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Purpose 

ELECTRONICS WORKBENCH lets you 

• construct a schematic for an electronic ci rcuit on a 
computer d isplay, 

• simulate the activ ity of that ci rcuit , 

• display its activity on test instruments contained 
with in the program,  

• and print a copy of the circuit ,  the instrument read­
ings and parts l ist . 
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ELECTRONICS WORKBENCH has separate modules for 
analog and d ig ital logic ci rcuits. The size of c i rcuit it can 
work with is l im ited on ly by avai lable memory and the 
t ime a user wi l l  wait for results. 
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learning tool 

learning goals 

1 -2 Purpose 

ELECTRONICS WORKBENCH is a powerfu l learn ing tool . 
Many courses in  h igh schoo l ,  techn ical col lege and 
un ivers ity deal with electricity, electronics and dig ital 
c i rcu its . This program lets you experiment with d ig ital 
and analog electronic c ircuits without usi ng scarce and 
expensive laboratory faci l ities and materials .  

I t  was designed with you in  mind ,  to be so easy to use 
that it takes almost no t ime away from learn ing the 
subject. With i n  the fi rst half hour of usi ng the program , 
you can master the basic operations and make useful 
c i rcu its .  

I f  you  have a personal computer for your own use ,  you 
can do exercises and assignments at your conven­
ience. But if you are working in a computer faci l ity, you 
sti l l  gain a lot of productivity. 

From Ohm's law onward , the program wi l l  let you ex­
periment i nteractively with the fundamental theories 
and appl ications of electric ity, electronic devices, and 
the pr incip les of d ig ital c i rcu its .  At the same t ime ,  
ELECTRON ICS WORKBENCH i s  powerful  enough to  let you 
do most assignments and exercises that may be found 
right up through a year or two of un iversity courses in  
electrical engineering , computer science , physics , and 
the l ike .  

I f  your  pu rpose is to  learn the theory of  analog or dig ital 
electron ic c i rcu its , ELECTRONICS WORKBENCH provides 
an ideal envi ronment for learn ing.  It does not stop with 
theory alone,  though .  The test instruments in the pro­
gram have the basic controls found on laboratory mod­
els and must be set up in the same way. You can use 
ELECTRONICS WORKBENCH to prepare for laboratory as­
s ignments and to rehearse for lab exams . 



versatility 

) other uses 

ELECTRONICS WORKBENCH is flexible enough to keep 
pace with most textbooks , laboratory exercise manuals, 
home study gu ides and courses , and many hobbyist 
books . I t  does not present lessons,  but rather al lows 
you to fol low any course you wish . It contains com­
prehensive on-l ine he lp-including information on e lec­
tronic parts and pri nciples-that works with any other 
material . 

It lets you print c i rcu i t  schematics, the output from the 
test instruments , and parts l ists in an attractive format .  
You can do exercises and experiments in  a fract ion of 
the time that breadboarding in the l ab would take . Even 
if the assignment is to produce a breadboarded c i rcuit ,  
preparation with ELECTRONICS WORKBENCH wil l  save 
t ime. 

Teachers ,  lectu rers and many others wi l l  f ind that using 
it to make demonstration materials is much faster also. 
I t s  ease o f  u s e  a n d  i n te ract i ve  d e s i g n m a ke 
ELECTRONICS WORKBENCH an excel lent tool for lectu res 
and presentat ions .  Many devices are ava i lab le to 
project the screen large enough for an audience to see . 
Even if al l  you need to do is prepare ci rcuit d iagrams of 
tested c i rcu its for exerc i ses , creat i ng them wi th  
ELECTRONICS WORKBENCH saves t ime.  

Pu rpose 1 -3 
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W O R K S PA C E 

Appearance 

This chapter presents a qu ick overview o f  the parts of 
the screen along with brief instructions to use them . I f  
you are fami l iar with s imi lar i nteractive systems and are 
wi l l i ng to experi ment, th is may be all you need to get 
going with E LECT RON ICS WORKBENCH .  

A l l  the actions referred to here are described i n  more 
detai l  in the fol lowi ng chapters . 

The program models a workbench for electronics. The 
large central area on the screen acts as a breadboard 
for circu it assembly. On the right side of th is workspace 
is a bin of parts . Above the workspace is a shelf of test 
i nstruments and program controls .  

P R OG R A M  C O N T R O L S \� 

/ 
PA R T S  B I N  

Appearance 2-1 



ease of use 

A mouse is used to point to an object with the cursor. 
C l icking a mouse button causes an action to occur. A l l  
operations can be performed from pul ldown menus or 
d i rectly from graphic i mages on the screen ,  but funct ion 
keys also perform most operations. Typing text from the 
keyboard is needed on ly to name new fi les , set values 
and labels for components and enter patterns into the 
word generator and t ruth table. 

W h e n  t h e  c u rs o r  a p p e a rs as  an h o u r g l a s s ,  
ELECT RON I CS WORKBENCH is doing someth i ng that pre­
vents user input. The program wil l  accept input when 
the cursor returns to an arrow. 

a note about the mouse 

I n  the descriptions that fo l low, the left mouse button wi l l  
be referred to as the fi rst mouse button and the right wi l l  
be called the last button .  For right-handed users, this 
means the fi rst button is control led with the i ndex f inger 
and the last is contro l led with the r ing or midd le  f inger. 

F I R S T  BUT T O N  

2-2 Appearance 
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about help 

the workspace 

This should be less confusing to most readers, since the 
mouse is used with one hand .  It also al lows left-handed 
persons to use a uti l ity ( i f  avai lable, such as Log itech's 
CL ICK program) to reverse the buttons and st i l l  fo l low 
the instruct ions. 

Help is always avai lable by pointi ng to an object and 
pressi ng F 1 . If no object is selected , a help window with 
a basic table of contents opens.  You can then find the 
topic you wish . 

The workspace is used as a breadboard where you 
construct a c i rcu i t .  After compo nents are on the 
workspace, you can connect them with wi res by point­
ing to their  terminal connections and pu l l ing a wire out 
to a terminal on another component. 

The c i rcuit may be considerably larger than the area of 
the screen .  The workspace has an area of approximate­
ly th ree by th ree screens. A special scrol l  icon in the 

upper right al lows you to move 
the c i rcuit around to see d if­

S C R O L L  I C O N  \ ferent port ions of it on the 
screen .  The scrol l  icon shows 
the re lat ive pos i t ion of the 
v is ib le  port ion i n  the work-
space . 

When you move a wi re on the 
workspace beyond the edge 
of the screen ,  the workspace 
scro l ls  to keep up with it .  

Appearance 2 -3 



the parts bin 

the instru ment shelf 

2-4 Appearance 
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The parts b i n  contains the 
supply of  components to bu i ld 
c i rcu i ts . P ick  compone nts 
from the parts bin and place 
them on the workspace . To 
remove components from the 
workspace, drag them to the 
parts bin and re lease them , 
where they sort themselves 
into proper order. There is an 
u n l i m i ted n u m ber  of eac h 
component. 

When the tracker touches a 
component, the entire com­
ponent h igh l ights , showing i t  
is ready to be moved or acted 
on .  Drag components around 
by pressing and hold ing the 
fi rst mouse button .  The com­
ponents have te rm inals fo r 
con nect i n g  w i res .  The te r­
m i n a l s  h i g h l i g ht when  t he  
tracker touches them. Press 
and hold the fi rst mouse but­
ton after h i gh l ight ing a te r­
m i n a l  to p u l l  o u t  a w i re . 
Connect the wire to a term inal  
on another component. 

The left side of the "shel f" at the top 
of the  screen ho lds test i nstru­
ments .  The i nstrument icons act 
just as components do, except that 
there is only one copy of each in­
stru ment avai lab le .  Attach wi res 
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from the terminals of the instrument icons to test points 
in the circuit .  

You must put connectors into the circu it wherever you 
wish to connect instruments to measure values. 

Instruments can be zoomed open by pointing to them 
and pressing F7 or double c l icking . When they are 
zoomed open, you can move the faces of the instru­
ments just as you do other objects (pressing and hold­
ing the fi rst mouse button, then moving and releasing) , 
adjust thei r contro ls and read thei r displays. 

circuit name 

The box near the m iddle of the top shelf contains the 
name of the f i le contain ing the circuit i f  it has been 
assigned . ELECTRON I CS WORKBENCH does not requ i re 
you to assign a c i rcu it name before beg inning work. You 
can type from the keyboard onto th is text l ine after 
selecting it and cl icking the fi rst mouse button. 

the control icons 

Using the menu 

-

Cut F2 
Copy F3 
Move F4 
Macro FS 
Labe 1 F6 
Zoo A F7 
Rotate FB 
F i 1e F9 
PreFerences F10 
C 1ear 
Pr i nt 
Qu i t  

• 

Point to the menu box with the 
mouse. Press and hold the f i rst 
mouse button to pu l l  down the 
m enu . Sti l l  ho ld ing  the f i rst 
mouse button, move the selec­
tor bar to your choice and then 
release the fi rst mouse button 
to m ake you r c h o i ce .  T h e  
menu w i l l  d isappear without 
doing anyth ing if you rol l  the 
tracker beyond the frame of the 
menu and release the mouse 
button. 

Appearance 2-5 



Using the on/off switch 

The on/off switch icon is used to start s imu lating the 
circuit . This is explained in detai l below in the chapter 
on activating the circuit . 

Using the scroll boxes 

2-6 Appearance 

The two icons in the upper right are used to scrol l the 
workspace and the parts b in .  Move the tracker i nto the 
area, press and hold the fi rst mouse button ,  and move 
the tracker to scrol l the parts bin or the workspace . 
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Analog Tutorial 

This tutorial wi l l  take you through the process of lay ing 
out a circu it and using the test instruments to see its 
activity. By the end, you wi l l  have used the basic fea­
tures of ELECTRONICS WORKBENCH and wi l l  be ready to 
learn about its advanced features from the rest of this 
manual . 

It does not matter which tutorial you beg in with . Choose 
either the Analog Tutorial or the Digital Tutorial , which­
ever most interests you .  This chapter contains the ana­
log tutorial . 

starting ELECTRONICS WORKBENCH 

You must have MS-DOS runn ing and your mouse driver 
instal led . See the chapter on program setup and re­
qu i rements for detai ls  about what ELECT RON ICS WORK­
BENCH req u i res to ope rate and how to i nstal l i t .  
ELECTRON ICS WORKBENCH must be instal led on  your  
hard disk before you can run  it . 

For more information about the operation of DOS or of 
your mouse,  consult the documentation that came with 
it . 

To run the analog module ,  type "analog" at the DOS 
prompt and press Enter. 

Analog Tutorial 3-1 



After a short pause, the t it le screen of E LECTRON ICS 
WORKBENCH wi l l  appear and then be replaced by a 
screen sim i lar to th is : 
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part 1 : the basics of the mouse and the screen 

The mouse 

3-2 Analog Tutor ial  

This section wi l l  introduce you to the use and feel of the 
mouse. If you are accustomed to using a mouse, you 
can skip forward . 

If you are not fam i l i ar with using a mouse, take a 
moment to get comfortable with its operation.  

We cal l  the left button the "fi rst mouse button" and the 
r ight one the "last mouse button." I t  is possible to use 
the software that comes with Log itech and Microsoft 
mice to reverse the buttons, if for instance a left-handed 



F l  AS T BUT T O N  

person wishes . Check the documentation that comes 
with your mouse for detai ls .  

Mouse tracking 

Use the mouse to move the arrow cursor around on the 
workspace . Point to the components in the parts bin. 
The components h igh l ight when the tracker touches 
them. Move the mouse around unt i l  you get a feel for 
the movement to expect from the cu rsor. 

Pick up components 

This section shows you how to get components to bu i ld 
c i rcu its .  If you know how to press and drag objects , you 
may want to skip forward . 

Point to the resistor i n  the parts bin .  Wh i le it is h igh­
l ighted , press and hold down the fi rst mouse button. 
Th is  p icks up the component so you can drag it  
wherever you want. As long as you hold the fi rst button, 
the component moves with the tracker. 

Do not press the button before the component is h igh­
l ighted . 



Move your component to the center of the workspace . 
Release the mouse button and the component stays in  
place . You can move al l  components freely th is way. 

To remove a component from the workspace, pick it up 
and drag i t  to the parts b in .  When you re lease com­
ponents over the parts bin, they wi l l  sort themselves out 
neatly. 

Practice moving components around unti l  you are com­
fortable with the action .  

Terminals and wires 

This section introduces you to the termi nals on the 
components and shows how to wire them together. 

Components have term inals on them that connect 
wires . On most parts (except the connector) the ter­
minals are short l i nes that stick out. On the resistor, for 
example, they are the two ends. 

-
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Put two resistors on the workspace . 

Using the mouse, poi nt to a termi nal on one of the 
resistors - the term inal h igh l ights with a smal l square. 
Press and hold the f i rst mouse button and move the 
mouse to pu l l  a wi re out from the terminal .  The wire 



• 

fol lows the mouse tracker. This action is often cal led 
"rubber-banding" the l ine .  

Release the mouse button and the wire d isappears . 

Pul l  a wire out and move the mouse unti l  the end of the 
wire touches a terminal on the other component. The 
term inal should h igh l ight .  While the termi nal is h igh­
l ighted , release the mouse button and the wire wi l l  
attach to the second terminal and f ind a route automat­
ical ly. 

You cannot connect a wire from one termi nal to another 
on the same object . 

Practice rubber-band i ng and connecting wi res unt i l  you 
are confident about making connections. 

The connector 

This section explains the special features of the con­
nector for jo in ing wires. 

The round dot in the parts bin is an important and 
special component. Use it to connect wi res to each 
other and create test points in the c i rcuit . 

Point to the center of the connector to h igh l ight the 
whole component and drag it. 

The connector can also be picked up "by the edge" by 
point ing to the reg ion near it between two termi nals. You 
may fi nd it easier to handle this way. 

The connector has four  terminals , but the terminals do 
not stick out. When your tracker is point ing to a terminal , 
a square that is off-center h igh l ights . 

Practice movi ng the connector and attach ing wires to it 
u nt i l  you are comfortable with it . 



The menu 

This section explains how to use the menu to do th ings 
to objects in the program. 

M I -

He1p \\ F1 
F2 
F3 
F4 
FS 
F6 
F7 
F8 
F9 
F10 

Before a menu choice can act on an ob­
ject , you m ust select the object per­
manent ly with the last mouse button .  
Then choose an action from the menu . 
After the action is complete , deselect the 
object by pressing the last button without 
pointing to anything else. 

Cut. 
Copy 
Hove 
Macro 
Labe1 
Zoori 
Rot.ate 
Fi1e 
Pref"erences 
C1ear 
Print. 
Quit. 
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If you are fami l iar with other menu sys­
tems, you might want to skip forward . 

Before you use the menu in the next part of this tutorial , 
you should practice with it. 

Move the tracker to h igh I ight the icon on the top row with 
the letter "M" and press the f i rst mouse button. Wh i le 
you hold the button down ,  a menu of operations is 
displayed . 

Move the mouse to control the h igh l ight bar in the menu . 
When you move the mouse off to the side, the tracker 
leaves the menu and appears as an arrow. 

To make a choice from the men u ,  move the h igh l ight bar 
to your selection and release the mouse button. To 
make no selection, j ust ro l l  the tracker off the menu and 
release . 

But, how does the program know what object to act on 
when you pick someth ing from the menu? 

Most operations on the menu wi l l  affect one or more 
objects in the program , but the objects must be selected 
first. 

The simplest way to select someth ing is to point to it and 
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cl ick the last mouse button. The object remains h igh­
l ighted , showing that the next operation from the menu 
or function keys wi l l  act on it .  You can select several 
objects this way, just by pointing and cl icking the last 
button. To turn off the selections , cl ick the last button 
without touch ing any object . 

Put a component on the workspace . Point to it with the 
mouse and cl ick the last mouse button. The component 
wi l l  remain h igh l ighted after the tracker moves away. 

Now point to the menu , press the fi rst mouse button to 
pul l  it down, and move the h igh l ight bar down to "Ro­
tate ."  Release the fi rst button. The component wi l l  rotate 
90°. Practice with other commands on the menu . You 
can cut, copy, move , etc . 

Note that beside most menu operations, there is an F 
and a number. This F# reminds you of the function key 
that does the same thing .  To use the function key 
shortcuts , just point to an object and press the funct ion 
key. 

part 2: build a si mple circuit 

Th is section of the tutorial wi l l  lead you through the 
steps to bu i ld  a s imple analog c i rcu it ,  a low-pass fi l ter. 
Each operation wi l l  be introduced as you need it .  The 
next part wi l l  step through s imu lating the circu it and 
us ing the test instruments . 

Analog Tutorial 3-7 
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Clear  a l l  other components off the 
workspace and put  a res istor near the 
center top . 

Pick up a connector from the parts bin 
and p lace it to the left of the resistor . 

Point to the left termi nal of the res istor, 
press and hold the fi rst mouse button 
and pu l l  out a wire . 

Pu l l  the end of the wire to the nearest 
term inal on the connector. When the 
term inal h igh l ights , release the mouse 
button to connect the wire. 

Get another connector from the parts 
bin and put it to the right of the resistor. 
Wire the res istor to the connector. 

Now we have a transmission l ine with a load on it. But 
for it to work with the program , the resistance must have 
a value .  

Point  to the resistor and c l ick the last mouse button to 
select it . 

Now you wi l l  start to use the menu .  I f  you are uncertain 
about what to do ,  go back and repeat the section of th is 
tutorial about the menu .  

Point to  the menu ,  press the fi rst button to  pu l l  i t  down 
and move the h igh l ight bar to "Label ."  Release the 

[[£JJ] � 00 LJ button .  A window should open that 
al lows you to g ive a value to the 
component or g ive it a text label . resist.or 

Labe1: I 
Mode1: I 
Va1ue: 110• 
1Cance11 . 
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Ty pe " 1  O" i n  t h e  box  l abe l l ed 
"Valu e ;" then use the mouse to 
poi nt to the smal l  box with the ohm 
symbol in  i t .  Press and hold the fi rst 
mouse button and move the mouse 
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PREFERENCES: 
Scope output. 

to spi n the selector to Ki lohms. Release the mouse 
button .  

Now move the tracker to "Accept" and cl ick the f i rst 
mouse button . 

The resistor now has a val ue of 1 0  K ohms. But it would 
be n ice to see the value somewhere .  

ITransient.llTr.ansient. t.o ss!!T irae SS!lri1illildl 

Pul l  down the menu and select 
"Preferences ." A large window 
with several buttons for choices 
wi l l  appear. For now, just cl ick on 
"Yes" beside "Show values" and 
"Show labels" and then cl ick on 
"Acce pt . "  When  the w i n d ow 
closes , the value of the resistor 
wi l l  be displayed beside it. 

Keep sarae tiAe steps �� 
Analog precision � 
NuAber of" points: per cycle: � 
Gdd s;ze IUJ�i!j!No...! 
Show grid �Gm! 
Show labels �� 
Show l"lodels �Im 
Show values �� 
!Cancel I 

Now use the same steps to g ive a label to each connec­
tor. Point to the connector on the left and cl ick the last 
mouse button to select it . Pu l l  down the menu and 
choose "Label ."  When the label box is open,  poi nt to the 
top field and cl ick the mouse button to put a text cursor 
i n .  Type in  the letter "A" and then point to "Accept" and 
c l ick. 

R e p e at t h i s  A 10.00 KO B 

p r o c es s to label 
--���-"V'r--����--

the connector on 
the right "B . "  

When you f in ish , cl ick the last mouse button wh i le  not 
point ing to any object in order to deselect the com­
ponents you just label led . 

Now let's get on with the circuit .  A low-pass f i lter is real ly 
a circu it that lets the high frequencies find an easy path 
to ground . A capacitor with the right value wi l l  pass h igh 
frequencies and block low. 

Analog Tuto rial 3-9 
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Pick a capacitor from the parts bin and put it on the 
workspace - below the res istor with its connectors and 

....L I 

B 
a l ittle to the r ight. 

Now rotate the capacitor - select it by 
cl icking on it with the last mouse button, pul l  down the 
menu , and choose "Rotate ."  The capacitor is now verti­
cal . C l ick the last mouse button again without touching 
the capacitor to deselect it .  

Pick a g round symbol from the parts bin and put it on 
the workspace below the capacitor. Wire the capacitor 
to g round. 

Pick a connector from the parts bin. Place it on the wire 
from the resistor, just above the capacitor, and release 
it. It should snap into place in the wire .  It is properly 

I 
: connected, just as if you had made 

connections from the other term inals 

I
- 500·00 nF to it. Now connect the bottom of the 

connector to the capacitor. 

Using "Label" from the menu as you did above , g ive the 
capacitor a value of 500 nF. 

To complete the layout of the c i rcu it properly, use con­
nectors to run another l ine , paral le l  to the fi rst one , 
below the capacitor. Where the wi res cross above the 
ground symbol ,  insert another connector so the whole 
side is g rounded.  

A 
• 

10.00 kf! B 



part 3: use the test instru ments 

The icons for the test instruments are on the left of the 
shelf at the top of the screen. They h igh l ight when the 
cursor touches them ; you can pick them up and put 
them on the workspace just as you do components. 
There is only one copy of each instrument . 

The function generator 

� This unit of the tutorial introduces the operation of the 
function generator. 

We wi l l  use the function generator to apply a s ignal to 
the circuit we have just bui l t .  

Pick the function generator icon from the equipment 
shelf and put it on the workspace near the connectors 
on the left. Attach wi res from the "+" and "-" term inals of 
the function generator to the connectors on the left , "A" 
and the one below it . 

A 10. 00 kfl B 

500.00 nF 

Now point to the function generator icon and press F7 
to zoom the face open. The instrument faces always go 
to the lower left corner when you f irst open them, but 
you can point to the face, press the fi rst mouse button, 
and drag it anywhere you want. 

Analog Tutorial 3-1 1 



F R E QU E NCY ([[2:Jc:::E!J 
OU T Y  CYCLE � 
SYM M E T R Y � 
A M PL I TUOE rr:::::::::::J[JLJ 

On the function generator face are 
buttons and spin selectors .  

The button with the  s i ne  wave on i t  
should be  l ighted . If i t  is not, poi nt to 
it with the mouse and cl ick the fi rst 
button .  

OFFS E T  L::::J -
@ COH + @ @ 

Point to the spin selector beside "FREQUE NCY" and 
press the fi rst mouse button .  Roll the mouse unti l the 
number 1 00 appears in  the box . The next box should 
say "Hz ." Spin it to that value if necessary. 

Point to the spin selector beside "AM PLITUDE" and set 
it to " 1 . "  Make sure the un its box beside it is set to "V." 

The other selectors , "DUTY CYCLE" and "SYMME­
TRY," should be at 50% and "OFFSET" should be 0 .  

Now we  have a signal source set up for the c i rcuit .  Next 
we have to measure the output. 

The oscilloscope 

3-1 2 Analog Tutorial 

This un it introduces you to the operation of the osci l lo­
scope . 

DUAL-TRACE 
O S CILLOSCOPE GROUND @ 

TtHE 8ASE TRIGGE"' 
!O o 1 0,....S/OtYf EDGE -� 
X POS � LIEVl:L � 

- []0] liZAl • [i] Ci:lLlJ � 
CHANNEL A CHANNEL 8 

lo .01mY/D:CYI lo .olm'V/btYI 
YPOS � YPOS � 
!Ill• [BJ � !Ill• [BJ � 

Bring down the osci l loscope icon and put it toward the 
right, above the circu it . 

Using F7 , zoom the face of the osci l loscope open .  Move 
the scope face and the components of the circuit around 
so you can see the connections whi le the face is open .  

The terminals on the osci l loscope icon correspond to 
the ones on the face. Run a wire from the terminal on 
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10.00 kO B 

500.00 nF 

the icon for channel A to connector A in the ci rcuit .  Run  
another wire from channel B to  connector B .  Connect 
the ground terminal on the scope icon to the ground 
s ide of the ci rcu i t .  

On the osci l loscope face, set the spi n selector for the 
TIME BASE to 2 .00 mS/DIV. Set both channel  A and B 
to 0 .50 V/DIV. 

For both channels A and B, cl ick on AC.  

Simulating the circuit 

This short un it summarizes the important facts about 
s imu lati ng the activity of the circuit .  

Point to the switch on the top row and cl ick the f i rst 
mouse button .  This starts the s imulation of the c i rcu it ,  
l i ke turn ing on the power. If everyth ing is correct ,  the 

10. 0 0  kn B 

600.&e nF 

1- !2"2S2J �I 
,-UNCTION ClllNal'IATOl'I 
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osci l loscope should show two sine waves , one lower 
than the other and sl ightly out of phase. 

When the simulation is complete, you can move the 
wires attached to the instruments around on the circuit 
and read values wherever you can make a connection. 
Th is is i mportant , because sometimes the calculations 
to do the simulation can take a long t ime. ( I t may take 
m inutes before you see any activity on the scope. It may 
take many more m inutes before the s imulati on reaches 
a steady state condit ion.) 

I f  you add anything to the circuit - even a connector -
you must cl ick on the switch again. If you change the 
values of any part of the circuit or change the input from 
the function generator, you must cl ick on the switch .  

part 4: saving work 

3-1 4 Analog Tutorial 

This part of the tutorial explains how to save circuits . 

To save your circuit , pul l  down the menu and select 
"Fi le." A dialog box wi l l  open. 

The dialog box contains four buttons . C l ick on "Save 
circuit. " 

llol J.11�00 LJ 

-

F i 1e operat i on :  

ll*•Ei•m;Jllliil!IllDI I Load 

IS:ave c 1 rcu 1 t� I Save � 1 Cance 1 1 
I 

Another dialog box opens . 

I __.._ 

� 

parts b i n I 
parts b i n I 

I �� 

This box contains a l ist of fi les if any have been saved. 
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Save circuit t.o: 

c:�wb'\.circuits' 

DI lsaue 

)Cance1 

I• 

The current path to the d i rectory where they wi l l  be 
saved is shown . 

I n  the lower right corner is a text entry box . Type a name 
(up to eight characters) for the circu it. 

The characters you type appear in the text field on the 
dialog box . 

I f  you make a mistake or change your m ind ,  just use the 
backspace or cursor keys to make corrections. 

When you f in ish typing the name, cl ick the fi rst mouse 
button on "Save." The fi lename then also appears in  the 
box near the center of the top of the screen . 

You can now retrieve th is circuit in the futu re. Just 
choose "Load c ircu it" from the "Fi le" dialog box. 

ISave 

lcance1 

I• 

The l i ne above the l ist of f i les shows 
the drive and path to the current d i rec­
tory. If you want to change any part of 
it, point with the mouse and cl ick the 
fi rst button. This causes a sub-menu 
of a l l  the avai lable choices at that level 
to pu l l  down . Rol l  the selector bar to 
you r  choice and release to change to 

the indicated drive or d i rectory. The backslash at the 
end of the l ine may contai n subdirectories . You can 
change drives this way as wel l .  Any circuit f i les in  the 
selected d i rectory wil l appear in the fi le l ist box. This 
feature is especial ly usefu l on hard d isk d rives and 
networks . 
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Whi le you are using ELECTRON ICS WORKBENCH , help is 
always avai lable. To learn what an object is ,  just poi nt 
to it with the mouse and press F 1 . A window contain ing 

avai1ab1e � 
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Point and c1ick to get "'ore. 

help about the object wi l l  open.  You can get more 
information about any word that is blue in the help 
window if you cl ick on it .  To get an overv iew of 
ELECTRON ICS WORKBENCH and an index of al l  help top­
ics , just press F1 whi le noth ing is selected , or pick 
"Help" from the menu .  

part 5 :  quitting 

3-1 6 Analog Tutorial 

To quit ELECTRON ICS WORKBENCH,  choose "Quit" from 
the menu .  

Now you have used al l  the basic operations you need 
to make use of ELECTRON ICS WORKBENCH . Much more 
power is avai lable to you . Read through the chapter on 
menu operations. 

I f  you need to know more about how to use the instru­
ments and what the contro ls are for, look in the chapters 
of th is manual for the analog or  dig ital modu les. 



) 
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Digital Tutorial 

This tutorial wi l l  take you through the process of lay ing 
out a c i rcuit and using the test instruments to see its 
activity. By the end , you wi l l  have used the basic fea­
tures of ELECTRONICS WORKBENCH and wi l l  be ready to 
learn about its advanced features from the rest of this 
manual . 

It does not matter which tutorial you beg in with . Choose 
either the Analog Tutorial or the Dig ital Tutorial , which­
ever most i nterests you . This chapter contai ns the d ig i ­
ta l  tutorial . 

starting ELECTRONICS WORKBENCH 

You must have MS-DOS runn ing and your mouse driver 
instal led .  See the chapter on program setup and re­
qu i rements for detai l s  about what ELECTRONICS WORK­
BENCH req u i res to ope rate and how to i nstal l i t .  
ELECTRON ICS WORKBENCH must be instal led on your  
hard d isk before you can run  it .  

For more informat ion about the operation of DOS or of 
your mouse , consult the documentation that came with 
it .  

To run the d ig i tal module ,  type "dig ital" at the DOS 
prompt and press Enter. 
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After a short pause ,  the title screen of E LECTRONICS 
WORKBENCH wil l  appear and then be replaced by a 
screen simi lar to this : 

T E S T  I N S T RU M E N T S  P R OG R A M  C O N T R O L S / � /� 
�I� . .. :lm::Jl17®t�t�7�1; 1 I [§LUii !::::.! • IL:! 

:c::>-
:L::>-
� 

-<><>-
:C:>-
� 

• 
C>-

<§>-
---

r::: � . 

� . 

� . 

� 
.Il 

/ 
W O R K S PA C E  PA R T S  B I N  

part 1 : the basics of the mouse and the screen 

The mouse 

4-2 Dig ital Tutorial 

This section wi l l  introduce you to the use and feel of the 
mouse .  If you are accustomed to using a mouse , you 
can skip forward . 

If you are not fami l iar with using a mouse, take a 
moment to get comfortable with its operation. 

We call the left button the "fi rst mouse button" and the 
right one the "last mouse button. "  It is possible to use 
the software that comes with Logitech and M icrosoft 
mice to reverse the buttons, if for instance a left-handed 
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F l  R S T  BUT T O N  

person wishes. Check the documentation that comes 
with your mouse for detai ls .  

Mouse tracking 

Use the mouse to move the arrow cursor around on the 
workspace. Poi nt to the components in the parts b i n .  
The components h igh l ight when the tracker touches 
them . Move the mouse around unt i l  you get a feel for 
the movement to expect from the cursor. 

Pick up components 

This section shows you how to get components to bu i ld 
c i rcuits .  If you know how to press and drag objects , you 
may want to skip  forward . 

Point to the AN D gate in the parts bin . Whi le it is 
h igh l ighted , press and hold down the f irst mouse button . 
Th is  p icks up the component so you can drag it 
wherever you want. As long as you hold the f i rst button ,  
the component moves with the tracker. 

Do not press the button before the component is h igh­
l ighted . 
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Move your  component to the center of the workspace. 
Release the mouse button and the component stays in  
place . You can move al l  components freely th is way. 

To remove a component from the workspace , pick it up 
and drag it to the parts b in .  When you re lease com­
ponents over the bi n ,  they wi l l  sort themselves out 
neatly. 

Practice moving components around until you are com­
fortable with the action .  

Terminals and wires 

This section introduces you to the terminals on the 
components and shows how to wire them together. 

Components have term inals on them that connect 
wires. On most components (except the connector) the 
terminals are short l i nes that stick out. On the inverter 
(NOT gate) ,  for example,  they are the two ends. 

Put two AND gates on the workspace. 

!iil�K L. ·11!•0•0•0>0!. I I l@:U.111!:::! 111-
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Using the mouse , point to a term inal on one of the AND 
gates - the term inal h igh l ights with a smal l square . 
Press and hold the fi rst mouse button and move the 
mouse to pu l l  a wi re out from the termi nal . The wire 
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fol lows the mouse tracker. Th is act ion is often cal led 
"rubber-band ing" the l ine . 

Release the mouse button and the wi re d isappears . 

Pu l l  a wire out and move the mouse unti l  the end of the 
wire touches a termi nal on the other component. The 
term inal should h igh l ight .  Whi le the terminal is h igh­
l ighted , release the mouse button and the wire wi l l  
attach to  the second terminal and find a route automat­
ical ly. 

You cannot connect a wire from one terminal to another 
on the same object . 

Practice rubber-band ing and connecting wi res unt i l  you 
are confident about making connections . 

The connector 

This sect ion explains the special featu res of the con­
nector for jo ining wi res. 

The round dot in the parts bin is an important and 
special component . Use it to connect wi res to each 
other and create test points in the circu it .  

Point to the center of the connector to h igh l ight the 
whole component and drag it .  

The connector can also be picked up "by the edge" by 
pointing to the reg ion near it between two termi nals. You 
may find it easier to hand le this way. 

The connector has fou r  terminals ,  but the terminals do 
not stick out. When you r  tracker is pointing to a terminal , 
a square that is off-center h igh l ights . 

Practice moving the connector and attach ing wi res to it 
unt i l  you are comfortable with it .  
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The menu 

Cut 
Copy 
t1ove 
Macro 
Labe1 
Zoo A 
Rotate 
Fi1e 
Pref"erences 
C1ear 
Print 
Quit 

4-6 Dig ital Tutorial 

This section explains how to use the menu to do th ings 
to objects in  the program . 

• 

2 
F3 
F4 
F5 
F6 
F7 
F8 
F9 
F10 

C>-

Before a menu choice can act on an object, 
you must select the object permanently 
with the last mouse button .  Then choose 
an action  from the menu .  After the act ion is 
comp lete , desel ect the com ponent by 
pressing the last button without pointing to 
anyth ing else. 

If you are fami l iar with other menu sys­
tems, you might want to skip forward . 

Before you use the menu in the next part of this tutor ial , 
you should practice with it. 

Move the tracker to h igh l ight the icon on the top row with 
the letter "M" and press the first mouse button .  Whi le  
you ho ld the button down , a menu of  operations is  
d isplayed . 

Move the mouse to control the h igh l ight bar i n  the men u .  
When you move the mouse off to the side, the tracker 
leaves the menu and appears as an arrow. 

To make a choice from the menu ,  move the h igh l ight bar 
to your selection and release the mouse button .  To 
make no selection ,  j ust rol l  the tracker off the menu and 
release . 

But, how does the program know what object to act on  
when you pick someth ing from the menu? 

Most operations on the menu wi l l  affect one or more 
objects in the program ,  but the objects must be selected 
f i rst . 

The si mplest way to select something is to poi nt to it and 
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cl ick the last mouse button .  The object remains h igh­
l ighted , �howing that the next operation from the menu 
or function keys wi l l  act on it .  You can select several 
objects this way, just by pointing and cl icki ng the last 
button .  To turn off the selections, cl ick the last button 
without touching any object .  

Put a component on the workspace. Point to  i t  with the 
mouse and cl ick the last mouse button .  The component 
wi l l  remain h igh l ighted after the tracker moves away. 

Now point to the menu ,  press the fi rst mouse button to 
pul l  it down, and move the h ighl ight bar down to "Ro­
tate . "  Release the fi rst button .  The component wil l rotate 
90°. Practice with other commands on the menu . You 
can cut , copy, move , etc . 

Note that beside most menu operations, there is an F 
and a number. This F# reminds you of the function key 
that does the same thing . To use the function key 
shortcuts , just point to an object and press the funct ion 
key. 

part 2: build a si mple circuit 

This section of the tutorial wi l l  lead you through the 
steps to build a s imple d ig ital ci rcu it, a fl ip-f lop. Each 
operation wi l l  be introduced as you need it . The next 
part wi l l  step through s imu lati ng the ci rcuit and using the 
test i nstruments . 

C lear the workspace if any components are on it .  

• 

• 

Pick a NOR gate from the parts b in  and put 
it on the workspace . Place a second NOR 
gate below it. 

Pick a connector  from the parts bin and place it to the 
right of the fi rst NOR gate . 

Dioital Tutorial 4-7 



PREFERENCES: 

Grid size 

Show grid 

Show 1abe1s 
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Place another connector to the right of the second NOR 
gate , below the f i rst connector. 

IYJ � I!] !None I 
�mill 
l?mil!§ 

It wou ld be nice to label parts of 
the ci rcuit . To be able to see the 
labels ,  you must pu l l  down the 
menu and choose "Preferences." 
When the d ialog box opens, c l ick 
on "Yes" beside "Show labels" 
and then c l ick on "Accept ." 

Point to the upper connector so it is h igh l ighted , cl ick the 
last mouse button to select it, and pu l l  down the menu 

Q 
• 

Q" 
• 

and choose "Label ." Type the letter "Q" into 
the label f ield of the dialog box and then 
cl ick on "Accept ." 

Label the lower connector "Q'" (for NOT Q) . 

Connect the output of the top NOR gate to the Q 
connector with a wire -

Q" 
• 

• Point to the end of the NOR gate so it 
h igh l ights as a smal l box . 

• Press the fi rst mouse button and ro l l  to 
pu l l  a wi re out. 

• Sti l l  hold ing the fi rst button, move the tracker unt i l  
the terminal on the connector h igh l ights. 

• Now re lease the button and the wire wi l l  find a route 
between them .  

Connect the lower NOR gate to Q' t he  same way. 

Put a connector between the output of the NOR gate 
and Q by picking it from the parts bin and re leasing it on 
the wire .  
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Insert another connector between the lower gate and 
Q' . 

Draw a wire from the upper connector to the input of the 
lower NOR gate and from the lower connector to the 
input of the upper NOR gate . 

Add connectors and connect wi res to the remain ing 
inputs of the NOR gates as shown. Label the connec­
tors on the left "R" and "S . "  

Place two LED probes as shown and attach them to Q 
and Q'. 

part 3: use the test instru ments 

The icons for the test instruments are on the left of the 
shelf at the top of the screen .  They h igh l ight when the 
cursor touches them;  you can pick them up and put 
them on the workspace just as you do components. 
There is on ly one copy of each instrument . 

The word generator 

This unit introduces the use of the word generator. 

We wi l l  use the word generator to supply input to the 
circuit just bui l t .  

Dig ital Tutorial 4-9 
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Pick the word generator icon from the equ ipment shelf 
and put it on the workspace near the connectors at the 
left of the circuit .  Attach wi res from the fi rst two term inals 
of the word generator to connectors R and S .  

Now point to the word generator icon and press F7  to 
zoom the face open . The instrument faces always go to 
the lower left corner when you fi rst open them,  but you 
can point to the face, press the fi rst mouse button ,  and 
drag it anywhere you want. 

On the word generator face are several buttons and a 
large field where you enter ones or zeros to form dig ital 
words.  

2 
3 
4 
5 
6 
7 
B 

0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 1 00 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

I C L E A Al l L O A D I �  
&Dil lB U A S Tl ! C Y C L E! 

T A  I G G E A  l!il e!J  0 
iiiiijildl IE X T E R N A LI 

1 2 :3 4 5 6 7 9  O l k  
0 0 0 0 0 0 0 0  0 

Point to the top row of zeros and cl ick the fi rst mouse 
button .  A box cu rsor wi l l  appear in the input f ield where 
you pointed . Press the right arrow key to move the 
cursor a few spaces in  from the left. Type a " 1 ." 

Press the down arrow key to move the cursor down a 
l ine .  Move it a few more spaces to the right and type 
another " 1 ." 

(You should have the f i rst two term inals on the word 
generator icon connected to the input, R and S, of the 
circu it . )  

Now we have the  i nput to  the  circu it ready. Next we 
must set up the logic analyzer to see the output . 



The logic analyzer 

This un i t  of the tutorial demonstrates the logic analyzer. 

Pick the log ic analyzer icon from the equ ipment shelf 
and put it on the workspace near the connectors at the 
r ight of the ci rcu it .  Attach wi res from the fi rst two ter­
m inals of the logic analyzer to connectors Q and Q' on 
the right. 
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Now point to the log ic analyzer icon on the workspace 
and press F7 to zoom the face open .  Move the faces of 
both instruments around so you can see the displays of 
both faces wh i le they are open .  

On the logic analyzer face are several buttons and a 
large field where the levels of the c i rcuit are d isplayed . 

Simulating the circuit 

This short un i t  i ntroduces d ig i tal s imulat ion. 

To simulate the operat ion of the c i rcuit , point to BU RST 
on the word generator and cl ick the fi rst mouse button .  
This sends al l s ixteen words from the word generator to 
the c i rcuit .  The output of the c i rcu it wi l l  be displayed on 
the log ic  analyzer. 

M uch of the s imulat ion you wi l l  want to do with d ig ital 
c i rcu its can be contro l led from the face of the word 
generator d i rectly. See the chapter on activating the 
c i rcu it for more detai ls  on the d ifference between analog 
and dig ital s imu lat ion procedures. 
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If you cl ick on the switch on the top row whi le the word 
generator is in the circu it , the current selection on it w i l l  
run .  

part 4: saving work 

4-1 2 Digital Tutorial 

Th is part of the tutoria l  explains how to save circuits. 

1ror111 � [jJ L] 
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F i 1e operat i on :  

Hmmw:11u411ml ILoad part.s b in j  -
l�ave c 1 rcu 1 t.� I Save b in j  part.s 

"' \\ 
jcance 1 j  

I I �� 
To save your  ci rcuit ,  pu l l  down the menu and select 
"Fi le . "  A d ialog box wi l l  open .  

The d ialog box contains four buttons. C l ick on "Save 
c i rcuit ." 

Another d ialog box opens.  



) 
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Save circuit. t.o : 

This box contains a l ist of f i les if any have been saved . 

The cu rrent path to the d i rectory where they wi l l  be 
saved is shown. 

Save circuit. t.o : 

c: '-ewb'-circuit.s' 

DI IS,;;a.ve 

lcance1 

I• 

In the lower right corner is a text entry box . Type a name 
(up to e ight characters) for the circu it .  

The characters you type appear in the text f ield on the 
d ialog box . 

I f  you make a mistake or change your  mind , just use the 
backspace or cursor keys to make corrections. 

When you finish typing the name , cl ick the fi rst mouse 
button on "Save ." The fi lename then also appears in the 
box near the center of the top of the screen .  

You can now retrieve th is  c i rcuit i n  the future . Just 
choose "Load c i rcu it" from the "F i le" d ialog box . 

IS.;;iue 

lcance1 

I• 

The l ine above the l ist of fi les shows 
the drive and path to the current d i rec­
tory. If you want to change any part of 
it, point with the mouse and cl ick the 
fi rst button. This causes a sub-menu 
of all the avai I able choices at that level 
to pu l l  down. Roll the selector bar to 
your choice and release to change to 
the indicated dr ive or d i rectory. The 

backs lash at the end of the l ine may contain subdi rec­
tories. You can change drives this way as wel l .  Any 
c i rcuit f i les in the selected d i rectory wi l l  appear in the f i le 
l ist box . This feature is especial ly usefu l on hard d isk 
drives and networks . 
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Help 

Whi le you are using ELECT RON ICS WORKBENCH ,  help is 
always avai lable.  To learn what an object is ,  just poi nt 
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part 5: quitting 
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• Bu i ld ing ii. c ircuit 
• SiRUlil.t.ing a circuit. 
• F i �  operations 
• Progr-.i controls 
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to it with the mouse and press F 1 . A window contain ing 
help about the object wi l l  open.  You can get more 
information about any word that is blue in the help 
wi ndow if you c l ick on i t .  To get an overview of 
E LECT RON ICS WORKBENCH and an index of al l  help top­
ics , just press F1 whi le nothing is selected , or p ick 
"Help" from the menu .  

To quit E LECT RON ICS WORKBENCH,  choose "Qu it" from 
the menu . 

Now you have used al l the basic operations you need 
to make use of ELECT RON ICS WORKBENCH.  Much more 
power is avai lable to you . Read through the chapter on 
menu operations. 

I f  you need to know more about how to use the instru­
ments and what the controls are for, look in  the chapters 
of th is manual for the analog or d ig ital modu les. 



Common operations 

Lay out a ci rcuit by picking components from the parts 
bin and placing them on the workspace . 

The procedure is simple : 

• To do anyth ing with an object i n  E LECTRON ICS 
WORKBENCH , point to it with the mouse. 

• When an object is  touched by the cursor, it l ights up ,  
showing that i t  is ready for action .  

• A l ighted object w i l l  do the  simplest th ing i t  can when 
the f irst mouse button is c l icked . For most objects, 
th is  means it wi l l  move with the tracker. 

• Function keys do other th ings to a h ighl ighted ob­
ject .  The detai ls of other operations are g iven below 
in  the chapter on Menu Operations .  

Movi ng the tracker onto a component causes i t  to h igh­
l ight .  Press ing and ho ld i ng the f i rst mouse button 
makes the component move with the tracker unti l  the 
button is  released , leaving the component in place on 
the workspace . Components are connected with wires 
by poi nting to a term inal , pressi ng the fi rst mouse button 
and stretching the wire to another termi nal to h igh l ight 
i t ,  and then releasing the button .  

I n  summary : 

To pick an object up,  poi nt to it with the tracker and then 
press and hold the fi rst mouse button .  Do not press the 
mouse button before the object h igh l ights .  To release 
the object , release the button .  
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selecting objects 

Throughout these i nstruct ions, we refer to actions on 
selected objects. To keep the explanations s imple,  we 
use "select" to refer to any of the following actions: 

One at a time 

When the cursor moves i nto an active area or near an 
active object, the area or object h igh l ights to ind icate 
that it is selected and ready for action .  Cl icking the fi rst 
mouse button causes the appropriate action to happen ,  
such as  picking up a component, stretch ing a wire ,  or 
movi ng a spin selector. Other keys may be pressed to 
act on an object that is selected by pointing . These other 
actions are explained below in  the chapter on Menu 
Operations (p. 6- 1  ) . 

Permanently 

Use the last mouse button to select a component so it 
stays selected whi le you do someth ing else. You 
deselect it by cl icking the button whi le not touch i ng any 
component . You can select several components at one 
t ime for mass cutt ing , moving ,  or copying .  You must do 
th is to objects to use Menu selections. 

In a block 

You can also select components in groups - holding 
the last mouse button wh i le moving the tracker causes 
a rectang le to expand ,  selecti ng components in its 
range .  When the button is released , the components 
with in the rectang le wi l l  be selected . 
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dragging objects around 

Point to a component or instrument with the mouse, 
press and hold the fi rst button to move the object 
around . Release the button to leave the object in its new 
place . Objects re leased on top of other objects wi l l  
return to their original places. 

wiring co mponents together 

Connect components by se l ect ing a term inal  and 
stretch i ng a wire to its desti nation . 

........ 
....,... 

........ 
....,... 

To connect components or i nstruments with wires, point 
to a termi nal on the object. When the term inal is h igh­
l ighted , press and hold the fi rst mouse button whi le 
movi ng the tracker. A "rubber band" l ine appears , with 
one end attached to the terminal and the other attached 
to the tracker. Move the tracker to h igh l ight a term inal 
on another component and release the button .  
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The wi re finds a route between the terminals automat­
ical ly. The program draws a wire consisting of horizontal 
and vertical l ine segments between the two terminals , 
making sure the wire does not go on top of other 
components and does not overlap other wires. Wi res 
cross at right ang les without connecting . To make a 
connection between two wires, use the connector from 
the parts bin. 

You can insert components into existing wires by al ign­
ing thei r term inals with the wire and releasing the 
mouse button. There must be room for the component 
to fit or it wi l l  bounce away. 

A simple junction is included in the parts bin to al low 
d i rect connection between wi res or attachment of test 
instruments . Like all other c ircuit elements , these con­
nectors must be in a c i rcu it before it is simu lated with 
the on/off switch in order to have values . Put connec­
t ions in your c i rcu it for test points whi le you bui ld it . 

I f  a component al ready wi red in place in the ci rcuit must 
be rotated or moved , the wires automatical ly connect to 
the new position. Moving a component , even acciden­
tal ly, does not undo prior  work. 

Disconnect wi res by select ing a term inal , hold ing the 
fi rst mouse button, and re leasing away from any ter­
m inal . 

Setting wire colors 

To make your c ircu it easier  to read , you can set the color 
of the wi res . Point to a terminal on a component and 
cl ick the last mouse button whi le hold ing the ALT key. A 
smal l menu of colors wi l l  appear at the cursor. Move the 
cu rsor to the color you wish and release the mouse 
button. Al l  wi res drawn thereafter wi l l  be in the selected 
color. You can change the color of w i res al ready drawn 
th is way too . If a co lored wire is attached to Channel A 
or B on the osc i l loscope , the trace for that channel w i l l  
be the same color as the wire. 

5-4 Com mon Operat ions 
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In summary : 

Put co mponents on the workspace and wire them 
together to form a c i rcuit . You can select components 
for operat ions chosen from the menu or by pressing 
function keys . 
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Hel p - F1 

Menu operations 

Cut F2 

Use the Menu by select ing the "M" icon 
on the top shelf and hold i ng the fi rst 
mouse button .  Whi le the button is he ld ,  
the menu stays down and the tracker 
controls the h igh l ight bar whi le i t  is  on 
the menu box. Move the h igh l ight bar to 
the desi red selection and release the 
button to make the action happen .  

Copy F3 
Hove F4 
Hacro FS 
Labe 1 F6 
Zoo" F7 
Rotate FS 
F i 1e F9 
PreFerences F 10 
C 1ear 
Pr i nt 
Qu i t.  

• 

To make the menu d isappear without doing anyth ing ,  
move the  tracker outside the menu frame and release 
the button .  

Most actions requ i re you to select an object on the 
workspace beforehand . If noth ing happens when you 
release the button ,  this may be the problem.  

Most of  the operations on the menu also have function 
key shortcuts. You can point to an object and si mply 
press the function key. 

For more general background on using the program , 
see the descript ion of selecti ng objects and usi ng the 
menu in  the chapter on common operations. 

Choose "Help" from the menu or press F1 to activate 
the he lp system . If you select an object before cal l i ng 
help ,  the help wi ndow wi l l  refer to the selected object . I f  
you cal l  help with no object selected , an overview of 
topics wi l l  appear. C l ick on any word that appears blue 
for more information . You can cal l  an index of al l  help 
topics from the home screen . 

With i n  the help system , cross-references to other top ics 
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Cut - F2 

Copy - F3 

6-2 Menu Ooerations 

are marked in  blue if you 
are u s i ng  t he  de fau l t  
palette . You can select 
t h e s e  w o rd s  to o p en  
another window on the 
new topic. More than one 
help window can be open 
at once. You can move 
the windows around on 
the workspace and the 
w o r k s p a c e  is u s a b l e  
wh i l e  the windows are 
open .  

You can cut  permanently selected components from the 
workspace with this menu select ion or  F2 . This is usefu l 
for removing several components at once from the 
circuit . You can select the components one at a time by 
cl icking the last mouse button on them , or you can d raw 
a rectangle over a group by pressing the last mouse 
button and dragging to select a block. You can d rag 
individual components back to the parts bin and release 
them ; they need not be d isconnected beforehand . 

To copy one or more components on the workspace to 
another place, select them permanently and use the 
menu or poi nt with the mouse and press F3 . 

A qu ick way to get lots of the same component on the 
workspace is to select a component permanently and 
press F3 repeatedly whi le moving the mouse . 

Copies of components have the same labels and values 
as the o rig i nal ,  so you can make many copies with the 
same val ue easi ly by assign ing a val ue before copyi ng . 
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Move - F4 

Macro - FS 

You can select and copy groups of objects together with 
their connections to other parts of the screen .  

You can move a group of selected components with the 
menu selection or F4 . If there is no room to place them 
on the workspace when released , they wi l l  bounce back 
to their  source . 

You can combine c i rcuits i nto a macro block, creati ng in  
effect your own integrated circuit . 
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Select the desired components on the workspace and 
choose "Macro" from the menu . A d ialog box wi l l  prompt 
you for more action . You can leave the orig inal com­
ponents on the workspace by choosing to copy the 
components , or remove them by choosing to move the 
components . You should also g ive the macro a name, 
which appears on the component .  

The macro is  then automatical ly placed i nto the  parts 
bin i n  a standard package .  You can edit the contents of 
the macro by zooming it open on the workspace. 
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6-4 Menu Operations 
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Terminals appear on the macro package where wi res 
leave the box . You can move the termi nals when the 
macro is zoomed open or you can create terminals by 
stretch i ng wi res to the sides of the macro box from 
components inside. The icon reflects the structu re of the 
fu l l -sized view. 

If you want to use macros in a futu re session , you must 
save the parts bin contain ing them and reload it when 
you use the circuit again. 

Labels and values can be g iven to components in the 
c i rcuit or in the bin. Analog components must be given 
values for the circuit s imu lation to work. 

Defau lt values are not provided in the analog parts bin 
for passive components . The act ive analog com­
ponents have a general ly useful default mode l .  You can 
change various parameters of the active components to 
create any model desi red . If you are not fami l iar with the 
parameters, you can find a brief explanation of them 
along with their use in  the component model in the 
chapter that presents the techn ical exposit ion .  
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To give values to com­� [j] LJ ponents , select them and 
choose "Label" from the 
m e n u  or p ress  F6 . A 
d i a log box opens t h at 
contains text f ields. One 
is for the label you wish to 
give and another is for the 

res i st.or 
.-----------, 

Labe 1 : 
::::::===========:::;--' 

Mode1 : 

Va1ue : �1�1�0�·====.�l�lk�O;::::::;I� 
1 Cance 1 I  E·im:m:iEl lMode 1 1 

value of an analog com­
ponent. To enter a name 

or val ue, put the text cursor i n  the field by pointing with 
the mouse and cl icking . The text cursor remai ns active 
in the selected field even whi le the mouse tracker is 
outside. To remove the text cu rsor from the field , c l ick 
the fi rst mouse button outside. 

Analog components can be g iven model names , al l  
having the same value .  I f  you name a resistor R 1 , for 
example, al l resistors labeled with the model name wi l l  
have the same value .  I f  you change the value of one of 
them , all wi l l  change. 

You can label the ent ire ci rcu it by choosing "Label" 
when no other object is selected . The Label box for the 
c i rcuit contains six l i nes of twenty-five characters, wh ich 
may be printed out with the schematic. 

Values may be given to the components in  the parts bi n ,  
s o  that many components with the same value can be 
used . Chang ing the value of the component in the b in 
does not change val ues already in  the circu it .  

You can select a block of components and then label 
each in  turn by choosing "Labe l ," ass ign i ng values or 
labels to each component ,  and cancel l ing the operat ion 
when desi red or f in ished .  

The Label funct ion also lets you control the charac­
teristics of the mu lt imeter. You can set the impedence 
to make it match actual equ ipment. 
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Zoo m - F7 

Rotate - Fa 

6-6 Menu Operations 

"Zoom" operates to show enlarged views of the instru­
ment faces or the contents of macros . You can also 
zoom these objects open or closed by pointing and 
cl icking the mouse button twice in  qu ick succession 
(double cl icki ng) or by pressing F7. 

You can rotate most of the components to achieve 
nearly any desired layout on the workspace . Each t ime 
you select a component and rotate it , it turns 90 degrees 
clockwise . 

The ground symbol does not rotate . 

The transistors rotate 90 degrees the fi rst time "Rotate" 
is selected , then reverse their symmetry for the remain­
ing two posit ions. Th is enables you to fol low standard 
draft ing conventions when laying out a c i rcu it .  

The ammeter, voltmeter and half adder do not rotate as 
a whole, but thei r term inals do.  
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File - F9 

Save circuit. to : 
c: '-ewb�irou it.s' 

DI 

To save or load a c i rcuit or a set of components , select 
"Fi le" or press F9 . A dialog box appears where you 
choose to load or save circu its or parts bins. 

!Save 

!Eahce1 
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ICancei 
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After you choose from the d ialog box , 
a f i le selector box wi l l  appear. It con­
tai ns a l ist o f  f i lenames and buttons to 
act or cancel .  The lower box is a text 
fie ld .  Enter a new name in it before 
saving .  

Across the top of  the f i le  selector box , 
the cu rrent path and d i rectory are 
l isted . You can point to any part of the 
pathname and press the f i rst mouse 
button to get a selector box of al l  other  
possibi l it ies. Ro l l  the  mouse selector 
down the menu l ist and release on a 
d i rectory name to change to it . 
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Circuits 

A fi le selector box with a l ist of ex isting c i rcu its w i l l  
appear. To save a new circu it ,  type a name (up to e ight 
characters) i nto the lower empty box . To load a c i rcuit 
f i le ,  select a name from the scro l l i ng l ist or type the 
name in  the lower box . 

Components 

/I WARNING 

6-8 Menu Operations 

A f i le selector box with a l ist of existing parts bins w i l l  
appear. Saving special parts f i les is usefu l  to  col lect 
special macro circu it components or to control teach ing 
assignments. 

You can label components in  the parts b in ,  so that many 
components of the same value can be put into the 
c i rcuit eas i ly. The value in the parts bin can be changed 
w i t h o u t  af fect i n g c o m p o n e n ts  a l ready  on t h e  
workspace . You can cut components from the parts b in  
by poi nt ing to them with the tracker and pressi ng F2 . 

I I 
I f  you cut components from the parts b in and wish to 
save it , be sure to change the name of the special set. 
I f  you save a special set with the same name as the 
defau lt set, you can lose components and not get them 
back. Always keep a backup copy of the orig inal parts 
f i les .  The defau lt set of analog components is in the f i le 
EWB . LA .  The default set of dig ital components is in the 
f i le EWB. L D .  
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PREFERENCES : 

Scope output 

!T rans i entl =1T_r_a_n_s�i e_n_t_t_o�s=s�i IT iAe SS! i�i 
Keep saAe t i Ae steps l•'IFl=ll � 
Ana 1og prec i s i on 

NuAber oF po ints per cyc 1e : 

Gr id  s i ze 

Show gr i d  

Show 1abe1s 

Show Aode 1s 

Show va1ues 

!Cance 1 I !Accept I 

Scope output 

l1e-0 XI 
1100 I 

IMJ � � !None I 
IY es l lJm]  
IY es l lJml  
IY esl lJml  
IY esl lJml  

Appearing for analog s imu lation only, this controls the 
display of the waveform on the osci l loscope . 

When "AC SS" is selected (the defau lt, stand i ng for AC 
steady-state analys is) ,  a one-point solut ion is calcu­
lated . I f  th is solut ion exceeds the l im its set by certain  
components i n  the c i rcuit ,  or if "Time SS" is  selected , a 
t ime domain analys i s  wi l l  be performed , us ing the 
s ing le-po int solut ion as a start ing point .  The analysis of 
the c i rcu it continues unti l a steady state is ach ieved . 
The scope redraws each ti me the screen is fu l l .  Some 
c ircu its may take many cycles to reach stabi l i ty. 

When "Transient" is selected , the time-domain analys is ,  
taki ng al l ci rcuit values set to zero as the start ing poi nt ,  
is d isplayed for  a s ing le cycle and the trace stops . When 
"Transient to SS" is selected , the in it ial response is 
calculated in  th is manner and displayed , and then the 
analysis cont inues as in "Time SS" unt i l  steady state is 
ach ieved . 
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Keep same time steps 

When ELECTRON ICS WORKBENCH calcu lates a point in  
the circuit ,  i t  automatically reduces the t ime step used 
to solve the equations representing the circuit unt i l  it 
reaches a solution . It then uses the same t ime step for 
subsequent cycles, thus converging to a solution more 
rapidly. However, with some circu its this t ime step may 
be too small for subsequent cycles and you wi l l  get an 
error message to check your  circu it configu ration .  I n  
such cases, choose "No" to te l l  the program to  start 
each cycle with the origi nal defau lt t ime step. This wi l l  
be slower, but wi l l usual ly give correct resu lts . 

Analog precision 

You can control the degree of accuracy used to com­
pute the val ues of the analog s imu lation .  Requ i ring less 
accuracy can speed up circu it s imu lation .  The smal ler 
the percentage of precision , the more accuracy wi l l  be 
computed . The program defau lts to the least precision 
and greatest speed . 

Number of points per cycle 

Changing this spin selector to a larger number wi l l  
provide more detai l i n  the scope trace . Th is wi l l  natu rally 
make the analysis slower. 

Grid size 

A gridsnap feature causes components to a l ign them­
selves automatical ly to preset l i nes in  the workspace. 
This helps you get wi res straight without smal l  k inks in 
them.  Three sizes of grid are avai lable : of one un it ,  two 
un its or fou r  un its . (A un it is the smal lest possible 
distance between terminals on the components or in­
struments . )  Only at the smal lest grid size wi l l  al l  ter­
minals on al l objects al ign to grid points. By defau lt , the 
grid is active at the smal lest size when the program 
begins .  You can turn it off if you wish . 
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Clear 

( 

Show grid 

When the gridsnap is active , you can d isplay the gr id i f  
you wish .  If you do not choose to show the grid , it w i l l  
sti l l  operate as  long as  a size is selected . 

Show labels 

You can select this to d isplay labels that you have given 
to components . When both "Show labels" and "Show 
values" are selected , the label takes precedence over 
the value. If a model is assigned to a component , the 
label takes precedence over the model ,  but the model 
takes precedence over the value.  I f  on ly labels are 
d isplayed , the label shows if assigned . 

Show models 

Select th is to display the model name of components 
ass igned models .  Labels assigned to components wi l l  
take precedence over model names if "Show labels" is 
a lso selected . I f  "Show values" is also se lected , the 
model name wi l l  take precedence . 

Show values 

You can select th is to display values that you have given 
to components . As explained above , if more than one of 
labels, models and values are displayed , labels take 
precedence over models and models take precedence 
over values. 

Select th is to clear the workspace , the c i rcuit name, and 
the read i ngs on i nstruments. A dia log box wi l l  ask con­
fi rmation of the act ion . 
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Print 

Select "Print" from the menu to get the circuit printed on 
a dot-matrix or laser pri nter. A menu of options wi l l  
appear to print the circuit ,  the faces of the test instru­
ments , and a component l ist .  

You can create a label for the schematic by label l ing the 
circu it .  I f  you choose "Label" from the Menu with no 
components selected , a window with a text field of six 
l i nes by twenty-five characters opens. Type into each 
l ine of this box . 

To change the pri nter configuration ,  choose "Print" from 
the menu . When the print selection box is open ,  you can 
then choose to change the printer configuration . When 
the next menu appears, you can scro l l  through the l ist 
of printers avai lable by pointing to the pri nter name and 
hold i ng the fi rst mouse button .  There are over 1 50 dot 
matrix and laser pri nters supported . 

You can select the output destination from the pri nter 
configu ration box . I f  you choose to pri nt to a fi le ,  the 
format of the fi le wi l l  match the selected pri nter. 

Since graph ics modes are often very much the same on 
different models of pri nter from the same manufactu rer, 
try a model that is s im i lar to your  printer i f  yours does 
not appear on the l ist. Also try some widely emu lated 
standard such as the I BM Graph ics Pri nter or the Epson 
FX series . 
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Quit 

The printer support was developed by 

Autumn H i l l  Software Inc .  
1 1 45 Ithaca Drive 
Bou lder, Colorado 80303 
USA 
Telephone (303) 494-8865 

If  you need to develop support for a printer not on the 
present l ist, you can contact Autumn Hil l Software for 
the Baby Driver kit . This inexpensive software al lows 
you to create drivers for any pri nter you know the 
commands for. 

Selecting "Qu it" ex its the program and returns to the 
operati ng system .  
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Instruments 

An  important feature o f  ELECTRON ICS WORKBENCH is  its 
s imu lation of electron ic test instruments .  To see the 
activity of a circuit, you must attach test i nstruments to 
it to measure it .  

The s imu lated instruments rest on the top shelf, above 
the workspace . There they appear as small icons . D rag 
the icon down to the workspace to use it. Attach wi res 
from the terminals on the icon to points in the circuit you 
wish to measure .  

The s imu lated instruments contain controls and d is­
plays that are typical of real ones. The controls of the 
s imu lated instruments must be adjusted properly to 
read the display. To adjust the controls and read the 
d isplay, zoom open the face of the i nstrument (point to 
the icon with the tracker and press F7) . 

connecting test instruments to the circuit 

� 

Handle the test instruments the same way as you do 
components , by dragging the i r  icons from the instru­
ment shelf at the top of the screen to the workspace 
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window. Connect them to the desi red test poi nts i n  the 
circuit by stretchi ng wires. The test points must be 
active term inals that were in the circuit before s imu la­
tion began , usual ly connectors i nserted into wires . See 
the chapter on activating the ci rcuit for more i nforma­
tion . 

setting and viewing the test instruments 

After an instrument icon is placed in the workspace 
window, you can zoom in on the instrument, by point ing 

1 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0  
z 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0  
• 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0  

and using F7 or  cl icking the fi rst mouse button twice . 
This epehs a window contain i ng the instrument face 
with its contro ls .  All the instruments may be zoomed 
open this way at once . The i nstrument windows can 
overlap and can be easi ly positioned and stacked . 
When open ,  you can move them on the screen with the 
usual point and drag method . Open windows may be 
closed by double cl icking on any inactive area in  the 
instrument face . 

adjusting the instrument controls 

7-2 Instruments 

For the most part the controls of the instruments m im ic 
the functions of real ones . 



The controls on the instrument faces consist of buttons 
and spi n selectors . Press buttons by cl icking the fi rst 
mouse button on them .  Change numerical settings by 
pointing to the number box and holding the fi rst mouse 
button whi le moving to the mouse to get the desi red 
value.  
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You must use the keyboard to enter word patterns in the 
word generator, Boolean expressions and truth table 
outputs in  the symbolic converter (truth table) , and at 
several other places such as label boxes . Point to a text 
f ield and cl ick the fi rst mouse button to put a text cursor 
i nto it . Then you can type text in  the field . 

Buttons 

The instruments contain active areas that act as buttons 
to control functions .  They l ight up when the tracker 
touches them.  Press them by pointi ng with the cursor 
and cl icki ng . 

Spin selectors 

Some of the controls 0f th� i nstruments are spin selec­
tors that s imu late rotary §Witches and dials. The tracker 
changes from an arrow to a hafid when it touches one 
of these areas. You can sE!t the value by pointi ng to the 
area, pressing the fi rst mouse button and moving the 
tracker to change from one value to the next . 

Many of the spin selectors contain ing numbers have a 
second spin selector associated with them that contains 
un its , typically ranging from m icro-un its to mega-un its 
as appropriate.  
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ana log circuits 

Activating the c i rcu it 

The on/off switch on the command bar is used to  s imu­
late the activity of the ci rcuit .  Th is is the only way to get 
readings on the instru ments for an analog ci rcu it . C l ick­
ing on the switch starts the s imulation of the circuit (a 
sequence of mathematical operat ions to compute 
values at a l l  the nodes of the circu it) and the cu rsor 
changes shape to an hourg lass wh i le this process con­
t inues. 

After s imu lation is complete , you can use the test instru­
ments to d isplay the values and waveforms of the signal 
at any node i n  the circu it .  As long as the s imu lation is 
val id ,  that is ,  as long as the ci rcuit has not changed , the 
wi res from the osci l loscope and the mult imeter may be 
moved freely about on the ci rcuit to display the values.  
When anyth i ng i n  the circuit is changed (components 
removed or inserted , values of components or settings 
on the function generator changed) the analysis is no 
longer val id .  

The old val ues remain at each node in  the c i rcuit even 
after changes are made in the ci rcuit ,  so if you acciden­
tal ly cl ip a wire and restore it , the values can sti l l  be 
read . (Th is feature is provided because the mathe­
matics of s imu lating a ci rcuit can take a long t ime,  
especial ly with a complex c i rcu it . )  

Remember to  select the switch whenever anyth ing in  
the circuit is changed or  the input to the c i rcu it from the 
function generator is changed . I f  you wish to stop the 
s imu lation before it is complete, s imply click the f i rst 
mouse button .  
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In summary :  

• Analog si mulation always requ i res the on/off switch 
to s imu late the ci rcu it . 

• The values remai n i n  place at the nodes of the 
circuit and remain true for that configurat ion . 

• To see the effect of changes in the c i rcuit ,  you must 
press the on/off switch again .  

The controls on the osc i l loscope and its connections i n  
the  circuit may be  changed to  display the  steady-state 
or fi rst transient cycle waveform at a d ifferent scale or 
place without pressing the on/off switch agai n .  

Error conditions 

digital circuits 

If the ci rcu it is improperly grounded ( including any test 
equipment on the workspace) you wi l l  get an error 
message when you start a s imulation .  

I f  the c i rcuit i s  i mproperly constructed , i t  w i l l  not function 
and no mathematical s imu lation is possible . When this 
happens,  a confi rmation box wi l l  g ive an error message.  

You must determine the cause of the fai l u re by inspec­
t ion . 

The s imu lat ion of a dig ital c i rcu it is somewhat d ifferent 
from that of analog ci rcu its .  

The on/off switch icon activates any output device in the 
dig ital c i rcuit ,  whether it is a TTL voltage source or the 
word generator, and the circu it with any i nd icators it 
includes changes to its next stable state . 

The word generator may be operated from its zoomed 
open face, however. Selecti ng "STEP, "  "BU RST" or 
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"CYCLE" causes the contents of the word generator to 
be sent to the c i rcuit and the output d isplayed immedi­
ately on the logic analyzer or indicators. Selecti ng the 
on/off switch also acts as cl icki ng on the h igh l ighted 
button of the word generator, even when the instrument 
is not zoomed open .  "CYCLE" causes the word gener­
ator to operate cont inuously. Pressing the f i rst mouse 
button wi l l  i nterrupt the operation .  

Error conditions 

Two error condit ions may occur in  a dig ital ci rcuit that 
halt s imu lation . 

When the order that the input to a circu it is received 
affects the state of the output, the circu it is said to be in 
a "race condit ion . "  This condition arises in  R-S fl ip-flops 
and simpl ified J-K fl ip-flops , and could appear i n  any 
improperly constructed c i rcu it. A d ialog box signal l ing 
the condit ion appears and asks the user to cancel or 
conti nue the s imu lation .  

Any other error w i l l  appear as a log ical contradict ion i n  
the  circuit . A d ialog box signals this condition .  

In  summary :  

• Dig ital s imu lation can be activated by  the  word 
generator itself .  

• Using the word generator as input you can press 
STEP, BU RST or CYCLE to start the s imu lation .  

• I f  a c ircuit gets its input from voltage sources or the 
clock in the word generator, cl ick on the on/off 
switch to activate the s imulation .  

Activating t h e  C i rcuit 8-3 



8-4 Act ivating the C i rcuit  



Analog Modu le 

The fo l lowing components and instruments are in­
cluded in the analog modu le :  

passive components 

active components 

de sources 

ac sources 

test i nstruments 

ground 
connector 

res istor 
capacitor 
i nductor 
transformer 
l ight-em itting d iode 
bu lb 
fuse 
relay 

npn transistor 
pnp transistor 
d iode 
zener diode 
operational amplif ier 

battery 
de current source 

s inusoidal voltage source 
s inusoidal cu rrent source 
function generator 

ammeter ( in  parts bin) 
voltmeter ( in parts bin) 
mu lt imeter 
osci l loscope 
Bode plotter 

The parts bin holds an un l im ited number of each object ; 
on ly one copy, however, of each test i nstrument on the 
top row is  avai lable. 

Using ELECTRONICS WORKBENC H ,  you construct a ci r­
cuit with a combinat ion of components, instruments, 
wires, and connectors . 
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components 

Connections 

Ground 

9-2 Analog Module 

All components and instruments have wire termi nals .  
Point to the term inal with a tracker, then press and hold 
the fi rst mouse button to drag a wire out .  Move the 
tracker to another term inal (wh ich wi l l  h ighl ight when 
touched) and release the mouse button to connect the 
wire. A single wire jo ins two terminals together at a 
s ingle point . Connectors may also be inserted into the 
wire to al low more terminals to be connected to the 
same point. 

Connectors are necessary to join two wires together. In 
addition to connecti ng wi res with in  the circuit , connec­
tors let you set up test points . Before you s imulate you r  
c i rcuit ,  put connectors into wires wherever you wi l l  want 
to measure values.  After s imulation ,  you can attach 
instruments and measure values at any point without 
running the s imu lat ion again .  

The ground symbol provides a n  unambiguous point of 
reference for the c i rcu it solution , and is assigned a 
known voltage of zero value .  Th is component may be 
placed freely throughout the circuit . Al l  terminals to 
which th is  symbol is connected , however, represent a 
common po i nt ,  and are treated as jo i ned together 
through ground .  

Although i t  is possib le to obtain a solut ion without 
grounding a circu it , the mathematical solution may not 
remai n consistent i n  d ifferent runs. Moreover, it i s  good 
electrical practice to include a ground in  a circuit. To 
maintain consistent resu lts , the analysis wi l l  retu rn an 
error message if it attempts to analyze a circuit which is 
improperly grounded . 



\ I 

Values 

Labels 

You must assign values to al l components in  the circuit .  
The passive components al l have a defau lt value of O i n  
the parts bin . The active components have default 
models that can be modified as explained below. 

You can set the val ues of resistors , capacitors , i nduc­
tors and voltage and current sources to any number you 
wish .  Poi nt to the component and press F6 or select it 
and choose "Label "  from the menu ;  then type in  the 
value. 

The frequency of the alternating voltage and current 
sources is control led by the sett ing of the funct ion 
generator. After the frequency is  set, it is saved with the 
circuit, so you do not need to save the function gener­
ator on the circuit .  

The internal resistance of the ammeter and voltmeter in  
the parts bin comes from the setting of  the mult imeter. 
To adjust the value,  select the mult imeter and choose 
"Label" ( F6) . A d ialog box lets you adjust the parameter 
for the currently selected function . See the descript ion 
of the mu ltimeter for more detai ls .  

Connectors and ground are not adjustable, though you 
can label these components with names if you wish .  

A l l  components , i ncl ud ing connectors and ground,  can 
be label led by either pointing to the component and 
pressi ng F6 , or by selecting the component permanent­
ly, choosing "Label" from the menu,  and entering the 
name you wish . 

If you have more than one component permanently 
selected and choose "Label" from the menu ,  the label 
box will act on each selected component in tu rn . Wh i le 
the box is open ,  only the component being acted on wi l l  
remain h ighl ighted . When you have f in ished the group, 
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the label box closes and all components are again 
highl ighted . 

Active component models 

The models for the diodes, the two bipolar transistors , 
the operational ampl if ier and the transformer can be 
custom ized by either pointing to the component and 
using F6 , or by selecting the component permanently 
and choosing "Label" from the menu .  This wi l l  provide 
you with the option to mod ify parameters . Select 
"Model "  and a l ist of model parameters wi l l  appear. For 
an explanation of the function and the range of ap­
propriate values for these parameters refer to the sec­
tion on analog component models in the techn ical 
exposition chapter on page 1 1 - 1 . 

You can save and reload different models .  I n  order to 
use your customized models in future si mu lations,  save 
your changes using the "Save changes" option for the 
model , and then save the parts b in .  

instruments 

Function generator 

The funct ion generator is a 
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F R E Q  U E N C y II::::=J IE:LJ 

<> analog Signals in the form Of 

D U T Y  C Y C L E � 
S Y M M E T R Y  � 
A M P L I T U O E  L::J !:!L::J 
O F F S E T  l2::::J 
- C O M  + 

@ @ @ 

s i ne ,  square and tr iangu lar 
wave s .  I t  p rov id es a con­
ven ient and real ist ic way to 
supply power to a c i rcu it under 
test. You can easi ly change 
the waveform among s ine , 
square and triangular forms 

and control the frequency and strength of the signal . 
The range of the generator is great enough to produce 
conventional cu rrent as wel l  as audio and radio fre­
quency signals.  

9-4 Analog Module 



When the face of the function generator is zoomed 
open , the controls m ust be adjusted to produce the 
desi red waveform . 

lwaveform l 
The form of the signal is selected by cl icking on the s ine 
wave, the triangu lar wave, or the square wave button .  

IFrequencyl 
The frequency val ue can be spin selected from 1 to 999 
and the mult ipl ier  can be selected from Hz to MHz. The 
frequency set here also applies to the alternat ing power 
sources in  the parts b in .  

louty cycle l 
"Duty cycle" can spin from 1 to 99 percent and affects 
the shape of the square and triangular waves. 

lsymmetryl 
"Symmetry" controls the amount of signal generated 
above and below the d .c .  level of the signal . Values 
range from 1 to 99 %, where 50 % provides rms sym­
metry about the d.c. level ( i .e .  posit ive and negative 
peaks are the same distance from the offset) . Square 
wave output requ i res the duty cycle and symmetry to be 
equal for the peaks to be symmetrical . 

IAmpl itude l 
"Ampl itude" controls the value of the wave from its d .c .  
level to its peak value .  This is the same as the d ifference 
between the COM and + or - terminals .  I f  the output 
leads are connected to COM and to + or -, the peak to 
peak measurement of the wave equals twice the 
ampl itude value .  If the output comes from + and -, the 
peak-to-peak value wi l l  be fou r  times t he amplitude 
value .  
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"Offset" controls the d .c .  level about which the alternat­
ing signal varies . The mu lt ipl ier for "Amplitude" appl ies 
to the offset as wel l .  

The positive term inal provides a signal with the selected 
amplitude in the posit ive d i rection from neutral COM . 

The common terminal provides a reference level s ignal . 

The negat ive te rmi na l  provides a s igna l  with the 
selected ampl i tude i n  the negative d i rection from 
neutral COM . 

Multimeter 

KKKKKKKKK 

- + 

Use the mu ltimeter to measure 

@ @ 

� e lectr ica l  s i gna ls and com­
ponents to determine voltage, 
cu rrent, resistance or decibel 
loss between two points in the 
c i rcu it .  You can switch modes 
to measu re cu rrent ,  voltage ,  
resistance or  decibe ls .  

9-6  Analog Module 

I deal meters wou ld have no effect on the ci rcuit being 
measured . An ideal voltmeter would have inf in ite resis­
tance , so no current flowed through it while attached to 
the ci rcu it . An ideal ammeter would present no resis­
tance to the circuit . Real meters do not achieve this 
ideal , so their readi ngs wi l l  not match theoretical , calcu­
lated values for a c i rcu it .  

E LECTRON ICS WORKBENCH uses very small and very 



large numbers that approximate zero and infin ity to 
calculate near ideal values for the c i rcuit .  

I f  you wish , you can make the behavior of the meter 
more real istic, by changing the val ue used to model its 
action .  To do so, select the meter and choose "Label" 
( F6) to open a box that al lows you to enter the values 
for the meter's funct ions. 

Take care when reducing the ammeter resistance . If the 
readout is zero ,  then your value is too low. 

When the face of the mu ltimeter is zoomed open,  the 
controls must be used to obtain proper read ings. 

Displays the current through the c i rcuit at the test point .  
The instrument must be i nserted into the circuit to 
measure current flow. Note that it is not possible to 
switch from measuri ng voltage across points of the 
c i rcu it to measuri ng current i n  the circuit without con­
necti ng the mu ltimeter appropriately, cl icking on the 
"AM P" button ,  and clicking on the on/off switch to ac­
tivate the new configuration .  

C l icking on this button a l lows you to  measure voltage 
between any two poi nts i n  the circu it .  After the circu it  
has been s imulated with the on/off switch ,  the probes 
may be moved around to test values at any node in the 
c i rcu it .  

This setting measures res istance between the probes.  
Note that a component cannot be i n  a closed c i rcuit to 
get an accurate measurement. Total resistance be­
tween points in a resistive network may be measured . 
If you want to use the meter to measure the value of a 
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resistor on the workspace , one side of the component 
must be grounded . 

Cl icking on this button wi l l  cause the mu lti meter to read 
in decibels. If you need to change the standard base for 
calculating dB ,  point to the mult imeter icon and press 
F6 to Label it .  A box wi l l  open al lowing you to adjust the 
internal parameters of the instrument. 

IAc (sine wave symbol) I 
This button causes the meter to d isplay the root mean 
square value of an alternating signal with the DC com­
ponent removed . 

IDc (straight l ine symbol) I 
This button causes the meter to d isplay the d i rect cur­
rent value of a signal . When an AC signal is measured 
with DC selected , the average signal strength is d is­
played (as opposed to the RMS value) .  

The negative term inal .  

The positive term inal . 
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Osci l loscope 

The osci l loscope d isplays the ampl itude and frequency 
variations of electronic signals . It provides a graph in  
t ime of  the strength of  the s ignal . 

When the face of the osci l loscope is zoomed open, the 
controls must be used to obtain a proper display of the 
waveform . 
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The osci l loscope has two i nput channels, A and B ,  
a l lowing two different signals to  be  d isplayed simu l ­
taneously. Their controls are on the lower r ight of  the 
scope face . 

ITI M E  BASE i 
The "TI M E  BASE" controls the scale of the x-axis on the 
d isplay. You must adjust it relative to the s ignal frequen­
cy to get a readable d isplay. The T IME BAS E box is a 
spin selector with values ranging from 0 . 1  nanoseconds 
to 0 .5 seconds per horizontal division .  Thus if you want 
to see one cycle of a 1 000 Hertz signal , the T IME BASE 
should be 0 . 1  O mi l l iseconds. One cycle at 1 O KHz 
requ i res a TIM E  BASE of 0 . 0 1  mi l l iseconds . 

Change the value at "X POS" to move the trigger poi nt 
along the x-axis .  Note that the intersection of the vertical 
and horizontal scales on the scope does not represent 

Analoq Modu le 9-9 



9-1 0 Analoa Module 

zero on the x-axis .  The tr igger point is at the left edge of 
the d isplay when X POS is zero. 

lv;r I AJB I s1AI 
The axes of the osci l loscope d isplay can be switched to 
show ampl itude against t ime (Y/T) or one input channel 
against the other (A/B or B/A) . The latter settings al low 
you to display phase sh ifts , known as Lissajous figu res. 

lground l 
The ground symbol i nd icates where ground shou ld be 
connected on the scope icon .  The osci l loscope must be 
attached to a ground reference point in the ci rcu it for 
accurate d isplays. When not g rounded , the scope is 
inf luenced by 60 Hz noise. 

ITR IGGER I 
Triggering controls when the waveform beg ins to d is­
play. This may be adjusted to start the trace on a 
positive or negative slope of the input signal on channel 
A, channel B ,  or an external signal . An external trigger 
signal may be attached to the term inal on the scope 
icon .  The level of the signal at which the d isplay triggers 
can be set with the spin selector. 

If you fai l to get a d isplay on the scope when you th i�k . 
you should,  try connecting the trigger to ground and 
sett ing "EXT" on. This wil l cause any signal received by 
the scope to display. 

l101v & v Pos l 
The value of the divisions on the vertical scale and the 
orig in  on the y-axis may be adjusted independently for 
each channel with these spin selectors . 

To get a readable d isplay you must adjust the y-scale 
appropriately. An i nput signal of 1 volt will fi l l  the screen 
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of the osci l loscope vertical ly  if the y-axis is set to 0 . 1  
volts/d ivision .  

I f  you want to  separate channels A and B by some 
vertical d istance to compare their waveforms, spin 
select the y-position (Y POS) for each channel to move 
its d isplay up or down the screen .  

!Ac I o I Dc l 
Each channel may be switched to show the AC com­
ponent of the signal or the sum of DC and the AC 
components. Selecti ng O shows a flat l ine at the orig in  
set by Y POS . 

The AC sett ing performs the same function as a cou­
p l ing capacitor in  series with the scope test probe . Do 
not place a coupl ing capacitor i n  series with a scope 
lead , as the scope does not provide a path for current 
and the analysis wi l l  consider the capacitor improperly 
grounded . 

I f  the analysis of a circu it is sti l l  val id ,  the probes of the 
osci l loscope may be moved to another node and the 
signal d isplayed without s imulati ng the c ircu it again .  
Movi ng the probes automatically redraws the trace . 

If you need to adjust the scale of the d isplay at al l ,  you 
can change the settings and then just cl ick on AC or DC 
to redraw the scope face with the new signal .  Th is lets 
you fine-tune the display without repeati ng what could 
be a long s imu lation .  If you f ind that the curve is uneven 
when enlarged, adjust the sett ings unt i l  you have the 
proportions you l ike and s imulate the ci rcu it again to get 
more detai l in the range chosen .  
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Bode plotter 

The Bode plotter shows the ratio of output signal to 
input signal against frequency. This gives you a graph 
of the frequency response of a c i rcu it ,  such as a 
bandpass fi lter. 

B O O E  P L O T T E R  
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The plotter controls its own sweep frequency generator 
that varies the input s ignal to the c i rcu it, so the frequen­
cy of the source to the c i rcuit is not relevant to th is 
display. However, note that a signal source must be 
included in  the ci rcuit . 

You can set the d isplay to show either the MAG N ITU DE 
o f  the signal o r  its PHASE.  

By defau lt, the F[ inal] and l [n i tial] values of  the vertical 
and horizontal scales are at maximum.  After a s imu la­
tion is fi n ished ,  you can change these val ues to see the 
plot at a d ifferent scale .  I f  you expand the scale a g reat 
deal , you may want to c l ick on the switch to run the 
s imu lation again to get sufficient detail in  the plot. 

ivERTI CALI 
The scale can be either l i near (L IN)  or logarithmic 
(LOG) .  Set the F[ inal] and l [nit ial] values of the scale 
with the spin selectors . 
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[HORIZONTAL[ 
The horizontal ax is can be either l i near (L IN )  or logarith­
mic (LOG) and you must use the spin selectors to set 
the in itial ( I )  and final (F) frequency of the scale. 

Readouts 

Moveable crosshairs on the instrument provide d i rect 
readout of the frequency and ampl itude of any point on 
the display. The crosshairs are in the lower left corner 
of the Bode plotter  screen to begin with . 

There are two ways to move the crosshairs :  

1 )  point to  the arrow symbols on the control panel o f  the 
Bode plotter and press the fi rst mouse button to move 
the crosshairs i n  the indicated d i rection ; or 

2) point to the crosshairs and press and hold the fi rst 
mouse button to d rag them d irectly to the desired place . 

The ampl itude and frequency of the intersection of the 
crosshairs on the display wil l be shown in  the boxes 
beside the arrow symbols. 

You can toggle the base scale between l inear and 
logarithmic without s imu lati ng the ci rcu it agai n .  But with 
some responses, switching the base may resu lt in  m iss­
ing some important frequency points, giving a ragged , 
inaccurate graph . C l ick on the on/off switch to s imulate 
the circuit again to get accurate resu lts .  

You can also change the frequency markers after 
s imu lation .  I f  you are not certain of where to set the 
in itial and final frequencies to beg in ,  a l low a large range 
and then f ine tune the d isplay by adjusting the sett ings. 
I f  you want to see more detai l after adjusti ng ,  just 
s imu late the c i rcuit again .  
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components 

Digital Modu le 

The fo l l ow ing  components and i nstru m e nts are 
provided i n  the dig ital modu le :  

connector 

fixed levels ground 
TTL voltage 

gates and gate 
or gate 
xor gate 
not gate 
nand gate 
nor gate 

devices R-S f l ip-flop 
J-K f l ip-flop 
D fl ip-flop 
half adder 

displays probe (LED) 
seven segment display 

test instruments mu lt imeter 
word generator 
logic analyzer 
truth table 

The parts b in holds an un l imited number of each com­
ponent. 

Al l  components, i ncl ud ing connectors, can be labeled 
with F6. 

Use the connector  to join wi res or  set up test points 
with in the c i rcuit .  You can attach the instruments to the 
test poi nts to observe the action of the c i rcu it .  



instru ments 

The TTL voltage can be used to hold a point h igh (+Sv) 
and ground to hold a point low. 

The gates perform the i r  logical funct ions as ideal 
devices . 

The R-S fl ip-flop is a s imple ,  unclocked , level-triggered 
device . 

The J-K fl ip-flop is a more sophisticated and complex 
device , be i ng clocked , negative-edge-triggered and 
having d i rect set and clear l ines.  

The D f l ip-flop is clocked and posit ive-edge-triggered. 

The half adder computes the b inary sum of two inputs 
and provides the sum and carry out on its term inals .  

The probe serves to ind icate h igh (on)  or low (off) levels 
at any point. It l ights or  goes off as the ci rcu it is runn ing .  

The seven segment display wi l l  actively show its state 
wh i le  the circu it is runn ing . The seven term inals ( left to 
right respectively) control segments a to g. 

Multimeter 

-----E----
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T h e  m u l t i m ete r  acts o n l y  as a 
voltmeter in dig ital s imu lation . It can 
be used to determine the level of the 
c i rcu it at any poi nt in it ,  with high 
levels reading +5 volts and low levels 
reading O volts. 

Word generator 

Use the word generator to send patterns of bits i nto 
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circu its you have bui l t  with the program to test them .  
The generator lets you save and reload these patterns .  

To adjust the controls of the word generator, zoom the 
icon open to show the i nstrument face . 

The left half of the face of the word generator contains 
input fields for dig ital words. The generator can hold 
sixteen eight-bit words .  Each vertical column of the 
display represents a word ; there are sixteen colum ns .  
The horizontal rows are numbered with the b i t  position .  
When the word generator i s  activated , a column is sent 
in paral lel out the correspondingly numbered term inals 
at the bottom of the device . 

l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  " 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

1 " 3 .. 5 6 0 0 0 0 0 0 

I C L E A Al lL o A o l �  
IEllDill I B u " s Tl I c y  c L El 

T R I G G E R  l!il� 0 
······a•e• 1 E x  T E R N  A Li 
7 8 O l k  0 0 0 

To enter val ues into the word f ields, point to the desi red 
posit ion with the tracker and cl ick the fi rst mouse button 
to select the area for text entry. A text cursor wi l l  appear 
where you cl icked . Now you can type in ones or zeros 
to form the word pattern . 

As the words are transmitted by the generator, the value 
of  each b i t  appears i n  the circles representi ng the output 
terminals at the bottom of the instrument face. 

lcLEAR I LOAD I SAVE i 
The buttons across the upper right a l low the word 
patterns to be cleared , saved in a f i le for future use, or  
loaded from a fi le .  Select ing "SAVE" or "LOAD" causes 
a fi le  selector box to appear. Fol low the procedu res 
explained in the section on f i le operations in the menu 
operations chapter. 

Dig ital Module 1 0-3 



lsTE P I BU RST I cYcLE I 
The words i n  the storage fie ld can be injected into a 
circuit by c l icking on the "STEP," "BU RST" or "CYCLE" 
buttons.  A vertical bar h igh l ights the current word in  the 
display. "STEP" transmits one word at a time and moves 
the bar orie position to the right. "BURST" sends al l 
sixteen words i n  sequence ,  start ing at the current posi­
t ion in  the d isplay. "CYCLE" cont inues to repeat the 
stored patterns unti l  the fi rst mouse button is pressed 
again .  

ITRIGGER I 
The "TR IGG ER" terminal is an input to drive the word 
generator and each input cycle causes a word to be 
transm itted . 

A clock pulse is produced by the word generator and is 
avai lable at the clock (Clk) term inal ,  one complete posi­
tive and negative cycle for each advance in the d isplay. 

Logic analyzer 

Use the l ogic analyzer to d isplay the levels of TTL 
signals with in  the circuit .  It can d isplay up to eight 
signals at once . 

To adjust the controls of the logic analyzer, zoom the 
icon open to show the i nstrument face . 

I C L. E A A I 
T A I G G E A  -� 
I E X T E A N A L.  I 0 
l e u A ,_ T  
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1 0-4 Digital Module 

The left half of the face of the logic analyzer d isplays the 
state (high or low) of the signals received on each input 
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channel .  The numbered terminals across the bottom of 
the instrument correspond to the horizontal rows of the 
d isplay. 

The logic analyzer d isplays a signal as a square wave 
against time, and as binary and hexadecimal values for 
al l  bits of the current input word across the bottom of the 
instrument face . 

The display can be made to trigger on the positive or  
negative edge of  a signal ,  which may be an external 
signal, a burst of any data (the default) , or  a particu lar 
pattern of data. The pattern can be entered by point ing 
to the box below pattern (which begins as a word of x's) 
and entering ones and zeros to form the desi red pat­
tern .  An x signifies that either value is accepted in that 
location .  

"CLEAR" resets the d isplay of  the logic analyzer. 

Truth table 

The truth table/symbol ic converter is able to perform 
several transformations of a circuit representation .  

The truth table is able to convert log ic  c ircu its among 
three d ifferent representations - logic gates, t ruth table 
and Boolean expression .  This device has no real-world 
counterpart. You can attach it to a circuit to derive the 
truth table or Boolean function the circu it embodies, or 
you can use it to produce the circuit of logic gates from 
a truth table or  Boolean expression . 

To adjust the controls of the truth table, zoom the icon 
open to show the instrument face. 

Deriving a truth table 

(ci rcu it to truth table] 

Dig ital Module 1 0-5 



1 0-6 Dig ital Modu le 

Place the icon for the truth table on the workspace and 
attach it to points in the ci rcuit us ing up to eight " inputs . "  

=­
=­
=-

=­
� 

. 

Attach the si ngle output of the circuit under test to the 
final termi nal of the truth table icon .  

To display the truth table for the circu it , c l ick on the 
"ci rcu it  � truth table" button .  

Transforming a truth table 

The other function of this device is to generate a circuit .  

You can input to the truth table/symbol ic converter in 
two areas . 

Construct a truth table by cl icking on the input channels 
(a - h )  across the top to turn them on. The display area 
below the terminals f i l ls  up with the necessary combina­
t ions of ones and zeros to fu lfi l l  the input condit ions. The 
values in  the output column to the right are al l zero 
in it ial ly. You can edit the output column to specify the 
desi red output from the input condit ions. An x i n  the 
output column ind icates either value is acceptable .  
Po int  to the column with the tracker and cl ick the fi rst 
mouse button to select it for text i nput. 

You can enter a Boolean expression into the text box at 
the bottom .  You can use either sum-of-products nota-
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t ion or product-of-sums .  To handle long expressions ,  
scro l l  th is box with the icon to its right. 

l "'i""O"fi - a l b  [truth table to Boolean expression] 

Cl ick on this button to transform the truth table i nto a 
Boolean expression . 

S I M P 
- [to s implif ied Boolean expression] 

This w i l l  transform the truth table i nto a s imp l if ied 
Boolean expression .  The s impl ification is performed by 
the Quine-McCluskey method , rather than the more 
fami l iar Karnaugh mapping technique. Karnaugh map­
ping works for on ly smal l numbers of variables and 
requ i res human i ntuit ion ,  while Qui ne-McCluskey is 
proven to be exhaustive for any number of variables but 
is too cumbersome for manual solution .  

I t  is possib le for  th is  operat ion to  use up al l avai lable 
memory. 

a l b  [Boolean expression to truth table] 

Dig ital Module 1 0-7 



��� 1@1.J.11 1 !:::! • I r  
:c:>-

A b 0 :L>-

D 
::E> 

-<>o-

C)> 
:L>o-. 
C>-JI � : :  r:r l�I c§>-
_.,,.... 

. � • 0 0 0 0 0 0 0 0  0 T l'I U T M  T A 8 L I:  © .a b o d • f' � ti  o u t  
0 0 0  
0 0 .  
o o •  
o o •  
O O •  
o o •  
O O •  
0 0 7  

0 0 0 
0 0 • 
0 ' 0 
0 ' ' 
' 0 0 
' 0 • 
• •  0 
. . .  

. 
0 
0 . 
0 

� 

C O N V 1: " 5 1 0 N 5  

I C>- � 

I "iOlT � l'i""0'1T l�IS 
I • l b  � 

i'OlT I 
. 1 c  I 
. 1 c  1 

IOl1 I 
� a l b  - oll N D  

. 
:GJ: 
� 
ll 

I• "b " o  • +& " bo · +ab 00 • I •  

1 0-R ninit::il Morl1 1 IP. 

You can enter an Boolean expression into the text box 
on the bottom to the truth table. To convert the expres­
sion to a truth table ,  c l ick on th is  button .  

I a l b  - =e>- [Boo lean expression to circu it] 

This converts a Boolean expression to a ci rcuit .  You 
may place th is  anywhere on the workspace by cl icking 
the fi rst mouse button .  Al l  the components of the new 
circu it remain selected , so you can move them again ,  or 
do other operations easi ly. Deselect the components by 
c l icking the last mouse button.  

I a l b  - N A N O  [circuit from only NANO gates] 

Cl ick on the button to generate a c i rcu it fu l fi l l i ng the 
condit ions of the Boolean expression using only NANO 
gates. 
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Techn ical exposition 

I n  order to display the activity of the circu it on the test 
equipment in the program ,  the activity must be s imu­
lated by mathematical means. This chapter explains 
some of the factors entering i nto the s imulation and 
some of the mathematical models and techn iques used . 
I n  th is chapter, we assume that you already know some­
thing of the theory of electronic circu itry and the mathe­
matics involved . Th is i nformation is for teachers and 
advanced users , so you may want to skip it for now. You 
can make fu l l  use of ELECTRONICS WORKBENCH without 
knowing how its s imulation  works. 

The methods ELECTRONICS WORKBENCH uses to s imu­
late dig ital and analog c i rcuits differ fundamentally. The 
dig ital s imulation deals on ly with logic levels and does 
not attempt to portray e lectrical values d irectly. The 
analog simu lat ion does determine electrical values at al l 
points in  the circuit ,  using an appropriate method as 
explained below. 

digital si mulation 

To design and test a d ig ital c i rcuit , you typical ly : 

• attach the outputs of the word generator to the 
inputs of the c i rcu it  you wish to analyze, 

• attach the outputs of the circu it to the inputs of the 
logic analyzer, 

• specify the sequence of values for each of the 
output terminals of the word generator, 

• press a button on the word generator to cause it to 
go through all of its states , 

• observe the resu lt ing plots on the logic analyzer. 

TP.r.hnir.::i l FYnn<:itinn 1 1 - 1 



Digital s imu lation performs an analysis that determines 
the logic values at al l  points in the circu it based on : 

• the values of a l l  active inputs (word generator or 
TTL voltage sources) ; 

• the previous state of the circuit .  

A circu it whose outputs depend only on the present 
values of input sources is cal led "combinational . "  I f  the 
outputs depend on the previous state of the circuit ,  the 
circuit is cal led "sequentia l . "  Such circu its usual ly con­
tain feedback, i .e .  outputs that are connected to the 
inputs of earl ier gates . It is not always possible to 
analyze sequential c ircu its , since they may exhibit race 
condit ions which can cause unpredictable behaviour 
dependent on the propagation times of the various 
signals .  

Even a p u re l y  comb i n at iona l  c i rcu i t  may not be 
analyzable if it contains a "contradiction . "  I n  real ity, such 
circu its are either self-destructive (e.g . shorted circu its) 
or ci rcu its in which a stronger gate dominates and 
overru les a weaker one.  Both of these cases represent 
desig n e rrors , which are automatical ly caught and 
reported by ELECTRON ICS WORKBENCH. 

To understand how ELECTRONICS WORKBENCH performs 
dig ital s imu lation we must consider: 

• the inputs to the c i rcu it , 

• the operation of the various c i rcuit components and 
the i r  interconnection ,  

• the method used by ELECTRONICS WORKBENCH to 
determine the total c i rcuit behaviour from the be­
haviour  of the parts , 

• the methods for viewing the outputs of the c i rcu it. 

1 1 -2 Technical Exposition 
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Circuit inputs 

There are three basic kinds of input values provided by 
ELECTRONICS WORKBENCH : 

Fixed values 

The ground symbol represents a fixed logical O value 
and the TTL Voltage source represents a fixed log ical 1 
value (these are represented physical ly by voltage 
levels of O and +5 volts respectively) . 

Clock value 

The clock value is avai lable at the Clk terminal of the 
word generator. A complete clock cycle consists of two 
clock states : a 1 fol lowed by a 0. After each clock cycle 
the word generator advances to the next set of values.  
ELECTRONICS WORKBENCH pe r fo r m s  a s e p a ra t e  
analysis for each one o f  t h e  two clock states , thus one 
complete pass through the 1 6  sets of values of the word 
generator causes ELECTRONICS WORKBENCH to perform 
32 simu lat ions. The resu lt of each s imu lation is d is­
played on the logic analyzer ( if it is attached) . 

The logic analyzer is impl icitly connected to the clock, 
s ince its d isplay must be synchronized with the signal 
produced by the word generator. 

Word generator 

The word generator has 8 output terminals. For each of 
the output term inals you can specify a sequence of 1 6  
values. There are a number of ways you can control the 
t ime when the word generator  is to switch to the next set 
of output values. 

The word generator g ives you three ways of going 
through its sets of values : 

Technical Exposition 1 1 -3 



• "STEP" causes the word generator to go to the next 
state. This can be thought of as one clock cycle , i .e .  
two s imulations . 

• "BURST" causes the word generator to go through 
al l of  its output values once,  i .e .  1 6  clock cycles are 
generated , caus ing 32 s imulations of the ci rcuit .  

• "CYCLE" causes the word generator to commence 
cycl i ng through its values unti l you press a mouse 
button .  

A note about "Time" 

ELECTRONICS WORKBENCH does not operate in  " real 
t ime . "  That is, there is no relationship between your time 
and the time marked off by the word generator clock. 
This means that we cannot meaningfu l ly talk about the 
clock rate . We s imply assume that the clock rate is s low 
relative to the propagation delays i n  the components . 

I n  fact , when you operate the word generator, you are , 
so to speak, taki ng t ime into your own hands. This is 
something we cannot do when we deal with real c ircu its 
and lab equ ipment, which demonstrates an important 
advantage of a computer s imu lation . 

Components and connections 

The dig ital c i rcuit components fal l into the fol lowing 
rough categories: 

• Combinational log ic components (AND ,  OR, XOR,  
NOT, NANO ,  NOR, Half adder) 

• f l ip-flops (D ,  R-S, J -K) 

• i nputs : g round,  TTL voltage source 

• outputs : probe , 7 segment d isplay 

• connectors 
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Combinational logic components 

The output of a logic gate (such as an AND gate) is  a 
s imple function of the inputs. 

Fl ip-flops 

A fl ip-flop is a device that maintains an internal state. 
That is ,  i ts output depends both on its current and past 
i nputs . This is the basis of computer random access 
memory. 

Fl ip-flops are used i n  most sequential circuits .  Note , 
however, that it i s  possib le to construct a fl ip-flop out of 
simple combinational components. The trick i nvolves 
feeding the output of a c ircuit back to its inputs, thus 
achieving a self-maintain ing stable state. 

Sequential use of feedback i n  a simple fl ip-flop. 

Inputs : ground, voltage source 

These components have a s ingle output with a fixed 
value (0 Volts for ground ,  5 Volts for the voltage source) . 

Strictly speaking , a voltage is  always defined between 
two points . For conven ience, we usual ly take one of the 
points as ground and then use the expression "voltage 
level at point X" to stand for "voltage between the poi nt 
X and the ground . "  The ground itself ,  by this defi nition ,  
has a voltage level o f  O .  

Technical Exposition 1 1 -5 



The ground component i n  ELECTRON ICS WORKBENCH 
stands for a connection to the ground. The 5 Volt volt­
age source could be thought of as the "+" terminal of a 
5 volt battery whose "-" terminal is connected to g round . 

Outputs : probe, 7 segment display 

These components provide a mechanism to view the 
log ic level at various points in the circuit .  

The probe l ights up when its single i nput terminal is 
attached to a non-zero voltage level . In real ity, this could 
be thought of as a l ight bulb with the other termi nal 
attached to g round.  

The seven segment d isplay is s imply a col lection of 7 
probes arranged in a pattern that can be used to repre­
sent dig its. 

Connectors 

Connectors are completely passive electrical ly, and 
serve merely to connect two or more wires . 

Computing the solution 

The method used by ELECTRONICS WORKBENCH to  
determine the  total c ircu it behaviour from the  behaviour 
of the parts : 

• repeatedly go through the circuit, computing the 
outputs of each component based on the inputs . 

When an output value is  computed , the value becomes 
the input to al l  components that are attached to the 
output with wires . 

The process terminates when :  

• a stable state consistent with the inputs to the ci rcu it 
is reached , or 
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• the circuit fails to stabi l ize ( i nd icating a race condi­
tion) .  

Certai n assumptions about the components and circuit 
are made i n  order to carry out the dig ital s imu lation .  The 
components are ideal , exhibit ing none of the variations 
that may compl icate actual c ircuit design .  Moreover, we 
ignore the problems presented by propagation delays , 
so any circuit whose real- l ife behaviour depends on 
propagation delays is not s imulated properly. I n  some 
circumstances , such c ircu its could resu lt in  race condi­
t ions in  ELECTRON ICS WORKBENCH ,  though their be-

.. haviour may depend on prior conditions in such a way 
that thei r  actions may not be repeated . 

Viewing the circuit output 

Output from the c ircu it can be observed on electronic 
components intended for d isplay or on test equ ipment. 
Probes and seven-segment d isplays can show the state 
of the c ircuit and the logic analyzer and digital mu lti­
meter can d isplay signal levels throughout the circuit . 
See the sections of this manual describ ing thei r  func­
t ions to read more .  

boolean simpl ification 

The automatic truth table uses straightforward methods 
to perform most of its transformations,  but the process 
of Boolean simpl i ficat ion may be of interest. 

Rather than the Karnaugh mappi ng techn ique usual ly 
t a u g h t  t o  b e g i n n i n g s t u d e n ts ,  ELECTRON ICS 
WORKBENCH uses the Qu ine-McCluskey method , which 
is a tabular technique that guarantees the second order 
(two levels of gates) real ization of a sum of products 
expression with the fewest products possible.  

The Quine-McCluskey method beg ins by sorting the 
m interms (sum of product combinations) of a truth table 
accord i ng  to the n umber of 1 s they contai n .  The 
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m interms are then compared to find those that differ  in  
on ly one variable and the variable e l iminated . This 
process is repeated unti l no further e l imination of vari­
ables is possible. The remain ing minterms that cannot 
be grouped are prime impl icants, i .e .  elements requ i red 
in  the final expression , though there may be redundan­
cy among the expressions .  The f inal step in  simpl ifi ca­
t ion is to e l iminate redundant expressions . Working with 
the binary representation of the expression al lows the 
process of factoring a Boolean expression to be done 
automatically with this method . 

Note that to s impl ify a Boolean expression in  the pro­
gram,  it must be converted into a truth table. The 
s imp l i f ication operates on a truth tab le ,  not on a 
Boolean expression d i rectly. 

Start ing with a g iven truth table, the following steps 
i l lustrate the process used to produce a s impl i fied 
Boolean expression . 

Reduction & formation of prime impl icants 

We begin with the fol lowing arbitrary truth table. The 
Boolean expression of each m interm is g iven along with 
the number of 1 s each m interm contains.  
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n A 8 C D x minterm # of 1 s  

0 0 0 0 0 1 a'b'c'd ' 0 
1 0 0 0 1 0 1 
2 0 0 1 0 0 1 
3 0 0 1 1 1 a'b'cd 2 
4 0 1 0 0 1 a'bc'd ' 1 
5 0 1 0 1 1 a'bc'd 2 
6 0 1 1 0 0 2 
7 0 1 1 1 0 3 
8 1 0 0 0 1 ab'c'd ' 1 
9 1 0 0 1 1 ab'c'd 2 

1 0  1 0 1 0 1 ab'cd' 2 
1 1  1 0 1 1 1 ab'cd 3 
1 2  1 1 0 0 1 abc'd ' 2 
1 3  1 1 0 1 1 abc'd 3 
1 4  1 1 1 0 1 abed' 3 
1 5  1 1 1 1 1 abed 4 

This  truth table produces the fol lowing Boolean expres-
sion : 

f(A, 8 ,C , D) = L,m(0 ,3 ,4 ,5 ,8 ,9 ,  1 0 , 1 1 ,  1 2 , 1 3 , 1 4 , 1 5) 

where m(n) represents the l ist of m interms. 

This  expands to : 

f(A,B ,C ,D) = a'b'c'd ' + a'b'cd + a'bc'd ' + a'bc'd + 
ab'c'd ' + ab'c'd + ab'cd' + ab'cd + abc'd ' + abc'd + 
abed' + abed 

Step 1 : rearrange the truth table 

To begin  the process of s impl if icat ion ,  make a pass 
through the truth table and sort it in order of the number 
of ones in the binary representation of each minterm : 
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n A B C  

0 0 0 0 

4 0 1 0 
8 1 0 0 

3 0 0 1 
5 0 1 0 
9 1 0 0 

1 0  1 0 1 
1 2  1 1 0 

1 1  0 1 
1 3 1 0 
1 4  1 1 

1 5  

D 

0 

0 
0 

1 
1 
1 
0 
0 

1 
1 
0 

# of 1 s  

0 

2 
2 
2 
2 
2 

3 
3 
3 

4 

Sorting the truth table i n  th is order makes it easy to f ind 
terms with common factors i n  the next step. 

Step 2 :  Combine minterms into "1 -cubes." 

Next, compare the binary form of each term in  group i 
with each term i n  group i+ 1 . Going through the table 
methodical ly this way will let you find m interms that 
differ i n  one position only ( in  binary representation ) .  
Th is position represents a common factor. 

For example, term zero from group zero above is com­
pared with each term in  g roup one: 

n 

0 
4 

0 0 0 0 
0 1 0 0 

# 1 s 

0 � 0 x 0 0 
1 

The position where they d iffer is X-ed out s ince it does 
not enter into the value of the combined expression . 
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The equivalent Boolean notation shows that the term 
factors out: 

a'b'c'd' + a'bc'd' = (b'+b)a'c'd ' = a'c'd' 

Next, compare term zero with the next member of group 
one, and if they differ i n  one and only one position ,  
combi ne them and X out  that position .  

n 

0 
8 

0 0 0 0 
1 0 0 0 

The Boolean form g ives : 

# 1 s 

0 ::::} x 0 0 0 
1 

a'b'c 'd' + ab'c'd' = (a'+a)b'c 'd' = b'c'd' 

Rows that don't combine with any other are pri me 
impl icants. 

When you find a row that combines with another, you 
should "check off" the row to ind icate that it has been 
used . Rows that are not used (checked off) in any 
combination are prime impl icants and wil l be added to 
the bottom of the l ist .  The process of simpl if ication is  to 
use up as many terms as possible th is way. Those that 
are left provide the s impl ified expression .  

Th is  process produces the fol lowing table : 
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Combination Bi nary # of 1 s  

rows ( 0 ,  4) 0 x 0 0 0 
rows ( 0 ,  8) x 0 0 0 0 

rows ( 4 ,  5)  0 1 0 x 1 
rows ( 4, 1 2) x 1 0 0 1 
rows ( 8 ,  9 )  1 0 0 x 1 
rows ( 8 ,  1 0) 1 0 x 0 1 
rows ( 8 ,  1 2) 1 x 0 0 1 

rows ( 3 ,  1 1 )  x 0 1 1 2 
rows ( 5, 1 3) x 1 0 1 2 
rows ( 9 ,  1 1 )  1 0 x 1 2 
rows ( 9 ,  1 3) 1 x 0 1 2 
rows ( 1 0 , 1 1 )  1 0 1 x 2 
rows ( 1 0 , 1 4) 1 x 1 0 2 
rows ( 1 2 , 1 3) 1 1 0 x 2 
rows ( 1 2 , 1 4) 1 1 x 0 2 

rows ( 1 1  , 1 5) x 1 1 3 
rows ( 1 3 , 1 5) 1 x 1 3 
rows ( 1 4 , 1 5) 1 1 x 3 

Step 3: Combine 1 -cubes into 2-cubes. 

Now repeat step 2 on this table. Again ,  combine rows 
that differ in on ly one position , but now make sure the 
Xs are in the same place in each of the combined rows. 
If two new rows conta in  al l  the same minterms, but i n  a 
d ifferent order, then a 2-cube is not formed for the 
second one s ince it contains al l the same terms. You 
should check off the rows anyway to show that these 
values have been used . 

rows ( 0 ,  4) 0 x 0 0 =:} x x 0 0 
rows ( 8, 1 2) 1 x 0 0 

rows ( 0 ,  8) x 0 0 0 =:} x x 0 0 
rows ( 4, 1 2) x 1 0 0 

rows ( 4 ,  5)  0 0 x =:} x 1 0 x 
rows ( 1 2 , 1 3) 1 0 x 

etc. 



) 

\ 

Note that the second combi nation has the same result 
as the fi rst , since it is the same combination of terms ,  
so  i t  is not used in  the final sol ution .  Only one  combina­
tion for each result is necessary, of course. 

Completing this process g ives the fol lowing table : 

Combination (2-cubes) 

rows ( 0 ,  4,  8 ,  1 2) x 

rows ( 4,  5 ,  1 2 , 1 3) x 
rows ( 8 ,  9 ,  1 0 , 1 1 )  1 
rows ( 8 ,  9 ,  1 2 , 1 3) 1 
rows ( 8, 1 0 , 1 2 , 1 4) 1 

rows ( 9 ,  1 1  , 1 3 , 1 5) 
rows ( 1 0 , 1 1  , 1 4 , 1 5) 
rows ( 1 2 , 1 3 , 1 4 , 1 5) 

B inary 

x 0 0 

1 0 x 
0 x x 
x 0 x 
x x 0 

x x 
x 1 x 

x x 

# of 1 s  

0 

2 
2 
2 

rows ( 3, 1 1 )  X 0 1 1 prime impl icant 

Step 4: repeat 

Repeat step 3 unti l it is impossible to combine any more 
rows. The maximum number of Xs possible is the num­
ber of i nputs minus one (un less al l  possible minterms 
were contained in  the original expression ) .  This is also 
the number of t imes you must repeat the combinat ion 
process . 

The f inal table for this example is :  

Combination (3-cubes) Binary # of 1 s  

rows ( 8, 9 , 1 0, 1 1 , 1 2 , 1 3 , 1 4,1 5) x x x 

rows ( 0, 4, 8,1 2) x x 0 0 
rows ( 4, 5, 1 2 ,1 3) x 1 0 x 
rows ( 3 , 1 1 )  x 0 1 1 

None of these rows can be combined any more so they 
are all prime i mpl icants . 
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Select ing a set of prime implicants 

Now that we have reduced the impl icants of the table ,  
we must e l iminate redundancy among them.  

The f inal expression is a combination of  some or al l  of 
the prime impl icants obtained above, which together 
satisfy the orig inal logic conditions. A prime impl icant is 
essential if it produces at least one un ique check mark 
in  any column of the prime impl icant table that we 
construct next .  

Step 1 :  Construct a prime impl icant table. 

We wil l form a prime impl icant table from al l  possible 
primes discovered during the reduction process. It is 
ordered in terms of cost ( i .e .  number of un-X-ed terms 
in  the binary form) .  

Construct the table by  cross-tabulating the necessary 
terms of the orig inal truth table with the prime impl icants 
discovered above ( in  th is example, the 3-cubes) . For 
each row, mark the column for every variable contained 
in  the prime impl icant. 

0 3 4 5 8 9 1 0 1 1 1 2 1 3 1 41 5  

(8,9,  1 0 , 1 1 , 1 2 , 1 3 , 1 4, 1 5) 
(0,4,8, 1 2) 
(4,5, 1 2 , 1 3) 
(3,  1 1 )  

x x 
x x 

x 

Step 2 :  Find essential  primes. 

x x x x x x x x 
x x 

x x 
x 

I f  there is on ly one mark in a column ,  then the cor­
responding prime impl icant is an essential prime im­
pl icant, which must be included i n  the final real ization .  
To f ind the essential prime impl icants, read across each 
row of this table unti l you find a column with only one 
mark in  i t .  Place another mark to the left of the pri me 
impl icant on that row, ind icati ng that it is an essential 
prime impl icant. Now, place a mark at the bottom of 
each column that contains a mark produced by this 
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prime i mpl icant. You may have a mark at the bottom of 
a column with more than one mark in it as a resu lt of 
this. 

x (8,9, 1 0 , 1 1 , 1 2 , 1 3 , 1 4, 1 5) 
x (0,4,8, 1 2) 
x (4,5, 1 2 , 1 3) 
x (3, 1 1 )  

0 3 4 5 8 9 1 0 1 1 1 2 1 3 1 41 5 
x x x x x x x x 

x x 
x x 

x 

x x 
x x 

x 
x x x x x x x x x x x x  

I f  a l l  of the columns have a mark at the bottom ,  then all 
of the m interms are included in  some essential prime 
and we are f in ished ,  as i n  this example. 

Otherwise, form a reduced prime impl icant table with 
the unmarked prime impl icants on the left and the 
unmarked minterms along the top and then mark the 
intersecting members, as above . From this new table ,  
select the least number of different combinations that 
contain al l  terms.  I n  l arge problems or extreme cases 
this step may need two or more iterations.  

Now we can easi ly produce the simpl i fied Boolean 
expression from the essential prime i mpl icants . The 
binary combined forms were produced as the 3-cubes 
above : 

rows (8 ,9, 1 0 , 1 1 , 1 2 , 1 3 , 1 4, 1 5) 
rows (0,4,8,  1 2) 
rows (4,5, 1 2 , 1 3) 
rows (3, 1 1 )  

The sum of products i s  then : 

1 x x x =} 
x x o o =} 
X 1 0 X =} 
x 0 1 1 ==} 

a 
c'd' 
be' 
b'cd 

f(A,B ,C , D) = a + c'd ' + be' + b'cd 
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analog si mulation 

Analog s imu lation wi l l  beg i n  once the on/off switch is 
selected from the program control opt ions. This is 
equ ivalent to turn ing on the power supply to the 
Workbench . The test instruments are thus activated , 
and the voltage and current sources are enabled to 
provide i nput signals to the c i rcuit . 

The analysis wi l l  attempt to s imulate the response of the 
circu it to the i nput signals. I f  no errors are found in the 
c i rcu it construct ion and layout ,  then the path the 
an alys i s  fo l lows depends on the test i nstruments 
present in the ci rcu it, and on the Scope Output setting 
in  the Preference Menu .  

I f  the "Transient" preference is selected , a transient time 
domain analysis is performed with zero in itial values 
assumed. If "Transient to SS" is selected , the calcula­
t ion continues unti l  steady state is  achieved . 

If the "AC SS" preference is selected : 

1 . DC analysis is performed to obtain the operating 
point .  If no AC sources are present, th is becomes the 
complete solution .  The parameters for the l i near AC 
models of the active components are computed from 
the DC operating point solution .  

2 .  I f  not a l l  AC inputs are s inusoidal , proceed d irectly to 
step 3. Otherwise AC analysis is performed . If, from this 
solution ,  the active components are found not to be 
operating in  the l i near reg ion ,  then the analysis auto­
matical ly  proceeds to perform step 3 .  
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3. A steady state t ime domain analysis is performed , 
with the solution of step 1 taken as the in it ial po int 
solution .  Choosing "Time SS" forces this calculation .  

I f  the Bode plotter is  present i n  the circu it :  

A frequency response analysis is performed only after 
the "Transient" or "Steady state" response is calcu lated . 
The l inear active model parameters are found from step 
1 above . 

Step 2 above is repeated for 1 00 frequencies of opera­
tion with in  the range specified on the Bode plotter face. 

I n  order to obtain a frequency response plot , you must 
provide an AC source in the circu it, though not neces­
sarily across the input terminals of the Bode plotter. The 
value of th is source does not affect the frequency 
response ; if it is not present, however, the results 
plotted wi l l  have no meaning .  

Node voltages and branch current relationships 

Passive components 

Each common point created by wi res and connectors is 
cal led a "node."  The circuit solution wi l l  have a separate 
voltage developed at each node. Each branch jo in ing 
two nodes wi l l  have a separate current flowing through 
it .  

The relat ionships between the termi nal voltages, the 
branch current, and the component value are wel l  un­
derstood for  two-termina l ,  passive components. These 
diagrams g ive the branch relationships for the fol lowing 
passive components : voltage sources , current sources , 
resistors , capacitors, and inductors . The current flow is 
taken from left to right ( into node 1 ) . 
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Voltage sources 

2 -----1 1 1 1�----· V 1 - V2 = V 
( c u r r e n t  u n­
known) 

2 -·---®>----· 1 

Current sources 

v1 - v2 = V (cur­
rent unknown) 

current = I 
2 --e------- 1 

current = i 2 ----@-------- 1 

Resistor 

current 2 

Capacitor 

DC :  current = O (open c i rcuit) 

2 __ ___, ,__ __ • 1 

I nductor 

l inear AC (frequency f) : 
current = 21tfC(v2 -v1 ) 

DC:  current = (v2-v1 )/M IN_REAL (short c i rcu it) 

2 +-• -�moorno�-..... 1 
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Active components 

This re lationship for active and multi-terminal com­
ponents is not as straightforward . In order to faci l itate 
the analysis, certain equ ivalent c i rcu its have been 
developed which model the behaviour  of nonl inear 
components . Model ing involves transforming the active 
or mu lti -terminal component into a combination of two­
terminal ,  passive components whose behaviour can be 
predicted . 

The analog component models that are used for the 
common nonl inear devices are described in a section 
below: the d iode , the transistor and the opamp,  as wel l  
as the multi-terminal transformer. Model parameters 
are described along with some typical values. 

You should note that by specifying values for either the 
frequency components or the series resistors i n  the 
nonl i near models, you are adding components to the 
c i rcuit ,  and thus you should expect the s imulation ti me 
to increase. Combining the series resistors with other 
resistors which may already be present at the diode or 
transistor terminals can help to reduce computation 
length .  

DC operating point analysis 

This analysis i nvolves bu i ld ing a sparse modified nodal 
admittance matrix un ique to the circuit configuration .  
Entries to  the matrix are based on a simple appl ication 
of Ohm 's Law and Ki rchhoff's Current Law, using the 
DC models described below in the Analog Component 
Models section.  

The solution of the matrix i s  calculated us ing a partial 
pivoting algorithm.  For s imple circu its, th is  is  a one­
solut ion operation .  However, if active components are 
present i n  the circuit ,  some model component values 
wil l  depend on the solution values . In  this case, the two 
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steps of bui ld ing the matrix ,  and solvi ng it , must be 
repeated unt i l  a stable solution (with the precis ion 
specified in  the preference menu) is achieved . 

For the DC operati ng point solution ,  the AC sources are 
g iven zero val ues, and steady state is assumed , i . e .  
capacitors are open circu its and inductors are short 
c i rcu its . 

AC frequency analysis 

This analysis also performs the two steps of bu i ld ing the 
admittance matrix and solving it using a partial pivoting 
algorithm.  In th is case, however, the matrix is  complex, 
i . e .  it has both a real and an imaginary component. 

DC sources are here given zero values. AC sources , 
capacitors , and inductors are represented by their fre­
quency models .  Active components are represented by 
l i near AC models, derived from the operat ing point 
solution .  

Time domain analysis 

When a non-sinusoidal input waveform is used , or an 
component such as a diode, transistor, or opamp in  the 
c i rcuit is outside its l i near region , then it  becomes 
necessary to perform a time domain analysis of the 
c i rcu it. 

In this analys is ,  an i nput cycle is d ivided into i ntervals, 
and a DC analysis is performed for each ti me point in 
the cycle.  The solution for the voltage waveform at one 
node wi l l  be g iven by the value of that voltage at each 
time point over one complete cycle .  

DC sources have constant values ; AC sources have a 
time-dependent value.  Capacitors and inductors are 
represented by energy storage models, which use the 
trapezoid rule to calcu late the quantity of energy trans-

1 1 -?n Telirh nir�I J=vnncitinn 



fer over an interval of t ime, and whose matrix entries are 
dependent on the solution values for the previous ti me 
point. 

Trapezoid rule 

To approximate the value of the integral of the d ifferen­
t ia l  equations used in the t ime domain solution , the 
trapezoid rule is  appl ied : 

h [ dvn+1 dvn ) 
Vn+ 1 Vn + - -- + --

2 dt dt 

where Vn+ t is the present unknown voltage value ,  Vn is 
the previous t ime poi nt solution , and h is the timestep, 
or i nterval length . 

The steady state solution is reached when the RMS 
voltage values are equal , within a certain tolerance , for 
two consecutive cycles , at each node in the c ircuit .  

Due to the nature of the nonl inear components, each 
time point may i nvolve solving the admittance matrix 
several times before converg ing to a solution . The point 
solution is reached when the difference between con­
secut ive voltage va l u e s  is less than the ana log 
precision specified i n  the preference menu .  

The complete solut ion includes the voltage values for 
each point i n  the cycle at each node in the c ircuit .  

According to the scope output preference , the fi rst cycle 
wi l l  become the sol ut ion i f  a trans ient solut ion is  
selected . Th is al lows the user to review the transients 
of the in it ial c ircuit response. If a steady state solut ion 
is selected , the analysis wi l l  proceed for at least two 
cycles. Analysis wi l l  stop when 
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is true for each node voltage, where v1 and v2 are the 
RMS voltages for two consecutive cycles . The solution 
becomes the final cycle of points calcu lated . 

Please note that for c ircu its with l ightly damped respon­
ses, you should be prepared for many cycles to pass 
before steady state is achieved . 

Sparse modified nodal admittance matrix 

The c ircuit becomes expressed as a system of equa­
tions : 

A·X = B  

where X is a vector of unknowns with d imension n, the 
number of unknowns.  B is a vector of constants , also 
with d imension n. A i s  the admittance matrix with 
dimension n x n. 
The unknowns include each node voltage (excluding 
ground) , as wel l  as the voltage source currents . B wi l l  
contain the voltage and current source constants , and 
the entries in A wi l l  be determined by Ohm's Law, 
Kirchhoff's Current Law, and the voltage d ifferentials 
across the voltage sources . 

Ohm's Law: The current through a component with 
impedance Z is equal to the voltage d ifferential across 
the component d ivided by the impedance , i = (v1 - v2)/Z. 

Kirchhoff's Current Law: The sum of the currents leav­
ing a node is equal to zero. 

Voltage Differential : v 1 - v2 = Vin . 

The matrix is deemed sparse because it contains more 
zeros than non-zeros. Making use of a l inked l ist, the 
zero values do not need to occupy a memory location ,  
hence a sparse m atrix approach wi l l  requ i re less 
memory consumption .  



Partial pivoting algorithm 

The sparse matrix approach requ i res that the Gauss ian 
el imination method be used to solve the system of 
equations A·X = B. This fol lows a pattern of mult iplying 
and subtracting row and column values in such a way 
that the admittance matrix is reduced to an upper trian­
gu lar matrix, and the unknowns can be calculated by a 
s imple backwards substitution procedure. 

In order to reduce the roundoff error incurred by this 
method , a partial pivot algorithm is employed . This 
i nvolves i nterchanging rows so that each main d iagonal 
element has a value greater than or equal to the column 
values below it . 

Viewing the solution 

Once either the complex or the time domain analysis 
has obtained a solution ,  the mult imeter and the osc i l lo­
scope can be used to examine the solution voltages . In 
volt or decibel mode,  the multimeter leads can be 
moved freely from point to point to obtain either a DC or 
an AC voltage reading .  I n  the same manner, the scope 
leads can be moved from point to point to view the 
various waveforms. Re-evaluation of the solution is 
necessary only when a component value or i nput 
waveform is changed , or i f  increased detai l  is desi red i n  
the  first cycle o f  the  transient response. 

Multimeter output 

The mult imeter leads cannot be moved about in amp or 
in ohm mode because they have separate models and 
m ovi ng the leads w i l l  i nval idate the so lut ion . The 
voltmeter is  modeled by a large impedance and there­
fore moving its leads should not have a noticeable 
effect. The mu ltimeter models are g iven in  the sect ion 
below. The values can be altered by the user, and 
should be taken i nto account when using the voltmeter 
in conjunction with large impedances, or the ammeter 
with small impedances . 



I n  AC mode,  the RMS value of the alternating signal is 
displayed with any DC bias el iminated . In DC mode ,  the 
average value of the total signal is displayed . 

Oscil loscope output 

The osci l loscope basically plots the output straight from 
the resu lts. I f  the scope is ungrounded , 1 volt, 60 Hz 
noise is added to the output waveforms. Which part of 
the cycle is f irst displayed depends on the triggering 
level ,  edge,  and channel .  I n  order to bypass triggering 
and d isplay immediate output , attach the trigger chan­
nel to ground and select the EXT trigger channel . 

The DC channel setti ng d isplays the sum of the AC and 
DC waveforms , whi le the AC setting el iminates the DC 
component. The AC sett ing performs the same function 
as a coupl i ng capacitor in  series with the scope lead .  
S ince the osc i l loscope i s  s imply a display instrument, 
and is not recogn ized as part of the circu it, it wi l l  not 
affect the DC biasing of the circu it. 

DO NOT place a coupling capacitor in  series with a 
scope lead , as the osci l loscope wi l l  not provide a path 
for current and the analysis wil l  consider the capacitor 
improperly connected.  

ana log component models 

Capacitor models 

Characteristic equation 

The cu rrent through the capacitor is  equal to the 
capacitance mult ipl ied by the change in  voltage across 
the capacitor, i . e .  
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DC operating point model 

The capacitor is represented by an open circuit. Th is is 
in fact model led by a very large impedance . 

AC frequency model 

The capacitor is modeled by an impedance with its 
imaginary component equal to 2n multipl ied by the 
frequency of operat ion of the circuit multipl ied by the 
capacitance value,  i . e .  2nfC.  

Time domain frequency model 

Applying the trapezoid rule to the characteristic equa­
t ion, it becomes : 

in+1 
2C 

h 
Vn+1 -

where Vn+1 and in+1 are the present unknown voltage 
across and current through the capacitor, vn and in are 
the previous solution values, and h is the time step. 

i �  i n + 1  � 

--ic 
_J 

V n + 1  h / 2 C  "' ( 2 C/ h ) v n + i n 

Capacitor t ime-domain energy-storage model .  

Inductor models 

Characteristic equation 

The voltage across the inductor is equal to the i nduc­
tance mult ipl ied by the change i n  current through the 
inductor, i . e .  



+ 

d i  
v L ­

dt 

DC operating point model 

The inductor is represented by a short circuit . This is  in 
fact modeled by a very smal l  impedance . 

AC frequency model 

The inductor is modeled by an impedance with its 
imaginary component equal to the negative inverse of 
27t multipl ied by the frequency of operation of the c ircuit 
multipl ied by the inductance value,  i .e. -1 /27tfl 

Time domain frequency model 

Applying the trapezoid rule to the characteristic equa­
tion, it becomes : 

in+1 
h 

2L 
Vn+ 1 � Vn + in ) 

2L 

where Vn+ 1 and in+ 1 are the present unknown voltage 
across and current through the inductor, vn and in are 
the previous solution values, and h is the t ime step.  

j 4  i n +  1 4 

J L V n + 1  2 L / h  "" ( h / 2 L ) v n + i n 

I nductor ti me-domain energy-storage mode l .  
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Transformer model 

Characteristic equation 

V1 = nV2(ideal) 

+ R p Le R s + 

L m 

L _ _ _ _ _  .J 
p r i m a ry s e c o n d a ry 

Parameters 

n : turns ratio ; if n > 1 it is a step-down transformer, i f  
n < 1 it is a step-up transformer. 

Le : leakage inductance 

Lm : magnetizing i nductance 

Rp :  primary winding resistance . 

Rs : secondary winding resistance ; resistance in both 
windings is ideal ly zero , but if there are source or load 
resistances , choose Rp and Rs to maxim ize power 
output. 
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Diode model 

Characteristic equation 

Id Is [ exp 
V d - 1 ) 
nVt 

+ 

V d  
••----41:>>+-I--• -

I d 

DC operating point model 

l eq 

Geq 
I s Vd 

exp -
nVt nVt 

l e q  

A C  frequency model 

Co = Cd I op 

The i l lustration below for the t ime domain frequency 
model shows the model used for AC frequency analysis 
if you substitute Co i n  place of Cd . 
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Time domain frequency model 

R s + V d  

'tt ls Vd ( Vd ) -m -- exp - + Cjo 1 -:;:-8 
nVt nVt 't' 

Equation parameters 

Is : saturation current ; typical ly 1 0-1 4 to 1 0-1 5 Amperes, 
but cannot be zero . 

Vt : thermal voltage;  assumed equal to 0 .025 Volts . 

n : emission coefficient; assumed equal to 1 . 

Optional parameters 

Rs : ohmic resistance model ; typical ly 1 n. 

Gp (Cd) : zero bias junction capacitance; typically 0 . 1 to 
1 0  pF. 

<!>B (P)  : junction potential ; typically 0 .5  to 0 .7 Volts . 

'tt (T) : transit time;  typical ly  1 ns .  

m : junction grading coefficient ; typically 0 .33 to 0 .5 .  

Zener diode model 

The zener d iode model is the same as the diode model 
above, except in the reverse breakdown reg ion,  where 
another d iode is s imu lated . 
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I n  this region , an inverted d iode is s imulated . The value 
of I s  remains the same, whi le the thermal voltage is 
calculated by : 

Vzt 
Vr = 

Vzr: test voltage 

lzr: test current 

Bipolar transistor model 

Characteristic equations c 

I 
PF � <XF 

PF 

1 +PF 

PR � <XR PR 
1 +PR 

· --(  I 
E 

( VsE ) Ice Is xp - - 1 
Vt 

( Vsc 
1 ) I EC Is exp - -

Vt 

DC operating point model 

To determ ine the DC operat ing point, a s impl if ied 
Ebers-Mol l  model is  used with the capacitors treated as 
open circu its . 

Ice 
IE = - - + I EC 

<XF 
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AC frequency model 

Using parameters derived from the DC operating poi nt 
analys is ,  a hybrid-7t model is used for AC frequency 
analysis whi le the transistor is i n  the forward active 
reg ion of operation .  

Cn = CsE I op 

Cµ = Csc I op 

Cs = Csub 

git 

I s I op 
Vt 

le I op 
Vt 

gm 

le I op 
VA 

go 

gµ = 

gogn I op 
gm 

T�r.h nir.:::a l J:'vnnc:::itinn 1 1 _'l 1  



re 

C µ g µ  

=r= C s 

""" g m g o 

C it g lt 

r e 

Time domain frequency model 

I f  the AC frequency solution does not remain in  the 
l i near region of operation for the transistor, then a point 
by point t ime domain solution must be performed to 
model the nonl inear behaviour. This method uses the 
complete Ebe rs-Moll model ,  with the capacitors in the 
model represented by the ir  energy storage model 
derived with the trapezoid ru le .  

C B C  

C B E  

'tFIS VsE 
CBE = -- exp - + Cjeo 

Vt Vt 

'tR ls Vsc 
Csc = -- exp - + Cje o 

Vt Vt 

1 1  _�".) Tol"'h ni,...� I  t=vnnc-itinn 

re 

C S U B  

re 

[ VBE ) -me 

1 - -
<!>e [ Vsc ) -me 

1 - -
<!>e 
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Necessary parameters (must be non-zero) 

Is : satu ration current; typical ly 1 0-1 4 to 1 0-1 5 Amperes.  

�F : forward current gai n coefficient ; typical ly between 
1 0  and 500.  

�R : reverse current gain coefficient ; typical ly 1 to 5. 

VA : Early voltage;  typical ly 50 to 1 00 V. 

Vt : thermal voltage ;  assuming room temperature, fixed 
in  program at 25 mV. 

Optional parameters 

rb : base ohmic resistance ; typical ly 1 n to 1 kQ. 
-- -- �-

re : col lector ohmic resistance ; typically 1 0  Q to 1 00 n. 

re : emitter ohmic resistance ; typically 1 n. 

Csub : substrate capacitance ; typical ly 1 to 2 pF. 

C1e0, C1c0 : zero bias junction capacitance ; typical ly 0 . 1  
t o  1 0  pF. 

fe, fe : junction potential , typical ly 0 .5  to 0 .7  Volts. 

me, me : junction grad ing coefficient ; typically 0 .33 to 
0 .5 .  

'tF :  forward transit ti me ; 0 .3  ns  to  80 ps . 

'tR : reverse transit time;  typical ly  1 to 20 ns. 
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Operational ampl ifier model 

Characteristic equation 

VouT = AVDIFF 

Model 

V D I F F  �-A 
V 

�P +  � V O U T  

Vp -

The same model is used for AC, DC and time domain 
analyses . 

C1 = 1 /(2n R1 fp) 

fp = log-1 ( log fu - (AoL/20) ) 

R1 = 1 kn. 

l s 1  = l s 1AS + loFFSET/2 

l s2 = IBIAS - loFFSET/2 

Parameters 

' ' ......... 
c 1 T ee 

A :  open loop gain ,  d istributed across stages . 

Ri : i nput resistance . 
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Ro : output res istance . 

Vpm : power supply voltage.  

Vsw : maximum voltage swi ng . 

Vottset : offset voltage.  

lbias : bias current. 

/offset : offset current. 

fu : unity bandwith ,  i . e .  the bandwith that produces un ity 
gain .  

fp2 : a th i rd stage may be introduced by  specifying the 
location of a second pole ; R2 = 1 kn, C2 = 1 /(2rt R2 fp) 

Cc :  compensation capacitance ; increasi ng th is  wi l l  sh ift 
the dominant pole to the left .  

SR : s lew rate, achieved by l imit ing current 1 1 . 

Digital multimeter modes 

Ammeter 

The meter_resis, in series with the circuit , should be 
kept at a very low value ,  e .g .  1 µQ. 

current = (Vn'-Vn+1 ')/meter_resis 

V n + 1  

m e t e r_ re s i s  
V n V n + 1 

V n ' V n + 1 ' 
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Voltmeter 

The meter_resis ,  in paral lel with the circu it, should be 
kept at a maximum, e .g .  1 Gn. 

voltage = Vn-Vn+1 

V n  ct===9]� Vn + 1  
• • 

m e t e r  r e s  i s  -

V n 

cz:;-i 
V n + 1 
• 

Ohmmeter 

resistance = (Vn-Vn+1 )/ohm_current 

Decibel 

dB read ing is : 

20 x log 1 0(volt reading/decibel standard) 

where the decibel standard is set on the label option for 
the mu lti meter. 
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component para meter reference tables 

n 

Le 

Lm 

Rp 

Rs 

IS 
rd 

Cj 

p 

T 

m 

n 

Le 
Lm 
Rp 
Rs 

This section contains tables of the parameters you can 
adjust in  ELECTRON ICS WORKBENCH. You can set the 
values of these parameters by choosing Model from 
the Label box for the component. 

The fi rst column of the tables shows the symbol used in 
the program and the second the generally accepted 
symbol for the parameter named in the th ird colum n .  
Some typical values may appear in the final column .  

Transformer model parameters 

turns ratio n > 1 step down 

n < 1 step up 

leakage inductance ideal ly zero 

magnetizing inductance ideal ly zero 

primary winding resistance ideal ly zero 

secondary winding res istance ideal ly zero 

Diode model parameters 

Is saturation current 1 0-1 4-1 0 -1 5A;cannot be O 

1 nQ Rs ohmic resistance 

Cjo zero bias junction capacitance 

<j>s junction potential 

'tt transit time 

m junction grad ing coefficient 

0 . 1 -1 0pf 

0 .5-0.?V 

1 nS 
0 .33-0.5 

Technical Exposition 1 1 -37 



BF 

BR 

IS 

rb 

re 

re 

Cs 

Ce 

Cc 

TF 

TR 

Pe 

Pc 

me 

me 

VA 

A 

Ri 

Ro 

Vpm 

Vsw 

Vos 

lbs 

los 

SR 

tu 

fp2 

Cc 

13F 
13R 
Is 
rb 
re 
re 

Csub 
Cjeo 
Cjeo 
'tF 
'tR 

<l>e 
<l>e 
me 
me 
VA 

A 
Ri 

Ro 
Vpm 
Vsw 

Vottset 
ls1AS 

Bipolar junction transistor parameters 

forward current gain coefficient 

reverse current gain coefficient 

saturation current 

base ohmic resistance 

emitter ohmic resistance 

col lector ohmic resistance 

col lector substrate capacitance 

zero bias b-e junction cap. 

zero bias b-c junction cap. 

forward transit t ime 

reverse transit t ime 

b-e junct ion potential 

b-c junction potential 

b-e junction grading coefficient 

b-c junction grading coefficient 

Early voltage 

1 0-500 

1 -5 

1 0  -1 4 _1 0- 1 sA 
1 Q-1 kQ 

1 Q  

1 0Q-1 00Q 

1 -2pF 

0 . 1 -1 0pF 

0 . 1 -1 OpF 

0.3ns-80ps 

1 -20ns 

0 .5-0.?V 

0.5-0.?V 

0.33-0 .5 

0.33-0 .5 

50- 1 00V 

Operational ampl ifier model parameters 

voltage gai n  very large (ideally oo) 

input resistance very large (ideal ly = ) 

output resistance very smal l  (ideal ly 0) 

power supply voltage level 5-1 5V 

max imum voltage swing 1 0 -30V 

offset voltage 

bias current 

loFFSET offset current 

S R  s lew rate 

fu un ity bandwith . 

fp2 second pole 

Cc compensation capacitance 
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I I WARNING 

Customizing Help 

I I 
This  is a procedure for experienced computer users .  
You must be  able to  use  a text editor that produces plain 
ASCI I  f i les with no formatting characters imbedded in 
them and you must understand the d i rectory structure. 
Never work on the orig inal help f i les .  Be carefu l .  

You have complete control over the system called by 
"Help" from the menu .  The text file may be modified or  
created anew with any content and any cross-refer­
ences you wish . 

The system consists of entries with keywords which are 
l i nked to buttons (contain ing the same stri ng as the 
keyword)  in other entries in  the text fi le .  You can create 
the entries and cross-reference buttons easi ly with a 
text editor. The special format is explained below. 

If you select an object and press F 1 , a help window 
about it wi l l  open . ELECTRON ICS WORKBENCH uses the 
names of its objects to cal l help when F1 is pressed . 
The entry on the selected object is presented d irectly 
when F1 is pressed . By usi ng the name of any of these 
objects as a keyword for an entry, that entry will be 
called up d i rectly when the object is selected and F1 is 
pressed . I f  you want to write your  own help for a com­
ponent, j ust use the component's name in  your entry's 
keyword l ist . 

You could use the system in  an enti rely d ifferent way, to 
create interactive lessons. By presenting a menu as the 
i ndex , you can i ntroduce different topics . Any button on 
a screen can call any entry you wish .  Tests or lessons 
using ELECTRONICS WORKBENCH could be set up this 
way. 

r. 1 1 e:tn m i ? i nn l-1-=aln 1 ? - 1  



names of components in ELECTRONICS WORKBENCH 

The names of components and i nstruments are con­
tained in the f i les EWBA.MSG and EWBD. MSG. The 
help system uses these names for keyword entry i nto 
the help f i les EWBA.HLP and EWBD.HLP. The order of 
the names and other messages in the f i le is important, 
but you can modify the text on any l i ne if necessary. The 
format (l ine numbers ,  quotes) must be preserved . The 
names in EWB?.MSG and the keywords in  the two 
EWB? .HLP fi les must agree or the help system wil l  not 
work correctly. 

file na me and path 

file format 

The i nformation presented by the help system is con­
tained in  an ASCI I  fi le named EWBA.HLP or EWBD.HLP.  
ELECTRONICS WORKBENCH expects th is f i le and a f i le 
with the same name and the extension " .TBL" to be in 
the current d i rectory or in the d irectory specified on the 
command l ine with the "-s" parameter. 

The help f i les ( EWB? .HLP) have the fol lowing format: 

-keyword[ I keyword . . . ] I I 

title 

text . . . {button[  : keyword]} . . .  text. 

The ti lde (- )  marks the beg inn ing of an entry or subject 
in the help system.  There must be at least one keyword 
here and the l ine must end with 1 1  (two vertical bars ) .  
Add it ional keywords may be added , separated by single 
vertical bars . You can use these as synonyms to cal l the 
same entry from different words (singular and plural 
forms ,  for example) . The synonyms may be longer than 
one l ine ,  but must end with " I I . " 



The next l i ne is reseNed for the title of the window. This 
must be a l ine by itself , no more than 50 characters 
long . 

Any text fol lowing the title l ine wi l l  appear in the window. 
The width of the window wi l l  fit the longest l ine .  I f  there 
are too many l ines to fit on one screen,  arrowheads on 
the top row allow you to page the text forward and back. 

With in the text that is d isplayed on the screen ,  you can 
create buttons that wi l l  open a new window on another 
entry in  the fi le .  To make a button ,  mark a word or 
phrase (on a s ingle l ine) with cu rly braces, l ike {th is} . 
The button wi l l  show up as bold or high l ighted text on 
the screen .  

The string inside the  braces must be a keyword for 
some entry in  the f i le ,  or the keyword may optional ly 
fol low a colon ( : ) . Otherwise you wi l l  get an error mes­
sage when the button is  used in  the program .  A keyword 
placed after a colon wil l not show on the screen . This 
makes it possible to have a short abbreviation as the 
keyword to refer to the entry and al lows you to use many 
different buttons to cal l a s ingle entry. 

Using a s ingle keyword for each entry and placing it 
after a colon keeps the index for the system smal ler  and 
consumes less memory. 

If the colon is not present, the help system takes the 
entire bracketed phrase as the keyword for the index . 

Example 

This example from the help system produces the home 
screen and two others that are cross-referenced from it . 
You can compare it to its display in  the program to see 
how the format works . 

Customizi ng Help 1 2-3 



-home 1 1  
Overview 

ELECTRONICS WOR KBENCH 
(C) 1 988, 1 99 1  I nteractive I mage Technologies 

An E lectron ic Dig ital/Analog C i rcuit 
Design and Simu lation Program 

{ • What you can do with EWB :purp} 
{ • Parts of the screen :scrn} 
{ • Bu i lding a circuit :wksp} 
{ • Simu lati ng a circu it :go} 
{ • File operations: F9} 
{ • Program controls :ctrl} 
{ • List of topics :tpx} 

Point and click to get more . 

-purp 1 1  
Purpose 
E lectron ics Workbench can be used to 

• {construct:wksp} a schematic for an electronic 
circuit 

• {s imu late :go} the activity of that circuit 
• display the circu it activity on simulated 

{test i nstruments : inst} 
• and {pri nt :prt} a copy of the schematic, the 

instrument read ings and component l ist 
-scrn 1 1  
Appearance 
The program models a workbench for e lectronics. 

The large central area on the screen acts as a 
{breadboard :wksp} for circu it assembly. 

On the right side of this {workspace :wksp} 
is a {b in of parts :bin} .  

Above the workspace is  a shelf of 
{test instruments: inst} and {program controls :ctrl} . 

You may wish to read about {common operations:ops} for the 
{workspace :wksp} . 

{ List of topics :tpx} 
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i nstalli ng i n  ELECTRONICS WORKBENCH 

The fi le contain ing the help system should be i n  the 
current d i rectory or i n  the d i rectory specified on the 
c o m m a n d  l i n e  w i t h  t h e  " - s "  p a ra m e t e r  w h e n  
ELECTRON IC WORKBENCH i s  started .  This normal ly  
means the same d i rectory as the executable program 
fi les. See the chapter on program setup and requ i re­
ments for more detai l .  

ELECTRON ICS WORKBENCH requ i res an index t o  use the 
help f i le. Create this i ndex from the help f i le by execut­
i ng the program EWBNDX.EXE. The current d i rectory 
should contain the program and the text f i le ; at the 
system prompt type: 

ewbndx f i l e n ame [ en t e r ] 

where filename is any legal f i lename with the extension 
" . HLP". 

Note that the extension " .HLP" must be part of the 
f i lename, but you should not type it on the command 
l ine with EWBNDX. You can use a fu l l  path in  front of the 
f i lename. 

EWBNDX wi l l  create a new fi le with the same f i lename 
and the extension " .TBL". You can create pai rs of help 
f i les with any name and then rename them for use with 
ELECTRON ICS WORKBENCH .  

The help system i n  ELECTRON ICS WORKBENCH wi l l  use 
the fi les named EWBA.HLP and EWBA.TBL for the Analog 
Module and EWBD.HLP and EWBD.TBL for the Dig ital 
Module.  

To locate the system f i les,  you can use the parameter 
"-s<pathname>" on the command l ine when you start 
EWBNDX. EXE . Otherwise it looks for some system fi les i n  



its cu rrent d i rectory. If you want to copy EWBN DX. EXE to 
another d i rectory to work with various help f i les, use this 
parameter. 

If you want to set up a space to work on custom help 
f i l e s ,  y o u  m i g h t  f i n d  it c o n v e n i e n t  to c o p y  
EWBNDX.EXE along with the .MSG and the . FNT fi les 
to a subdi rectory. Then you can use EWBNDX with no 
command- l ine parameters . 

TAKE NORMAL P RECAUTIONS TO BACK U P  THE 
ORIGI NAL F ILE BEFORE MAKING ANY CHAN G ES 
TO THE HELP SYSTEM.  WORK ONLY ON A COPY. 
BE CAREFUL.  
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Program setup and requ i rements 

summa ry 

ms-dos 

Minimum system requirements 

• I BM PC or AT-compatible microcomputer 

• 640 Ki lobytes memory 

• hard disk-2 Megabytes for instal lation 

• high resolution graphics adapter and d isplay (EGA 
or VGA) 

• Microsoft-compatib le mouse 

• MS-DOS or PC-DOS version 3 .0 or later 

The following information assumes that you are fam i l iar 
with your hardware and basic MS-DOS operations and 
d i rectory organization .  If you are uncertain about you r  
hardware o r  operating system ,  consult the documenta­
tion provided with it, its suppl ier, or its producer. 

i nstalli ng a nd ru nning the PROFESSIONAL VERSION 

ELECTRON ICS WORKBENCH provides state-of-the-art 
g raphics. It requ i res a hard disk to run .  Because h igh­
reso lut ion color g raphics take t ime to d isp lay, we 
recommend using an I B M  AT-compatible computer or 
better. 

The program is suppl ied on four 360 Ki lobyte , 5.25" 
d isks or on two 720 Ki lobyte, 3 .5" disks .  



To instal l the profess ional vers ion of ELECTRONICS 
WORKBENCH on your hard disk you wi l l  need ap­
proximately 2 Megabytes of free space . 

Make A :  the current d rive.  

I nsert Disk 1 in d rive A :  and type this command-

i n s t a l l [ ent e r ]  

Now fol low the instructions o n  the screen .  

After ELECTRONICS WORKBENCH i s  successfu l ly  i n ­
stal led , run the analog s imulation with th is  command-

a n a l o g [ ent e r ]  

Run the dig ital s imu lat ion with this command-

d i g i t a l  [ e nt e r ]  

I t  is a good idea to col lect circu its and l ibraries for both 
modules in subdi rectories. The fi le selector box fi lters 
the f i lenames so you see only the correct ones. You 
must use MS-DOS commands to create subdirectories 
before running ELECTRONICS WORKBENCH .  

displays 

The professional vers ion of ELECTRONICS WORKBENCH 
is intended to work with h igh-resolution EGA and VGA 
color displays . It wil l also support CGA, MCGA and 
Hercu les video d isplay adapters , but al l pictures wi l l  be 
monochrome. 

These d i sp lay cards must be compat ib le  at t he  
hardware level with t he  I BM or Hercu les standard . Sys­
tem compat i b i l i ty w i th  M S - DOS,  but ru n n i ng o n  
hardware that i s  not fu l ly compatib le ,  i s  not sufficient .  
ELECTRON ICS WORKBENCH writes di rectly to the screen 
display memory i n  al l  modes. 



system files 

See the documentation for your  display card for more 
information . 

I f  you need to force the program to use a particular 
graphics mode for some reason (using an LCD screen 
with an overhead projector, for example) , you can start 
the program with the fol lowing command- l ine switch-

/ d i splay=< d i s p l a y >  

where "<display>'' i s  one  o f  the fol lowing : 

mvga Multi-Color Graph ics Array (640 x 480 monochrome) 
cga Color Graph ics Adapter (640 x 200 monochrome) 
ega Enhanced Graphics Adapter (640 x 350) 
hgc Hercu les Graphics Card (720 x 348 monochrome) 
vga Video Graphics Array (640 x 480) 

In al l cases, your  graphics adapter card must be able to 
d i s p l ay t h e  se l ected  reso l u t i o n  or ELECTRONICS 
WORKBENCH wi l l  not operate. If you have problems 
using any mode other than that automatically selected 
by the program, consult your documentation or your 
dealer. 

ELECTRON ICS WORKBENCH normally expects to f ind its 
system fi les in the same d irectory where the executable 
f i les (EWBA. EXE and EWBD.EXE) are found.  

However, you can use an opt iona l  command- l i ne  
parameter to  enable ELECTRON ICS WORKBENCH to  f ind 
the system f i les i n  a d i fferent d i rectory if you wish .  Just 
start the program with-

or 

ewba / s =<pathname > 

ewbd / s = <pathname > 
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Note 

where ''<pathname>'' designates the d i rectory where 
the fi les from the system d isk are located . 

You may wish to create a batch fi le with a l ine l i ke th is .  
Such an arrangement cou ld  be useful  on a network. 

ELECTRONICS WORKBENCH writes a temporary fi le to the 
hard d isk when print ing . This fi le wil l be written in the 
current di rectory, or in the d irectory indicated by an 
environmental variable named TEM P that can be con­
trol led with the MS-DOS SET command . See your  
MS-DOS manual for more information about envi ron­
m e n t a l  v a r i a b l e s  a n d  t h e  S E T  c o m m a n d . I f  
ELECTRON ICS WORKBENCH is running on a network, its 
users must have write priv i leges in the system fi les 
d i rectory i n  order to configure the printer. 

You can add the home d i recto ry of ELECTRONICS 
WORKBENCH to your  search path so you can start i t  
wherever you are on a hard disk. You may wish to start 
the program whi le a d i rectory conta in ing ci rcuit fi les is 
current, for example .  To add a d i rectory to your search 
path ,  see your  MS-DOS manual for instructions on 
us ing the PATH command . 

The same bitmap images are used for al l d isplay stand­
ards ,  so the proportions of the images i n  the program 
wi l l  be sl ightly d ifferent on d ifferent d isplays . The d is­
played area of the workspace wi l l  differ on different 
displays , though the workspace has the same overal l 
d imensions. Print ing uses the same bitmaps as wel l .  On 
dot-matrix pri nters , you may prefer the resu lts if you 
choose portrait orientation from the pri nter configuration 
menu .  

1 3-4 ProQram Setuo and Reauirements 



mouse 

) 
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ELECTRON ICS WORKBENCH req u i re s  t he  use  o f  a 
M icrosoft-compatib le  mouse .  It ope rates with the 
Logitech Mouse, the M icrosoft Mouse and the I BM PS/2 
mouse. 
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