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Laboratory 3 — GATES AND STATIC GATE CHARACTERISTIC S

1. OBJECTIVES

Understand the relationships between Boolean Logic States (1 or 0) and the
corresponding voltages on circuits that implement them.

Measure the switching threshold of some representative gates.

Develop Truth Tables for some unknown gates.

2. DISCUSSION

A Logic Gates is a collection of circuit elements (e.g. transistors, diodes) that implements
a basic Boolean function. One of the most popular methods for manufacturing such gates
is the Dual In-Line Package (DIP). The DIP (sometimes called a "chip") may contain one
or several logic gates in the same package. External connections to the DIP are made via
two rows of pins, one on either side of the DIP (hence the name Dual In-Line Package).
All logic gates used in this Laboratory will be packaged as DIP's.

The most prevalent logic family packaged as DIPs is Transistor-Transistor Logic (TTL).
TTL uses positive logic (a logic ONE is represented as a HIGH voltage; a logic ZERO is
represented as a LOW voltage) and a single (usually +5 V) power supply. The logic
circuits used in this laboratory will be, for the most part, TTL.

The number that is imprinted on the chip uniquely identifies the characteristics of the
device. Several manufacturers (e.g. Motorola, Texas Instruments, Hitachi, Intel) may offer
similar (if not identical) devices. While each manufacturer certainly is free to use its own
nomenclature for identifying the Integrated Circuits it manufacturers, most use the
structure (or some minor variant of the structure) offered by Texas Instruments. This
numbering structure is:

SN XY RLS ABC JK
Where:

SN is a unique prefix identifying the Integrated Circuit Family
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X and Y are 54 or 74 identifying the device's operating temperature range
54-Military Range (-55C to +125C)
74-Commercial Range (0C to 70C)

RLS is a zero to three character (e.g. H, L, LS, AS, ALS) code identifying the
technology (e.g. L = Low Power, S = Schottky)

ABC is a two or three number code that identifies the device itself, e.g.,
00-A Quad (four in a package) two input NAND gate
04-A Hex (six in a package) Inverter
260-A Dual (two in a package) 5 input NOR gate

JK is a one or two character (e.g. J, JD, N, T, W) identifier of the type of package
(e.g. Ceramic, Plastic, Flat)

Although in industry these differences would all be important, for this laboratory all devices
of a particular device type (e.g. all 08 Quad two input AND gates) will operate roughly the
same. A list of the 7400 series of integrated circuits can be found at:

http://en.wikipedia.org/wiki/List of 7400 series integrated circuits

Thus the only two parameters that you need be concerned with when cross-referencing a
particular Integrated Circuit regarding characteristics as described in the data sheets are:

1. The two or three digit device code (ABC) which specifies the device logically;
2. The one or two character package code (JK) that specifies the pin configuration.

The prime objective of the Laboratory 3 is to investigate the characteristics of some of the
basic gates. To this end you shall:

1. Investigate the connectivity of your prototype board.

2. Investigate the characteristics of some logic gates which are supplied with power
but which have unconnected inputs.

3. Measure the input switching threshold, i.e., the input voltage at which a gate
switches from one output state to the other.

4. Measure the output voltages corresponding to Boolean ‘0 and Boolean ‘1’
5. Define the truth tables of some unknown gates.

Figure 2.1 illustrates the logic symbol and the Truth Table for each of the basic logic gates
used in this lab.
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Figure 2.1: Digital Logic Gates and Corresponding Truth Tables
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3. PRELAB

Derive the Boolean expressions and the Truth Tables for the output of each of the

following circuits.
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Figure 3.1: Prelab Circuits using NOT, NAND, and NOR Gates
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4. LAB ASSIGNMENT

1. Investigate the connectivity of your prototype board (“protoboard”). The protoboard
consists of an array of holes on 0.1 in. centers, corresponding to the standard pin
spacing of ICs. Most of the wiring activity takes place in the center columns of the
strip. On either side of each center gutter is an array of 64 rows by 5 columns of
socket terminals (holes). The five holes in each row are connected together
electrically. The spacing across the gutter is 0.3 in., the same as the spacing
between the rows of pins of a standard 14-, 16-, or 18-pin IC (Integrated Circuit)
dual in-line package (DIP). Hence, an IC can be plugged into the board straddling
the gutter (see Figure 3.2); for each IC pin there will be four holes remaining (in that
row) that are electrically connected to it. These holes are used for point-to-point
interconnections to other IC pins, power, output LEDs, and input switches. Larger
ICs such as 24-pin DIPs have 0.6 in. row spacing; they can be used but they will
leave fewer holes for interconnections. Discrete components such as resistors and
transistors also can be plugged in to the board.

Figure 4.1 : Protoboard illustrating placement of a Dual In-Line Package (DIP) IC.
The breadboard also has several two-pin vertical columns of holes distributed

about the board. The holes in each column are interconnected (as opposed to the
previously-described holes which were interconnected in rows). Such holes are
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usually used for the distribution of power and ground, clocks, and other common
signals to the DIPs in adjacent positions. Two such (two-pin column) sections
also appear at the top of the board, arranged horizontally. These sections are
usually utilized for the (master) distribution of common signals to the vertical (two-
pin column) sections.

Obtain two (approximately 6 inch) lengths of wire from your lab kit. Connect one
end of each of the two wires to the V3 and GND banana jacks at the top of the
board. These wires will be used as probes to investigate the internal connectivity of
the breadboard. Connect your multimeter to the same two jacks (as you will be
measuring resistance in this experiment, the polarity is unimportant). Set the
multimeter to one of the lower resistance scales, touch the two probe wires
together (thus producing a "short” or 0 ). Now use the two probe wires to
investigate the breadboard by inserting each in a different hole. If the two holes are
connected internally, the meter will read 0 ; if not the meter will read infinity
(corresponding to an open circuit). In this manner, familiarize yourself with the
breadboard and which of its groups of holes are connected in rows and which in
columns. Remove the multimeter and probe wires.

WARNING: Return the Multimeter to any voltage scale . Leaving a Multimeter on any
Resistance scale could cause a drain on the interna | battery.

2. Locate the Data Sheet for the 7400 NAND chip, the 7402 NOR chip, and the 7486
EXCLUSIVE OR (XOR) chip on the web, and copy the complete internal gate
configuration of the J (or N) package into your notebook. Verify the internal gate
configuration of the chips against those illustrated in Figure 4.2.

Obtain these chips from your Lab Kit and identify their pin #1. Different
manufacturers use different identification marks (see Figure 4.3) to denote where
Pin 1 is located. In general, when viewing the chip from above with the chip
oriented vertically, and with the chip manufacturer's mark towards the top, pin #1 is
on the top-left.

Mount the chips so that they straddle a central duct on the breadboard as shown on
Figure 4.1. Via jumper wires, bring 5 Volts and Ground from the +5 V (Vcc) and
Ground (GND) pins on the Logic Development System to two banana plugs on the
breadboard (conventionally Vcc should be connected to a Red Banana Plug, and
GND should be connected to a Black Banana Plug). From there, establish wire
connections from the banana plugs at the top of the breadboard to a power bus and
ground bus on the breadboard (two of the column interconnected sets of pins
adjacent to the chips).
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Figure 4.2: Pinout Configuration of 7400 Series Integrated Circuits
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Figure 4.3: DIP Pin 1 Identification Markings

NOTE: Check over your work — most chips are destroyed because 5 V and GND are
mistakenly interchanged!

3.

Insert short lengths of wire at one input terminal and the output terminal on one
NAND gate of the type 00 chip to facilitate connecting a Voltmeter. Now turn the
power ON and measure and record the voltage at one input and the voltage at the
output of this (unconnected) gate. Use the Multimeter (as a Voltmeter) for this
measurement.

By observing the logic state of the output (the Voltmeter reading), determine
whether this gate treats a disconnected input as a logic "1" or a logic "0". Repeat
this measurement for a NOR gate (02) and an XOR gate (86). Note from the Truth
Table for the XOR gate, an ambiguity exists in the XOR gate. Both the input
combinations A=0 B=0 and A=1 B=1 map into the same output state (logic 0). How
would you resolve this anomaly to determine how the gate is treating unconnected
inputs? Do so and record your results.

Despite your findings, the manufacturer's recommendations call for all input
terminals of a used gate to be connected at all times. Do you know why? For the
NOR and NAND gates, how would you recommend connecting unused input
terminals? Should it be necessary to connect inputs and/or outputs of unused
gates on a chip?

Measure the output voltages of a 2-Input AND Gate by toggling the voltages
connected to inputs. Eight ON/OFF toggle switches (and corresponding LED
indicators) labeled IP-0 to IP-7 may be used to provide the Boolean inputs.
Complete the following table with the result of the experimentation by applying
different voltage combinations to the 2-Input AND Gate by varying the voltage
inputs to the gate.
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Table 4.1: 2-Input AND Gate Voltage Readings

2-Input AND Gate
IP-0 (Pin 1) IP-1 (Pin 2) LED (Pin 3)
ov oV
ov o5V
5V oV
5V 5V

Convert Table 4.1 to a Truth Table by replacing the 0 V to 0, and the 5 V to 1,

respectively.
Table 4.2: 2-Input AND Gate Truth Table
2-Input NAND Gate
IP-0 (Pin 1) IP-1 (Pin 2) LED (Pin 3)
0 0
0 1
1 0
1 1

5. Repeat Step 4 for the OR, NOT, NAND, NOR, and XOR Gates. Finally, create and
test an XNOR gate by taking the output of an XOR Gate and feeding it to the input
of a NOT Gate. Record results in your lab notebook.

6. Measure the switching threshold of the NAND gate: This is the reference voltage
above which an input will be considered a Logic 1, and below which it will be
considered a Logic 0. This measurement may be made by connecting the center
tap of a variable resistor (a potentiometer called often a “POT?”) to the gate's inputs
and connecting the potentiometer ends between 5V and GND (see Figure 4.4
below). The POT can be found in your lab Kit.

NOTE: Make sure the POT is properly connected before turning ON the power.
Failure to do so may burn up the potentiometer!

Connect the output of the NAND gate to the input of the Logic Probe or one of the

Logic Bit Output LEDs to measure the Boolean State of the output, and the
Multimeter to the center tap of the variable resistor, as shown below.
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NOTE: All connections should be made with the powe r off!
Check your wiring before turning the power on!

3
} Logic Probe

Figure 4.4: Potentiometer Setup for Switching Threshold Experiment

Turn the Power ON. With the Variable Resistor, vary the voltage Vin at the input to
the gate slowly from 0 V to 5 V. At what input voltage does the output change
state? Next vary the voltage to the input from 5 V back to 0 V. At what voltage
does the output change state?

7. Next hook up 3 NAND Gates based upon Figure 4.5. Tie the A and B inputs of the
first gate together, and the C and D inputs of the second gate together, so that
each gate effectively requires only 1 input. All chips must be supplied with 5V at
Pin 14 and GND at Pin 7. Use two of the Logic Bit Input Switches and the Logic Bit
Output LEDs to facilitate the development of a Truth Table for the circuit. The
Logic Bit Input Switches may be used to provide the 2 Inputs, and a Logic Bit
Output LED may be used to observe the output for each input combination. Can
you determine from the Truth Table you developed the type of gate that is
contained within the circuit? What Theorem is being represented here?

8. Repeat Part 7 (in addition to answering the questions) using 3 NOR Gates. Explain
the similarities and differences between the two circuits.

9. Obtain the 3 “phantom” (unknown) chips from your Instructor. Take each of the
phantom chips and determine the Truth Table. The red phantom chip has inputs
on Pins 2, 3, 4, 5, and output on Pin 6. The Purple phantom gate has inputs on
Pins 1, 2, 13, and output on Pin 12. The White phantom chips much be supplied
with 5 V at Pin 14 and GND at Pin 7. You will find the use of the Logic Bit Input
Switches and Logic Bit Output LEDs facilitates the development of the Truth
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Tables. The Logic Bit Input Switches may be used to provide the inputs, and a
Logic Bit Output LED may be used to observe the output for each input
combination. Can you determine from the Truth Tables that you have developed
the type of gates that are contained within the Purple and White chips? The Red
phantom chip is actually a combination of gates, as illustrated in Figure 4.5, where
Gates 1 and 2 are identical, but different from Gate 3. Can you determine from the
Truth Table the actual gate types contained within the Red Chip?

A
Gate 1
B
Output
Gate 3
Gate 2
D

Figure 4.5: Cascaded Circuit Design using NAND/NOR Gates

5. REVIEW QUESTIONS
1. What is the difference between a 74XX and a 54XX chip?
2. How many NAND gates are there in a Quad NAND Gate chip? Ina Hex Chip?
3. How do you identify Pin 1 of a DIP?
4. Need you connect inputs of an unused Gate on a chip?

5. How do you recommend connecting unused inputs on a NAND gate? On a NOR
gate?
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