ENGR 210
Lab 11: Digital Logic

In this lab you will first investigatethe operation osome basidligital logic gates. Inparticular
you will investigate anduse 7400 seriesdligital logic and a transparent D-typgatch. These
components are then used to implement a simple digitally controlled programoakbl&he lock
uses ad-bit digital codewhich can be any sequence folur ones and zeros and is stored in a D-
type latch. You will build and test specifiparts ofthe lock inthis lab; finally, you will use a
computer simulation of the entire circwhich will allow you to nput afour bit codewhich the
circuitry will compare with your programmed code. If the input code matbtleestored code, the
lock opens. If the input does not match the stored code, the lock will not open.

A. BACKGROUND
1. Some Basics About Digital Integrated Circuits (ICs)

In class and in homework assignments we have staldgetindamental logioperations, namely,
the INVERT, AND, and OR, as well as the negated versioriseolattertwo, namely NAND and
NOR. Integrated circuit deviceshich enable the implementation of thdsectionsare available
in severalfamiliesof devices. Types dbgic familiesyou may work with are complementary
MOS logic (CMQOS), transistor-transistor logic(TTL), and emitter-coupled logidECL). The
major reasons for choosing ofamily over the otherfor a specific application is the combination
of speed of operation and power consumption. Table 1, belowagipteximate maximurspeed
of operation and typical power per gate for each of these families.

CMOS TTL ECL
Power/gate (typical) 0.001 mW 5.0 mW 25 mW
Maximum frequency 30 MHz 100 MHz 250 MHZ
Max. gate delay 15 ns 4.5 ng 15n

Table 1. Selected Logic Family Characteristics

Whenyou read the top of the 1Gyou will notice that inmost caseghe "partnumber” has some
letters in the middle of thaumbers,e.g., 74LS00, or 74HCO04.These letters describe which
family of devices the digital IC belongs t&.or example, LS stands faiow powerSchottky and
HC stands foHigh speedCMOS. For various reasons, the original TTL family is no lomgade
— it has been replaced by a numbelCdfiOS varietiessuch as HC whiclean electrically replace
the originalTTL integratedcircuits. Wewon't concern ourselves with these somewhates®o
issues nowput it is useful tdknow that a 741S00, a 74S00, a 74HCO00, a 74C00, eidl. all
perform the same NAND operati@md, for our purposes ihis course,are electricallyidentical.

In this lab you will probably use CMOS devicegrom the HC orHCT family which electrically
resemble the TTL family. One of the most common differences between the logic families is what
voltage levels represent logi Oand logcal 1. In TTLlogic circuits a logic 1, or higistate, is
represented by3.4V (typically) and a logic zero b@.2V (typically). InCMOS logic families
logic 1 is very near ¥olts, and logic O very near Qolts. These high andow thresholds are
different for each logic family and you will measure them in this lab.
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(a) 8 pin DIP (such as 741); (b) 14 pin DIP
Figure 1. Physical configuration of 8 and 14 pin DIP IC devices.

Most of the common digital ICs come in 14 pin dual inline packdg#3s). Inalmostall cases,
pin 7 is ground and pin 14 is for powaput (+5 volts). There aresome exceptions, aourse,
but this isthe most common configurationYou shouldremembeifrom your use othe 741 op
amp how pin 1 can be identified. Itis either the pin wilittla dot (indentation) next td, or it is
the pin directly to the left of the "U" notch on the IC package. This is shown in Figure 1.

2 . Review of Basic Digital Logic Functions

This section describes sometbe basic digital electronifunctionsthat are implemented in the
7400 series of devices. A memory device that will be used in this lab is also desEi@obdogic
function is described in terms of its truth table. Its circuit symbol is also given.

(a) theNOT qgate.or inverter

A—>o—F L

1 0
@ logic symbol (b) Corresponding TRUTH table
Figure 2. Inverter
1 | ! — 14 Vcc
2 —j — 13
i Y |5
Y B
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1~ ot
GND 7 — — 3

Figure 3. A 7404 integrated circuit (IC) contains 6 inverters.
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€) logic symbol (b) Corresponding TRUTH table
Figure 4. NAND - logically equivalent to an AND gate followed by a NOT.

1 — — 14 Vcc

2 — — 13

3 — 12

4 — — 11

5— — 10

6 — — 9
GND 7 — — 8

Figure 5. A 7400 IC contains 4 2-input NAND gates.

(c) 2-inputNOR gate.

A
B%F

@ logic symbol (b) Corresponding TRUTH table
Figure 6. NOR - logically equivalent to an OR gate followed by a NOT.
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1— — — 14 Vcc

2 — 13

3 — 12

4 — — 11

5— — 10

6 — — 9
GND 7 — — 8

Figure 7. A 7402 IC contains 4 2-input NOR gates.
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(d) 2-inputXOR (EXCLUSIVE OR) gate

i) O

€) logic symbol (b) Corresponding TRUTH table
Figure 8. XOR - Exclusive OR
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I—EI/—I — 14 Vcc

RV YLE: :

4 — — 11

2;57: Gl
GND 7 — Ql—_ 8

Figure 9. A 7486 IC contains 4 2-input XOR gates.

(e) TheD-Latch

The D-latch is a rather different type of device from those discussed abovall ¢fathe previous
devices,calledcombinational logicdevices,the outputs depend only otihe combination of the
present inputs.The circuit thatyou will study in thislab involves sequentialogic. A sequential

circuit has memoryi.e., its output depends not only adne presentinputs, but also onthe past
inputs.

Do—D Q
LE
LE
OF V)7

Qo
Figure 10. Logic diagram of D-latch.
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Figure 11. Timing diagram of D-latch. (Note thatiQundefined when OE* is high.)

A logic diagram of a D-latch is shown in Figure 10. We will begin our consideration Dfieiteh

by examining the inpusection,called a Dflip-flop. Data, Q, is provided athe Dinput. This

input has no effect on the output, at Q, unless permission is grantetaghaenable” or "clock"

signal, LE. If the voltage at the enable input is high (5 V), the signal applied at the D input appears
at theoutput, Q. After the datahasbeen placed in th#ip-flop, taking LElow (0 V, or ground)

stores it. If the voltage at the enable input is kept (O V, or ground)the output remains at the
previously enabled value independent of pnesentdatalevel. Thusthe flip-flop "remembers" a

past input. Figure 11, shows arample of datanput, D,, enablesignal, LE, andutputsignal,

Q, of the flip-flop as a function of time. Adiagram such as this is knowrtiasrgy diagram.

The second part of the D-latch is the output section. As shown in Figure 10, this sectijates a
amplifier. The output of the D flip-flop is connected to this amplifier, which also is connected to a
line labeledOE*, or "output enable.The asterisk meanthat this pin is "low tue," i.e., for
something tdhappen, thigpin must be taken to 0 V, @round.) Ifthe OE* line isnot low, the

data that is stored in the flip-flop can not be read and the outpantdefined. It should beoted

that data stored in the flip-flop remains in the flip-flop, even after it is read, untidagwisstored

using the procedure described in the preceding paragraph.

The actual latch (the 74373) you will use in this lab is shown in FitireThe 74373 consists of
eight D-type transparent latches with tri-state outputs. When the LE input is HIGH (+5dat#s),
at the Dn inputs enters the latches. When the LE ingdtGdd the latches argansparenti.e., a
latch output will change state each time the corresponding D-etyauiges. Whethe LE input is
LOW (0 volts) the latchstoresthe information thatvas present dhe time the LE nput changed
from HIGH to LOW. When the OE* input is LOWhe contents of the eight latches available
at the Qn outputs. When the OE* input is HIGH, the outputs gieetdigh-impedanc®FF state.
The LE and OE* inputeperate independently of eaother. For examplegperation of the OE*
input does notchange the contents of tleches.The Electronics Workbench simulatiarses a
simulated 74373 which does not use standard notation for the control irput&E islabeled C,
and OE* is labeled OC. These are minor differences and do not affect the electrical operation of the
integrated circuit.
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Figure 12. 74373 Octal D-type transparent latch
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3. A Programmable Digital Lock

In this lab you will build and test components of a programmable digital lockcdrhplete circuit
is simulated in the Electronics Workbench fite this lab available on theourse Web page. The
actual circuitlooks quite complex butactually consists ofthree more readilyunderstood
components: (1) data input, (2) data memory, and (3) data comparison.

+5 Volts > ® ® ®

o0 ® p= Input0

L oo ® P> Inputl

oo @ P [nput2
I ogle @ P Input3

Figure 13. Data input

Figure 13showsthe data input component of the programmable diditek. The data input
componentonsists of four switches and resistors configured in whihaesvn as dpull up”
arrangement as shown in Figure 14.

+5 Volts

§ 10k

o Input0

b

Figure 14. “Pull up” resistor arrangement

When the switch in Figure 14 is open the 5 Volt souramimected to the output (labelkgutO)
through the 10k resistor and the output voltage ivaits (logical 1). Whenthe switch is closed

the bottom end of the 10k resistorciennected tground througthe switch producing an output
voltage of 0 volts (logical 0). The function of the 10k resistor is to limit the current drawn from the
+5 volt power supply whethe switch is closed. As eesult theactual value ofesistance is not
critical and real circuits typicallyse valuebetween 1R and 10K. Arrays of switches such as



those shown in Figure 1&eusually inplemented as “DIPswitchessimilar to those found on
many peripheral boards in your computer.

The function of this module is to allow the user to infowir digital bits of informationusing four
switches.

The data memory section of the programmable digital loch@vn in Figurel5. It contains
another four switches which function identically to thekewn in Figurel3, i.e.,whenthey are
open the voltage applied to the D inputs of the 74373agieal “1” andwhenthey are closed the
input voltage is a logical “0”. Thé4373 is aspecial memory madeom D-type flip flops and is
known as a “transparent” D-type latch.

This integrated circuit is complex to understand becausse# two eledtal signals to control the
input and output operation of the 74373.

The output of many integrated circuits including the 74373 may be electrically switched off.and
This meanghat theoutput can be either a logical “1” (lts), alogical “0” (O volts), or off
(electrically open). As aesult this is oftercalled tri-state logic and is a tergou will often
encounter in digital design — especially on computer buses.
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Figure 15. Data memory
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Figure 16. Combinational logic to compare two numbers.

The easiest part of the programmable digital lock to understand is the comparator. Its function is to
compare a four digit binary number input by the user Wigfour bit binary numbesstored in the
D-latch. When the two numbers are identical the lock will operate - in the Electronics Workbench
simulation this will operate an LED and a buzzer at the output of the combinationaHogia in

Figure 16. Theoperation of the combinational logsfiown in Figure 16 isctually quitesimple.

The four XOR gates perform the actual comparison; they output a logical zero whéwdheput
numbers are identical. Thel02’'sand 7400-a function asAND gate. Wien theoutputs of all

XOR gates are zero indicatitigat the inpuhumbersare identical, th&402’s andthe 7400 will

produce a high output which can be used to operate an indicator or other electrical device.



B. LAB INSTRUCTIONS
Part 1: Chip familiarization
1. Get the parts indicated in Table 2 from the Instrument Room.

Qty Description

7400 NAND gate integrated circuit

7402 NOR gate integrated circuit

7486 XOR gate integrated circuit

74373 octal transparent D latch integrated circuit

DIP switches
10kQ resistors
Table 2. Parts needed for Lab

Lo I (S [ R P T

2. Build a data input circuit according tgure 13. This circuit uses a DIP (Digitaln-line
Package) switctthatlooks like an integrateatircuit. Figure 17(ashows a DIFswitch which
containsfour mechanicabwitches as shown in Figure 17(b)heseon-off switchescan be
conveniently switched using a pen or pencil. This circuit will be used for tdeddigital logic
chipsthatyou will test. HINT: Verify that your input circuit operates as expectasing a
digital multimeter.

SO
e—0O 0O ®
S1
e—0O 0O ®
S2
e—0O 0O ®
S3
e—0O 0O ®
(a) Physical DIP switch (b) Electrical equivalent of DIP switch

Figure 17. DIP (Digital Inline Package) Switch

3. Insert a 7400 quad NAND gate chip into your protoboard. Cotime& Vpower supply and
ground to the appropriate inputs. Typically a 14-pin DIP usk pin 7 forthe ground and pin
14 for +5 volts;however, you shoulderify this forevery chipyou will be using. Using
Figure 5 as a reference select a pair of inputs (a single NAND gate) and generate tabléruth
for the gate. Generate A=logical zerand B=logical zero bysingthe data input circuit that
you constructed in Step 2. Measure the outpubh@MNAND gate (called Y ithis lab) — the
DMM is probably best for doinghis. Record yourvoltage levels inData Table 1. This
corresponds to A=logical one and B=logical zero. Measure the Y output, and aktcath in
Data Table 1. Repeat for the remaining cases shown in Data Table 1.

4. Repeat Step 1 for the 7402 NOR gate. See Figure 7 for the 7402 pReeasd yourdata in
Data Table 2.
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5. Now insert a 74373nto your protoboard. Referring to Figure 12 fothe +5 andground
connections, ke thepower and ground connections‘ou will build and test asubset of
Figure 15 in this part of the lab.

6. Connectyour data input circuit(Figure 13) tothe 74373's mputs as shown in Figure 15.
Connect pin 1 taground with awire; connect pin 11 to +5 volthrough a 10R resistor.
Unlike Figure 15there are no connections to D3 and Bdm your data inputcircuit.
Similarily Q3 and Q4 are not used in this lab.

OPTIONAL: If you wish yowan connectinput 2 and Input 3 from yourdata nput circuit to
pins 11land 1 respectively;however, rake surethat you generatethe appropriate nputs to
these pins as called for in the following steps.

Measure the input voltages D1 and D2 and the output voltages QQ2ndRecord your
measurements in Data Table 3.

7. Repeat the process in step 6. for the remaining three combinations of D1 ahldeDdifferent
voltage signals are generated by switching the appropriate DIP switch to @tliputt5volts
or ground. Record your results in Data Table 3.

8. Pin 1 (OE*) should remain connected tground; however, nowonnect pin 11 (LE) to
ground. Keeping the power on to the chip and without changing either pin lgenédate all
possible D1 and D2 combinations.ebture the input voltages D1 and D2 and the output
voltages Q1 and Q2 for each combination. Record your measurements for D1, D2, Q1 and Q2
in Data Table 4.

9. Now, connect pin 1 (OE*) to +%olts through a 10R resistor and pin 1{LE) to +5 volts
through a 10K resistor. Keepinghe power on tathe chip andwvithout changingeither pin 1
or 11 generate all possible D1 and D2 combinatigsisg yourdata inputcircuit. Measure the
input voltages D1 and D2 and the output voltages Q1 anfibiQ@achcombination. Record
your measurements for D1, D2, Q1 and Q2 in Data Table 5.

10. Build the part of Figure 18hown inthe box which consists of 7486-a, 3&b, and 7402-a.
Remember to connect pin 7 of each chip to ground and pin 14 volts5 Usethe data input
circuit to alternately conne@toredO, InputO, StoredBnd Input 1 to +5 volts oground.
Measure the output at pin 1 of the 7402. Record your measurements in Data Table 6. IF YOU
ARE RUNNING SHORT OF TIME YOU DO NOT NEED TO RECORDALL THE
COMBINATIONS — CHECK WITH A TA.

NOTE: The follow steps will use the Electronics Workbench simulation and do not need to be done
in the Circuits Lab.
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Using EWB

Electronics Workbench is on the network and camupefrom anycomputer directly connected [to

CWRUnet. To rurElectronics Workbench frorthe software libraryusing any non-circuits lab

machine:

a. Open up Network Neighborhood.

b. Double-click on EntireNetwork (On NT machines go into thd&letwork or Compatible
Network selection).

c. Findthe computer calletsoftware-lib'and doubleclick onit. If you are prompted to logi
type "guest" for user name and leave the password blank.

d. Select (click onceon) the foldercalled Vvoll'. Electronics Workbench can beund in
Library/Windows95-NT Shortcuts/Departments/ElectricalEngineering

e. Under the File menu, choose 'Map Network Drive'.

f. Inthe dialogbox thatappears, choose S ftre drive and ke surethe Reconnect atogon
box is checked so that you don't have to go through this process again.

g. Hit OK.

Notes:

= The most current version of Keyaccess (version 5.0) must be running to access the prpgram.

= There is no need to copy any files frahe software library toone's own computer. The
program can only be run directly from the software library.

-

11.Thebest way to understantthe operation of the overall circuit is tese the Electronics
Workbench simulation. To get an electrical output you must turn on the output 64378 in
the Electronics Workbench simulation. This is done by ugiagwitch labeled O (capital O)
to ground the OC (remember this is really the OE*) input of7di&/3. Operate it bypressing
capital-O onyour computerkeyboard. This produces a logi¢a [The round dotcalled a
bubble indicates that the logical levels are reversed -— low true logic.] At thistip@iotitput
of the74373 is turnean. The Electronics Workbench simulatioises afeaturewhich you
will did not use in thisab — it usessimulated Light Emitting Diodes (LEDs) to monitor the
electricaloutputs ofthe 74373. These appear dsur round circles which simulate real LED
indicators connected to tlmitputs ofthe 74373. Wen the voltage at their input is +5 they
will turn black or other colors othe circuit diagram (they wikhow only as black on a Mac,
but as red, green and blue on PCs)hély show as roundaircles with a whitecenter then the
input voltage is zero and they are off. When the OE* outpHii@&H the output of thd-type
latches is turned off and all the LEDs should be off .

12.To investigate the transparent mode of #&73integrated circuit in Electronics Workbench
operate the switch labeled | (capital 1) by typing a capital-l on your comipeyeoard. Inthis
mode whatever appearsthae input of the74373 will appear at itsoutput. Try typing any
combination of capital-A, capital-B, capital-C, and capital-D. This will opetlagefour
switches labeled A, B, C and D in the Electronics Workbench simulation. These operate as the
switch shown in Figure 14 tgenerate logical “0” or “1” at thenputs ofthe 74373. As you
type capital-A, capital-B, capital-C, and capital-D on your keybtia#d_EDs connected to the
output of the 74373 should change state to represent the stiadesafitches — this is what is
meant bytransparentthe 74373acts like a we in this mode. NOTE: If your LEDs do not
change this typically means that the | or O switches are in thiegwposition. The transparent
mode is not a very interesting mode.

13. Usingthe Electronics Workbench simulation select a 4 digit code pradgram it into the
memory section of your lock using switches A, B, C and D. To progmatock, first set the
code on the four input switches labeled A, B, C and D, then latch it into the D-latch memory by
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typing capital-1 to open the switch labeled I. This will produce a logical “0” at theCl)Ehput
of the 74373.

C. TESTING

Test your lock by entering various 4 digit codes through switches W, X, Y and Z. Use switch O
to turn on the output of the memory by grounding the OE* (OC) pin. When the two four bit binary
numbers are identical the comparator circuit should output a logical 1 whicctvkte the buzzer

and output LED.
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DATA AND REPORT SHEETS FOR LAB 11

Student Name (Print):

Student Signature:

Student Name (Print):

Student Signature:

Lab Group:

Student ID;

Date:

Student ID;

Date:

Data Table 1. Truth Table for 7400 NAND gate.

Data Table 2. Truth

Data Table 3. Truth

A

B

[P |O |O

= |O |k |O

Table for 7402 NOR gate.

A

B

|k |O |O

R o[~ |o

Table for 74373 latch; OE*=0 volts; LE=5 volts

D1

D2

Q1

Q2

| |[O |0

= |[O [k |O
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Data Table 4. Truth Table for 74373 latch; OE*=0 volts; LE=0 volts

Data Table 5.

Data Table 6.

D1

D2

Q1

Q2

| |[O |0

= |[O [+ |O

Truth Table for 74373 latch; OE*=5 volts; LE=0 volts

D1

D2

Q1

Q2

|k O |O

= |O |~ |O

Truth Table for Boxed Logic of Figure 16.

StoredO

InputO

Storedl

Inputl

7402-Pinl

o

0

o

0

RlRrlkr[(Rr|IRP[P|P,r |+, |lo|lo|lo|o|o|o|o

Pl |k, |lolo|lolo|r |k ||~ |lo|lo|o

R lkr|lo|lo|lkr|(kr|lojlo|r |k |lo|o ]|k |k |o

P lo|k ok |lok ok |lo|k |lo|k o~
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QUESTIONS

What function does the NAND gate labeled 7400-b at the right of the logic ciréugure 16
perform?

What function do the"pull-up” and "pull-down" 10R resistors used throughout this lab
perform?

Explain whatwould happen if you wiredhe Qloutputs of twodifferent 74373 integrated
circuits together and both OE* pins were LOW? What if one of the OE* inputs became HIGH?
What if both OE* inputs were HIGH? HINT: This is called bus arbitration.

Describe how the programmable lock comparison logic works. You should go into staihe d
here abouhow the comparison betweethe stored code anthe user nput isdone. (This
involves a discussion of how the logic circwibrks.) Some tables describirtge logic of the
circuit may beuseful. What is theoutput of the logicircuit? Whathappens whethe user
input matches the stored code?

Explain how the 74373 can be operated as a memory device.
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