02 will be used in this section. U6 is a 748%i# Comparator IC. Its
pin assignment and truth table are given below.
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2. Connect input A>B to SW1 and F1; A=B to SW2 and F2; A<B to SW3 and F3. Connect inptids Al
A4 and B1 B4 of the 74580 the output of Thumbwheel SwitchesDBhLT-1300Q

3. Assuming inputs Al~A4=As and Bl~B4=Bs and As=Bs, follow input sequences in
Table 211 and record the outputs.
INPUT OUTPUT
SW3 Sw2 SwW1
A>B A=B A<B|A<B A=B A>B
0 0 1

- - - 00
—_ O O = -
-_ = O = 0O

Table 2-11

4. Set SW3 to "0"; SW2 to "I"; SW1 to "0". Observe and record the outputs unéeioltbwing
conditions:
(1) As>Bs
(2) As=Bs
(3) As<Bs

5. Remove A+ A4 and Bt} B4 from the Thumbwheel Switches and connect them to DIP Switches
DIP10 ~DIP1.3 and DIPA ~DIP 2.3 respectively. Repeat step 4. Are the results any different from
step 4?

RESULTS
1. 1-bit comparator has three outputs: A>B; A=B; A<B

2. 7485 is a 4it comparator. Serial inputs A>B; A=B; A<B are the results of lowcbinparisons.
Serial inputs have no effect unless the high bits are equal.

FAULT SIMULATIONS

1. The 7485 izonnected to the thumbwheel switch but the outputs are incorrect when Bs=2, 3, 6, 7.Wh
could cause this problem?

2. What if Bs=4, 5, 6, 7 for the same circuit, will there be other causes?



2-6 Schmitt Gate Circuit

OBJECTIVE

Understand the structure adidaracteristics of Schmitt gates.

DISCUSSION

Schmitt gate is a unique logic gate with the following characteristics:

1.

It will take in random input waveforms and transform them into uniform output waveforms The
Schmitt gate is triggered only afteretinput voltage exceeds its positive threshold voltage VTH. It
will change state again when the input voltage drops below the negative threshold voltage VTL.

VTH must be greater than VTL. The area between VTH and VTL is called "Hysteresis".

Since the Schmitt gate has VTH and VTL, it's less susceptible to noise interference which affects most
logic gates. The output pulses of Schmitt gate have higher speed too.1BigaRis a comparison of
Schmitt gate input/output waveforms. Fig:18 (b) demonstrates how a Schmitt gate can be
constructer using basic logic gates.

When Va=0, Vs x & if Vs is large enough Vi will exceed VTH.
Rl1+ R2
3
When Vs exceeds VTH, Vo= Vcc and Vi= Vs R2 + vee' Rl , If Vs is smal enough Vi will drop
RlI+R2 Rl+R2
below VTL.
Vo
e =
] v A
| I I
N | v
E 1 : : i i - Vo VTH I
I I i |
F 1
| I I
[ I I _
. ! I (a) Vi =\Vo
L E
_ R2
A

RrR1

Vs D-—W—vi—DO—DOJ——G Vo

Fig. 218 Schmitt gate



EQUIPMENTS REQUIRED
DLLT-1300Digital Logic LabTrainer, DLLT-EMO02: Assembled Logic Circuits (1) Experiment Module
EXERCISE

1. Insert connection clipaccording to Fig. 29 (a). Fig. 219 (b) is the equivalent circuit.

r—-- D N P S M S S S SN S M L SN A Y N N R ”‘-H-“—_-j
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F2
b circuit a j
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Fig. 219 (a)
R5,2.7K
_ 330 M
B R4 pa
R3
680
Fig. 219 (b)

2. Connect input Y to the sine wave output of Signal Generator. Adjust R3 to set the output F to sque
wave. Sketch the waveforms at point F (VF) anmhpa (VA) in Table 212.



Ve

Table 212

RESULTS
1. The output of this circuit is highpeed pulses.

2. The input sine wave of Schmitt gates has two critical points: the Upper and Lower Trigger Point.

2-7 OpenCollector Gate Circuit

OBJECTIVE

Understading the characteristics of openllector gates and functions of wvifdND gates.

DISCUSSIONS

An OpenCollector gate, or O.C., is shown in Fig2@ (a). The collector pole of Q3 must be open. If Y is to
function, a load or resistor must be connecte@ ddivantages of having the collector pole open are:

1. High voltage loads can be driven directly.

2. Wire-AND gates can be constructed



ok

Q3

Fig. 220

(1) Directly Driven High Voltage Loads

Refer to Fig. 20 (b), the gate voltage is +5V artetload RL is connected to +30V. If larger loads,
such as light bulbs or relays are to be driven, simply connect an additional transistor as shown in Fig.
20 (c).

(2) Wire-AND Gate
When the outputs of the NAND gate of Fig22 (a) is connected in pdlel and one of the outputs is

"0", the final output of the gate will be "0". In this case the NAND gate act as an AND gate. Logic gate
such as this are called "wifeND" gate.

Ao A 0
BO""‘ I Y= AB' CD BCI-"

i ——I—O: —_ D—OT
D 00— D

(a) (b)

Fig.2-21 wireAND gate

The equivalent circuit is shown in Fig-24 (b).



Although logic gates can be combined to act as-wAldD gate, outputs of TTL gates should not be
connected in parallel in order to prevent IC damages due to the high current generated when inputs
TTL IC are connected in parallel.

TTL ICs usually havéandemtype outputs. Refer to Fig-22.

Fig. 222

If output Y1 is in high state and output Y2 is in low state, theoretically, Y (Y=Y1 xY2) should be in low state
At this point Q1 and Q4 are ON and Vcc passes through the 13052 resistor to Qlrddhaed through Q4

and high current are generated and consumed by the IC internally. The high current is not the result of driv
external loads. This is the why "tandem” type TTLs are not suitable for constructind\iNDegates.

A typical open colledr gate with connected outputs is shown Fig32

Resistor RL is an external device. When RL is not connected, neither Q1 or Q2 will be on. If RL is connect
and Q1 is on; Q2 is off, the external voltage +Vx will flow to Q1 through RL. @2nmacurrent and the
output Y=1. Reversely, if Q1 is off and Q2 is on, +Vx will flow to Q2 and0YNo large current are
generated by the IC internally, since the current will pass through the load.



The wireAND gate has very important applications. Frample, a 4Kb memory can be expanded to 32Kb
by using the wireAND connection to connect eight 4Kb memories together.

TTL ICs with open collector function includes 7401, 7403, 7405, and 7409. The 7406 and 7407 have op
collector as well as buffer/drivéunctions and can withstand voltages of 30V or higher. Refer to F24.far
the circuit of a 7406.

O Vec=5V

7406

Fig. 224

EQUIPMENTS REQUIRED

DLLT-1300 Digital Logic Lab Trainer, Module DLLT-EMO02: Assembled Logic Circuits (1) Experiment
Module Multimeter

EXERCISE
(a) High Voltage/Current Circuit

1. Connect C to +Vcc; input A to Data Switch SW1,; output F1 to Logic Indicator L1. Measure the outpu
voltage and observe L1 at A="0" and A="1".
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Fig. 2225
(1) When A=0, F1= V. What is the state of 121
(2) When A=1, F1= V. What is the state of L1?

2. Insert one connection clip between F1 and R1. Connect input C to the Adjustable Power Supply a
set the output to its maximum value. A and F1 are still connected to SW1 and L1 respectivel
Measure F1 and observe L1 at A=0 and A=1.

(1) When A=0, F1= V. What is the state of L1?
(2) When A=1, F1= V. What is the state of L1?

3. Remove the connection clip between F1 and R1. Insert it between F1 and R2 to use the light bulb &
load. Other connections remain the same. Observe the state of L1.

(1) When A=0, What is the state of L1?
(2) When A=1, what is the state of L1?

(b) Constructing an AND Gate with Open Collector Gate

1. Insert connection clips according to Fig2@ (a). Thesquivalent circuit is shown in Fig-26 (b).
Connect inputs A, B to S®/ SW1; output F3 to L1. Measure F3 and observe L1.



circuit e

- —— PR |

Fig. 2-26 (a)
?-I-'I -1 8

Fig. 226-(b)
2. When SWO (A) = SW1 (B) =0, F3 = V.L1=
When SWO (A) = SW1 (B) =1, F3 = N = :
When SwO (A) I sSswi (B), FF3 = ___ V . L:
3. This circuit acts a gate.
RESULTS
1. The opercollector gate will be in "open" state andvie no logic functions without any external
resigor or load.
2. The external resistor connected to an epeltector gate can be connected to any voltage as long as it

is within the limitation of the circuit.

3. If outputs of a opettollector gate areonnected in parallel it will serve act as an Aaie.



DLLT -EMO3 COMBINATIONAL LOGIC CIRCUITS

31

3-2

3-3

COMBINATIONAL LOGIC CIRCUITS EXPERIMENTS

Tristate Gate Circuit

a. Truth Table Measurements
b. Constructing an AND Gate with Tristate Gate
C. Bidirectional Transmission Circuit

Half-Adder and Full-Adder Circuit
a High-Speed Adder Gay GeneratoCircuit

Arithmetic Logic Unit (ALU) Circuit

Bit Parity Generator Circuit
a Bit Parity Generator IC

Combinational logic circuits are constructed with basic logic gates. Its outputomiéispond omyf to the
current input, previous inputs and outputs can't influence the current output. Therefore the output of a
combinational logic circuits can be expressed by Boolean functions.

The major component of a combinational logic circuit idelsl Input Vaables; Logic Gates and Output
Variables. The input variable could be either higher or lower than the output variable but both are bina

signals, or "0" and "1".

Assuming there are "n" input variables, there will be 2 possible input condnisateach wh one
corresponding output combination. Before designing and constructing a combinational logic circuit tr

following information should be taken into consideration:

The following combinational logic gates are used very often and they are discussed in this chapter, along v

1. Truth tables of logic gates
2. Boolean Function

3. Karnaugh Map

4. de Magan's Theoma

many other combinational logic gates.

1. Combinational logic circuits with NAND and NOR gates

2. AND-OR-INVERTER (A-O-l) gate

3. XOR gate

4. Opencollector gates

5. Tristate gate

6. Arithmetic circuits

7. Encoder and decoder circuits

8. Multiplexer and demultiplexer circuits
9. Comparator circuits



3-1 Tristate Gate Circuit

OBJECTIVE

Understand the characteristics and aggtions of tistate gates.

DISCUSSIONS

Schematic and symbol of a tristate gate are shown in F2F. (&) and (b) respectively. The structure of the
tristate gate is basically the same as other logic gates, with the addition of a transistor Q5 arigildiD@es

for controlling the three states. The-called "three states" are "0"; "1" and "X" for "open".

When the input for Q5's control terminal C is "1", Q5 is on, Q3 is grounded through D1 and Q5 so Q3 is 0
If Q3 is off, Q2 and Q1 will also be off.HE output F3s "floating" since there are no high or low voltages.

The tristate gate will function properly when Q5 is off and C="0" because D1 and D2 can't be grounde
through Q5. Q1, Q2 and Q3 will all be on and the gate will operate according tatdedtinpug A and B.
The output F will be either "0", or "1 ".

—0 Vec
Q1
A
B Q4 —20 F
35
-5 n ﬂ_.
[ Qs
RS . B CO—
- C
(a) (b)
Fig. 227

The additional "open" state of tristate gates makes it ideal for data transmissions:-2Bigshaws a
bidirectionaltransmission scheme with tristate gates U1 and U2. U1 triggers on "1" and U2 triggers on "0".

aorfoi> o
<&

cﬂ—.—.—.—

Fig. 228 Bidirectional data transmission



When C="1", U1 transmits data from A to B and U2 is open.
When C="0", U2 transmits data from B toalid U1 is ope.
Tristate gates also can be connected in parallel but the down side to doing this is that only one gate car

triggered at a time. Shecircuit will result if more than one gate is triggered at a time. FB9 Zhows
parallelconnectedristate gatescting as a multiplexer.

o]
(4]
/\E/

/

m
Q
fﬁ:
[

¢ o— ua>
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D on--n—\\

h

WSS

$10—

$2 0—

Fig. 229 Multiplexer constructed with tristate gates

Tristate gates are particularly useful in circuits with parallel outputs, such as memory expansion circuits a
parallel control circuits.

A CMOS tristategate is showin Fig. 2-30. Its operating principles are described below.

I

etk
Din ©
Dout
Q2
Disable °—I>°—
"0" Action ™" Open Vss

Fig. 230 CMOS tristate gate

(1) When DISABLE="0", the NOR and NAND gates are both control led by the input Din.
When Din="0", output of NAND gate is "1"; Q1 =off
When Din="0", otput of NOR @te is I"; Q2=on; Dout="0"
When Din="1", output of NAND gate is "0"; Q1 =on



When Din="1", output of NOR gate is "0"; Q2=off, Dout="1"
Output Dout accepts data from input Din.

(2)  When DISABLE="1 ", output of NOR gate will remain "0"; datalah will not be send to the output
of NOR and Q2 stays off; output of NAND remain "0". Data at Din will not influence the output so Q1
will remain off. Since both Q1 and Q2 are off, output Dout will be floating.

EQUIPMENTS REQUIRED

DLLT-1300Digital Logic LabTrainer; DLLT-EMO03: Assembled Logic Circuits (2) Experiment Modwad
Digital Multimeter

EXERCISE
(a) Truth Table Measurements

1. Make sure the Fault Simulator DIP Switch follows the below setting :
2.

ON

=

OFF

3. Uba oncircuit ¢ of ModuleDLLT -EMO3 will be meaured in thisection of the experiment.

e e wrree T e mere T TR e e mn . . — — e — — — e — — —

gl 1
1 Eonhect Wire close  +5V i
— |
o [

I
\ R8 1[
* 2. Step 4 close I
} CR2 |
f
A1 _ U6a ™ :
R5 F5 R7 ]
E6 i
B1 _ U6b F6 % CR1 :
15 I
o i £5 L :
0 !

circuit c

__________________________ |



4. Connect inputs A, E1 to Data Switches @V8W1.Follow input sequences in Tablé2 measure and
record the output F1 with a multimeter.

INFUT ouT
SW1(E1) SWOA) F
0 0
0 1
1 0
1 1 |
Table 213

5. Usinga connectiodead, connedfl with T1 to construct the circuit of Fig-3. Inputs A, E1 are still
connected to SWand SWL1. Follow the input sequences in Tablet2record output F1 and states of
LEDs CR1, CR2. Record "1" if the LED is on and "0" if LED is off. (Whappens ilU6a is used
instead?)

+5W R8
———AAA

USarep1 Rr1
F1

Eq
T
CR1
Fig. 2-32
INPUT ouT
SW1(E1) SWO(A) | F1 CR1 CR2
0 0
0 1
1 0
1 1

Table 214



Notes:If CR1 and CR2 both are on, output F1 is apen

(b) Constructing an AND Gate with Tristate Gate

1.

2.

3

Construct the circuit shown in Fig-33 oncircuit ¢ of ModuleDLLT-EMO03.

USa TP1

A F1

E1

B USb R2,47
c N
E2 l U5:74126

Fig.2-33
2. Connectmputs A to SV0; E1 to SW1; B to SW2; E2 to SW3.Set SW1 and SW3 (E1 and E2) to "1".
Follow the input sequences in Tabld2, measure and record voltages between F1 and TP1.
INPUT g1=g2="1" ouT
SW2(B) SWi1(A) | F1=F2 Vr1ri-F1

0 0 Y

0 1 Y

1 0] A

1 1| v
Table 215

Measure the voltage across R1 when E1 > E2 and A tBelle any vitage drop across R1?

. Connect inputs EJE4 together and insert connection clips according to F&ft. Zhange the inputs

randomly, observe output at F. Which input determines the output?

4.

R i T i -

U T4126
/A1,R2,R3,R4
¥

ru—————_————-n&——-—nj
—-—-———-—-——-——-Hrm-n--v—-'\-—rﬂ-l

T — — L S RS —— L St . i S — — —— —



Fig. 2-34 shown the module of DLL-EM3

When E1="1"and E2=E3=E4"0", F=
When E2="1"and El =E3=E4="0", F=
When E3="1" and E1=E2=E4="0", F=
When E4="1"and El =E2=E3="0", F=

(c) Bidirectional Trasmission Circuit

1. Insert connection clips according to Fig32 to construct the bidirectional transmission circuit shown
in Fig. 2-36.

UsSd R4

D Fd
E4
O

R&
F6 B1
UGhb
Us: 74126 UG:74125 R4,R6:47
Fig. 2-36

2. Connect F4 and F6 to Logic Indicators L1 and L2. Connect E4 (E4=E5) @ 9% SW1 to caimol
the inputs.

Observe L1 (F4) when SB¥"1" and SW1 is connected to D. What is the response of F4 if D goes
from "10 to"0" to "1 "?

Observe L2 (F6) when SB#"0" and SW1 is connected to B. What is the response of F6 if B goes
from ""t@d'l1"?o " O



RESULTS

1. Tristate gates are very similar to opesillector gates but only one gate can be activated at a time if
tristate gates are connected in parallel.

2. Tristate gates can be triggered by either "0" or "1 .
3. Unlike the opercollecor gate, theristate gate does not need external resistor or load to operate.

4. Tristate gates are used in complicated circuits such as memory circuits; shift register circuit
multiplexer and demultiplexer circuits. Usually they are connected inlglaaaid onlyone gate is
triggered at a time.

FAULT SIMULATION

Regardless of the input states, there are no output voltages at the outfot diryJto determine possible
faults.

3-2 Half-Adder and Full-Adder Circuit

OBJECTIVE

Understand the char@eistics ofhalf-adder and futadder in the arithmetic unit.
DISCUSSIONS

Adders can be divided into "HaKdder" (HA) and "FullAdder" (FA). Haltadders follow the rules of binary
addition and consider only the addition of 1 bit. The result of addisian"carry"and a "sum". In binary
additions, a "carry" is generated when the sum of two numbers are greater than 1. Refer teatidehalf
addition below:

1 <« Previous Carry
1 1 0 «+ Augent
+1 + 10 « Addend
100

10
Carry . T—Sum Carry L sum

When "1" and "1" are added the sum is 0 and the carry is 1. Thadd#f is limited to thaddition of tbit
numbers.

The fulladder can perform additions of numbers greater th#wts2in length. Refer to the fulldder
operation shown below. It can be constructed using tweddalér. Fig. 237 (a) and (b) shows hadidder and
full-adder ciraits and symols respectively.



(a) Half-adder

A 00—
B O— & A — =
e

{b) Full-eddar

A
P g
H.A . —
]
= . I
o HA S c

Fig. 2-37 Half-adder/Full-adder

To perform additions of numbers greater thamit® in length, the connection shown in Fig3&, or "Parallel
Input” should be used to generate sums simultaneously.

However, the sum of the next adder will be stable @ifigr the pevious adder's carry has stabilized. For
example, in Fig. 288, the sum of FA2 will not be stable unless the carry of FAL is stable.

B4Ad B3IAI B2A2 B1A

TR I O I R

C4 «=— FA4 (~=-{ FA3 - FA2 |~= FA1 |e—CO

l C3 ] c2 ' C1 ]
S4 $3 82 $1
Fig. 238

When FA1 adds Al and Bh sum S1 aha carry C1 is generated. C1 will be added to A2 and B2 by FA2,
generating another sum S2 and another carry C2. In the case of38g.s@m of the four adders do not

stabilize at the same time, delaying the adding process. This delay eimipated ly using the "Look
Ahead" adder.

Look-ahead adders do not have to wait for the previous adder to stabilize before performing the next additi
saving valuable time. In Boolean expression we assume'.

Pi=Ai A Bi
Gi = Ai x Bi

The ouput and carry can be expressed as :

Si=PiA Ci



Ci+1 =Gi + PiCi
Gi is called "Carry Generate". When Ai and Bi are both "1", Gi is "1" and unrelated to the carry input.
Pi is called "Carry Transmit", related to thery transmitetween Ci and Ci+1.
If we substitute the carry function of each stage by the previous carry we get:
C2=G1+PC1
C3=G2+P2C2=G2+P2G1 + P2R11

C4=G3+ P3C3=G3+P3P2GHk P3P2P1C1

Fig. 239 shows the carry path of a leekead dder. The 7482 is a lookahead adder TTL IC.

— ) ca
P3
G3 —_

1 ) cs

P2 |
G2 ]
G1
ct ——

?

Previous Carry
Fig. 239
Binary adders can be converted into BCD adders. Since BCD has 4 bits with the largest number being 9;
the largest 4 bit binary number is equivalent to 15, there is a difference of 6 betevdsematty andhe BCD
adder. Under the following conditions 6 must be added when binary adders are used to add BCD codes:

1. When there is any carry
2. When the sum is larger than 9

If the order of priority is S8, S4, S2, S1 and the sum is larger thaen938 x S4+8&u x S2. If any carry is
involved, assuming the carry is CY, under this term, 6 must be added:

CY+S&S4+S8xS2

Fig. 240 is the circuit of a BCD adder.



Addend Augent
N I T Y

CY|gapapzB1a4 A3AZA1 €O

Previous Carry
SHMES'LI

Cn
Final carry &=
1 -

I

w11
B

B4B3BZB1A4AJAZATCo

e

]

' 4-bit ADDER
SBIMI SZI 511
Final Sum

Fig. 240

EQUIPMENTS REQUIRED

DLLT-1300Digital Logic LabTrainer Moduleof DLLT-EM03: Assemblé Logic Circuits (2) Experiment
EXERCISE

High- Speed Adder Carry Generator Circuit

1. U3 (74182) on circuit of module DLL-EMO3 is used to construct a carry generai@ud.
Fig. 2-45 (b) is the truth table and logic diagram for the 74182.

[ e o e e e e .}
[
| Ao ] [u1)r—2450 :
13 i
oo [ Ooomtdrs oo |
o—
[ I
12
: 2 Ul L Cn+x =0 :
j A1 <1 |
I —_— i
| B1 _—:I@:—-—Ed-uﬂ Enty o 1|
1 @
1 i us i
[ 13 | = o
: Az u1 &2 Crsg i
H 15 foe 1
PSS O
i 1
1 1
| 2 v r—45 bl o !
i & ]
1 B3 uz P3 ]
1 ° I
1 U1:74LS00 I
| UZ:74LSZ66 i
LussveLsns2z 3

Fig. 2-45 (a)



73 or x3 2

3 or Y353

G or X133

== (4)
PO or X0 (&)

GO or YO
Thn orCn 13

Fig. 2-45 (b)

=‘ >___—-———‘7)?orx

ao GorYyY

(11)

Cn+
sy

Tn+y

(12)

Cn+x

Cn+x



G

QUTPUTS
Cn+tz ¢

Cnty

Cn+x

I T T IT <~

I I I T 4 4 a 4

4 4 4 J L T I T
LLLHHH“

4 a4 I T

Ps

TRUTH TABLE

INPUT

I x x | x T o x X Jdx = I X X X X Jd I o= ox o ox

T T = = ® T T = = x| = I T = * 1 (2 x » T 3 x = _

o= o T M oM o o M O oM oM O M M M T

by

HIGH Yoltage Level

Immaterial

triggered

L=LOW Voltage Level

X

H

2. Connect input AO~ A3 (addends) to DIP Switches 1.0 ~ 1.3; Bo~ B3 (augends) to DIP2. ~ 2.3, G ar
e



Cn + x =G0 + POxCn

Cn+y=G1+P1xG0 + P1xP0xCn

Cn+z=G2+P2xG1 + P2xP1xG0 + P2xP1xP0xCn

G=G3+P3xG2+P3xP2xG1+P2xP1xP0xG0

P=P3xP2xP1xP0

If Cn =0, then

Cn + x = A0xB0

Cn +y = A1xB1 + (AD®BO)x(A0XB0)

Cn +z = A2xB2 + (A28 B2)x(A1xB1) + (A2 B2)x(A1EB1)x(A0xBO)

G=A3xB3+ (A3® B3) x (A2 x B2) + (A3 ® B3) x (A2 ® B2) x (A1x B1)

+(A3 @ B3) x (A2 ® B2) x (A1® B1) x (A0 x BO)

P=P3xP2xP1xP0

Follow the input sequences infdla 219 andrecord output states.

INPUT OUTPUT
B3 B2 B1 BO|A3 A2 A1 AO|Cn+x Cn+y Cn+z G P
0o 0o 0o 10 O O 1
0o 0o 1 0|0 O 1 O
0o 0 0 0|0 O 1 O
o o 1 10 0 1 1
1 0 1 0|1 0 O O
1T 1 1 0|1 1 1 1
1T 1 1 11 1 0 1
o 1 1 10 1 1 O
1 0 0 110 1 0 1

Table 2-19

Compare the results with the truth table. Are they identical?

Since Cn= 0, the last carry CY = G.



RESULTS
1. Adders can be further classified into "hatlder" and "fulladder".
2. Binary adders can be convertecii@CD code ader.
3. The circuitry of "lookahead" adder is quite complicated. Unless very high speed is required, it is no
used very often.
FAULT SIMULATION

1. Locate the problem(s) if F1 remains at "1" for a-adider.
2. During BCD code addingperation, FR2 1 when F1=1. What could cause this problem?

3-3 Arithmetic Logic Unit (ALU) Circuit
OBJECTIVE
Understand functions and applications of the ALU, or arithmetic logic unit.

DISCUSSION

In this experiment the 74181 ALU IC will be used tdradluce the ancept of ALU. Itslogic diagram is
shown in Fig. 254.

Cin ‘ et G OUL
R # «{ Arithmentic
$1 — .
S0 o Unit fa M
$2~—— |4
y =1 Select F

Logic A4

Unit

Fig. 254

It consists of two major parts: the arithmetic unit and the logic unit. The output, either arithmetic or logic, |
selected by a multiplexer (MUX). S2 is the selector gatthe MUX andits state will determine the output of

the ALU.

When S2=0, arithmetic operation is executed.

When S2=1, logic operation is executed.



Fig. 255 shows the pin assignment and TabB834s the truth table for the 74181.

r—1A3 E3f——
ad %2 74181 P2 Y output
R I.1 [ || M— P
lnput - AD FO ——
- B3 Cn+d4—Carry Out
— B2 L] o] —
By i1 L
L.— B0 I
—CA
CarryIn M S3525150

| 11T

Select
Fig. 255
MODE SELECT ACTIVE LOW INPUTS ACTIVE HIGH INPUTS
INFUTS &0OUTPUTS &OUTPUTS
LOGIC ARITHMETIC LOGIC ARITHMETIC

S3 S2 S1 SO | (M=H) (M=L) (C,=L) (M=H) (M=L) (C,=H)
L L L L |A A minus 1 A A

L L L H |aB AB minus 1 AR A+B

L L H L A+B AB minus 1 AB A+B

L L H H |Logical1  minus 1 Logical 0 Minus 1

L H L L |A+B  Aplus(A+B) AB Aplus AB

L H L HB AB plus (A+B) B (A+B) plus AB

L H H L |A®B Aminus Bminus 1 |ASB A minus B minus 1
L H H H |A+B A+B AB AB minus 1

H L L L |;AB A plus (A+B) A+B A plus AB

H L L H |AGB AplusB ADB Aplus B

H L H L B AB plus (A+B) B (A+B) plus AB
H L 1 H H |A+B A+B AB AB minus 1

H H L L |Logical0 Aplus A Logical 1 Aplus A

H H L H |aB AB plus A A+B (A+B) plus A

H H H L |AB AB plus A At+B (A+B) plus A

H H H H A A A A minus 1




Table 223

The 74181 has two-dit inputs A and B, as well as a "cafiry’ (CA) input. The purpose of CA is to provide a
reverse carry signal (CA=when there is a carry). There is a mode control iffptand 4 function-select
lines SO, S1, S2, S3, forming sixteen logic or arithmetic operations.

The 74181 also has abit output (F3~ F0); a "carryout” or "Cn+4" output; G (generate) and P (faggie)
output. Refer to the truth table of the 74181 in
Table 233.

The "+" symbol means OR logic, "Puls” means the sum of inputs. The biggest advantage of the 74181 is
ability to perform arithmetic functions such as addition; subtraction; shifting; and logic functions such a
AND; OR and XOR functions.

The mode contdanput (M) and functiorselect lines (8 ~S3) determines which function it will perform.
The mode control for 74181 is determined by these factors:

1. Addition: A "0" is generated at CA input to signify the existenca cérry. After thearithmetic ogration,

if the sum is larger than 15, "0" will be generated at CA again.

2. Subtraction: "0" is generates at Cn+4hié result is "0" or positivdf "0" is generated at CA then the result
IS negative or there is a borrow. If the resulisabtraction $ negative, for example4", the 4bit output F
wi || be in 26s complement and Cn+4="1"

EQUIPMENTS REQUIRED
DLLT-1300Digital Logic LabTrainer ModuleDLLT -EMO03: Assembld Logic Circuits (2) Experiment.

EXERCISE

1. Connect functiorselect Ines S3S0 to Data Switches SW3SWO respectively. Connect M to DIP
Switch DIP1.6 to select between arithmetic and logic operation. When M="0" arithmetic operation i
performed. When M="1" logic function is performed.
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|

4

S0
A3 AZ A1 AD B3 BZ B1 B0 M Cn
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A A . S S e — — — A T S . S o, S Mo S S, . . . W




3.

Connect inputs A3 A0 to DIP1.3~ 1.0 and B3~ BO to DIP2.3 2.0, Connect Cn to DIP2.6; outputs
F3 ~ FO to Logic Indicators L4 L1 and Cn+4 to L8. Inputs A3 A0, B3 ~ BO and outputs F3 FO
are triggered by "0". Low inputate is "1" whle high input state is "0".

. Set M to "1" to perform the following logic functions:

(1) When S352S1S0=0000

What is the output when ASA2A1A0=0000 and B3B2B1 B0=11117
What is the output when A3A2A1A0=1100 and B3B2B1 B0=10107?

(2) When S3S2S15:1001

Whatis the output when A3A2A1A0=1100 and B3B2B1 B0=01107?
What is the relationship between the inputs and outputs in terms of logic?

(3) When S35251S0=1011

What is the output when ASA2A1A0=0011 and 133132B1 1B0=10017
What is the relationship beéen the inpt and outputs in terms of logic?

Set M to "0" to perform the following arithmetic functions:
(1) Set Cn to "0" and ignore the previous carry

(A) When S352S1S0=1001
(a) What is the outputs when A3A2A1A0=B3B2B1 B0=01007?
F3F2FFO = ;. Cn+4 =
(b) What is the output when A3A2A1A0=1000 and B3B2B1 B0=11007?

F3F2FFO = . Cn+4 =

(B) When S3S2S1 S0=0011
(a) What is the outputs when ASA2A1A0=0100 and B3B2B1B0=00107?
F3F2F10= 7 Cn+4 =
(b) What is tle output when A3A2A1A0=1010 and B3B2B1B0=10007?
F3F2F10= ; Cn+4 =
(c) When S352S1S0=0000

What is the outputs when A3A2A1A0=1010 and B3B2B1B0=0011?



F3F2F1I®=__ . Cn+4=

(2) Set Cnto "1", follow the iput sequences Table 224 and record the outputs. Depending on the
state of M and Cn, functieselect line 8 ~ S3 has different functions. Refer to the truth table of
74181 (Table 23).

m=0Cn=1 INPUT

S$3 52 5150/B3 B2 B1BOA3A2 ATAD|Cn+4 F3 F2 F1 FO
0 O0OO00DO0O10001
O0OO0DOO0DO0T11TO000T11
co0o11/0001 0010
Oo011 01000110
01 1001017T/0100
0110000170010
01 11/01 100101
011101 1T1/1 000
1011170001 0O00O0
1011|171 000110
T1T 1101 1001 11
11T 1101 017/01 180

Table2-24

RESULTS
The 74181 has 16 arithmetic functions with or without carry, at the same time it is also capable of performi

various logic functions. Due to time limitation we did not explore each and every function of the 74181. Suc
a compicated deviceés not easy to use unless it is controlled by a computer or a microprocessor.

3-4 Bit Parity Generator Circuit

OBJECTIVE

Understandhe construction and applications of bit parity generators.

DISCUSSION

A bit parity, generatd by the biparity geneator, usually accompanies thata transmission process. The bit
parity provides as a reference point and allows us to compare and check whether the transmission proces:s
the data transmitted are correct or not.

There are two types of btarity genereors: The "Odd" bit parity generator will generate an "1" if the data
contains an\en number of "1"s. For examptlee data "10111011" has six "1"s. When the bit parity is added

to the end of this data, the number of "1"s in the data will tnecan "ODD" mmber, hence the name "Odd
Parity Generator".



On the other hand, an "Even" bit parity generator will add an "1" to data with odd number of "1 "s to make tl
total number of "1"s even. If the data already has an even number of "V's notgiigpgeneratd. Output Y

of the "Even" bit parity generator shown in Figh2 will be 0 if the inputs ABCDEFGH is equal to
10111011.

Bit parity output
Input

@ Mmoo O W >

Fig. 257 "Even" bit parity generator circuit

EQUIPMENTS REQUIRED

DLLT-1300 Digital Logic Lab Trainer, Module DLLT-EMO03: Assemle#d Logic Circuits (2) Experiment
Module

EXERCISE

Bit Parity Generator IC

EVEN—20

B
c
D
o——E 0DD =——0
F
G
H

‘ouwms
EVEN ODD
_ 02468 H L
_____________ J 13579 L H

Fig. 260

2. U7 oncircuit d of moduleDLLT-EMOS3 is a bit parity generator IC. Connect inputs, &ll, C1, D1,
El, F1, G1, Hland I1to DIP Switches 1.6- 1.7 respectively. Connect output® ¥6 L1; Y1 to L2.
Follow the input sequences given in Tabl2&and record the outputs.



y0 y1
FEDCBA|(even) (odd)

I T Y S S A W W O e |
R N T T Qe Y W
000 = =4 -3 -3 b b =k =k
[ T O W O G N N Y N R

Table 226
RESULTS

1. Bit parity generators can be constructed with Xga®es.
2. Ther are two types of bit parity: "Odd" and "Even".

FAULT SIMULATION

1. If output F6 of the even bit generator circuit shown in Fi§92has incorrect output, what could be the
problem?



DLLT -EM04 COMBINATIONAL LOGIC CIRCUITS

4-1  Half-Adder and Full-Adder Circuit
a. Constructing HA with Basic Logic Gates
b. Full-Adder Circuit with IC
C. BCD Code Adder Circuit

4-2 Half-Subtractor and Full-Subtractor Circuit
a. Subtractor Circuit Consicted with Basic Logic Gates
b. Full-Adder and Inverter Circuit

4-3  Bit Parity Generator Circuit
a. Bit Parity Generator Constructed with XOR Gates

4-4  Decoder Circuit
a Constructing a 40-10 Decoder with TTL IC

COMBINATIONAL LOGIC CIRCUITS EXPER IMENTS

Combinational logic circuits areonstructed with basic logic gates. Its output will correspond only to the
current input, previous inputs and outputs can't influence the current output. Therefore the output of a
combinational logic circuits came expressed by Boolean functions.

The major component of a combinational logic circuit includes Input Variables; Logic Gates and Outpu
Variables. The input variable could be either higher or lower than the output variable but both are bina
signals, of'0" and "1".

Assuming there are "n" put variables, there will be 2 possible input combinations, each with one
corresponding output combination. Before designing and constructing a combinational logic circuit tr
following information should be takentmconsideration:

1. Truth tables of laog gates

2. Boolean Function

3. Karnaugh Map

4. de Morgan's Theorem

The following combinational logic gates are used very often and they are discussed in this chapter, along v
many other combinational logic gate

. Combinational logic circuits witNAND and NOR gates
. AND-OR-INVERTER (A-O-l) gate

. XOR gate

. Opencollector gates

. Tristate gate

. Arithmetic circuits

. Encoder and decoder circuits

. Multiplexer and demultiplexer circuits

. Comparatocircuits

OCOO~NO O, WN P



4-1 Half-Adder and Full-Adder Circuit
OBJECTIVE

Understand the characteristics of kadfder and futhdder in the arithmetic unit.

DISCUSSIONS

Adders can be divided into "Hafdder" (HA) and "FultAdder" (FA). Halfadders follow the ras of binary
addition and consider onlyhe addition of 1 bit. The result of addition is a "carry" and a "sum". In binary

additions, a "carry" is generated when the sum of two numbers are greater than 1. Refer teatfeehalf
addition below:

{ <+ Previous Carry
1 1 0 + Augent
+ 1 + 10 +— Addend
100

10
Carry —, L-Sum Carry  Losum

When "1"and "1" are added the sum is 0 anddhgy is 1. The haladder is limited to the addition ofHit
numbers.

The fulladder can perform additions of numbers greater thdits2in length. Refer to the fuddder
operation shown below. It can be constad using two haladder. Fig. 237 (a)and (b) shows halhdder and
full-adder circuits and symbols respectively.

(a) Half-adder
A O—
B g_p s A = b
M
) aC B — —
{b) Full-addar
A
wl ) D
s B . ra.
- HA g ©J c

Fig. 2-37 Half-adder/Full-adder

To perform additions of numbers greater thant2 in length, the connection shown in Fig3&, or "Parallel
Input” should be used enerate sums simultaneously.



However,the sum of the next adder will be stable only after the previous adder's carry has stabilized. F
example, in Fig. 288, the sum of FA2 will not be stable unless the carry of FAL is stable.

B4Ad B3IA3 B2A2 B1A

IR O O

C4 «— FA4 [~=-{ FA3 = FA2 = FA1 «—CO

’ C3 ] c2 c1
S4 53 82 $1
Fig. 238

When FAl adds Al and B1, a sum S1 and a carry C1 is generated. C1 will be added to A2 and B2 by F.
generating another sum S2 and another carry C2. In the case of38g.s@m of the four atérs do not
stabilize at the same timdelaying the adding process. This delay can be eliminated by using the- "Look
Ahead" adder.

Look-ahead adders do not have to wait for the previous adder to stabilize before performing the next additi
saving valuale time. In Boolean expression we assume

Pi=Ai A Bi
Gi = Ai x Bi

The output and carry can be expressed as :

Si=PiA Ci
Ci+1 =Gi + PiCi

Gi is called "Carry Generate". When Ai and Bi are both "1", Glisand unrelated to the carry input.
Pi is called "Carry Transmit", related to the carry transmit between Ci and Ci+1.

If we substitute the carry function of each stage by the previous carry we get:

C2=Gl1+PC1

C3=G2+P2C2=G2+P2G1 + P2R11

C4=G3+P3C3=G3+P3P2GH P3P2P1C1

Fig. 2-39 shows the carry path of a leekead adder. The 74182 is a ledlead adder TTL IC.
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G3

. )
==l
P2 |
G2 ]
P1 rj——;D_ c2
G1

Cc1

f

Previous Carry

Fig. 239
Binary adders can be converted into BCD adders. Since BCD has 4 bits with the largest number being 9;
the largest 4 bit binary number is equivalémtl5, there is a difference of 6 between the binary and the BCD
adder. Under the following conditions 6 must be added when binary adders are used to add BCD codes:

1. When there is any carry
2. When the sum is Iger than 9

If the order of priority isS8, S4, S2, S1 and the sum is larger than 9 then S8 x S4+S8u x S2. If any carry
involved, assuming the carry is CY, under this term, 6 must be added:

CY+S&S4+S8xS2

Fig. 2-40 is the circuit of a BCD adder.
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EQUIPMENTS REQUIRED

DLLT-1300Digital Logic LabTrainer Module of DLLT -EM04: Assembled Logic Circuits (3) Experiment

EXERCISE

(a) Constructing HA with Basic Logic Gt

i

I

B84B3B2B1 A4A3A2A1‘ Co

4-bit ADDER

ﬂo“

SB‘ Sd‘ 82‘ S'il

Final Sum

Fig. 240

1. Make sure the Fault Simulator DIP et follows the below setting:

ON

OFF

2. Insert connection clips according to Fig42, using U2a and U3a to assemble the-&dtfer circuit 6

Fig. 242. Connect Vcc to +5V.
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Fig. 241

2. Connect inputs A and B todla Switches SWand SW1.Connect outputd and F2 to Logic Indicator
L1 and L2. Follow the input sequences for A and B in Table 2and record the output states.
Determine which output is the sum and which is the carry

INPUT ouT
) oy SW1(B) SWO(A)[F1  F2
— 0 0
it 0 1
U2a —OF2 1 0
B o— 1 1
Fig. 242 Table 216

3. Reassemble the circuit according to Figl2(a) to construct the fulldder circuit shown ifig. 2-42

(b).

Connect A, B, C to SW1, SW2 and SW3. A and B are augehds C is the previous carrZonnect
F3 to L1,F5 to L2. Follow the input sequencesTiable 217 and record output states. Determine
which output is the sum and which is the carry.



OUTPUT ouT
SW3(C) SwW2(B) SWIA) | F3 F5
o o} o}

- =S - a0 0 0

0] 1
1 (8]
1 1
o] 0
0] 1
1 0
1 1

Table 217
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I
|
1
1
1
1
1
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[
1
i
1
.|

circuit a

i — — i iama " E— T = e e

o0 us )

F3

U2:7486
U3:7408
Ua:7432

@ o Fs

(b)
Fig. 2-43 Full-adder circuit

(b) Full-Adder Circuit with IC



1. U5 oncircuit b of moduleDLLT-EMO04 is used as aMit adder. Conn& input Y5 to "0", so the XOR
gates U6dJ6d, which are connected toOY~Y3, will act as buffers.Connect inputs B ~ X3
(addends), ¥ ~ Y3 (augends) to DIP Switches DIP2:®.3 and DIP1.G- 1.3 respectively. Connect
F1, 70, Z 1, E 2, £ 3 to L1 ~ L5. Follow input sequences in Tablel8, record F1 and in
hexadecimal numbers.

(Xand Y can also be connected to the Thumbwheel Switches)
X=X3X2X1 X0

Y=Y3Y2Y1YO0
F= E 3 0F2 EF1 FE

US,U9:7483

UB:TABE
U3:7408 ? ? ? ‘g
Ua:7432

X3 xz x1 xo

T 146 4 11

A3 A2 A‘l n.u B3 51 BO
Fl1 44 ¥4
=2 Cout e

Us ¥2 Y2 F¥1 _Io

I
| 1
1 |
| 1
I I
I I
1 I
| I
I I
] i
| 1
I I
| I
I I
: i5 [z [é |9 :
| Fz m F10 |
I o ﬁ @ , s I
= U3 F11 L :

<

| Fo I
I |
I I
! I
I I
: X 11 Is le J1o  j1e |a |7 |14 :
| = A3 AZ A1 AO B3 Bz B1 BO |
I |
| F3 O—-—?-?- Cout ua Cin 13 I
| l_ |
| ES EZ_ E1_ED 1
!r i:s J)z Lﬂ J:l :
i circuit b |
I = Fr F& _FS Fa = _



INPUT OUTPUT
\'d b4 = F1({CARRY)
a (W]
0 1
(8] <]
o o
o E
1 a
1 &
1 8
3 a
4 8
4 F
8 7
a a2
A B
C E
E F

Table 28

(c) BCD Code Adder Circuit
1. The circuit shown in Fig.-46 will act as a BCD code adder.



2. Connect
circuit.

r——“ﬂbﬂﬁ'_hﬂ_u—— — i ————— S . W S . — — '—1

i Y3 ¥z Y1 ¥Ya 1
: R RN
I L ] ° ]
} X3 X2 X1 X0 W uej \uej (\us I
o LLLI i
: 1 ] |a |1e 16 4 |7 |11 {
1 A3 Az A1 A0 B3 B2 B1 BO I
I F1 ¥4 i
: A Cout Cin 13 o :
| o | |
I ) |
i 1
I I
: S Fa I
i i
| |
i |
I i
i I
' |
'i L f1 is Je J1wo Jie]a |7 |11 I
E A3 Az A1 AD B3 B2 B1 EBd I
:;:u»mlﬁ- Cout ua Cin 13 :
| 1— 1
{ £3 2 E1 IO =
1 ys f r f DLLT-EM04 i
] F7 _Fo Fs Fa_______ Circuith |
I nput X0~ X3 to DIP1.0 ~ 147 i8the ejjuvalenty 3



X3 X2 X1 Xo0 uej \us

TTTTW..“,;..

A3 A2 a1 AO 83 B2 B1 BO

F1
O 14 Cout Cin 13

Us I3 2 ¥1 Xo
118 [2 |8 |o

F2 —:P ﬁ _1m

lM-‘ us3 _?F‘t‘l Pre

FL
-

4 1 {3 |s |10 16 |4 |7 |11
A3 AZ A1 AD B3 B2 B1 BO

14 13
F3 Ot Cout uo Cin j

£3 X2 I1 30

L-ls lz lﬁ 19
F7 F6 F5 F4
Fig 247

U5 and U9 are 7483 loekhead4-bit BCD adders, connect outputs £&11 of U5 the inputs of one
of the 7Segment Digital Display. F8 F11 should also be connected to+14. Connect F1, F2 to
Logic Indicators L5and L6

Connect outputs F4 F7 of U9 to another -5egment display. 8o connect F4 F7 to L7~ L10 and
F3toL11.

. F11-F8 are the sum of X~ X3 added to ¥ ~ Y3 while F1 is the carry. Follow the input sequences
for X0 ~X3 and YO ~Y3 in Table 220 and record the outpstites.



INPUT OUTPUT(US) LAST(US)

X3 X2 X1 X0/¥2 Y2 ¥1 YO|F1 F11 F10 FO FB|F? F3 F7 F6 F5 F4
b ¢ 0 0|0 O @ D

b 0 0 1|0 0 1 1

o 0 1 1|0 1 0 ©

o o 1 0|0 o 1 D

o 0 1 0|1 0 0 0

o 0 1 1|0 1 1 o -

o 1 0 0|0 0 1 ©

0 1 0 0|0 1 0 1 N
01 0 0|0 1 1 g

g 1 g 1., 4da 1 1 0Q

— e R R

g 1 1 1|1 0 g 0

0 1 1 1]1 0 0 1

1 0 0 0|1 0 0 A

1 0 0 1)1 0 0 1

e
1 0 1 0|1 0 1 1

1 0 1 0|1 1 0 @

1 1] 1 1 1 1 1 Q

1 1 1 1 1 1 1 1

Table 220

4. Connect inputs B ~X3, YO ~Y3 to the Thumbwheel Switches and outputs-H# to the 7segment
digital display. Adjust the inputs randomly and observe the outputs.

RESULTS

4. Adders can be further classified intbalf-adder" and "fuHadder".

5. Binary adders can be converted into BCD code adder.

6. The circuitry of "lookahead" adder is quite complicated. Unless very high speed is required, it is no
used very often.

FAULT SIMULATION

1. Locate the problem(s) if F1meins at "1" for a fubadder.
2. During BCD code adding operation,IF2 when F1=1. What could cause this problem?



4-2 Half-Subtractor and Full-Subtractor Circuit

OBJECTIVE

Understand the theory of complements and construction of subtractor circuits.

DISCUSSION

Half-subtractor and fulsubtractor circuits can bbuilt by referring to the truth tables and the Boolean
expressions, or Karnaugh's map of logic gates. In this experiment we will use the theory of complement
assemble full and half subtractor circuits.

Binary subtractions are usually performed by 2snplement. Two steps are required to obtain 2's
complement. First, the subtrahend is inverted to its 1's complement, i.e. an "1" to a "0" and a "0" to an "

Secondly, an "1" is added to the least significant digit of the subtrahend in 1's complement.

In general subtraction the subtrahend is directly subtracted from the minuend but in 2's complement, the t
numbers are added. Hence an adder also can be used as a subtractor.

EXAMPLE:

What is the equivalent in 2's compient for the decimal subtractiorf &1 - 10?
MINUEND 11 (DECIMAL) = 1011 (BINARY)

SUBTRAHEND : 10 (DECIMAL)} = 1010 (BINARY)
= 0101 (1'S COMPLEMENT)

= 0110 {2'S COMPLEMENT)
DECIMAL BINARY 1'S COMPLEMENT 25 COMPLEMENT
11 1011 1011 1011
10 — 1010 — 101 + 0110
1 1 0 10001
A carry of Al1l0 is generated in the 206s compl emer

A half-subtractor execute its task of subtractiebitlat a time regardless of whether the minuend is greater or
less than the subtrahend. The true table and logic diagraan haflfsub tractor is shown in Fig.-48.
"Borrow" from previous subtraction are not taken into consideration.



Subtrahend | Difference

; / A
Minuend Borrow Ao
D BW o )D— OF
4

A B
0 1]/]0 O
0 01 1
1 111 0 BW
1 0/0 O
(a) Truth table

(b) Schematics

Fig. 248 Half subtractor

Compare the logic diagrams of halfibtractor with hatadder and we can see that the only differenckes t
inverter at the input of the hatubtractor. This inverter gate represent the borrow.

The full-subtractor has to consider borrow(s) from previous stages. Its truth table and logic diagram are sho

in Figure 249. When C ="0" it is equivalent to alfirgubtractor.
Previous borrow Minuend Subtrahend Difference Borrow

Previous borrow

Minuend
~ Subtrahend
. Difference
., Borrow
C A B|DFBW
0O 0 110 O
0 0 Of1 1 ) ,
o1 1|1 0 A| / L
B DD D~
10 01 1 — D—J’
1 0 110 1 :
1 1 0|0 O c =F
T 1 111 1 . L
(a) Truth table (b) Schematics

Fig. 249 Fullsubtractor

From a 4bit adder circuit we can assemble subtractor circuits-loit 4r longer. Fig. 550 shows a dual
purpose adder/ subtractor circuit. When-Br'0" addtions are performed and all XOR gates act as buffers.
When Bnrl="1" subtractions will be performed and all XOR gates act as NOT gates. Y inputs uses 1



complement and adds an "1" fromrCiThe outputs are Cn (carry) and Bn (borrow), Cn and Bn are deyiende
on Bn1.

¥YI0Q ¥20Q Y19 yo Q@

L2

X3 X2 X1 xo (UGS \U& Uﬁwy

AAARLARE

A3 AZ A1 AD Bl BZ B1 BOD

14
Ol Cout Cin 13

i

Fig. 250

EQUIPMENTS REQUIRED
DLLT-1300Digital Logic LabTrainer DLLT-EMO04: Assembled Logic Circuits (3) Experiment Module

EXERCISE

(a) Subtractor Circuit Constructed with Basic Logic Gates
1. Insert connection clipscaording to Fig. 51.

2. Connect inputs A- C to Data Switches SW~SW2; outputs F2 to Logic Indicator L1; F1to L2; F3to
L3; F5 to L4. When C=0 the circuit is a halfibtractor. F1 is the borrow output; F2 is the difference
and F5=F2; F4=0; F3=F1. When C=1 the circuit falksubtractor. F3 is the borrow output and F5 is

the difference output.



1
;
b

L_ i —— —— — T ——— s S ] — ===
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circuit a

Fig. 251 Haltadder/FuHadder

3. Follow the input sequences in Tabl22 and record output states.

Differance

Input E::trrt:er Sum T

C A BIFl F2 F3 F5
Half-subtract E

alf-subtractor

Half-adder 0 0 0
o1 1
-0 1 0O
-1 0 0
Full-subtrgcter] 1 0 1
Full-adder 1 1 0O
-1 1 1
Table 221

(b) Full-Adder and Inverter Circuit

1. The circuit of ModuleDLLT -EMO04 circuit b (Fig. 252) is equivalent to the addarlgractorcircuit of
Fig. 2-53.
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Fig. 253 Adder/subtractor

2. Connect inputs X3 X0 to DIP Switch 1.3-1.0; Y3~ YO0 to DIP 2.3~ DIP2.0; Y5 toSWO. Connect
outputs F1 to L1; F1% F8 to L5~ L2. To execute the subtract operatiaonnect Y5 to "1"
(or Cin of U5=1). Follow the input sequences below and record the output states in-2able 2



INPUT OUTPUT
X3X2X1X0Y3Y2Y1Y0[F1 F11 F10 F9 F8
0100(0100
0100|0011
100000 11
1000|0001
1001|1000
1001(01 11
10100110
10100101
101117010
1111|1010

Table 222

RESULTS
1. A half-subtractor is a hathdder with reversed minuend input.
2. A full-subtractoiis a fulladder with reversed minuend input.
3. IC adder uses the "2's complement” method.

FAULT SIMULATION

When Y5="1", the circuit of Fig.-52 is supposed to execute the subtraction operation. When Y5="1" the
addition operation is supposed to be exatuteY5="0" and an extra "1" is generated, what could be the
problem(s)?

4-3 Bit Parity Generator Circuit

OBJECTIVE

Understandhe construction and applications of bit parity generators.
DISCUSSION

A bit parity, generad by the bit parity generatarsually accompanies thliata transmission process. The bit
parity provides as a reference point and allows us to compare and check whether the transmission process
the data transmitted are correct or not.

There are two types of bit parity generatoree "Odd" bit parity generator will generate an "1" if the data
contains aneen number of "1"s. For examptiee data "10111011" has six "1"s. When the bit parity is added
to the end of this data, the number of "1"s in the data will become an "ODD" numeipee the name "Odd
Parity Generator".



On the other hand, an "Even" bit parity generator will add an "1" to data with odd number of "1 "s to make tt
total number of "1"s even. If the data already has an even number of "V's no bit parity is ge@ergiadY
of the "Even" bit parity generator shown in Figh2 will be O if the inputs ABCDEFGH is equal to

10111011,

A

B o——)DH
DY
D 0—
E 0—
F o—-——JD—L\

G 0—) .
|

Fig. 257 "Even" bit parity generator circuit

VR

Bit parity output

) O

input

H 0—

EQUIPMENTS REQUIRED

DLLT-1300 Digital Logic Lab Trainer, Module DLLT-EMO04: Assembled Lgic Circuits (3) Experiment
Module

EXERCISE
Bit Parity Generator Constructed With XOR Gates

3. Insert connection clip according to Figh8 to construct the even bit parity generator circuit of Fg. 2
59.
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Fig. 259 "Even" bit parity generator circuit

3. Connect inputs A, B, C, D, E to DIP Switches-1.@ and output F6 to Logic Indicator L1. Follow the
input sequences in Table2® and record the outputs.



Input
F&

— - OO O M
—I—l—I—I—IDDDDDU
_-_u.::;c}_u_-_.;:.gg:;n

et et T = O O = =t
- oD OoO0O0O—-0—=00|P

Table 2-25

RESULTS
3. Bit parity generators can be constructed with XOR gates.
4. There are two types of bit pgri "Odd" and "Even".

FAULT SIMULATION

2. If output F6 of the even bit generator circuit shown in Fi§92has incorrect output, what could be the
problem?

EXERCISE
1. Construct a circuit that transmitsbdt data with bit parity and see if the outputs argect.
4-4 Decoder Circuit
OBJECTIVE
Understand the operating principles of decoder circuits.
DISCUSSION
A decoder is a logic circuit that will detect the presence of a specific binary number or word. The input to tl

decoder is a parallel binary mber and the output is a binary signal that indicates the presence or absence
that specific number.



The AND gate can be used as a basic decoder circuit, since the AND gateout put wi | | b
when all inputs are binary 1. Proper connewiof AND gate's inputs to the data will ensure detection of any
binary number.

Binary-to-Octal Decoder
A binary-to-octal decoder is shown in Fig:6Z. There are 3 binary inputs A, B, C and 8 octal outpGtXJ.
If CBA=fi 0 1dutput Q2= 1 When CBA=fi1 1 buiput Q7= 1 0

C B A

S

—D——-a Q@5=CBA

Q6=CBA

Q7=CBA

Fig. 267
EQUIPMENTS REQUIRED

DLLT-1300 Digital Logic Lab Trainer, Module DLLT-EMO04: Assembld Logic Circuits (3) Experiment
Multimeter



EXERCISE
Constructing a 4 to 10 Decoder with TTL IC

1. U10 (7442) on block c of modulBLLT-EMO04 will be used in this section of the experiment. 7442 is
a BCDto-Decimal decoder IC.

— P i i — T ———— —— _—.,..,1
i
F % |
O 2. 1
233-—-—0#»&
B1
- 14 2 4 -
5
c1 (TR L] i iy
o 13 - G
Ta42 -
15 P T}
D1
o2 v b2
I 8 10 r
, 1
] i o 11
circuit ¢ |
Fig.2-69

3. Connect inputs Al, B1, C1, D1 to the BCD outputs "1", "2", "4", "8" of one of the Thumbwheel
Switches respectively. Connect output® @ Logic Indiator LO ~L9. The thumbwheel switch is a
mechanical device that converts numbers to BCD codes.

4. Connect the common to a data switch and swit

5. Adjust the Thumbwheel Switches according to T&bl@2, measure voltages at A, B, D with a
multimeter. Presence of voltage at the inputs indicates high logic state or "I", absence of voltac
indicates low logic sta or "0". Observe the output states @t+L9. Record input and output logic

states in Table-32.



DCBA|0123456789

DONONMPWN-O

Table 232
RESULTS
1. Decoder hathe exact opposite functions of the encoder.
2. Two of the most direct applications of decoders are with numbers and words.
3.The 7442 is a 3 linto-8 line decoder if D6.
FAULT SIMULATIONS

1. Two separate input/output sequentmsthe decoder citgt of Fig. 268 aregiven below. Determine
the fault(s) in each case.

B A|[F4F3F2F1 B AIF4F3F2F1
00 00O 1 00010 1
0110010 010010
1000100 1000100
110000 111000

1. Determine the fault(s) if U8 is used as decoder and the outputs are incorrect.

2. The outputs of BCRo-7-segment decoder are inoect. Try to determine possibtauses.



DLLT -EM0O5 COMBINATIONAL LOGIC CIRCUITS

51 Encoder Circuit

a. Constructing a 40-2 Encoder with Basic Gates

5-2 Decoder Circuit

a. Constructing a 20-4 Decoder with Basic Gates
b. BCD-to-7-Segment Decoder

5-1 Encoder Circuit

OBJECTIVE

Understad the operating principles of encoder circuits.

DISCUSSION

An encoder is a combinational logic gathat accept one or multiple inputs and generates a specific output
code. Only one input is triggered at a time. An encoder witht mputs and fbit outputs is shown in Fig. 2
61. When one of the inputs is triggered there will bebét nutput code at the outputs.

» N-BIT OUTPUT

™ AQO—— ——0Q0 )
A1 00— —0 Q1
|
N-BIT INPUT* E ENCODER| |
i |
|
|
3 :
_An-10~~— —oQn-1_
Fig. 261

Octal to Binary Encoder

An octal to binary encoder is shown in Fig62. There are 8 octal inputs AA7 (0~7); and three biry
outputs QO, Q1, Q2 (000111). If input AO="0" the corresponding output Q2Q1QO0 is equal to "000".



A0 r~ -~ 1
A1

A4
A5
A6

A7

P.I“ﬂl-.l

Fig. 262 Octal-Binary encoder

Actually, AO is not connected to the gate input. If A1="1" then Q2Q1Q0=001. When A2="1" the output
Q2Q1Q0=010. Therearit be more than one "1" among the inputs. For example, if A2="1" and A3="1"
simultaneously, Q2Q1Q0=011. If A3, A4 both are "1" at the same time, Q2Q1Q0=111. Both outputs a
incorrect.

Matrix Encoder

If no commercially available encoders fits theuiegspecification, one could be built by using diodes. Fg. 2
63 shows a simple matrix encoder build with diodes.

5

% R
.._.._ov"‘}_ - -
X2
o O \q«“ \;\
X3 \;&
o %a S | X3

1T 3

Y30 Y2o Y10 YO
Fig. 263 Matrix encoder




Only one of X0~X4 will be triggered at a time. When X0="1", Y3Y2Y1Y0="1011"
When X1="1", Y3Y2Y1 Y0="0110".

In digital circuits sometimes it is critical to process various input signals in order of priority. One particula
type of encoder called "Priority Encoder"”, which process inputs in order of priority should be used in suc
circuits. When an input gate withgher priority is triggered, the output will correspond to this high priority
input regardless of the states of lower priority inputs are in. The 74147 1spaidity BCD output encoder,

the input priority runs in ascending order, gate 1 has the loavebgate 9 has the highest priority. The
outputs are in BCD codes. Tabl®?2 is the truth tabléor the 74147 1Q0-4 priority encoder.

INPUT OuUTPUT
123456789 |DCBA
HHHHHHHHHIHHHH
XXXXXXXXL|LHHL
XXXXXXXLH|ILHHH
XXXXXXLHHHLLL
XXXXXLHHHHLLH
XXXXLHHHH[HL HL
XXXLHHHHH|HL HH
XXLHHHHHHIHHL L
XLHHHHHHHIHHL H
Il HHHHHHHH|HHHL

Table 227 74147 Truth Table
The 74147 is triggered by thaw logic state. When inputs 19-are all in high stateutput DCBA="HHHH".
When input 2 and 5 are triggered simultaneously the output is determined by input 5, which has higf
priority than input 2. When inputs 2, 5 and 7 are triggered together, input 7 will determine the output.
EQUIPMENTS REQUIRED
DLLT-1300Digital Logic LabTrainer ModulesDLLT -EMO05: Assembled Logic Circuits (4) Experiment
EXERCISE

Constructing a 40-2 Encoder with Basic Gates

1. Make sure the Fault Simulator DIP Switch follows the below setting:

ON

OFF




2. Insert connection clips according Fig. 2-64.
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‘ U1 7408 d
H T404 . i H
i circuit a 1
Fig 264

3. Connect Vcc to +5V.

4. Connect inputs A to Data Switches SW/~ SW3 respectively; outputs F8 and F9 to Logic Indicator
LOand L1.

5. Follow the input sequences for D, C, B, A in Tabl2®and record the output states.

F8 F9

SaAdaaaaQoOOoooon
=== =000 0=222200000
=2 00=2200==200=200D
~0-_0-20-0=0=0=0-0p




Table 228
6. Remowe the connection clip between A and Al; insert it between Al and F1 as shown ir65icAIR
other connections remain the same. Follow the input sequences in 728hbnd record output states.

u T408
Tallad
Fig. 265
D C B A|IF8F9
0O 0O 0O
O O O 1
O 01 O
O 0 1 1
O 1 0 O
0O 1 0 1
01 10
O 1 1 1
1 0O O O
1 0 0O 1
1 0 1 O
1 0 1 1
1 1 0 O
1 1 0 1
171 1 O
1 1 1 1
Table 229

7. Compare the outputs $&8 h Table 228 and 229. What is the difference between them?



RESULTS
1. Encoders have more input gates than output gates.
2. Output codes of encoders can only be read by professionals.

3. The output of encoders should be decoded by decoders.

FAULT SIMULATIONS

1. Use the circuit of ModuleDLLT-EMO5 circuita as an encoder without priority. Determine its truth
tables under these conditions:
1. S1is open
2. S2is open
3. S3is open

5-2 Decoder Circuit

OBJECTIVE

Understand the operating principles of desrodgkcuits.
DISCUSSION

A decoder is a logic circuit that will detect the presence of a specific binary number or word. The input to t
decoder is a parallel binary number and the output is a binary signal that indicates the presence or absen
thatspedfic number.

The AND gate can be used as a basic decoder circuit, since the AND gateout put wi | | b
when all inputs are binary 1. Proper connections of AND gate's inputs to the data will ensure detection of &
binary number.

Binary-to-Octal Decoder
A binaryto-octal decoder is shown in Figs&Z. There are 3 binary inputs A, B, C and 8 octal outp0ts)J.
If CBA=1 0 1dutput Q2= 1 When CBA=f 1 lautput Q71 1 0



ety
o>

—0 W

QO=CBA

Q1=CBA

Q2=CBA

Q3=CBA

Q5=CBA

Py

Q6=CBA

Q7=CBA

Yy

Fig. 267
EQUIPMENTS REQUIRED

DLLT-1300 Digital Logic Lab Traine; DLLT-EMO05: Assembled Logic Circuits (4) Experiment Module
Multimeter

EXERCISE
(a) Constructing a-Bo-4 Decoder with Basic Gates

1. Circuit c of moduleDLLT-EMO5 will be used in this section of the experiment. Connect Vcc to +5V.
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2. Connet inputs A, B to Data Switches S¥énd SW1. Connect outputs4% to Logic Indicators Q ~
L3 respectively.

3. Follow the input sequences for A and B in Tablg12and record output states.

F1F2 F3 F4

B
0
0
1
1

- O - 0Ol

Table 231

(b) BCD-to-7-Segment Decoder

circuit b




Fig. 270

1. Connect iputsA, B, C, D of U5 (7448) omrircuit b of moduleDLLT-EMO05 to Data Switches SW3,
SW2, SW1land SWespectively. The 7448 is a B&D-7-segment decoder/driver with internal pull
up outputs. Connect "RBI" to DIP Switch 1.0; "BI/RBO" to LO; "LT" to DIP1SE DIP 1.0 and 1.1
to "HIGH".

2. Follow the input sequences for D, C, B, A in Tabld®andrecord outputs of the-§egmentlisplay.

3. Set DIP1.1 to "LOW" while DIP1.0 remains "HIGH". Repeat step 2. Are the outputs any different
from step 2?

D C B A}l Display
0 0 0O
0 0 0 1
0O 0 10
0O 0 1 1
01 0O
01 0 1
0110
o 1 1 1
10 0O
1 0 0 1
1 0 1 0
10 1 1
11 0 0
17 1 0 1
11 1 0
11 1 1
Table 233

4. Set DIP1.0 to "LOWS and DIP1.1 to "HIGH". Repeat step 2. Compare outputs with step 2 between
DCBA=00001001. Are the outputs different?

RESULTS
1. Decoder has the exact opposite functions of the encoder.
2. Two of the most direct applications ofadeles are with numbers and words.
3.The 7442 is a 3 linén-8 line decoder if D6.

FAULT SIMULATIONS

1. Two separate input/output sequences for the decoder circuit of-BRjakegiven below. Determine
the fault(s) in each case.



B AlF4F3F2F1 B A|F4F3F2F1
00 00O01 00010 1
010010 010010
100100 1700100
110000 111000

3. Determine thedult(s) if U8 is used as decoder and the outputs are incorrect.

4. The outputs of BCRo-7-segment decoder are inoect. Try to determine possibtauses.



DLLT -EMO6 COMBINATIONAL LOGIC CIRCUITS

6-1 Encoder Circuit
a Corstructing a 1@o-4 Encoder with TTL IC

6-2  Multiplexer Circuit
a. Constructing a 20-1 Multiplexer
b. Using Multiplexers to Create Functions.
C. Constructing a 8o-1 Multiplexer Circuit with TTL IC

6-3  Demultiplexer Circuit
a Constructing 2-output Demultiplexer with Basic Logic Gates
b Constructing a ®utput Demultiplexer with CMOS IC

6-4  Digitally Controlled Analog Multiplexer / Demultiplexer Circuit

a Analog Switch Chracteristics
b Bidirectional Transmission with CMOS IC Analog Switch

COMBINATIONAL LOGIC CIRCUITS EXPERIMENTS

Combinational logic circuits are constructed with basic logic gates. Its output will correspond only to th
current input, previous inputs armitputs can't influence the current output. Therefore the outpahyf
combinational logic circuits can be expressed by Boolean functions.

The major component of a combinational logic circuit includes Input Variables; Logic Gates and Outpt
Variables. e input variable could be either higher or lower than the outpiablarbut both are binary
signals, or "0" and "1".

Assuming there are "n" input variables, there will be 2 possible input combinations, each with on
corresponding output combination. fBee designing and constructing a combinational logic circuit the
following information should be taken into consideration:

1. Truth tables of logic gates

2. Boolean Function

3. Karnaugh Map

4. de Morgan's Theorem

The following combinational logic gatese used very often and they are discussed in this chapter, albng wit
many other combinational logic gates.

. Combinational logic circuits with NAND and NOR gates
. AND-OR-INVERTER (A-O-l) gate

. XOR gate

. Opencollector gates

. Tristate gate

. Arithmetic circuits

. Encoder and decoder circuits

. Multiplexer anddemultiplexer circuits

. Comparator circuits

OCOoO~NOOTPA,WNE



6-1 Encoder Circuit

OBJECTIVE

Understand the operating principles of encoder circuits.

DISCUSSION

An encoder is a combinational leggate that accept one or multiple inputs and generates a spegtpato
code. Only one input is triggered at a time. An encoder witht mputs and #bit outputs is shown in Fig.-2
61. When one of the inputs is triggered there will bebit putput ©de at the outputs.

N-BIT INPUT

Octal to Binary Encoder

" AQO— 000
A1 0 —0 Q1
AZQ""‘""""" --'—-002

| ]
i ENCODER i
i |
i |
{ |
| i
_An-10— f—o0Qn-1_
Fig. 261

» N-BIT OUTPUT

An octal b binary encoder is shown in Fig:62. There are 8 octal inputs AA7 (0~7); and three binary
outputs QO, Q1, Q2 (000111). If input AO="0" the corresponding output Q2Q1QO0 is equd@O".

Fig. 262 Octal-Binary encoder

Actually, AO is not conneted to the gate input. If A1="1" then Q2Q1Q0=001. When A2="1" the output
Q2Q1Q0=010. There can't be more than one "1" among the inputs. For example, if A2="1" and A3=""



