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Preface

Analog to Digital

Since World War II, no branch of science has contributed more to the develop-
ment of the modern world than electronics. It has stimulated dramatic advances
in the fields of communication, computing, consumer products, industrial automa-
tion, tests and measurement, and health care. It has now become the largest single
industry in the world, exceeding the automobile and oil industries, with annual
sales of electronic systems greater than $2 trillion.

One of the most important trends in this huge industry has been a gradual
shift from analog electronics to digital electronics, This movement began in the
1960s and is almost complete today. In fact, a recent statistic stated that, on aver-
age, 90% of the circuitry within electronic systems is now digital and only 10% is
analog. This digitalization of the electronics industry is merging sectors that were
once separate. For example, two of the largest sectors or branches of electronics
are computing and communications. Being able to communicate with each other
using a common digital language has enabled computers and communications to
interlink, so that computers can now function within communication-based net-
works, and communications networks can now function through computer-based
systems. Industry experts call this merging convergence, and predict that digital
electronics will continue to unite the industry and stimulate progress in practi-
cally every field of human endeavor.

Needless to say, this course you are about to undertake in digital electronic
concepts, terminology, components, circuits, applications, and testing and trou-
bleshooting is an essential element in your study of electronics.

WHY USE PROGRAMMABLE LOGIC DEVICES?

There has been, and continues to be, an almost meteoric advancement in digital
technology every year. This is evidently clear when we see the performance of
personal computers, or PCs, advance in leaps and bounds. To quote a recently
posted statistic, microprocessor ICs are improving at a rate of 60% per year, while
memory ICs are quadrupling their capacity every three years. These, and other
rapid changes in all the key building blocks of digital electronic systems, mean
that consumer products are generally obsolete in less than three years.




To keep up with this fast pace, electronic companies have to design and man-
ufacture new products in a cycle of typically less than six months. To meet this ac-
celerated schedule, engineers and technicians have looked for shortcuts that en-
able them to construct a digital prototype circuit and evaluate its performance in
a much more timely manner.

| Constructing a Prototype Using
Standard Logic Devices

To construct a circuit using standard logic devices, you would first need to insert
all of the devices into a protoboard, and then connect them with a spaghetti-like
maze of hookup wire. This standard logic prototyping method has the following
disadvantages:

* Hookup wire cutting and stripping is time consuming.

* Wires can easily be inserted incorrectly, causing possible device damage and
lengthy delays while the errors are isolated.

A large and costly inventory of all standard logic ICs must be maintained.
If the desired standard logic IC is not available, further delays will result.

To modify or add to a working circuit, the wires and ICs have to be removed
from the protoboard, and the new design rebuilt from scratch.

Constructing a Circuit Using
Programmable Logic Devices

By using an inexpensive personal computer (PC), a Computer Aided Design
(CAD) software program, and a single Programmable Logic Device (PLD), you
can easily prototype a digital circuit.

The five-step process for creating a prototype using a PLD is: (1) create the
circuit using the PC, (2) then compile it, (3) simulate it on the PC to see if it works
as it should, (4) download it into the PLD, and finally (5) test it by applying inputs
and monitoring outputs.

This PLD prototyping method has the following advantages:

* With manual wiring reduced to a minimum, prototypes can be constructed,
tested, and modified at a much faster rate.
e Wiring errors can be avoided.

* You can experiment with many digital IC types without having to stock
them in your supply cabinet.

* Circuit designs can be saved as electronic files within the PC and used again
when needed.

¢ Since the PLD can be used over and over again, modifications can easily be

made by altering the circuit in the PC, and then downloading the new design
into the PLD.

* Larger and more complex projects can be undertaken now that the tedious
manual procedures are automated.

PREFACE
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PREFACE

In this text we will be examining this PLD prototyping method in detail to
prepare you for industry. Referring to the following chapter outline, you can see
that you are first introduced to the PLD method of prototyping in Chapter 4
(Standard Logic versus Programmable Logic). From that point on, the PLD alter-
native is integrated into the traditional standard logic device topics.

CHAPTER OUTLINE

PARTI Digital Basics
Chapter 1  Analog to Digital
Chapter 2 Number Systems and Codes
Chapter 3 Logic Gates
Chapter 4 Standard Logic versus Programmable Logic
Chapter 5  Digital IC Types
Chapter 6 Troubleshooting Logic Gates
Chapter 7 Logic Circuit Simplification
PARTII Digital Circuits
Chapter 8 Decoders and Encoders
Chapter 9 Other Combinational Logic Circuits
Chapter 10 Set-Reset and Data-Type Flip-Flops
Chapter 11 JK Flip-Flop and Timer Circuits
Chapter 12 Registers
Chapter 13 Counters
Chapter 14 Arithmetic Operations and Circuits
Chapter 15 Semiconductor Memories
Chapter 16 Analog and Digital Signal Converter Circuits

PART III Digital Systems
Chapter 17 Introduction to Microprocessors
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4-3 PROGRAMMING A PLD PLD Alternative—continued
The question you are probably asking st this time is “How do | control the mil- 4. To vest your OR gatc design functionality an the Altera EB, use dip switches
tions of tiny switches within a PLD 5o I can get it to perform a desired digital cir- DSW_0'and DSW_1 (on the right end of the dip switch block) and monitor the

cuit function?” The answer

‘ou employ an easy-to-use software program outputon LED_0.

from one of the companies that manufactures PLD ICs" mgrantetlondt Vo Wve i Aiadkiod i i . A
In this section, you will be using cither the Aliera (MAX-PLUS II) PLD i . SN Smoskiati crentio: Somplation;Nnd pee

I f first cigital circuif )
Quick Stast software or the Xilinx (Foundation Series) PLD sofiware 1o create a simple OR Lo i bl o it
A procedure used o

gate circuit and then download it into a CPLD on a test board
Before you begin eithe: Quick Start procedure, however, you should first
pre have followed the stps that describe how 10 install your PLD software onto the
unlamilisr to them.  hard drive of your PC. You may want to create a new design directory on your
hard drive before you start

“ - 1. Connest one end bl port Connect
4-3-1 PLD Software “Quick Start the other end of the cable 1o the Digilab Sparian board, asshown in the picture.

r ALTERA CPLD development board. the EBI, to the parallel port
of the PC using & 25-pin male to 25-pin female panlle] port extension cable. The
25-pin D connector is located on the left side of the board as shown in the figure
below.

2. Plug the power supply into the Digilab Spartan board.
3. Turn on the compuler.
2. Plugin the test boards” a: adapter, and connect the power 10 the EBI board 4. Afier the computer is booted up, you are ready 10 proceed

98 CHAFTER 4/ STANDARD LOGIC VERSUS PROGRAMMASLE LOGIC

$8C 43/ PROGRAMMING AL 107

The textbook and its supplements support both PLD IC manufacturers, Altera and

Xilinx. The two separate student lab manuals provide students with access to the full
student version of the application software.

PLD Aliernative—continued PLD Alternative—continued

Creating a new design with Xitinx Foundation Series Schematic
1. Start Foundation Seriex: Start — Programs —» Xilinx Foundation Series — Xilinx

Foundstion Project Masages.
2. In the Name cdit box. iype OR_gate.since this will be your design
3. Under Ditectory, cithe: type or Browse o CAFZI_LABS (or the directory

your lab instructor indicates).

As necessiry, change Fumily, Part, a7d Speed 1o SPARTAN, XSC10-PCSAC, and
3, respectively. Click <OK>.

A new project is created for you. Click on the AND gate icon i the desiga eniry

box on the right side of the project manager screen. The Schematic Editor will ap-
pear with 1 blank sheet

] o

-2

14, Prior 10 compilation. you need 10 perform device selection and pin assignment

10 maich the type and pinout of the CPLD on the EBI To do this, right-

click your mouse after selecting the DSW_C input pin and go 1o Assgn—Pis/

Location/Chip 10 bring up the sclection menu. Click on Asign Deviee ind when

the device selection window appears. make sure the Show Only Fastest Speed

Grades box is unchecked. Choos: MAX70004 for Device_Family and then sclect

EPMI128A TC100 12 from the device st Oick OK 10 close the device window P Assignameats
and then select Pinin the chip resource secticn of the assignment window. Assign B¢ %re to have EBI
it o pin 16 and select input for pin type. Then click Add followed by OK. Repeat m":‘““:"‘ "
pin sssignment process (or the remaining pirs by sssigaing input DSW_| 1 pin o) =% "o

14 and output LED_010 pin 48. Notice how all the pin assignments for or2.GDF o

appex: in the (allowing Existisg

mis. Alsonote that  functional " .
bsulipiindce oty pyres (reating a uew schematic design in Foundation Epress
middle figure on the following page. components You wani 10 create a design that looks like this:

e s i ) SR Ny

SEC 3.3/ yROGRAMMING A LD 103 108 CHAPTER </ STANDARD LOGIC VERSUS PROGRAMMABLE LOGIC

Chapter 4, Standard Logic versus Programmable Logic, introduces the student to the

PLD concept, PLD devices, and the PLD software, with an easy-to-follow “Quick
Start” procedure.
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PLD Alrernative—continued
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3. Download the design into the CPLD oa the EBI board using the MAX+PLUS 1l
programmer. For dip swilch setiings. flip the SPDT thetwo
states and obscrve the diplay value Compare with the simulation

Create a new design with Xilinx Foundation Serics Schematic and 1am the deiign
Display. Consult tae pin table for the specific board you are using to determine where
| 10 lock the input and output pins. You want lo create a design that looks like this:

Clock Signal —L‘ M mr —

$3350445 =

Data Conversion.

¥ Output

FIGURE 93

1. The BCD2LED symbol it 8 custom symbol cresied with the HDL wizard and is  Handwars Design
written in VHDL code. You don't need 10 know much mare about this. symbol.  Lamguags (HDL)
butif you want (0 see the code, irs click in the H beoa and then dlick on the sym.  See Appendix A for
bol. To get back up 1 the top-level schematic. right-click on the mouse and then  VMDL 88d Veniog
on Hierarchy Pop.

SEC 811 MULTIPLEXERS 31§ SEC 91/ MULTIPLEXERS 327

Over 80 PLD Alternative Circuit Applications for both Altera and Xilinx are integrated
into the text and included within a data file on the respective company’s CD-ROM.

APPENDIX APPENDIL

Xilinx HDL Alternative Altera HDL Alternative

and FPGA Tutorial

d excellent for I when learning dig-
1tal logic design, hardware description languages (HDLs) have become very pop
USING HARDWARE DESIGN LANGUAGES (HDLS) ular because of increasing chip compleaity. HDLs allow higher levels of abstrac-
tion, easicr design entry and modification, and better support for test. The most

WITH XILINX TOOLS common HDLs in use today are VHDL and Verilog
The HDL labs that follow arg intended to demonstrate alternate implemen-
1ations of several of the schematic labs. Listings are included for both VHDL and

This tutorial is not meant to teach you either VHDL or Verilog. The purpose of

this brief tutorial is to get you familiar with how these languages look 50 that yos
will know something about them when you inevitably run into them in your ca-
reer or take a class in one of these languages.

VHDL and Verilog are the two major Hardware design langusges in use in
industry today. Another HDL language. ABEL. is an oléer tool that is no longe-
being used as much as it once was VHDL was created under the auspices of the
United States Goverament for we in military designs. A design automation com.
pany ealled Cadence created Verilog. For our purposes, the two languages per-
form the same function and differ only in their format.

A hardware design languags is & method of describing digital logic using 1
high level language (text) instead of a schematic drawing. This method is pre.
ferred for large designs because each function can be braken out into a single fli
and debugged before it is integrated into the rest of the design. This general de.
sign method is known as hi design. The Xilinx tools allow : designer to
use schematics, VHDL, ABEL. and Verilog all in the same design. using hierar.
chical methods.

We are going to start by creating 2 decoder using VHDL and then do the
same thing in Verilog

1. Firstopen the program manager and create a new project called “decoder”
using the same method as described in the Quick Start OR Gate lab.
2. Select HDL in the new project window and then OK.

Verilog. Detatls of each language will not be covered here. However. a basic un-
derstanding of how HDLs are used 10 describe digital logic will be gained by per.
forming these labs and studying the language clements in the design files

In addition io MAX+PLUS I1.you wii be using logic synthesis software for
the HDL labs. A synthesis tool translates the VHDL or Verilog description into
an optimized technology specific gate level representation, in fhis case n Elec.
tronic Design Interchange Format (EDIF) netlist. After the EDIF netlist is read
into MAX+PLUS 11, compilation. simalation. and programeming steps are the
same as for schematic based labs.

LIST OF ALTERA HDL LABS

L Clock Generator

2. BCD to Detimal Counter

3. Four to Sixtzen Demultiplexer

4. Comparator Control Circuit

S. D Type Flip Flop

6. Buffer Register

7. Parallel to Serial Data Converter

8. Buffer Register with Three-State Output

9. Asynchronous Binary Up Counter
10. Synchronous Binary Ug Counter
1L Zero to Ninety-Nine Counter
12. Eight Bit Parallel Adder

ALTERA HDL QUICK START PROCEDURE
Before starting the HDL labs, you will need to download and install HDL syn-

thesis software.

Synopsys FPGA Exprest is the synthesis tool used in these exer-

APPENDIX A / XILINX HOL ALTERNATIVE AND FPOA TUTORIAL 893 930 APPENDIX B/ ALTERA HDL ALTERNATIVE

Many of the circuit applications can be implemented using a Hardware Description
Language (HDL) detailed in an appendix. Both VHDL (VHSIC-HDL—very high speed
integrated circuit hardware description language) and Verilog HDL are included.



[ Create & new desigs with Xilins Foundation Series Schematic and name the design
PADDER. You wan! o create a cesign that looks ke this

| Paralie] Adder

Onee you finish creating the desired schematic, make sure 10 save it Click File -
Save. Ensure that you have locked pins according to the board you are using, Se¢
Appendix C for common board pincuts. Then return to the Foundation Project
Manager. (Press <Alt> « <Tab> 10 task switch ) Note. Be sure to name the buses
23N previous labs where busing was used or the circuit will not simulate property.
The design entry is finished.

Tosce how the adder is actually built. click on the H (Hierarchy) icon on the lcfi
side of the screen. and then click on the addd comporent. You will be “pushed”
down a hierarchy level. To get back 16 the top level schematic. righi-click and se-
lect Hierarchy Pop from the menu.

SEC 142/ ARITHMETIC CoRcuTs 709

1. Create the b-bit parallelto-scrial converter circui in MAX+PLUS 11 a5 shown
below Use the clock generator and 74168 macro Connect the paralic| inputs todip  Langeage (HDLy
swilches and the shift_load input 10 1 SPDT switch. Connect the shift clock. the ¢ Appendix B for
D inputs. and the fip-fiop outputs to LEDs. Save and compilc the project when ~ YHDL and Veriy

jone.

veraons of this
areut

Hasdware Design

s3aEee g

BRORAD £

2 Create s simulator stimulus hle in MAX+PLUS Il similar (o the following figure.

After enterieg the waveforms, run the simulator and check results

o ol — = —]

S8 S ) e S e s i

| . o, R ——] g ===
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The text uses an Application First Approach in regard to the PLD application software. The
initial “Quick Starts” take the student through the complete PLD prototyping procedure.
The integrated “PLD Alternative Circuit Applications” in all of the following chapters give
further examples for, and instruction on, the PLD software.

memory location. The next code. FE, is the opeode for the compare instruction,
CPI. Like the MVI A. 0 instruction, the memory location following the opcode
contains the data required by the instruction. Since the machine language pro-
gram is shown in hexadecimal notation, the data 10 (decimal) appears 15 OA
(hex). This astruction compares the accumulator with the value 10 and sets the
2210 flag if they are equal, as described earlier. The next instruction, JZ. has the
opcode CA and appears at address (7FS. This opcode tells the microprocessor to
jump if the zero flag is set. The next wo memory locations contain the sddress to
jamp (0. Since addresses in an 808S system are sixteen bits long, it Lakes two mem-
ory locations (eight bits cach) 10 store an address The two parts of the acdress are
stored in the order that  the reverse of what you might expect. The least signifi-
cant haif of the address is stored first and then the most significant half of the

SELETEST BVALUATION POINT
FOR SECTION 17:§

frosy ol and it pRria
you should be sblc to: & block?
Objecti ‘What
% " . microcomputer. e s
Q xxmum— {unciion ofcach bt
:":'!""'"""W‘m' 3 What s the dafference between
and software?
-] 3. List 9
function of the three basic blocks that qgher vy
make up a mcrocomputer. b. sssembly language
3 Objective & Define the difference © high-level language
o g 5 What is a flowchart?
(-] &, Describe how flowehart 6. Definc the following terms:
can help a programmer wrile pro- b m"
= 2, 2 . programmer
bormsioded i & ot
I-—-!ﬁ-h—ﬂ.:.‘ 13 'l:*
language. lq-‘.'
Use the following questions to test your
-]
Lm-;nuu.nmhmm_
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DIGIAL DEVICE DATA SHEET

ICTYPE: ADCOSAV4-1 - 5-BIT ANALOG-TODIGITAL CONVERTER (ADC)

srrems
] L
Mme

- -

FIGURE 16-12  Aa IC Contaising an

£Bi Analog-to-Dighal (A/D) Comversr,
16-3-4 An ADC Data Sheet and Application Circult
Figure 16-12 shows data sheet details for an ADCUS03 §-bit successive approxima-

tion ADC which contains an on-chip clock circuit. Figure 16-13 shows how this [C
an be connected 1 function as an B-bit analog-to-cligital converter. In this exsm-

SEC 163/ ANALOG TODIGITAL CONVERTERS (ADCS) 828

The section review breaks are now Self-Test
Evaluation Points, with a list of objectives
that should have been met up to that point,
and a set of questions designed to test the stu-
dents’ level of comprehension.The check-box
design invites students to take an active role in
noting their understanding of the material.

A large number of data sheets are integrated
into their appropriate positions, with high-
lighted annorations included to explain the
meaning of key characteristics and symbols.
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VIGNETTE, l

A Problem with Early Moraings

René Déscartes was born in Brittany. France. in | 5%. At the age of eight he had
surpassed most of his teachers at school and was therefore sent onto the Jesuit
College in La FRche. one of the best in Europe. bt vas here that his genius in
became 1 however. due to y delicate health. his

professors allowed him to siudy in bed until midday

In 1616 he had an urge to see the vorld and sc he joined the army. which
made use of Déscartes’ mathematical genius in military cgineeri
traveling, Déscart Dutch philosopher Isaac Beekman, who convinced him
1o leave the army and. in his words.“tum his mind back to science and more
worhier occupttions:

After leaving the army Déscartes iraveled. locking for some purpose. and
ther on November 10). 1619,it happened. Déscartes was in Neuberg, Germany,
where he had shut himself into a well-heated room for the winier. It was ou the
eve of St Martin's that a freezing blizzard forced Déscartes to retire early. That
night, he had an extremely vivid dream that clarified his purpose and showed
him that physies and all seiences could be reduced 1o geometry. and therefore be
interconnected like a chain

In his time. and to this day. he is heralded as a1 analytical genius In foct,
Désartes' problem-solving ability can still be used as a guide o solving any
prodlem. Déscartes’ four-sicp procedute for solving a problem

1. Never aceept anything as true unless it s clear and distinct enough Lo ex-
clude doubt from your min

2. Divide the problem into as many parts as necessary to reich a solution.

3. Start with the simplest things and proceed step-by-step tovards the complex

4. Review the solution so completely and generally that you are sure nothing
was omitted.

INTRODUCTION I

Digital Technology has advanced. and continues 10 advance. almost meteorically
cach and every year. Proof of this is easily evident when we see the performance
of personal computers (PCs) advance in leaps and bounds To quote a recently
posted statistic, microprocessor [Cs are improving at a rate of 60% per year,
while memory |Cs are quadrupling their capacity every three ycars. These and
other rapid changes in all the key buslcing blocks of digital electronic systems
mean that consumer products are generally obsolete in less than three years.

To keep up with this fast pace, electronic companies have to design and

manufacture new productsin a cycle of typically less than six months To meet
this accelerated schedule. engineers and techniciars have looked for shortzuts

90 CHARER 3/ STANDARD LOGIC VERSUS PROGRAMMABLE LOGIC

that erable them to construct a digital prototype circuit and evaluate its
perfornance in a much more timely manner.

In the previous chapter. you were introduced to some of the more basic

logic devices (SLDs). To construci a circuit using these 1C you would
first need to insert them into a protoboard and then connect them with a
spaghetilike maze of hookup wire. In this chapter. you will be introduced to
devices (PLDS), and as the industry has, you will see how

muich easier it s to construct your digital lab circuits sing the highly versatile PLD

4-1 WHY USE PROGRAMMABLE
LOGIC DEVICES?
To clearly demonstrate the PLD advantage, let us compare the differences that

occur when we construct 3 ircuit using sandard logi: devices and thén the same
circuit using a programmable logic device.

4-1-1 Constructing a Circult Using Standard
Logic Devices

As an example. Figure 4-1(b) shows an application in which two NOT gates.four
AND gates, and four OR gates are connected 10 acieve the logic function de-
scribed in the truth table in Figure 4-1(2). The two NOT gates and four AND
gates form a 1-of 4 decoder. This decoder will make only one of its four outputs
HIGH based on the hinary value applicd to inputs A and B, is shown ir the
table in Figure 4-1(b). When AB = 00. the AND gate 0's output 18 HIGH and.
since a connestion exists 1o the inputs of OR gates 0and 1. the output will be O,
Q= Q. Qu = 0011 Referring to the second line of the truth table n Figure
4-1(a). when AB =01.AND gate I's output 1s HIGH and. since 1 connection ex-
ists 1@ the inputs of OR gates 2 and 3. (he output s Q. Q5. Qu = 1100. When

B = 10. AND gate 2's output is HIGH. giving 3 HIGH to the input of OR gate
0 and an output of 0001. Finally, when AB = 11, AND gate 3's output is HIGH,
giving a HIGH te OR gate 2and an output of 0100,

Figure 4-1(c) shows how this circust could be constructed on a protoboard
Once completed, switches should be connected to the inputs and LEDs to the
outputs 5o that the circuit can be tested tc see f it performs the desired logic func-
tion specified in the function table

This standard logic method has

« Hookup wire cutting and stripping is time-consuming,

« Wires can easily be inserted incorrectly. causing possible device damage and
lengthy delays while the errors are solated

« A large and costly inventory of all siandard loge |Cs must be maintained

« If the desired standard logic IC is not availabic. further delays will result

« To modify or add (o a working circuit. the wires and ICs will normally all
have to be removed from the proioboard and the new design built gain
from seratch
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Chapter opening vignettes, featuring electronic industry entrepreneurs, motivate students
to read and understand chapter material, and conversational introductions review what
has been previously covered and what is about to be covered.

& Solution:
a 0101, =5y €. 1001 = 9y | .
b 1110, = 14 Oatain
2-2-4 Converting Decimal Numbers o
1o Binary Numbers L copaciton
" To convert a decimal number to its binary equivalent. continually subtract the 8
largest possible power of two uniil the decimal number is reduced tozero, placing Selee
a binary | in columas that are used and a binary 0 in the columns that are nat —
used. To explain how simple this process is,refer to Figure 2.5, which shows how | ot Ot
decimal $3 can be converted 10 ifs binary equivalent. As you can see n this cxam-
ple. the first of twothat can be decimal 53 is 32, and | i &
therefore a 1 is placed in the thirty-twos column and 21 is remaining. The largest L
power of two that can be sublracted from the remainder 21 is 16. and thercfore a
DECIMAL BINARY
w1 D) 73 B L
53 11110({1]0]1 s
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-3 2 oA
Ay 2t rows by
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FIGURE 25 Decimalto oot Internal
By Comribien. FIGURE 1521 Dynamic RAMs. () Cell. (b) Dynamic Cell. (c)
Architecture. (¢) Simplified DRAM Cel Operation.
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A student-friendly writing style coupled with dynamic diagrams enable the siudent to com-
~ fortably master the material. Margin terms highlight key terminology as it is introduced.
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Testing and

10-3 TROUBLESHOOTING SET-RESET AND
DATA-TYPE FLIP-FLOP CIRCUITS

To review, the procedure for fixing a failure can be broken down into the three
steps of diagnose, isolate, and repair. i 05-R and

424 e

P i
D-type flip-fop logic circuits, let us first examine the operation of a typical Aip-flop
ircuit and then apply our th process 10 this circuit.

10-3-1 A Flip-Flop Logic Circult

As an example. Figure 10-20 sh e f o with sin-
gle-step or <lock control Thi inthe following way. As
discussed previously. the D-type flig-flop will divide the input clock frequency by
2 if the @ output is connected back to the D input. Referring to the lour-stage
frequency divider circuit (using two T4LS74s) and its associated waveforms in
the lower half of the circuit, you can see that each D-type flip-flop will halve its
applied input frequency (+ 2). For example. if 1 16 Hz clock signal is applied to
the input:

The first stage will divide the 16 Hz input by 2. giving an 8 Hz output at test
point 1 (16 Hz + 2= 8 Hz).

The first and second stages will divide the 16 Hz input by 4, giving a 4 Hz
outputat test point 2 (16 Hz + 2= 8 Hz.8 Hz + 2 = 4 Ha),

The first, second, and third stages will divide the 16 Hz input by 3, giving a
2 Hz oatput at test point 3 (16 Hz + 2= 8 Hz, 8 Hz + 2=4 Hz. 4 Hz + 2=
2Hz)

‘The first, sccond, third, and fourth stages will divide the 16 Hz input by 16,
givinga | Hz output at test point 4 (16 Hz+2 =8 Hz 8 Hz + 2= 4Hz. 4 Hz »
2=2Hz,2Hz+2=1Hz).

These divided outputs at test points 1, 2,3. and 4 can be seen on a four LED dis-
play connecied to each of the D-type flip-flop cutputs.

‘The clock input applied 10 the four-stage frequency divider is derived from
the single-step or contiruous-clock control circuit in the upper half of the circuit
in Figure 10-20. With this circuit, SW is a single-pole couble-throw (SPDT)
switch that s used to select sither s single-step or continuous-clock output for the
frequency divider circuit. The NAND latch, made up of NAND gates C and D,
acts as a switch debouncer circuit for SW;. When SW. is in the single step posi-
tion, NAND C will produce a HIGH output, which will enable NAND gate E and
allow the single clock pulses, generated by SW, and debounced by NAND gates
A and B, through to NAND G and on (o the frequency divider. When SW; is in
the conti position, NAND D will p a HIGH output, which will
enable NAND gate F and allow the 16 Hz clock pulses, generated by the SSS
timer circuit, through to NAND G and on to the frequency divider.

10/SET.RESET AND DATA-TYDE FLIP-FLOPS

can besesn 85 3

NAND gate G is shown as ts
‘equivalent bubbled input OR,
%0 that NAND gates £ F, and
‘simple AND-OR switching
cireutt

and bubbled:input cencel.

LI inout Frequency

FIGURE 10-20 Troubleshooting a Frequency Divider Circuit Using D-Type Fllp Flops.

=

At the end of each digital circuits chapter, an application circuit combines all of the func-
tions discussed in the chapter, so the student can see how all of the building blocks can be put

to practical use.

SELE-TEST EVALL \TION POINT

OR SECTION 6-3

ihat x Use the follovin, your
You should be able (o: -;m—q
=) Bt b et 1. List the steps you would follow 10
L:‘;"m“_.ymw,_, remove an IC from a PCB.

Q2 Whatisa=final tew™?

6-4 PLD SOFTWARE SIMULATION

In Chapter 4 you were introduced to a Quick Start procedure that will be used
throughout this text to create and load a variety of digital logic circuits into the
CPLD IC on your test board. Whether you are using the PLD software from Al
tera or Xilinx, the five-step process for creating a digital circuit prototype usinga
PLD will be the same. These steps are
PLD Prototyping Process
Step I: Create the new circuit using the software’s schematic editor.
Step 2 Compile the circuit into a bitstream fle that when loaded into the CPLD
willinstruct it 15 act like the entered schematic
Step 3: Verify the operation of your circuit using the software’s fonctional ard
timing simulator.
Step #: Download the circuit file from the PC (o the PLD,
Step 5: Physically test the PLD by activating its inputs and monitoring its out-
puts

The software simulator. listed in step 3, is a useful tool that can make you
be gram the CPLD. Y both a func-
tional simulation and i your nd it.

A fanctionsl simulation checks the logcal operation of the cirsuit by show.
ing what binary outputs will occur for each of the binary input combinations This
type of simulation is useful for a quick analysis of the circuit's behavior but does

Functions!

Simslaticn
A basic ercuit
imulation mode that

not take into account any due

A is by far the | part of the verificat
since it smulates the re you will get from the ciscuit once it has been im-
plemented within the PLD. The timing simalation takes into account the delays
associated with the PLD's internal logic gates, routi and input im-

The results from the simulation of the circuit can be printed out and used
later in siep S to compare the simulated behavior to the real behavior of the cir-
cuit. The following Quick Start procedures have been modified to include the
steps you should follow to perform a functional simulation of a logic gate.

SEC. 64/ LD SOFTWARE sivuLaTIN 197
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FIGURE 6-5 Testing with the Logic Probe.

detecting a single momentary pulse (single pulse) or a pulse train (sequence of
pulses), such as 1 clock signal. Nearly all logic probes have an internal low-
frequency oscillaior that will flash the “PULSE™ LED ON and OFF if & pulse
train i detected at a frequency of up to 100 MHz. The logic probe can also detect
ifa single pulse has occurred.even if the width of the pulse is so small that the op-
erator was unable to see the PULSE LED blink. In this instance, a memory ci
cuit can'be enabled using the MEMORY switch, 5o that any pulse (even as ni
row as 10 ns) will turn ON and keep ON the PULSE LED. This memory cire
within the logic probe senses the initial voltage level present at the test point (ci-
ther HIGH or LOW) and then turns ON the PULSE LED if there is a logic tran-
sition or change. To reset this memory circuit, simply toggle (switch OFF and then
ON) the memory switch. Figure 6-5(c) summarizes the operation and display in-
terpretation of 2 Iypical logic probe.

Even though the logic probe is not as accurate s the multimeter, and cannot
determine as much about a signal as the oscilloscope, it is ideal for digital circuit
troubleshooting because of its low cost, small size. and versatility.

SEC 6.1/ DIGITAL TEST EQUIPMENT
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A strong resting, test equipment, and troubleshooting emphasis prepares the technician stu-
dent for the working world. Extensive troubleshooting techniques and procedures are ap-

plied to all combined chapter application circuits, preparing the student for the work envi-
ronment.
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toa keyboard from which you can enter programs, store dats, and give commands
10 contral the operation of the microcomputer. and a set of siide switches. The
output port display allows you 10 view the contents of ihe memory and registers.
In addition, there s an output port usiog LEDs and a speaker that is controlied
by the processor. There are also LEDs on the address bus, the data bus. and the
major control lines o ynu £ vodor me: activity The ROM 1n me SAM cen-
tains progra s
to the displa;
ware progras s
can be loaded into RAM. and then 1t can berun at full speed or cxecuted
at a time to allow you to follow the operation of the program i detail al
switches are also provided to establish loop operations for test purposes. and
moveabie jumpers are included to insert faults in the arcwits for tinIng in trou-
bleshooting microprocessor sysems.

Block Diagram Description
A simplificd block diagram of the SAM system is
The three main funztional blocks of this mici ocompuater an

FIGURE 17-1  Mikrocomputer Systems—Past and Presest. (Photo (b) Coursesy of the memory, and the input/output ports. These blocks within the m
Apple Computer, Inc.) are interconnected by three groups of signals—address. data. and cor
Aum« bus. The icroprocessor i the osly sddcem bus talkes” wiich
Keyboard o that data can be read from this mput device. The outpLt port con means tht 5 only devic tht ver s out adireses i he 16
nects the processor o the display 10 that we can write data 1o this cuput device Tireas b Every oakary Sovict Gonie o o e M B Kata i

Combined in this way, the microprocessor unit, memory unit, and input/output

wnit form &
Complets system. “The blocks within the microcomputer are interconnected by three buses.
The microprocessor uses the address bus (o select which memory location, input
pOft, of output port it wishes to put information into or take information out of
Once the microprocesior has selected the location using the address bus. data or

MICROCOMPUTER ... oceaamsaasansny

FIGURE 17:2 Baske Microcomputer System. FIGURE 176 The SAM System Block Disgrae.
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The final chapter contains a detailed component-level description of a microprocessor-
based system, including schematic diagram interpretation, troubleshooting procedures,
and typical system faults.

HARDWARE AND SOFTWARE

By using an inexpensive personal computer, an application software program
from Altera and/or Xilinx, and a PLD board, you can easily prototype a digital
circuit. The following describes the hardware and software needed for PLD pro-
totyping in a little more detail and includes contact information.

Software from Xilinx

I want to thank Nigel Cook, Prentice Hall, and Scott Sambucci for allowing the
Xilinx University Program the opportunity to participate in the creation of this
text and the accompanying lab book. Nigel has added the PLD Alternatives sec-
tions to the text. PLD (an abbreviation for Programmable Logic Device) is the
state-of-the-art technology for digital designs both now and for the foreseeable
future. It is a design technology that is growing at more than 30% per year and it
is well worth your time to learn the basics of this design methodology.

In this text, as well as the accompanying lab book, there are many examples
of how digital functions can be realized in programmable logic technology. The
lab book can come bundled with the Xilinx Student Edition upon request. Con-
tact your local Prentice Hall Sales Representative to take advantage of this offer.
This software is sold and supported by Prentice Hall. For more information on
this product, please visit www.prenhall.com.

Xilinx sponsors a special academic website at: www.xup.msu.edu. This web-
site is meant for use by the academic community at large. Please use this website,
as it has a wealth of resources for instructors and students alike. There are tutori-



als, reference designs, FAQs and much, much more. For more information on the
Xilinx University Program, visit university.xilinx.com. This website explains what
the Xilinx University Program is all about and has many resources, including
third-party vendors that manufacture software and demo boards that can be used
with Xilinx products.

Patrick Kane
Xilinx University Program Manager

Hardware for Xilinx

Every useful device created by humankind, from the first ancient lever to the most
modern computer, began as an abstract idea that was reduced to a physical reality
through application of a rigorous design process. The creation of a prototype, or
early “working version” of the device, is central to an effective design process. A
prototype allows a designer to interact with a new device early in the design
process, so that initial design assumptions can be challenged and tested, and a
deeper understanding of the design requirements can be forged before the final de-
vice is constructed. Recently, with the advent of high-density programmable logic
devices called Field-Programmable Gate Arrays (or just FPGAs), it has become
possible for digital designers to gain hands-on experience with complex circuits
very early in the design cycle.

In an effort to bring useful FPGA technology into the hands of every circuit
designer, the Digilent Company (www.digilent.cc) has introduced a circuit board
designed to facilitate the creation of circuit prototypes. Called the Digilab board, it
allows circuit designers to quickly and easily implement a wide variety of digital
circuits right on the desktop, and without the need for any additional equipment.
The board uses a high-capacity FPGA and a large collection of I/O devices to form
a stand-alone design platform that can be used to create thousands of useful cir-
cuits, without the need for any additional components. The board is shipped with a
power supply and programming cable—everything needed to begin creating cir-
cuits immediately. A complete set of reference materials, technical guidelines, and
worked design problems are maintained at the manufacturer’s website.

Soflware from Altera

The lab book provides students with contact information for obtaining Altera’s
MAX+PLUS II Student Edition programmable logic development software.
MAX+PLUS Il is a fully integrated design environment that offers unmatched
fiexibility and performance. The intuitive graphical interface is complemented by
complete and instantly accessible on-line documentation, which makes learning
and using MAX+PLUS II quick and easy. By entering the designs presented in
the book or creating custom logic designs, students develop skills for prototyping
digital systems using programmable logic devices. ,

For more information on Altera Corporation, its University Program, or its
products, the reader is referred to the website www.altera.com.
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Hardware for Altera—The SSEI FPGA Educational
Board ONE

Key Features

¢ Reprogrammable Altera EPM7128 CPLD with 128 macrocells

¢ On-board Byteblaster circuit for easy programming through 25-pin D inter-
face when connected to PC parallel port

* 33 binary user inputs consisting of 2 8-bit dip switches, 10 push-buttons, a 4-
bit rotary hex switch, and a reset push-button

* 16 LED:s for visual checking, connected in parallel with 20-pin header for ex-
ternal I/O

» 2-digit seven-segment LED display

* 1 MHz oscillator configured for easy divide down in the CPLD

* 2-bit rotary encoder

* External SPI interface through 8-pin header

¢ External keypad interface through 7-pin header

* On-board 3.3V voltage regulator

Description

The FPGA Educational Board One (EB1) is intended to support a variety of dig-
ital logic experiments that might be encountered in an introductory digital elec-
tronics course. Designed around an Altera EPM7128 CPLD (Complex Program-
mable Logic Device), the board also includes an assortment of user inputs and
visual indicators as shown in the block diagram on p. xvi. The flexibility of pro-
grammable internal routing and logic allows the external components to be soft-
wired in a variety of interesting and instructive configurations. Flexible program-
mable clocking of the CPLD is accomplished by connecting the global clock input
to an I/O instead of to the oscillator directly. The 2-bit rotary encoder can be used
as a slow user-variable clock as well as an interface example. Wherever possible,
the CPLD is protected from drive contention that may result from programming
errors. Reprogramming is performed using Altera software running on a PC con-

nected to the board through a parallel cable. A wall-mounted DC transformer
supplies power.



