








































































































































































































































































































































































































































































I Libraries Schematic Design Tools I 

R3 11 DOT oc 'C' 
R2 12 DOT oc 'B' 
Rl 13 DOT oc 'A' 
TO 16 PWR 'VCC' 
BO 8 PWR 'GND' 

'7474' '74ALS74' '74AS74' '74LS74' '74374' 
'74HC74' '74AC74' 
6 6 2 
L2 2 12 IN 'D' 
L4 3 11 CLK IN 'CK' 
B3 1 13 DOT IN 'CL' 
T3 4 10 DOT IN 'PI 
R4 6 8 OUT 'Q\' 
R2 5 9 OUT 'Q' 
TO 14 14 PWR 'VCC' 
BO 7 7 PWR 'GND' 

{This part has two parts per package. The far left 
column represents the pin position. The second column 
contains the pin numbers of the first D flip-flop in the 
package. The third column contains the pin number of 
the second D flip-flop in the package. Note the power 
pins on 14 and 7. They are required for both devices.} 

{End of the source file, SAMPLE_2.SRC} 

7.4.9.3 SAMPLE_3.SRC: A Bitmap Symbol Library 
Source File 

{Beginning of the source file, SAMPLE_3.SRC} 

PREFIX 
END 
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CONVERT 
Ll 1 4 9 12 IN 'IO' 
L3 2 5 10 13 IN 'Il' 
R2 3 6 8 11 OUT I 0 I 

TO 14 14 14 14 PWR 'VCC' 
BO 7 7 7 7 PWR 'GND' 
{00)################################# 
{01).# •.............................. #H# 
{02) .. # ••••.••••.•..•.•....•.•..•.....•.. ### 
{03) ... # •••••••••...•.••...•..•....•.•....•• ## 
{04) .... # .....••......•....................... ## 
{05) ••••• # ....•...•............................. ## 
{ 06) •••••• # •...................................... # 
{07) •• ###.# .•.•.•.................................. # 
{08) .# ... ## ...•....................................• # 
{09)# •.... ## ....•.................................... # 
{10)# ..... ## .......................................... # 
{11)# ..... #.# .......................................... # 
{12).# ... # ••• # •••.•.••••.•.••..•.•..•...•..•...••.•.•••• # 
{13) •. ### .... # .•......•.....................•......••.... # 
{ 14} •••..••.• # ..•.....................................•... # 
{15) •••••••.• # .•••.••••.•.••..•...•...••.••..••..•••••••.•• # 
{16) ••...•.... # .•••••••.•••.••.••.•.•.•.••...•..•.••.•••••.• # 
{ 1 7} •••..••.•• # ..•........................................... # 
{ 18} •..•.•.... # •••••••••.....••.....•......•••..••...•......•. # 
{ 19) •..•...... # ••.••••••.•.••..•.•.••...•.•••..•••.•••....•.••. # 
{20) •......... # ...............................................•. # 
{21) .......... # .............•.......................•.........• # 
{22} •...•..... # ••••••••.•.•.••..••..••......•.....•.••••••.••• # 
{ 23} •••••..•.• # •••..•.••...••.•.•.••..••.•••..•..•••....••••• # 
{ 24) •......... # ............................................. # 
{25) •••••.••. # ............................................. # 
{26) ••••••••• # ............................................ # 
{27) .. ### .... # ........................................... # 
{28) .# ... # .•• # .......................................... # 
{29)# ..... #.# ................•......................... # 
{30)# ....• ## .......................................... # 
{31)# ..... ## ....•.........••......................•.• # 
{32).# ... ## ....•.......•...•.......•.....•.......... # 
{33) .. ###.# ....•.•..•.............................. # 
{ 34) .••... # .•...•................................. # 
{35) ••••• # ••.••••.•...••.•.••.••...•...•.•••..•. ## 
{36) •... # .••.•••••••..••.••••..•..••..•...••.. ## 
{37) ... # •.••.••.••••...•.•••..........••..•• ## 
{38) .. # .................................. ### 
{39) .# ............................... ##U 
{40)################################# 
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8.1 Assumptions 

Hard Disk. When describing the directory structure 
recommended for hard disk users, this section assumes 
that you have configured DOS to show the directory 
structure as part of your prompt. For example, the 
default prompt for drive c is C>. If the directory 
C:\ORCAD is your working directory, this section 
assumes that your prompt is C:\ORCAD>. To 
configure DOS this way, issue the DOS command, 

C>PROMPT$P$G 

If you prefer, include this line in the file autoexec.bat 
and place it in the root directory of your boot device so 
that the configuration takes place automatically every 
time you boot up. 

Mouse. Although not required, a mouse makes life 
much easier. This example assumes that you have a 
mouse with its driver installed. 

OrCAD/SDT III makes use of the left and right mouse 
buttons. If your mouse has a middle button, you may 
define it as a macro key. The left mouse button 
executes <ENTER> and the right mouse button 
executes <ESCAPE>. 

If you are not using a mouse, you can execute 
<ENTER> by pressing the <RETURN> key and 
<ESCAPE> by pressing the <ESC> key. Typing 
<RETURN> after invocation brings up the main 
command menu. You can then execute a command by 
typing the first letter of the command name. You can 
also highlight the command to be executed by moving 
the highlight with the directional arrow keys and then 
choosing the highlighted command by pressing 
<Return>. 
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2. Specify the name of your work file when DRAFT 
requests a load file. If you invoke DRAFT without 
a worksheet, you receive the prompt load file? 
after the company logo and the copyright 
message. Respond with the name of your 
worksheet. 

C:\ORCAD>DRAFT 

<OrCAD logo appears; type any key to continue.> 
<Copyright information appears; type any key to 
continue.> 

load file?TUTOR.SCH 

3. Specify the name of the file when you update it or 
write it. If youinvoke DRAFT without a 
worksheet and respond with an <ENTER> when 
DRAFT requests a load file, DRAFT assumes you 
are working with an unnamed worksheet. If you 
choose to write that unnamed worksheet to a file, 
DRAFT requests the name of the file. 

8-6 

C:\ORCAD>DRAFT 

<Respond with <ENTER> when load file? 
appears. Construct the file. Choose the QUIT 
command. Choose the Write command.> 

Write to file?TUTOR.SCH 
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Panning across the Worksheet. First, 
remove the menu from the screen by 
pressing the right button on your mouse. 
This is equivalent to pressing the <ESC> 
key. Then, move the mouse to the lower 
right corner and keep moving it until the 
title block appears. The screen will pan to 
keep up with your mouse. 

If you set Auto Pan to NO, the screen will 
not pan; but you can still get to different 
parts of your sheet by invoking the 
JUMP command. 

Now move the mouse to the upper left 
hand corner, returning the screen to its 
original location on the work sheet. 

Press the left button. The main 
command menu appears. The highlight 
is on AGAIN. Select the AGAIN 
command by pressing the left mouse 
button. This executes and repeats the last 
command that you invoked. Because 
that command was SET, the SET menu 
reappears. 

More SET Options 

Backup File determines whether or not a backup file is 
produced. With this option set, your disk will have two 
work files when you exit DRAFT, TUTOR.SCH (the file 
you created) and TUTOR.BAK (the backup file). The 
backup file is the resulting file from your last edit 
session. If you're editing a brand new file (as in this 
example), you of course, won't have a backup. Unless 
your disk space is severely limited, it is always good 
practice to let Backup File remain at YES. 
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same title block you looked at when you tried out 
autopanning. You may want to disable this default title 
block and construct one of your own. 

Leave Worksheet Size set at A This restricts your 
worksheet to 8.5by11 inches unless you changed the 
Template Table when you configured OrCAD/SDT III. 
The actual working area is, of course, somewhat 
smaller due to space allocated to the border. X,Y 
Display defaults as NO. Change it to YES. 

Action: Setting X,Y Display to YES. Move the 
mouse so that the highlight is on X,Y 
Display. Press the left button. Place the 
highlight on YES and press the left button 
again. Move the mouse in any direction 
and observe the XY coordinates in the 
upper righthand corner of the screen. 

This is a good time to get a feel for the size of your 
worksheet. The units are inches on the printed 
worksheet. The upper left corner is 0,0; the upper right 
corner is 9.50,0.00. Therefore, the maximum X 
distance is 9.50. The lower left corner is 0.00,7.00. 
Therefore, the maximum Y distance is 7.00. It comes 
as no surprise that the lower right comer is 9.50,7.00. 

Grid Parameters 

If you select Grid Parameters from the SET menu, 
three choices will be displayed: Grid References, Stay on 
Grid, and Visible Grid Dots. Selecting any of the three 
produces a YES/NO menu. Each toggles an 
environmental setting. 
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application occurs when you need to produce a series of 
similar labels -- for example, address signals labeled AO 
throughA7. 

Action: Closing the SET menu. Press the right 
button. 

So far you have invoked DRAFT and set the 
environmental parameters. You have chosen the XY 
display in the upper righthand corner and made the 
grid dots visible. Now, it's time to get some parts. 

8.3.3. Using the Libraries 

This module uses parts from TTL.LIB. 

Action: Extracting a Part from a Library. Press 
the left button. Move the mouse to 
highlight the GET command. Press the 
left button. The Get? prompt appears. 

Press the left button again. You see a list 
of the configured libraries. Select 
TTL.LIB; that is, put the highlight on 
TTL.LIB and press the left button. A part 
list appears. Scroll down through the 
part list by moving the mouse until the 
highlight is on 138. Then, press the left 
button. Another menu appears. Select the 
74LS138. 

You have extracted the part 74LS138 from the library. 
You can see it on your screen, but it's not yet part of 
your worksheet because you haven't "placed" it. The 
part moves with your mouse. When it moves, it 
appears as an outlined symbol. This is a part symbol 
with much of the detail removed. If you let the mouse 
stay in one position for a few seconds, the detailed part 
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type 138, you see the menu that lists all the valid parts 
with 138 as a suffix. 

Deleting Parts 

You now have two parts on the worksheet. At this 
point, you could delete or move them. To delete a part, 
select the DELETE command from the main 
command menu. This displays the DELETE menu, 
which displays three options: Object, Block, and Undo. 
If you want to delete a part, select the Object 
subcommand and move the mouse until the cursor is 
placed on the part you want to delete. 

Now, you can delete the object in two ways. You can 
press <d> on your keyboard. Or you press the left 
button twice, once to display the menu and again to 
choose Delete. If you had set the environmental 
characteristic Left Button to YES, pressing the left 
button once would accomplish the same result. 

Because of the way the deletion is done, some dots may 
remain on the screen. They are not really on the 
worksheet. Pressing the <ESC> key or the right button 
causes the screen to redraw, and the extra dots 
disappear. 

Don't be hesitant about deleting one of these parts just 
for practice. You can restore the part by selecting 
DELETE from the main command menu and Undo 
from the DELETE menu. 

Moving Parts 

The Move command is part of the BLOCK menu. You 
can move an object or define an arbitrary block on your 
worksheet for moving. For example, to move one of the 
74LS138 decoders, perform the following steps. 
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Extracting A Part from TTL.LIB. From 
the main command menu, select GET. 
Then, select the library TTL.LIB, then 08, 
then 7 4LS08. 

Notice that the part appears as an AND 
gate. To make the schematic for this 
example, you want the part to appear as a 
NOR with negated inputs. These two 
representations are DeMorgan 
equivalents. 

To get the DeMorgan equivalent, press 
the left button, highlight Convert, and 
press the left button again. Then, place 
the part as you would ordinarily. To get 
the normal symbol back, you would 
repeat the above procedure, but highlight 
Normal instead of Convert. 

The commands along the prompt line should read as 
follows. 

Place Rotate Convert Normal Up Over 
Down Mirror Find Jump Zoom escape 

If you are not at this point in the menu structure, 
review the last two Actions, especially the one that 
describes how to extract the 74LS138. What you want 
to do is extract a 7 4LS08, but convert it to its DeMorgan 
equivalent before placing it. 
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The other options on the Place menu have to do with 
the appearance of the screen symbol and screen 
location. For example, if instead of Convert, you had 
chosen Mirror you would get the part's mirror image. 
Find and Jump quickly move the cursor to a different 
location on the screen. Selecting escape returns you to 
the main command menu. This may also be 
accomplished by pressing the right mouse button. 

The ZOOM command gives you an overview of the 
entire worksheet. It's the same ZOOM that appears as 
part of the main command menu. This is a good time to 
give it a try. 

Action: Using ZOOM. Press the left button to 
display the main command menu. Select 
ZOOM. The ZOOM menu appears. 
Highlight Select, press the left button, 
highlight 2, and press the left button 
again. You can now see your whole 
worksheet on the screen. 

To return to normal size, press the left 
button, highlight AGAIN, and press the 
left button once more. The ZOOM menu 
reappears. Selecting AGAIN always 
repeats the last item that you selected. 

You can choose Select as before, except 
this time, choose a 1 for normal size. The 
number displayed in parentheses 
indicates the level you will zoom into, and 
1 is where you began. 

So far in this module, you have placed seven parts. One 
of which, was a DeMorgan equivalent. 

8-18 



I Tutorial Schematic Design Toolsl 

command list along the prompt line reads as follows: 
Begin End Find 7.oom Escape. 

1. Press the left button twice to start drawing. 

2. When you want to change direction, press the left 
button twice. 

3. When you want to start a new wire, press the left 
button, highlight New, and press the left button 
again. A new wire is one that's not connected to 
an existing wire. Selecting New allows you to 
place the start of another wire at a different 
location. It's like picking up the pen when 
drawing. 

4. When you've finished drawing the last wire, press 
the left button, highlight End, and press the left 
button again. This returns you to the main 
command level. 

A Macro for Placing Wires. Placing wires is a task you 
will perform frequently when drawing schematics. 
Although Module 2 describes how to make a macro, it 
makes sense to include here a short description of a 
macro to place wires. With this macro, one key gets 
you from the main command level to the point where 
moving the cursor draws the wire. 

To define the macro on function key <F2>, perform the 
following steps. 

1. From the main command level, select MACRO. 
Then, select Capture. The message <macro> 
appears on the prompt line. 

2. Press function key <F2>. Then, press 
<ENTER>. 

3. Press the keys <P>, <W>, and <B>, for PLACE, 
Wire, and Begin. 
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Placing More Wires. Refer to Figure 8-1 
and place the remaining wires. 

Place a wire from pin 10 of the lower 
7 4LS138 to pin 1 of the second 7 4LS08. 
The wire is vertical along X=4.40. 

Place a wire from pin 8 of the lower 
74LS138 straight across to pin 1 of the 
third 7 4LS08. 

Place a wire from pin 7 of the lower 
74LS138 to pin 1 of the fourth 74LS08. 
The wire is vertical along X=4.30. 

Place a wire from pin 2 of the first 
74LS08 all the way down to (4.5, 5.8). 
Then, turn left and connect the wire to 
pin 3 on the 7 4LSOO. 

Place a wire from pin 1 of the 7 4LSOO to 
(1.00, 5.70). 

Place a wire from 6 of the lower 7 4LS138 
to (1.00, 4.50). Then place another wire 
from pin 5 to (1.30, 4.70). Then, connect 
pin 4 to pin 1 of the 7 4LSOO. This wire is 
vertical along X=2.50. This is not a true 
connection until you place a junction. 
Placing a junction comes later. 
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Place a wire from pin 3 of the second 
74LS08 to (8.50, 4.40). This wire is 
vertical along X=7.70. 

Place a wire from pin 3 of the third 
74LS08 to (8.50, 4.50). This wire is 
vertical along X=7.70. 

Place a wire from pin 3 of the fourth 
74LS08 to (8.50, 4.60). This wire is 
vertical along X=7 .80. 

8.3.5 Placing Junctions 

Wires that cross do not represent a connection. To 
make a connection, you must place a junction. A 
junction is unnecessary ifthe two wires are placed end­
to-end. For example, you need a junction where the 
wire from pin 4 (G2A) of the lower decoder (the lower 
74LS138) connects to the wire from pin 1 of the NAND 
gate. 

Action: 

8-24 

Placing a Junction. From the main 
command menu, select PLACE. From 
the PLACE menu, highlight Junction 
and press the left button. Move the 
mouse to where you want the junction. 
Press the left button twice. You can now 
place another junction by moving the 
mouse to another location and pressing 
the left button twice. When you no longer 
have junctions to place, press the right 
button to escape. 
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Editing the Title Block. From the main 
command menu, select the EDIT 
command. Make sure that the cursor is 
within the title block. Then, press the left 
mouse button twice. A menu indicating 
the fields in the title block appears. Select 
each field in turn and type the 
appropriate information. 

For example, to enter the Revision code, 
highlight Revision code and press the left 
button. The prompt Revision code?, 
appears on the prompt line. Type in: 01, 
for the revision code followed by 
<ENTER>. 

Notice that the title block does not yet 
show what you typed. 

Now, highlight the next field, Title of 
sheet. Continue through the fields until 
you've entered all the information you 
want to place. You can leave fields blank. 
For example, you have the option of four 
address lines, but Figure 8-1 doesn't show 
any in use. 

When you've completed entering the 
information in the title block, press the 
right button, or the <ESCAPE> key. 
Notice that the information now appears 
on the screen. You are back at the main 
command level. 

8.3.7 Updating the Worksheet 

At this point, you can choose either to QUIT and 
Update the file or QUIT and Write to a file. The 
difference is that update defaults to the currently 
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8.3.9 Exiting DRAFT 

Time for a break? You bet! 

Action: Exiting DRAFT. From the main 
command menu, select QUIT. Then, 
select Abandon Edits. The DOS prompt 
appears. 

This is the end of Module 1. Module 2 completes the 
schematic that we began in Module 1. Module 3 gives 
examples of using the OrCAD utilities. 

8.4 MODULE 2: CONSTRUCTING A 
WORKSHEET, PART 2 

Summary: This module completes the drawing of the 
sample schematic. It includes creating and placing a 
custom part, defining a macro, adding input and output 
module ports, placing a bus, and placing power symbols. 

Module 1 required one part library, TTL.LIB. Module 
2 requires two additional libraries: DEVICE.LIB, and a 
custom library. Figure 8-2 shows the worksheet at the 
conclusion of Module 2. 
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8.4.1. Creating the Custom Library 

Module 2 requires the use of a time-delay chip that is 
not in the OrCAD-supplied libraries. You must create a 
custom library that contains the part definition. With 
OrCAD/SDT III, there are a couple of ways to create 
library parts. One method, uses the graphical object 
editor called LIBEDIT, in which parts are created on 
the screen. The other method, uses a text file to describe 
the part and other utilities to convert the source to an 
object file. Since, Section 7 outlines the procedure for 
using LIBEDIT, we will use the second method to 
create the custom part required in this module. 

To do that, we will: 1) create a library source file, 2) run 
COMPOSER on that source file to create a library file, 
and 3) reconfigure DRAFT to use the custom library. 
For additional library information, refer to Section 7. 

To create the source file, use a text editor that makes a 
pure ASCII file with no embedded control characters. 
This is the same kind of text editor, you would use to 
create program source files. For example, either 
Wordstar in the non-document mode or EDLIN 
satisfies this requirement. 

Action: 

8-30 

Creating a Cust.om Library. Use a text 
editor to create the following text file. 
Call the file TUTOR.SRC and place it in 
the library directory. Enter the following 
text in the file. 
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command. However, if the Module 1 environment is 
one you plan to use frequently, it's convenient to define 
a macro. The action below defines the function key 
<Fl> as a macro that makes the grid dots visible and 
starts up the XY display. 

Action: Defining a Macro. Press the left button to 
display the main command menu. Select 
Macro; that is, highlight Macro and press 
the left button. Then, select Capture. 

The message, "Capture macro?" appears 
on the prompt line. Press the <Fl> 
function key. The characters Fl appear 
on the prompt line. Then, press 
<ENTER>. The message <macro> 
appears on the prompt line. This begins 
the macro definition. 

Press <s>. The SET menu appears. 
Then, press <g>. The grid parameters 
menu appears. Press <v>, then <y>. 
You are now back at the main command 
level. 

Press <s>. The SET menu reappears. 
Press <x>, then <y>. You are now at the 
main command level. Press <m> to end 
the macro definition. 

Note that in Module 1 you defined a macro on F2 and 
ended the macro capture with CTRL-END, rather 
than <m>. If you end a macro capture in the middle of 
a command sequence, as in Module 1, you must use 
CTRL-END. At the main command level, either 
CTRL-END or <m> work. The macro defined above 
would accept either CTRL-END or <m>. The macro 
in Module 1 required·CTRL-END. 
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depending on the design. For example, all buses require 
a Label to be placed on it. 

The worksheet from Module 1 has a number of 
unlabeled inputs and outputs. The next Action describes 
how to place the input module ports. 

Action: Placing Module Ports. From the main 
command level, press the left button. The 
main command menu appears. Select 
PLACE. Then, select Module Port. The 
prompt line reads Module Port Name? 

Type the name of the first module port. 
In this case, it's A18. Follow it with an 
<ENTER>. Another menu appears, 
identifying the type of module port. Select 
Input. 

The module port appears on the screen. 
Move it so that its right tip touches the 
input line to pin 1 on the first decoder. 
Press the left button twice to place the 
module port. 

Once again, the prompt line reads, 
Module Port Name? Continue the above 
procedure and place all the input module 
ports. They are as follows. 

Input Module Port Name 
A17 

XY Location 
(0.60, 2.60) 
(0.10, 3.00) 
(0.50, 3.20) 
(0.60, 4.50) 
(0.20, 4.70) 
(0.40, 5.70) 

DACKOBRD\ 
CAS\ 
RAS 
RAM ADDR SEL 
DACK 0 

This concludes the input module ports. Placing an 
output module port is similar. Just select Output 
instead of Input after you type the module port name. 
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Placing Bus Entries. From the main 
command menu, select PLACE. Then, 
select Bus (entry). A slash appears at the 
cursor tip. 

For this particular schematic, you want a 
backslash rather than a slash. (This 
decision is cosmetic only.) Press the left 
button, highlight the \, and press the left 
button again. Move the cursor so that the 
backslash connects the wire from pin 15 
to the top decoder to the top of the bus. 
Press the left button twice. Now, press 
the <ESCAPE> key. Next, we will use 
the REPEAT command to place the other 
three Bus (entries). Press, <r> three 
times. Notice, that the remaining entries 
are automatically placed. 

8.4.5 Label and Module Port Conventions 

In a design, a label must be placed on every bus that is 
used in a worksheet. This informs the NETLIST utility 
program how many members are associated with a 
bus. Labels are placed in a worksheet with the PLACE 
Label command. 

Bus labels must be in the form: 

BUSNAME[O .. n] 

Where BUSNAME is called the "prefix" and represents 
the name of the bus. [0 .. n] is called the "suffix", where n 
represents the decimal number of the last member of 
the bus; only a zero (0) is valid in the first portion of the 
suffix ([2 .. n] for example, is not valid. Between the 
prefix and the suffix there must be no space. 
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Action: 
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Placing Labels on Bus Signals. From the 
main command menu, select PLACE. 
Then, select Label. The prompt, Label? 
appears on the prompt line. Type the 
label, CAS\O, followed by an <ENTER>. 

Move the label until it rests on the wire 
output from pin 15 of the top decoder. 
This is XY location (3.70, 2.50). Press the 
left mouse button twice to place it. The 
prompt, Label? reappears. Press the 
<ESCAPE> key to return to the main 
command menu level. To place the 
remaining three labels we will use the 
REPEAT command. Now, press <r> 
three times. Notice that the remaining 
three label names were numerically 
incremented and placed in the 
worksheet. 

Placing a Label on a Bus. From the main 
command menu, select PLACE. Then, 
select Label. The prompt, Label? appears 
on the prompt line. Type the label, 
CAS\[0 .. 3], followed by an <ENTER>. 

Move the cursor and place the label on 
the bus. A good location is (4.30, 2.90). 

8.4.7 Placing Power Objects 

The lower decoder takes +5V on pin 3; the upper 
decoder has its pin 3 grounded. Both the ground symbol 
and the +5V symbol are power objects, even though the 
ground symbol comes from a library (DEVICE.LIB) 
and the +5V comes from the PLACE menu. 
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Action: 

Schematic Design Toolsl 

Connecting Power Objects. Place 
another power object with value VCC at 
(7.40, 0. 70). Also, place a power object 
with value +5V at (7.90, 0.70). Connect 
them to each other with a wire. 

8.4.8 A Complete Circuit 

Now is a good time to update the work file with the 
Update command in the QUIT menu. Figure 8-3 
shows how your worksheet looks so far. You can print 
it out with the HARDCOPY command. 
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8.4.9 Placing More Parts 

What remains to be done in Module 2 is to add a portion 
of the circuit that delivers the RAS and CAS\ signals. 
These derive from the XMEMW\ and XMEMR\ 
signals (not yet shown). This involves placing three 
more parts on the worksheet. 

Action: 

Action: 

Action: 

8-42 

Placing Three More Parts. Place a 
74LSOO at (6.50, 1.60). Place its 
DeMorgan equivalent at (3.00, 0.90). 
Then, place the custom part Time Delay 
from TUTOR.LIB at (4.80, 1.00). 

Drawing More Wires. Draw two wires, 
one beginning at (1.00, 1.00) and 
connecting to the leftmost 74LSOO's top 
input pin. Draw the other wire from 
(1.00, 1.20), connecting to the leftmost 
74LSOO's bottom input pin. 

Connect the output of the leftmost 
7 4LSOO to pin 1 on the time delay chip. 
Then, connect pins 8 and 12 to the inputs 
on the second 74LSOO. 

Finally, bring a wire from pin 10 of the 
time delay chip to the right end of the 
worksheet, vertically even with the end of 
the bus. 

Placing Module Ports. Place three 
module ports. XMEMW\ and 
XMEMR\ are input to the first 74LSOO, 
and ADDR SEL is output from the time 
delay chip. 



I Tutorial Schematic Design Tools I 

that the user interface to the commands is somewhat 
different. 

Action: 

Action: 

Setting Left Button to YES. From the 
main command menu, select SET. Then, 
select Left Button, followed by Yes. 

Now delete the CAS\ input to the upper 
decoder. The new CAS\ line will come 
from the output of the second 74LSOO. 

Deleting the CAS\ Line. Move the cursor 
to the CAS\ input of the top decoder at 
(1.10, 3.20). From the main command 
menu, select DELETE. Then, highlight 
Object and press the left button twice. 
The wire is now deleted. 

Put the cursor over the CAS\ module 
port. Press the left button. The module 
port is now deleted. 

From the main command menu, select 
PLACE, then Wire. Place the cursor at 
pin 5 of the second decoder at (1.50, 3.20). 
Press the left button and begin drawing in 
the left direction until (1.10, 3.20). Then, 
press the left button and go up until (1.10, 
2.20). Press the left button and go right 
until (7.40, 2.20). Press the left button 
and go up to the output of the NAND gate 
(7.40, 1.80). Press the left button and hold 
it down. Move the highlight to End and 
raise the left button. 

Notice that drawing lines with Left Button set to YES 
reduces the number of button presses you must 
perform. It associates one of the button presses with a 
button release. 
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The OrCAD utilities are as follows. 

ANNOTATE This utility scans an input file and 
automatically updates reference designators. This 
includes updating the corresponding pin numbers that 
are associated with a particular instance of a device 
with multiple parts per package. ANNOTATE 
modifies your work file; but it creates a backup file that 
contains the original copy of the work file. 

BACKANNO Use this utility when you want to update 
the reference designators after you've run 
ANNOTATE. For example, assume that you sent your 
design out for layout; and when it comes back, what you 
had designated as UlA is now UlB. You can run 
BACKANNO and supply as input your initial work file 
and a was/is text file that contains the new translation. 

CLEANUP This utility scans a work file and checks 
for overlapping parts. It removes duplicate or 
overlapping wires, buses, and junctions. It displays 
warning messages advising you of duplicate objects. 
CLEANUP may modify your work file; but it creates a 
backup file that contains the original copy of your work 
file. 

CLEANUP does not check for objects overlapping part 
leads and wires overlapping buses (including wire 
entries of a bus overlapping bus entries to a bus). 

ERC This utility performs a classical electrical rules 
check. It flags unused inputs on parts, unlabeled wires 
connected to a bus, and invalid connections, such as two 
outputs wired together. 

NETLIST This utility generates a net and wire list in a 
number of possible formats. The default format is 
EDIF. 

8-46 



ITuroria1 Schematic Design Tools I 

Figure 8-4 shows how the worksheet looks after 
running ANNOTATE. Notice the updated reference 
designators on the devices with multiple parts per 
package. For example the U? A on the 7 4LS00s 
connected to the output of the lower decoder changed to 
UlA, UlB, UlC, and UlD. They are all parts of the 
same package, and their pin numbers changed 
accordingly. 

NOTE 
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This assumes that the objects placed in the 
TUTOR.SCH schematic, were placed in the 
order described in this tutorial. If they were 
not, the schematic may not be annotated in 
the order illustrated in Figure 8-4. 
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8.5.2 BACKANNO 

Assume that, in Figure 8-4, you really wanted U2Bto 
be designated as U2A. You also wanted U2C to be U2B 
and U2A to be U2C. You may find that your board lays 
out better with a pin rearrangement on the 7 4LSOO 
designated as U2. 

You can construct a was/is file and use the 
BACKANNO utility. A was/is file is a text file that lists 
the old reference designator followed by what you want 
the designator to be. For example, here is a was/is file 
that redefines the U2 7 4LSOO. 

U2B U2A U2C U2B U2A U2C 

When BACKANNO changes the reference designators 
it updates the pin numbers correspondingly. To run 
BACKANNO on the file TUTOR.SCH, type the 
following. 

C:\ORCAD>BACKANNO TUTOR.SCH WASIS 
10 

This example assumes that TUTOR.SCH is in the sheet 
directory and that the wasis file is in the DRAFT 
directory. 

8.5.3 CLEANUP 

Typically, CLEANUP is the second utility you run. 
CLEANUP corrects simple drawing errors that may 
inadvertently show up as errors in ERC's electrical 
rules check. Note that CLEANUP will not fix up wires 
that overlap body object pins. To run CLEANUP on the 
work file TUTOR.SCH, type the following. 

C:\ORCAD>CLEANUP TUTOR.SCH /0 
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A typical test is to ensure that all inputs to a device are 
connected. For example, if you neglected to connect pin 
3 of the upper decoder to ground, you get the following 
message. 

WARNING - INPUT has NO Driving Source 
U3,C 

Also, you must label every bus. For example, if in 
TUTOR.SCH, you did not include the bus label 
CAS\[0 .. 3], ERC would display the following message. 

<<<WARNING>>> Unconnected MODULE 
PORT "CAS\[0 .. 3]" at X =8.10 at Y= 2.90 

By connecting the two power objects, VCC and +5V, 
together, you generate the following warning. 

WARNING - POWER Supplies are 
CONNECTED VCC <-> +5V 

This is something you intended. You can safely ignore 
the warning. 

8.5.5 NETLIST 

The NETLIST utility generates a netlist in a variety of 
formats, the default of which is EDIF. 

To create a proper net list, you need to show care when 
dealing with bus labels, module ports, and power objects. 
Refer to Section 6 for a detailed explanation of these 
requirements. Outlined below, is a list of some general 
guidelines. 

1. Thoroughly read the discussion on the NETLIST 
utility located in Section 6. 

8-52 



!Tutorial Schematic Design Tools I 

NETLIST lets you know that it is working by 
displaying a sequence of asterisks(*) and periods(.). 
The file containing the CALAY netlist is as follows. 

/NOOOOl 
/N00002 
/N00003 
/N00004 
/NOOOOS 
/N00006 
/N00007 
/N00008 
/N00009 
/N00010 
/NOOOll 
/N00012 
/N00013 
/N00014 
/GND 
/N00016 
/N00017 
/N00018 
/N00019 
/VCC 
/N00021 
/N00022 
/N00023 
/N00024 
/N00025 
/N00026 
/N00027 

U2(6) U4(6) US(l) U2(2); 
US (12) U2 (10); 
US(8) U2(9); 
U2(8) U3(5); 
Ul(l) U4(11); 
Ul (2) Ul (S) Ul (10) Ul (13) U2 (3); 
Ul(4) U4(10); 
U4 (9) Ul (9); 
U4 (7) Ul (12); 
U2 ( 4) ; 
U2 (S); 
us (10); 
U4(1) U3(1); 
U4 (2) U3 (2); 
U3(3) U2(7) US(7) U3(8) Ul(7) U4(8); 
U3 ( 6); 
U3 (4) U4 (S); 
Ul (3); 
Ul ( 6); 
U4(3) U2(14) US(l4) U3(16) Ul(l4) U4(16); 
Ul ( 8) ; 
U4{4) U2(1); 
Ul(ll); 
U3(1S); 
U3(14); 
U3(13); 
U3(12); 

The component file NET.CMP is as follows. 

74LSOO U2 shape -x- -Y-
74LS08 Ul shape -x- -Y-
74LS138 U3 shape -x- -Y-
74LS138 U4 shape -x- -Y-
TIME DELAY us shape -x- -Y-

8.5.6 PARTLIST 

0 
0 
0 
0 
0 

This utility creates a list of all the parts used in the 
worksheet. You can specify an Include file if you want 
that list to contain additional information. To run 
P ARTLIST on TUTOR.SCH without an Include file, 
type the following. 
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To specify this Include file when you invoke 
PARTLIST, type the following. 

C:\ORCAD>PARTLIST TUTOR.SCH 
TUTOR.lST TUT.INC /I /0 

Note that TUTOR.SCH is in the sheet directory and 
that TUTOR.lST is generated by PARTLIST and is 
placed in the ORCAD directory. Finally, the include file 
TUT.INC should be placed in the ORCAD directory. 

The resulting part list now looks as follows. 

Memory Decode, Module 2 of Tutorial Revised: November 16, 1986 11111 
Revision: Bill Of Materials November 16, 1986 22:18:28 Page 1 
Item Qty Ref Part DESCRIPTION Part Order Code 

1 U2 74LSOO TTL Quad Two Input NANO Gate 10003040000 
2 Ul 74LS08 TTL Quad Two Input AND Gate 10003050000 
3 2 U3,U4 74LS138 TTL Decoder/Demultiplexer 10003060000 

U5 TIME DELAY Gate Delay 25/125 10006400000 

8.5.7 PRINTALL, PLOTALL 

These utilities permit the printing or plotting of files in 
batch mode. 

With the PRINTALL utility, you can print the 
schematic file without invoking DRAFT. For example, 
to print the file TUTOR.SCH, type the following. 

C:\ORCAD>PRINTALL TUTOR.SCH 10 

The PRINTALL utility is most useful for hierarchical 
structures and flat file structures. For example, 
TUTOR.SCH is a one-sheet schematic that could be a 
member of a flat file structure. A flat file structure is a 
text file containing the names of a number of one-sheet 
schematics. You can print the entire collection by 
invoking PRINTALL and specifying the flat file 
filename. 
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Directory of ASSEMBLY.LIB 

08 PIN 14 PIN 16 PIN 24 PIN 
28 PIN 40 PIN BOTTOM 40 PIN TOP CAP 2X7 
EDGE CONNECTOR RESISTOR 1X2 RESISTOR 1X3 RESISTOR 1X5 
RESISTOR PACK TO 220 TO 39 TO 92 
XTAL 

Directory of CMOS.LIB 

4000 4001 4002 4006 4007 4008 4009 4010 4011 
4012 4013 4014 4015 4016 4017 4018 4019 4020 
4021 4022 4023 4024 4025 4026 4027 4028 4029 
4030 4031 4032 4033 4034 4035 4037 4038 4040 
4041 4042 4043 4044 4045 4046 4047 4048 4049 
4050 4051 4052 4053 4054 4055 4056 4057 4059 
4060 4063 4066 4068 4069 4070 4071 4072 4073 
4075 407 6 4077 4078 4081 4082 4085 4086 4089 
4093 4094 4095 4096 4098 4099 4501 4502 4503 
4504 4505 4506 4508 4510 4511 4512 4513 4514 
4515 4516 4517 4518 4519 4520 4521 4522 4524 
4526 4527 4528 4529 4530 4531 4532 4534 4536 
4537 4538 4539 4541 4543 4544 4547 4549 4551 
4552 4553 4554 4555 4556 4557 4558 4559 4560 
4561 4562 4566 4568 4569 4572 4573 4574 4575 
4580 4581 4582 4583 4584 4585 4597 4598 4599 
5101 14000 14001 14002 14006 14007 14008 14011 14012 
14013 14014 14015 14016 14017 14018 14020 14021 14022 
14023 14024 14025 14027 14028 14029 14032 14034 14035 
14038 14040 14042 14043 14044 14046 14051 14052 14053 
14066 14068 14069 14070 14071 14072 14073 14075 14076 
14077 14078 14081 14082 14093 14094 14099 14160 14161 
14162 14163 14174 14175 14194 14501 14502 14503 14504 
14505 14506 14508 14510 14511 14512 14513 14514 14515 
14516 14517 14518 14519 14520 14521 14522 14524 14526 
14527 14528 14529 14530 14531 14532 14534 14536 14537 
14538 14539 14541 14543 14544 14547 14549 14551 14552 
14553 14554 14555 14556 14557 14558 14559 14560 14561 
14562 14566 14568 14569 14572 14573 14574 14575 14580 
14581 14582 14583 14584 14585 14597 14598 14599 40100 
40101 40102 40103 40104 40105 40106 40115 40116 40160 
40161 40162 40163 40174 40175 40182 40192 40193 40194 
42100 45100 45101 45104 45106 45107 45109 45112 145104 
145106 145107 145109 145112 
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MC10162 MC10163 MC10164 MC10165 MC10166 MC10168 MC10170 
MClOl 71 MClOl 72 MC10173 MC10174 MC10175 MC10176 MC10177 
MC10178 MC10179 MC10180 MC10181 MC10182 MC10186 MC10188 
MC10189 MC10190 MC10191 MC10193 MC10195 MC10197 MC10210 
MC10211 MC10212 MC10216 MC10231 Fl0402 Fl0414 Fl0415 
Fl0416 Fl0422 Fl0470 Fl0474 MC10500 MC10501 MC10502 
MC10503 MC10504 MC10505 MC10506 MC10509 MC10514 MC10515 
MC10516 MC10517 MC10518 MC10519 MC10521 MC10530 MC10531 
MC10532 MC10534 MC10535 MC10536 MC10537 MC10538 MC10539 
MC10541 MC10558 MC10559 MC10560 MC10561 MC10562 MC10563 
MC10564 MC10565 MC10566 MC10568 MC10570 MC10571 MC10572 
MC10574 MC10575 MC10576 MC10578 MC10579 MC10580 MC10581 
MC10582 MC10586 MC10588 MC10590 MC10591 MC10593 MC10595 
MC10597 MC10610 MC10611 MC10612 MC10616 MC10631 Fl00101 
Fl00102 Fl00107 Fl00112 Fl00113 Fl00114 FlOOll 7 Fl00118 
Fl0012 Fl00123 Fl00124 Fl00125 Fl00126 Fl00130 Fl00131 
Fl00136 Fl00141 Fl00142 Fl00145 Fl00150 Fl00151 Fl00155 
Fl00156 Fl00158 Fl00160 Fl00163 Fl00164 Fl00165 Fl00166 
Fl00171 Fl00179 Fl00180 Fl00181 Fl00182 Fl00183 Fl00194 
Fl00402 Fl00414 Fl00415 Fl00416 Fl00422 Fl00470 Fl00474 
Fl00170/4 
Fl00170/8 

Directory of INTEL.LIB 

Z80 Z80PIO 8031 80C31 8032 8035 80C35 
8039 80C39 8040 8041 8042 8044 8048 
80C48 8049 80C49 8050 8051 80C51 8052 
8085 8086MAX 8086MIN 8087 8088MAX 8088MIN 8089 
8096 8097 8155 8156 8185 8203 8205 
8206 8207 8208 8212 8216 8226 8231 
8237 8237A 8243 8251 8251A 8253 8254 
82C54 8255 82C55 8256 8257 8259A 8272 
8272A 8273 8274 8275 827 6 8279 8282 
8283 8284 8286 8287 8288 8289 8291 
8292 8294 8294A 8295 8344 8396 8397 
8641 8741 8742 8744 8748 8749 8751 
8755 80186 80188 80286 80287 80386 8206-2 
82062 82064 82188 82284 82288 82289 82384 
82501 82530 82586MA 82586MI 82588HI 82588HM 82720 
82731 

Directory of MEMORY.LIB 

10H8 10L8 12H6 12L6 14H4 14L4 14L8 16Cl 
16H2 16L2 16A4 16R4 16RP4 16X4 16L6 16PR6 
16R6 16H8 16HD8 16L8 16LD8 16P8 16R8 16RP8 
16V8 16Z8 18L4 18P8 20Cl 20L2 20R4 20X4 
20R6 20L8 20R8 20V8 20X8 315 406 426 
12Ll0 1400 1420 1421 1430 1600 1601 18542 
18546 185A46 20Ll0 20Xl0 2015 2016 2018 2019 
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Directory of RF.LIB 

AIR INDUCTOR AIR INDUCTOR VARIABLE AIR INDUCTOR WIPER 
AIR T INDUCTOR ANTENNA DIPOLE ANTENNA NETWORK 
ANTENNA-1 ANTENNA-2 ARROW 
BOX CAPACITOR FEED CIRCLE 
COAX PLUG COAX RECEPTACLE CONNECTOR COAX 
CONNECTOR COAX-F CONNECTOR COAX-M CRT 
ENVELOPE GROUNDED CAP HOTLINE JACK 
PENTODE PHASE SHIFTER PHASE SHIFTER BETA 
PHASE SHIFTER THETA PSB PST 
RF DPDT RF SPDT SWITCH NETWORK 
TETRODE TRANSMISSION LINE TRANSMISSION SEGMENT 
TRIODE TRIODE PCAP 

Directory of SHAPES.LIB 

CIROl CIR02 CIR03 CIR04 CIR05 CIR06 CIR07 
CIR08 
CIR09 CIR10 CIRll CIR12 DIA06 DIA12 PARALGM 
RADIOl 
RADI02 RADI03 RADI04 RADIOS RADI06 SQOl SQ02 
SQ03 
SQ04 SQ05 SQ06 SQ07 SQ08 SQ09 SQlO 
SQll 
SQ12 
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Directory of TTL.LIB Continued 

74LS 748 74ALS 74AS 74HCT 74HC 74ACT 74AC 74F 74 

40 - ** ** ** ** 
42 ** ** ** ** 
43 ** 
44 ** 
45 ** 
46 ** 
47 ** ** 
48 ** ** 
49 ** ** 
so ** 
51 ** ** ** ** 
54 ** ** 
55 ** 
56 ** 
57 ** 
60 ** 
63 ** 
64 ** ** 
65 ** 
68 ** 
69 ** 
70 ** 
72 ** 
73 ** ** ** ** 
74 ** ** ** ** ** ** ** ** ** ** 
75 ** ** ** ** 
76 ** ** ** ** 
77 ** ** ** 
78 ** ** 
80 ** 
82 ** 
83 ** ** ** 
85 ** ** ** ** ** ** 
86 ** ** ** ** ** ** ** ** ** 
90 ** ** 
91 ** ** 
92 ** ** ** ** 
93 ** ** ** ** 
94 ** 
95 ** ** ** 
96 ** ** 

A-8 



Appendix A Schematic Design Tools I 

Directory of TTL.LIB Continued 

74LS 74S 74ALS 74AS 74HCT 74HC 74ACT 74AC 74F 74 

153 ** ** ** ** ** ** ** ** ** ** 
154 ** ** ** ** 
155 ** ** ** ** 
156 ** ** 
157 ** ** ** ** ** ** ** ** ** ** 
158 ** ** ** ** ** ** ** ** ** 
159 ** 
160 ** ** ** ** ** ** 
161 ** ** ** ** ** ** ** ** 
162 ** ** ** ** ** ** ** 
163 ** ** ** ** ** ** ** ** ** 
164 ** ** ** ** ** ** 
165 ** ** ** ** ** 
166 ** ** ** ** ** ** 
167 ** 
168 ** ** ** ** ** 
169 ** ** ** ** ** ** ** 
170 ** ** 
171 ** 
172 ** 
173 ** ** ** ** 
174 ** ** ** ** ** ** ** ** 
175 ** ** ** ** ** ** ** ** 
176 ** 
177 ** 
178 ** 
179 ** 
180 ** ** 
181 ** ** ** ** ** ** ** 
182 ** ** ** ** ** 
183 ** 
184 ** 
185 ** 
190 ** ** ** ** ** ** 
191 ** ** ** ** ** ** ** ** 
192 ** ** ** ** ** ** 
193 ** ** ** ** ** ** ** ** 
194 ** ** ** ** ** ** 
195 ** ** ** ** ** ** 
196 ** ** ** 
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Directory of TTL.LIB Continued 

74LS 748 74ALS 74AS 74HCT 74HC 74ACT 74AC 74F 74 

293 ** ** 
294 ** ** 
295 ** 
298 ** ** ** ** ** 
299 ** ** ** ** ** ** ** ** 
320 ** 
321 ** 
322 ** ** ** 
323 ** ** ** ** ** ** ** 
347 ** 
348 ** 
350 ** ** 
352 ** ** ** ** ** 
353 ** ** ** ** ** 
354 ** ** ** 
355 ** 
356 ** ** ** 
357 ** 
365 ** ** ** ** ** ** 
366 ** ** ** ** ** ** 
367 ** ** ** ** ** ** 
368 ** ** ** ** ** ** 
373 ** ** ** ** ** ** ** ** ** 
374 ** ** ** ** ** ** ** ** ** 
375 ** ** 
376 ** 
377 ** ** ** ** 
378 ** ** ** 
379 ** ** ** 
381 ** ** ** ** 
382 ** ** ** 
384 ** ** 
385 ** ** 
386 ** 
390 ** ** ** 
393 ** ** ** 
395 ** ** ** 
396 ** 
398 ** ** 
399 ** ** 

A-12 



Appendix A Schematic Design Tools I 

Directory of TTL.LIB Continued 

74LS 748 74ALS 74AS 74HCT 74HC 74ACT 74AC 74F 74 

560 ** 
561 ** 
563 ** ** ** ** 
564 ** ** ** ** 
568 ** ** 
569 ** ** 
573 ** ** ** ** ** 
574 ** ** ** ** ** 
575 ** ** 
576 ** ** 
577 ** ** 
580 ** ** 
588 ** 
589 ** ** 
590 ** ** ** 
591 ** 
592 ** ** ** 
593 ** ** ** 
594 ** ** 
595 ** ** ** 
596 ** 
597 ** ** ** ** 
598 ** ** ** 
599 ** 
604 ** ** ** 
605 ** ** 
606 ** 
607 ** 
608 ** 
618 ** 
619 ** 
620 ** ** ** ** ** ** ** 
621 ** ** ** ** 
622 ** ** ** ** 
623 ** ** ** ** ** ** ** 
638 ** ** ** 
639 ** ** ** 
640 ** ** ** ** ** ** 
641 ** ** ** 
642 ** ** ** 

A-14 



Appendix: A Schematic Design Toolsl 

Directory of TTL.LIB Continued 

74LS 74S 74ALS 74AS 74HCT 74HC 74ACT 74AC 74F 74 

743 ** 
746 ** 
747 ** 
756 ** 
757 ** 
758 ** 
759 ** 
760 ** 
800 ** 
802 ** 
804 ** ** ** ** 
805 ** ** ** ** 
808 ** ** ** 
821 ** ** 
822 ** ** 
823 ** ** 
824 ** ** 
825 ** ** 
826 ** ** 
832 ** ** ** 
841 ** ** 
842 ** ** 
843 ** ** 
844 ** ** 
845 ** ** 
846 ** ** 
850 ** 
851 ** 
852 ** 
856 ** 
857 ** ** 
866 ** 
867 ** 
869 ** 
873 ** ** 
874 ** ** 
876 ** ** 
877 ** 
878 ** ** 
879 ** ** 
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Directory of TTL.LIB Continued 

74LS 748 74ALS 74AS 74HCT 74HC 74ACT 74AC 74F 74 

2623 ** 
2640 ** 
2645 ** 
8003 ** 
11000 ** ** 
11002 ** ** 
11004 ** ** 
11008 ** ** 
11010 ** ** 
11011 ** ** 
11013 ** ** 
11014 ** ** 
11020 ** ** 
11021 ** ** 
11027 ** ** 
11030 ** ** 
11032 ** ** 
11034 ** ** 
11074 ** ** 
11109 ** ** 
11112 ** ** 
11132 ** ** 
11138 ** ** 
11139 ** ** 
11151 ** ** 
11153 ** ** 
11157 ** ** 
11158 ** ** 
11160 ** ** 
11161 ** ** 
11162 ** ** 
11163 ** ** 
11168 ** ** 
11169 ** ** 
11174 ** ** 
11175 ** ** 
11181 ** ** 
11190 ** ** 
11191 ** ** 
11192 ** ** 
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DISPLAY DRIVERS LISTED IN ALPHABETIC ORDER 

Name 

ATT16C.DRV 
ATT2C.DRV 
CGA2.DRV 
CGA4.DRV 
CPTFULL. DRV 
CPTHGC.DRV 
EGA16Cl .DRV 
EGA16C2.DRV 
EGA16E.DRV 
EGA2.DRV 
EGA4E.DRV 
EVA480.DRV 
GENOA528 .DRV 
GENOA640.DRV 
GENOA752.DRV 
GENOA800.DRV 
GENOA912.DRV 
HGC2.DRV 
HPVECTRA.DRV 
MATROX64.DRV 
NCR2.DRV 
NCR4 .DRV 
PEGA640.DRV 
SIGMA400.DRV 
T3100.DRV 
TANDY2K.DRV 
TELECAT.DRV 
TGM16I.DRV 
TGM16N.DRV 
TGM2I.DRV 
TGM2N.DRV 
TGM4I .DRV 
TGM4N.DRV 
VECTRXAT.DRV 
VECTRXPC.DRV 
VEGA640.DRV 
VEGA752.DRV 
WYSE700A.DRV 
WYSE700B.DRV 
WYSE700C.DRV 

Resolution 

640x400 16 
640x400 2 
640x200 2 
320x200 4 
720x728 1 
720x348 1 
320x200 16 
640x200 16 
640x350 16 
640x350 1 
640x350 4 
640x480 16 
640x528 16 
640x480 16 
752x410 16 
800x600 16 
912x480 16 
720x348 1 
640x400 2 
640x480 16 
640x400 2 
640x400 4 
640x480 16 
640x400 16 
640x400 2 
640x400 2 
640x400 2 
640x400 16 
640x200 16 
720x696 1 
720x348 1 
720x400 4 
720x200 4 

1024xl024 16 
1024xl024 16 

640x480 16 
752x410 16 
640x400 2 

1280x400 2 
1280x800 2 

Colors/Type 

AT&T 6300 DEB 
AT&T 6300 
Color Graphics Adapter 
Color Graphics Adapter 
CPT 9000 Full screen 
CPT 9000 Half Screen 
EGA standard monitor 
EGA standard monitor 
EGA Enhanced monitor 
EGA Monochrome monitor 
EGA (64K RAM) 
TSENG LABS EVA-480 
GENOA SuperEGA HiRes 
GENOA SuperEGA 
GENOA SuperEGA HiRes 
GENOA SuperEGA HiRes 
GENOA SuperEGA HiRes 
Hercules Monochrome 
HP Vectra Multi-Video 
Matrox PG-640 
NCR graphics adapter 
NCR graphics adapter 
Paradise Autoswitch 
Sigma 400 
Toshiba 3100 Laptop 
Tandy 2000 Graphics 
Televideo TeleCAT 
Tecmar Graphics Master 
Tecmar Graphics Master 
Tecmar Graphics Master 
Tecmar Graphics Master 
Tecmar Graphics Master 
Tecmar Graphics Master 
Vectrix PEPE (AT) 
Vectrix PEPE (PC) 
Video-7 VEGA DELUXE 
Video-7 VEGA DELUXE 
Wyse-700 
Wyse-700 
Wyse-700 

NOTE ON USING AT&T COLOR GRAPHICS DRIVER 

Before this driver can be used, the device driver supplied with 
the DEB card must be installed. The reference manual from AT&T 
has all of the needed information. In summary, CONFIG.SYS must 
contain a line:: DEVICE=DEDRIVER.DEV 

The driver file name may vary based on revision. Also, account 
for the path to the file. 

The DEB card requires special modification to the standard 
monochrome card to be properly set up and to allow color to be 
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HPLASER3 .DRV 
HPLASER4 .DRV 
HPINKJET.DRV 
JDL750.DRV 
JDL850.DRV 
NECPR201.DRV 
NEC8023.DRV 
TI850.DRV 
TOSHIBA.ORV 

Schematic Design Toolsl 

HP LaserJet+,LaserJet II (150 dpi) 
HP LaserJet+,LaserJet II (300 dpi) 
HP ThinkJet 
JDL 750 
JDL 850 
NEC PR-201 
NEC 8023 
TI 850 
Toshiba P1340/P1350/P1351/P351 

PLOTTER DRIVERS 

Name Brand 

HP.ORV Use on all Hewlett Packard 
HI .DRV Use on all Houston Instrument 
WG.DRV Use on all Western Graphtek 
CALCOMP! .DRV Refer to Below 
CALCOMP2.DRV Refer to Below 

NOTE ON CALCOMP PLOTTER DRIVERS 

Outlined below is a list of the supported Calcomp drivers. Note 
that you must have one of the listed Controllers (supplied by 
Calcomp) in order for the plotter to work. Please refer to your 
Calcomp Appendix for your systems configuration. This is a 
difficult plotter to support, since there are many modes of 
operation that are allowed. Be sure you use the correct OrCAD 
driver for the configuration that you have. 
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DRAWING MANAGEMENT ( CONTROL KEYS ) 
************************************* 

AFl: List Components 
AF2: Place Junction 

{AFl)=LD{MACROBREAK){ENTER){) 
{AF2)=PJP{ESC) {} 

AF3: Copy Block 
{AF3)=BS{MACROBREAK}{ENTER}{MACROBREAK}{MACROBREAK} 

BG{} 
AF4: Delete Block 
{AF4}=DB{MACROBREAK}{ENTER}{MACROBREAK}{} 
AFS: Move Block 
{AFS}=BM{MACROBREAK}{ENTER}{MACROBREAK}{} 
AF6: Edit Part Reference {AF6)=EERN{MACROBREAK}{ESC){ESC){} 
AF7: Edit Title Block 
{AF7}=JX450{ENTER}JY450{ENTER}EE{MACROBREAK){} 
AFB: Change Worksheet Size 
{AF8}=ZS{D}{D}{D}{ENTER){ESC)SW{MACROBREAK}ZS{ENTER} 

AF9: Place Text 
AF10: Show Memory 

{ESC} {} 
{AF9}=PT{MACROBREAK}{ENTER){ESC}{} 
{AF10}=C{} 

ENVIRONMENTAL MANAGEMENT ( ALTERNATE KEYS ) 
********************************************* 

\Fl: SET Auto Pan Off 
\F2: SET Auto Pan On 

{\Fl)=SAN{) 
{ \F2 }=SAY{} 

\F3: Reference Window 
{\F3}=ZS{D}{D}{D}{ENTER}{MACROBREAK}P{ENTER}ZS1 

\F4: 
\FS: 
\F6: 
\F7: 
\FB: 
\F9: 
\FlO: 

Undo Last Delete 
ZOOM In 
ZOOM Out 
Enter Sheet 
Leave Sheet 
SET Grid Off 
SET Grid On 

\I: * GET IOB Symbol 
\C: * GET CLB Symbol 
\P: GET Power Symbol 
\G: GET Ground Symbol 

{ESC} {} 
{\F4}=DU{} 
{\FS}=ZI{ESC}{} 
{\F6}=ZO{ESC}{} 
{\F7}=QUEE{ESC){} 
{\FB}=QUL{ESC}{} 
{\F9}=SGVN{ESC}{} 
{\FlO)={ENTER)SGVY{ESC){} 

{\I)=BI .. \LCALIB2K\IOB.BLK{ENTER}{} 
{\C)=BI .. \LCALIB2K\CLB.BLK{ENTER){} 
{\P)=PPV{ESC)VVCC{ENTER)TC{) 
{\G)=PPV{ESC}VGND{ENTER}TAOB{) 

* This assumes that you have these objects created in your library 

FILE MANAGEMENT ( SHIFT KEYS ) 
******************************** 

SHIFT-Fl: QUIT Abandon Edits 
SHIFT-F2: Clear Worksheet 
450{ENTER} 

SHIFT-F3: 
SHIFT-F4: 
SHIFT-FS: 
SHIFT-F6: 
SHIFT-F7: 
SHIFT-FB: 
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BLOCK Import 
Block Export 
Load Schematic File 
Update Schematic File 
Write To File 
Print Schematic 

{SHIF'T-Fl}=QAY{} 
{SHIFT-F2}=DBJX450{ENTER}JY450{ENTER}BJX-

JY-450{ENTER)E{ESC}{} 
{SHIFT-F3)=BI{MACROBREAK}{} 
ISHifT-f4}-BE{MACROBREAK}{ENTER}{} 
{SHIFT-FS)=QI{MACROBREAK}{ESC}{} 
{Sf!IFT-F6}=QU{MACROBREAK} {ESC} {} 
{SHIFT-F7}=QW{MACROBREAK}{ESC}{) 
{ SHIFT-FB }=HM {) 
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D.1 PSEUDO CODE SUMMARY OF A PRINTER 
DRIVER 

A printer driver consists of one far procedure called 
Printer_Driver. The routines within the driver are 
accessed via jmp instructions. The order of the jmp 
instructions is very important. 

For example, the first jmp is to the routine 
Initialize_Driver. When the driver is loaded, the first 
routine in the jmp list is the one that gets executed. 
Consequently, this routine must be Initialize_Driver. 

Here is a pseudo code summary of a printer driver. 
The driver for the HP Laser Jet Plus is used as an 
example. 

Macro definitions 
Define Save_DS 
Define Restore_DS 

Error Code definitions 
E_OK 

E_N o_More_Files 

STACK segment stack 'STACK' 

equ 0 

equ 18 

Defines a stack segment called STACK This is 
defined as an empty segment. The calling program 
sets up the stack. 

STACK ends 

PRINTER segment public 'PRINTER' 
Defines a public segment called PRINTER. This is 
the code and data segment for the printer driver. 

Printer_Driver proc far 
List of jmp instructions to the various routines 
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Data Area 
Reserves space for variables and the driver buffer. 
Also defines variables specific to the printer. For 
example, the HP LaserJet Plus requires the variable 
Enter_Graphics. It is defined as the hexadecimal 
number lB 2A 7 4 37 35 52. 

This area also includes the printer information table. 
Finally, the data area must include the variable 
End_Of_File_Location. The routine 
Initialize_Driver uses this variable's location to 
determine the size of the driver so that it can return 
unused memory to the system. 

PRINTER ends 
end 

D.2 ASSEMBLY AND LINKAGE 

The drivers shown here are intended to be assembled 
with the Microsoft Macro Assembler and linked with 
Microsoft Link. 

For example, consider the driver for the HP Laser Jet 
Plus. Assume that its source code resides in a file called 
HPLASERl .ASM. To assemble HPLASERl .ASM, 
issue the following command (on one line): 

MASM HPLASERl IN tr IZ, HPLASERl, HPLASERl 
/B63; 

where: 

IN 

IT 

IZ 
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Suppresses tables in listing file. 

Suppresses messages for successful 
assembly. 

Displays error lines on the screen. 
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D.3 A MORE DETAILED DESCRIPTION OF A 
PRINTER DRIVER 

D.3.1 Macro Definitions 

A printer driver uses two macro definitions. One is 
called Save_DS, and the other is called Restore_DS. 
The driver routines listed in the jmp list all begin with 
Save_DS and end with Restore_DS. 

Save_DS pushes the current data segment register 
(DS) and the current code segment register (CS) onto 
the stack. It then pops the value of the pushed code 
segment register into the data segment register. 
Finally, it tells the assembler (with an assume 
statement) that the new data segment is the PRINTER 
segment defined in the driver. 

Restore_DS pops the value of the pushed data segment 
register into the data segment register, thus restoring 
the value it had before the routine was called. The 
driver then tells the assembler (with an assume 
statement) not to expect any particular segment 
descriptor in DS. 

D.3.2 Error Codes 

The driver defines a number of symbols to represent 
the conventional DOS error codes. Note, however, that 
the driver defines error code 14, normally undefined by 
DOS. OrCAD defines 14 as the error E_Disk_Full. The 
driver gets that error ifit writes to a file and the 
number of bytes written is not the same as the number 
to be written. 

D.3.3 Segment Definitions 

The driver defines two segments, one called STACK 
and one called PRINTER. The driver's data and code 

D-6 



IAppendixD Schematic Design Tools I 

First, the routine displays a sign-on message. If you are 
writing your own driver, you will probably want to 
make your own sign-on message. 

Then, the driver calculates its size. To do this, it makes 
use of the variable End_Of_File_Location. 
Consequently, this variable must be the last byte in the 
program. The driver then returns unneeded memory 
to DOS. 

D.3.6 Get Printer Information and 
Get Driver Buffer Address - - -

The two routines Get_Printer_Information and 
Get_Driver_Buffer_Address return a pointer in 
ES:BX. 

Get_Printer_Information returns a pointer to the 
printer information table. This table consists of eight 
16-bit words. It must have the following format: 

Number of bits per line for narrow paper 
Number of bits per line for wide paper 
Number of bits per horizontal inch 
Number of bits per vertical inch 
Number of lines per printhead pass 
Number of printhead passes per page 
The size of the driver buffer in bytes 
The size of the driver buffer row in bytes 

If your printer has continuous feed, and you are not 
trying to skip over perforations, set the number of 
printhead passes per page to 0. Otherwise, printhead 
passes per page determines how many times per page 
Output_Printhead_Pass is called. 

Also, be sure to take into account the relationship 
between the number of lines per printhead pass with 
the size of the driver buffer and the driver buffer row. 
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D.3.8 Page_Break 

The Page_Break routine sends a formfeed to the 
printer. The value printhead passes per page 
determines when this routine is executed. 

For example, assume that the HP Laser Jet Plus has 
10-inch pages. Then, at 75 bits per vertical inch, it has 
750 printhead passes per page. After 750 passes, the 
Page_Break routine is called. 

Note that for the laser printer, graphics mode is exited 
and then reentered. 

D.3.9 Output_Printhead_Pass 

The Output_Printhead_Pass routine converts the data 
in the driver buffer into a format acceptable to the 
printer. For example, a Toshiba printer requires data 
sent to it in columns rather than rows. So 
Output_Printhead_Pass must store enough rows to 
make up a column and then rotate the data. 
Consequently, much of what happens inside 
Output_Printhead_Pass is printer-specific. 

For all printers, Output_Printhead_Pass should 
ensure that any trailing zero bytes are removed from 
the data. This reduces print time. 

When Output_Printhead_Pass is ready to send data to 
the printer, it calls the routine Write. 

D.3.10 Write 

The Write routine sends the data to the handle. The 
handle was passed in via Initialize_Sheet. The Write 
routine checks that the written count is the same as the 
to-be-written count. If the number differs, Write 
returns the error code E_Disk_Full. 
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jmp 
jmp 
jmp 
jmp 
jmp 

Get Driver Buffer Address 
Initialize-Sheet -
Completed_Sheet 
Page_Break 
Output_Printhead_Pass 

Sign_On_Message 
COPYRIGHT NOTICE 

db 'HP LASERJET (75 dpi) Printer Driver V3.00',0Dh,0Ah, '$' 
db '(C) Copyright 1987 OrCAD Systems Corporation' 
db ' ALL RIGHTS RESERVED.','$' 

Initialize Driver: ; initialize the interface 
Save DS 

display the program title, revision and copyright notice 
mov DX,offset(Sign_On_Message) 
mov AH,09h 
int 2lh ;print Sign_On_Message 
lea DX,Copyright Notice 
mov AH, 9 
int 2lh ; print message 

return unused memory to the pool 
mov AX, CS 

ES,AX 
;segment address of this overlay 
;recall segment address mov 

mov 
mov 
shr 
add 
mov 
int 

BX,offset(End_Of File_Location) 
CL,4 
BX,CL 
BX,2 
AH,4Ah 
2lh 

Restore DS 
ret 

;modify allocated memory blocks 

.............................................................................. 
I I I I I I 1111 I I I I I I I I I I If I I I I I I I I I I I I I I I If I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 111 I I I I I I 

; Get_Printer_Information 
pass back a pointer to the Printer_Information structure in ES:BX .............................................................................. 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Get Printer Information: - -
Save DS 
mov 
mov 
mov 
Restore 
ret 

BX,CS 
ES,BX 
BX,offset(Printer_Information) 
DS 

.............................................................................. 
I I I I I I 11IIIIII11 I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Get Driver Buffer Address 
- pass-back a-pointer to the Driver_Buffer in ES:BX to be used for 

future calls to Output_Printhead_Pass .............................................................................. 
I I 111 I I I I I I I I 11 f I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Get_Driver_Buffer_Address: 
Save DS 
mov BX,CS 
mov ES,BX 
mov BX,offset(Driver_Buffer) 
Restore DS 
ret 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 111 I I I I I I I 

Initialize Sheet 
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convert the Driver Buffer into a format that the printer will use 
remove all trailing zero bytes to reduce print and transfer time 
return STATUS in AL ............................................................................... 

I I I I I I 11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11II11I11 I I I I I I I I I I I I I I I I I 11I1111 I I 

Output_Printhead_Pass: 
Save_DS 

reduce the transfer count to eliminate trailing zeros 
mov CX,Driver_Buffer_Size 
mov AX,DS 
mov ES,AX 
mov BX,CX 
dee BX 
lea DI,Driver_Buffer[BX] 
xor AL,AL 
std 
rep scasb 

convert the value in ex to a printer byte count 
inc ex 
mov 
mov 
xor 
mov 
div 
add 
mov 
mov 
xor 
div 
add 
mov 
mov 
xor 
div 
add 
mov 

transfer the 
mov 
lea 
call 
jne 

transfer the 
mov 
lea 
call 
jne 

OPP_Exit: 

Row_Count,CX 
AX,CX 
DX,DX 
CL,10 
CL 
AH, '0' 
Printer_Code[S],AH 
AH,AL 
AH,AH 
CL 
AH,'0' 
Printer_Code[4],AH 
AH,AL 
AH,AH 
CL 
AH, '0' 
Printer Code[3],AH 

graphics-row leadin 
ex, 7 
DX,Printer Code 
Write -
OPP Exit 

graphics row 
CX,Row Count 
DX,Driver Buffer 
Write -
OPP_Exit 

Restore_DS 
ret 

Printer_Driver endp 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Write 
transfer bytes to the HANDLE 
pass in address of data in DS:DX 
pass in byte count in ex 
return STATUS in AL .............................................................................. 

I I I I I I I I I I I I I I 11 I I I I I I I I I I I I I I I I I I I 111 I I I I I I I I I I I I I I I I I I I I I I I 111 I I I I I I I I I I I I I I 
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;<<<NOTE>>> set the printhead passes per page to 0 if continuous paper 
Driver Buffer Size dw 75 ;Driver Buffer size (in bytes) 
Driver=Buffer=Row_Size dw 75 ;Driver=Buffer size (in bytes) .............................................................................. 
I I I I I I I I I I I I If I 11 I I I I I I I 11 I I I I I I I I I I I I I I I I I I I I I I If I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

; the following must be the last declaration so that the memory size used by 
; the driver can be reduced 
End_Of_File_Location db ? 

PRINTER ends 
end 

D.5 SOURCE CODE FOR THE TOSHIBA P1350 PRINTER DRIVER 

PAGE 64,132 
NAME Printer_Driver Toshiba ................................................................................. 
I I I I I I I I I I I I I I 11 I I I I I I 11III11 I I I I I I I I I I I 11IIII11 I I I I I I I 11 I I I I I I I I I I I I I I I I I I I I I 

; DECLARATIONS .............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Save_DS MACRO 
push 
push 
pop 

DS 
cs 
DS 

assume DS:PRINTER 
ENDM 

Restore_DS MACRO 
pop DS 
assume DS:nothing 

ENDM 

;error codes 
E OK 

STACK 
STACK 

E-Invalid Function 
E-File Not Found 
E-Path-Not-Found 
E-No Handles Left 
E-Access Denied 
E-Invalid Handle 
E-Bad Control Block 
E=Memory_Limit 
E Bad Memory Address 
E-Bad-Environment 
E-Bad-Format 
E-Bad-Access Code 
E-Bad-Data -
E-Disk Full 
E-Bad Drive Specified 
E-Current Dir Remove 
E-Not same Device 
E=No_More_Files 

segment stack 
ends 

'STACK' 

equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 

PRINTER segment public 'PRINTER' 
assume CS:PRINTER 
assume DS:nothing 
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;save old DS 

;establish DS addressability 

;restore DS 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 



Get_Driver_Buffer_Address: 
Save_DS 
mov ES,Driver Buffer s 
mov BX,O - -
Restore DS 
ret 

................................................................................ 
I I I I I I I I I I I I I I I I I I I I I I 111 I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I I I I I I I 11111II11I11 I I I I I 

Initialize Sheet 
pass-in HANDLE in BX, destination of this sheet, already opened 
HANDLE will be checked here to ensure binary mode 
Allocate memory for arrays 
pass back STATUS in AL .............................................................................. 

I 11 I I I I I I I I I I I I I 11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Initialize_Sheet: 
Save_DS 
mov Handle,BX 

check handle 
mov AX,4400h 
int 2lh 
jc IS_Exit 
test DL, 80h 
jz IS Allocate 
or AX~OOOOOOOOOOlOOOOOb 
xor DH,DH 
mov AX,440lh 
int 2lh 

IS_Allocate: 

IS _DB: 

IS Exit 

IS _Exit: 

mov AX,Image_Data_s 
or AX,AX 
jnz IS DB 
mov BX,Image_Data_ Size 
mov CL,4 
shr BX,CL 
inc BX 
mov AH,48h 
int 2lh 
jc IS _Exit 
mov Image_Data_s,AX 

mov AX,Driver_Buffer_s 
or AX,AX 
jnz IS Exit OK 
mov BX~Driver_Buffer_ Size 
mov CL,4 
shr BX,CL 
inc BX 
mov AH,48h 
int 2lh 
jc IS Exit 
mov Priver_Buffer_s,AX 
OK: 
mov AL,O 

Restore_DS 
ret 

;initialize the driver for a new sheet 

;save handle for later routines 

;get information on handle 
;if error, exit 
;is handle for a device? 
;if not, skip binary mode set 
;force binary mode 

;set device information 

;if segment <> 0 , do not reallocate 

;Image_Data array segment 

;if segment <> 0 , do not reallocate 

;Driver_Buffer array segment 

;return Status=O 

.............................................................................. 
I I I I I I 11 I I I I I I I I I 1111 I I I I I I I I I I I I I I 11 I I I I I I I I I I 11f11I11 I I I I I I I I I I I I I I I I I I I I I I I 
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mov CX,Image_Data_Size 
shr ex, 1 
cld 
rep stosw ;clear the image data array 

convert the Driver Buffer into the Image Data array 
Driver Buffer is formatted as 24 rows of-2448 bits 
Image_Data is formatted as 2448 groups of 4 bytes 

mov 
push 
mov 
mov 

assume 

OPP_Loop: 

Printhead_Line,O 
DS 
ES,Image_Data_s 
DS,Driver_Buffer_s 

DS:nothing 

mov AX,CS:Driver Buffer Row Size 
mov BX,CS:Printhead_Line -
mul BX 
mov 
mov 
shl 
mov 
mov 

OPP_Line_Loop: 
lodsb 
or 
jz 

OPP Test 80h: 
test 
jz 
or 

OPP Test 40h: 
test 
jz 
or 

OPP_Test_20h: 
test 
jz 
or 

OPP Test lOh: 
test 
jz 
or 

OPP Test 08h: 
test 
jz 
or 

OPP Test 04h: 
test 
jz 
or 

OPP Test 02h: 
test 
jz 
or 

OPP Test Olh: 
test 
jz 
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SI,AX 
AH,CS:Set_Bit[BX) 
BX,1 
DI,CS:Which_Byte[BX) 
CX,CS:Driver_Buffer_Row_Size 

AL,AL 
OPP Next_Byte 

AL,80h 
OPP Test 40h 
byte ptr ES: [DI 

AL,40h 
OPP Test_20h 
byte ptr ES: [DI+4 

AL,20h 
OPP Test lOh -
byte ptr ES: [DI+8 

AL,lOh 
OPP_Test_08h 

) ,AH 

) ,AH 

) ,AH 

byte ptr ES: [DI+12),AH 

AL,08h 
OPP Test 04h 
byte ptr ES: [DI+16),AH 

AL,04h 
OPP Test 02h 
byte ptr-ES: [DI+20),AH 

AL,02h 
OPP Test Olh 
byte ptr ES: [DI+24),AH 

AL,Olh 
OPP Next_Byte 

;offset into Driver Buffer 
;which bit to set for this line 
;convert to word index 
;which byte to set for this line 

;get byte from Data_Buffer 

;if = 0 then skip bit checks 

;set bit in Image_Data array 

;set bit in Image_Data array 

;set bit in Image_Data array 

;set bit in Image_Data array 

;set bit in Image_Data array 

;set bit in Image_Data array 

;set bit in Image_Data array 



assume 

mov 
call 
pop 

assume 

jne 
transfer the 

lea 
mov 
call 
jne 

OPP_Exit: 

DS:nothing 

DX,0 
Write 
DS 

DS:PRINTER 

OPP Exit 
graphics row end of line 

DX,End_Of_Line 
CX,10 
Write 
OPP_Exit 

Restore_DS 
ret 

Printer Driver endp 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

Write 
transfer bytes to the HANDLE 
pass in address of data in DS:DX 
pass in byte count in ex 
return STATUS in AL .............................................................................. 

I I I I I I I I I I I I If I I I I I I 11111 I I I 11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Write 

assume 

mov 
jcxz 

IFDEF NEC 
cmp 

END IF 
je 

mov 
push 
int 
pop 

proc near 

DS:nothing 

BX,CS:Handle 
Write_Exit 

BX,4 
Write_PRN 

AH,40h 
ex 
2lh 
ex 

jc Write_Exit 
cmp 
mov 
jne 
mov 

Write_Exit: 
ret 

IFDEF NEC 
Write PRN: 

AX,CX 
AL,E Disk Full 
write Exit 
AL,E_OK 

push DS 
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mov 
mov 
mov 
mov 
int 
shr 
shr 

BX,DS 
ES,BX 
BX,DX 
AH,30h 
lAh 
AH,l 
AH,l 

;is the handle the printer? 
; if yes, jump 

;save count for later check 

;recall count 

;compare written count 
;if written count <> write count 

then disk must be full 

;address of buffer is ES 
;address of buffer is BX 
;block write 

;if error, carry is now set 



push 
push 
pop 

DS 
cs 
DS 

assume DS:PRINTER 
ENDM 

Restore DS 
pop 

MACRO 
DS 

assume DS:nothing 
ENDM 

;error codes 

STACK 
STACK 

E OK 
E=Invalid_Function 
E File Not Found - - -
E Path Not Found - - -
E No Handles Left 
E-Access Denied 
E-Invalid Handle 
E-Bad Control Block 
E=Memory_Limit 
E Bad Memory Address 
E=Bad=Environment 
E_Bad_Format 
E Bad Access Code 
E-Bad-Data -
E-Disk Full 
E-Bad Drive Specified 
E-Cur~ent Dir Remove 
E-Not same De~ice 
E=No_More_Files 

segment stack 
ends 

'STACK' 

equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 

PRINTER segment public 'PRINTER' 
assume CS:PRINTER 
assume DS:nothing 

;save old DS 

;establish DS addressability 

;restore DS 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

................................................................................ 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I 11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Printer Driver 
interface to printer driver is made with a series of far calls 
all parameters are passed via registers, the specific registers are 
detailed for the sub-command .............................................................................. 

I I I I I I I I I I I I I I I I 111 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Printer_Driver 
jmp 
jmp 
jmp 
jmp 
jmp 
jmp 
jmp 

proc far 
Initialize Driver 
Get Printer Information 
Get-Driver Buffer Address 
Initialize-Sheet -
Completed_Sheet 
Page Break 
Outp;t_Printhead_Pass 

Sign_On_Message db 'EPSON FX Printer Driver V3.00',0Dh,0Ah, '$' 
COPYRIGHT_NOTICE db '(C) Copyright 1987 OrCAD Systems Corporation' 

db ' ALL RIGHTS RESERVED.','$' 
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mul ex 
mov Row_Stagger,AX 

check handle 
mov AX,4400h 
int 21h 
jc IS Exit 
test oL;soh 
jz IS Allocate 
or Dx;oooooooooo1ooooob 
xor DH,DH 
mov AX,4401h 
int 21h 

IS_Allocate: 
mov AX, Image_Data_s 
or AX,AX 
jnz IS DB 
mov BX;Image_Data_Size 
mov CL,4 
shr BX,CL 
inc BX 
mov AH,48h 
int 21h 
jc IS Exit 
mov Image_Data_s,AX 

IS_DB: 
mov AX,Driver_Buffer_s 
or AX,AX 
jnz IS Exit OK 
mov BX;Driver_Buffer_ Size 
mov CL,4 
shr BX,.CL 
inc BX 
mov AH,48h 
int 21h 
jc IS Exit 
mov Driver_Buffer_s,AX 

IS Exit_OK: 
mov AL, 0 

IS_Exit: 
Restore DS 
ret 

;row stagger offset 

;get information on handle 
;if error, exit 
;is handle for a device? 
;if not, skip binary mode set 
;force binary mode 

;set device information 

;if segment <> 0 , do not reallocate 

;Image_Data array segment 

;if segment <> 0 , do not reallocate 

;Driver_Buffer array segment 

;return Status=O 

.............................................................................. 
I I I I I 11III11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I I I If I 

Completed Sheet 
write to HANDLE at the end of the sheet printing 
free previously allocated memory 
pass STATUS back in AL .............................................................................. 

I I I I I 11IIIII11 I I I I I I I I I I I I 1111 I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I I I I I I I I I I 11 I I I I I I I 

Completed_Sheet: 
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Save_DS 
mov 
or 
jz 
mov 
mov 
mov 
int 
jc 

AX,Image_Data_s 
AX,AX 
CS_DB 
Image_Data_s,O 
ES,AX 
AH,49h 
21h 
CS Exit 

;return Image_Data array 

;if segment value = 0 then do not free 

;function to free memory 



OPP_Loop: 
mov 
mov 
shl 
mov 
mov 

OPP_Line_Loop: 
lodsb 
or 
jz 

OPP Test BOh: 
test 
jz 
or 

OPP Test 40h: 
test 
jz 
or 

OPP Test 20h: 
test 
jz 
or 

OPP Test lOh: 
test 
jz 
or 

OPP Test 08h: 
test 
jz 
or 

OPP Test 04h: 
test 
jz 
or 

OPP Test 02h: 
test 
jz 
or 

OPP Test Olh: 
test 
jz 
or 

OPP_Next_Byte: 
add 
loop 

BX,CS:Printhead_Line 
AH,CS:Set_Bit[BX] 
BX,l 
DI,CS:Which Byte[BX] 
CX,CS:Drive~_Buffer_Row_Size 

AL,AL 
OPP_Next_Byte 

AL,BOh 
OPP_Test_40h 
byte ptr ES: [DI 

AL,40h 
OPP_Test_20h 

] ,AH 

;which bit to set for this line 
;convert to word index 
;which byte to set for this line 

;get byte from Data_Buffer 

;if = 0 then skip bit checks 

;set bit in Image_Data array 

byte ptr ES: [DI+Bytes_Pattern],AH 

AL,20h 
OPP Test lOh 
byte ptr ES: [DI+Bytes_Pattern*2],AH 

AL,lOh 
OPP Test OBh 
byte ptr ES: [DI+Bytes_Pattern*3],AH 

AL,08h 
OPP Test 04h 
byte ptr ES: [DI+Bytes_Pattern*4],AH 

AL,04h 
OPP Test 02h 
byte ptr ES: [DI+Bytes_Pattern*5],AH 

AL,02h 
OPP Test Olh 
byte ptr ES: [DI+Bytes_Pattern*6],AH 

AL,Olh 
OPP_Next_Byte 
byte ptr ES: [DI+Bytes_Pattern*7],AH 

;next 8-block 
;continue for all bytes on line 

start next 
add 
mov 
inc 
mov 
mov 
mov 
div 
cmp 
jge 
jmp 

DI,Bytes_Pattern*B 
OPP Line Loop 

line - -

OPP_@@A: 
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SI,CS:Row Stagger 
BX,CS:Pri~thead_Line 
BX 
CS:Printhead Line,BX 
AX,CS:Printhead_Line_Count 
CL,Num_Pass 
CL 
BX,AX 
OPP_@@A 
OPP_Loop 

pop DS 

;save net printhead line number 

;divide by 3 

;Loop for all printhead lines 



Restore DS 
ret 

Printer Driver endp 

.............................................................................. 
I I I I 111 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Write 
transfer bytes to the HANDLE 
pass in address of data in DS:DX 
pass in byte count in ex 
return STATUS in AL .............................................................................. 

I I I I I 11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I I I I 

Write 

assume 
mov 
jcxz 

IFDEF NEC 
crop 
je 

END IF 

mov 
push 
int 
pop 
jc 
crop 
mov 
je 
mov 
stc 

Write_Exit: 
ret 

IFDEF NEC 
Write_PRN: 

proc near 

DS:nothing 
BX,CS:Handle 
Write_Exit 

BX,4 
Write PRN 

AH,40h 
ex 
2lh 
ex 
Write Exit 
AX,CX 
AL,E OK 
write Exit 
AL,E_Disk_Full 

push DS 

END IF 

Write 

mov 
mov 
mov 
mov 
int 
shr 
shr 
pop 

BX,DS 
ES,BX 
BX,DX 
AH,30h 
lAh 
AH,1 
AH,1 
DS 

mov AL,E Access Denied 
jc write Exit -
mov AL,E OK 
jmp write_Exit 

endp 

;is the handle the printer? 
; if yes, jump 

;save count for later check 

;recall count 

;compare written count 

;if written count <>write count 

;address of buffer is ES 
;address of buffer is BX 
;block write 

;if error, carry is now set 

.............................................................................. 
I I I I I I I I 111 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I I I I I I I I I I I I I I I I I I I 

; DATA AREA .............................................................................. 
111111111111111111111II111I111I11IIIIII11II1111IIII1111II11 I I I I I I I I I 111III11 I I 

Handle dw 0 
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IAppendixD Schematic Design Toolsl 

HOW TO WRITE A PLOTTER DRIVER 

OrCAD provides a number of plotter drivers for use 
with OrCAD products. If you have a plotter not 
supported by an OrCAD driver, you may decide to write 
your own driver. This appendix describes how to do 
that. 

The driver shown here is the generic plotter driver. It 
is supplied by OrCAD, and its filename is 
GENERIC.DRY. The generic plotter driver transfers a 
null-terminated ACSII string to the plotter in place of 
plotter commands. For example, in place of the 
command to draw a line, the driver sends the text 
LINE(. When you write your own plotter driver, you 
would replace that ASCII string with the appropriate 
plotter command. 

A plotter driver is usually written in assembly 
language. It must obey certain conventions as 
described in this appendix. 

D.1 PSEUDO CODE SUMMARY OF A PLOTTER 
DRIVER 

A plotter driver consists of one far procedure called 
Plotter_Driver. The routines within the driver are 
accessed via jmp instructions. The order of the jmp 
instructions is very important. 

For example, the first jmp is to the routine 
Initialize_Driver. When the driver is loaded, the first 
routine in the jmp table is the one that gets executed. 
Consequently, this routine must be Initialize_Driver. 

Here is a pseudo code summary of the generic plotter 
driver. If your plotter doesn't use a particular routine, 
you must still provide the routine. In this case, you 
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!Appendix D Schematic Design Tools! 
Plotter_Driver proc far 

List of jmp instructions to the various routines 

Ini tialize_Driver: 
Performs any needed initialization. This routine is 
executed when the driver is loaded. It may contain 
commands specific to the plotter. 

Initialize_Device: 
Checks the handle. If the handle is zero, the driver 
initializes the serial channel. Otherwise, it uses the 
handle. 

Begin_Plot: 
The generic plotter outputs the ASCII string 
BEGIN_PLOTO. A specific driver should output 
any commands appropriate to the beginning of the 
sheet. 

End_Plot: 
The generic plotter outputs the ASCII string 
END_PLOTO. A specific driver should output any 
commands appropriate to the end of the sheet. 

Set_ Velocity: 
The generic plotter outputs the ASCII string 
VELOCITY(). A specific driver should output any 
commands necessary to change the pen's velocity. 

Set_Accelera ti on: 
The generic plotter outputs the ASCII string 
ACCELERATION(). A specific driver should output 
any commands necessary to change the pen 
acceleration. 

Set_Force: 
The generic plotter outputs the ASCII string 
FORCE(). A specific driver should output any 
commands necessary to change the pen force. 
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lAppendix D Schematic Design Toolsl 
one where the pen remains down. For example, the 
lines making up a box belong to a poly vector stream. 

Poly_End: 
The generic plotter outputs the ASCII string 
POLY_ENDO. The routine marks the end of a poly 
vector stream. 

Output Functions 
These are internal routines used by routines in the 
jmp table, but they don't themselves appear in the 
jump table. 

Data Area 
Reserves space for variables and the driver buffer. 
Also defines variables specific to the plotter. This 
area also contains the variable 
End_Of_File_Location. The routine 
Initialize_Driver uses this variable's location to 
determine the size of the driver so that it can return 
unused memory to the system. 

PLOTTER ends 
end 

D.2 ASSEMBLY AND LINKAGE 

Plotter drivers are intended to be assembled with the 
Microsoft Macro Assembler and linked with Microsoft 
Link. 

For example, consider the generic plotter driver. 
Assume that its source code resides in a file called 
GENERIC.ASM. To assemble GENERIC.ASM, issue 
the following command (on one line): 
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!Appendix D Schematic Design Tools I 
GENERIC.DRV: GENERIC.ASM 

For more information about assembling and linking 
assembly language files, refer to the Microsoft Macro 
Assembler User's Guide. 
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BP ends 

PL st rue ;Plot - Line parameters structure 
PL Xs dw ? 
PL Ys dw ? 
PL Xe dw ? 
PL Ye dw ? 
PL ends 

PE st rue ;Plot_Ellipse parameters structure 
PE Xe dw ? 
PE Ye dw ? 
PE Xr dw ? 
PE Yr dw ? 
PE ends 

PC st rue ;Plot - Circle parameters structure 
PC x dw ? 
PC y dw ? 
PC ::::Radius dw ? 
PC ends 

PA st rue ;Plot Arc parameters structure 
PA Xe dw ? 
PA Ye dw ? 
PA Xel dw ? 
PA Yel dw ? 
PA Xe2 dw ? 
PA Ye2 dw ? 
PA_Radius dw ? 
PA ends 

PDL st rue ;Plot Dashed Line parameters structure - -
PDL Xs dw ? 
PDL Ys dw ? 
PDL Xe dw ? 
PDL Ye dw ? 
PDL ends 

PT st rue ;Plot_Text parameter structure 
PT x dw ? 
PT y dw ? 
PT Height dw ? 
PT::::string_p dd ? 
PT ends 

STACK segment stack 'STACK' 
STACK ends 

PLOTTER segment public 'PLOTTER' 
assume CS:PLOTTER 
assume DS:nothing 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I If I I I I I I I I 1 I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Plotter Driver 
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interface to Plotter driver is made with a series of far calls 
all parameters are passed via registers, the specific registers are 
detailed for the sub-command 



............................................................................... 
',I I I, I I, I I I I I I I I I I I I I I I I I I I I, I I I I I I I If If I I I I I I I I, I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Initialize Device: 
initialize the device 
if the handle is <> 0 then write only to the handle 
if the handle = 0 then initialize the serial channel 
pass in via ES:BX a pointer to the PARAMETER structure 
return STATUS in AL .............................................................................. 

If I If I I If I, I I I I I I I I I I I I I' I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I I I I, I I I I I I I I I I I I I I I I I If I 

Initialize Device: 
Save DS 
xor AX,AX 
mov Buffer_Count,AX 
mov Last_Pen,AX 
mov Last_Velocity,AX 
mov AX, ES: [BX] . P Handle -
mov Handle,AX 
or AX,AX 
jz ID Serial 
jmp ID Handle 

ID Serial: -
mov AX,ES:[BX].P Channel 
dee AX 
mov Channel,AX 
xor AL,AL 
mov CX,ES: [BX] .P_Baud Rate 
cmp CX,110 
je Found Baud Rate 
add AL,OOlOOOOOb 
cmp CX,150 
je Found Baud Rate 
add AL, OOlOOOOOb 
cmp CX,300 
je Found Baud Rate 
add AL,00100000b 
cmp CX,600 
je Found Baud Rate 
add AL,OOlOOOOOb 
cmp CX,1200 
je Found Baud Rate 
add AL,OOlOOOOOb 
cmp CX,2400 
je Found Baud Rate 
add AL,00100000b 
cmp CX,4800 
je Found Baud Rate 
add AL,OOlOOOOOb 
cmp CX,9600 
jne ID Error Exit 

Found Baud Rate: 
- mo; CL,ES: [BX] .P Parity 

cmp CL, 0 -
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je Found_Parity 
add AL,00001000b 
cmp 
je 
add 
cmp 
jne 

CL,l 
Found Parity 
AL,00010000b 
CL,2 
ID Error Exit - -

;clear Buffer Count 
;clear Last Pen 
;clear Last=Velocity 

;convert the channel from 1 .. 2 to 0 .. 1 

;set up AL to reflect the baud rate 

;if not found, exit without changing port 

;set up AL to reflect the parity 

;if not found, exit without changing port 



called at the end of the plot of the current sheet 
return STATUS in AL .............................................................................. 

11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I I 111 I I I I I I I I I 

End_Plot: 

CP_Exit: 

Save_DS 
mov 
call 
jc 
call 

SI,offset(ENDPLOT) 
Put Output 
CP Exit 
Flush Buffer 

Restore_DS 
ret 

;since this is the end of the sheet 

.............................................................................. 
I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Set Velocity: 
-set the plotter current pen to the velocity passed in BX 

return STATUS in AL .............................................................................. 
I I I I I II I I I I I I I I 11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11IIIIII11 I I I I I I I I I I I I I 

Set_ Velocity: 
Save_DS 
cmp BX,Last Velocity 
je Velocity Unchanged 
mov Last_Velocity,BX 
mov SI,offset(SETVELOCITY) 
call Put Output 
jc SV Error Exit 
mov AX~Last_Velocity 
call Put Word 
jc SV Error Exit 
call Put TERM-

Velocity Unchanged:­
SV_Error:)xit: 

Restore DS 
ret 

;new velocity = last velocity ? 
;yes, no change neccessary 
;no, save new velocity 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Set Acceleration: 
-set the plotter current pen to the Acceleration passed in BX 

return STATUS in AL .............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Set_ Acceleration: 
ret 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Set Force: 
-set the plotter current pen to the Force passed in BX 

return STATUS in AL .............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 111 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I I 

Set Force: 
ret 

.............................................................................. 
I I I I I I I I I I I I 11IIII111IIIII11 I I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I I I I I 11 I I I I I I I I I I I I I 

Set Pen: 
-set the plotter current pen to the Pen passed in BX 

return STATUS in AL .............................................................................. 
I I 11I111IIIII111 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11II11 I I I I I I I I 11 I I I I I I I I I I I I I 

Set_Pen: 
Save_DS 
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PL Error Exit: - -
Restore_DS 
ret 

.............................................................................. 
r I I 11111 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I I I I I I I I I I I 

Plot Circle: 
plot a Circle 
X,Y,Radius are pointed to by a pointer passed in ES:BX 
return STATUS in AL ............................................................................... 

I I I I I I I I I I I I I I 11 I I I I I I I I I I I I I I I 11 I I I I I I I I I 11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Plot_Circle: 
Save_DS 
mov 
mov 
call 

word ptr Current Pointer[O],BX 
word ptr Current-Pointer[2],ES 
Put PENUP - ;raise pen up to center (X,Y) 

jc 
les 
mov 
mov 
mov 
mov 
call 
jc 
call 
jc 
mov 
call 
jc 
les 
mov 
call 
call 
jc 
les 
mov 
call 
jc 
call 
jc 
call 
jc 
call 

PC_Error_Exit: 

PL Error Exit 
Bx;current_Pointer 
CX,ES: [BX] .PC_X 
DX,ES: [BX] .PC_Y 
Current_x,cx 
Current_Y,DX 
Put XY 
PL_Error_Exit 
Put TERM 
PL_Error_Exit 
SI,offset(CIRCLE) 
Put Output 
PC Error Exit 
Bx;current_Pointer 
AX,ES: [BX].PC Radius 
Make Plotter Units 
Put Word -
PC Error Exit 
sx;current Pointer 
AX,ES: [BX]~PC_Radius 
Put CHORD ANGLE 
PC_ Error_ Exit 
Put TERM 
PC_ Error_ Exit 
Put PENUP 
PC_Error_Exit 
Put TERM 

Restore_DS 
ret 

;update current (X,Y) 

;issue a circle command 

;specify the radius 

;specify chord angle based on radius 

;raise the pen up 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I 11111 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I I I I I I I I I 

Plot Ellipse: 
plot a Ellipse 
Xc,Yc,Xr,Yr are pointed to by a pointer passed in ES:BX 
return STATUS in AL .............................................................................. 

, , , , , I I I I I I I I I, I I I I I I I I I I I I I I I I I I I 11IIIII11IIIII11II11 I I I I I I I 11II11IIIII11 I I I I 

Plot_Ellipse: 
ret 

.............................................................................. 
111IIIIII11IIII111I11I1111I11III111 I I I I I I I I I I I I I I I I I 111IIIIII111I11 I I I I I I I 11 I I 

Plot_Arc: 
plot a Arc 
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les BX,Current_Pointer 
mov CX,ES: [BX] .PA_Xe2 
mov DX,ES: [BX] .PA_Ye2 
mov 
mov 

Current_X,CX 
Current_Y,DX 

;update current (X,Y) 

PA Error Exit: - -
Restore DS 
ret 

................................................................................. 
If I I If I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Plot Dashed Line: 
plot a Dashed Line 
Xs,Ys,Xe,Ye a~e pointed to by a pointer passed in ES:BX 
return STATUS in AL ............................................................................... 

I I I I I I I I I I I I I I I I I I I I I I I I I I 1 1 I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Plot Dashed Line: - -
Save DS 
mov 
mov 
mov 
call 
jc 
call 
jc 
les 
mov 
mov 
call 
jc 
call 
jc 
call 
jc 
les 
mov 
mov 
mov 
mov 
call 
jc 
call 
jc 
mov 
call 
jc 
call 
jc 
call 
jc 
call 

PDL_Error_Exit: 

word ptr Current Pointer[O],BX 
word ptr Current-Pointer[2],ES 
SI,offset(SETDASHLINE) ;specify dashline pattern 
Put Output 
PDL-Error Exit 
Put PENUP ; raise pen up to (Xs, Ys) 
PDL Error Exit - -
BX, Current_Pointer 
CX,ES: [BX] .PDL_Xs 
DX,ES: [BX] .PDL_Ys 
Put XY 
PDL Error Exit - -
Put TERM 
PDL Error Exit - -
Put PENDOWN 
PDL Error Exit - -
BX, Current_Pointer 
CX,ES: [BX] .PDL_Xe 
DX,ES: [BX] .PDL_Ye 
Current_X,CX 
Current_Y,DX 
Put XY 
PDL Error Exit - -
Put TERM 
PDL Error Exit - -

;let pen down and trace a dashed line 

;update current (X,Y) 

SI,offset(RESETDASHLINE);set back to solid line 
Put Output 
PDL-Error Exit - -
Put TERM 
PDL Error Exit - -
Put PENUP 
PDL Error Exit 
Put TERM 

;raise pen up after all 

Restore DS 
ret 

............................................................................... 
I I I I I I If f I I I I I I I I I I 111 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Plot Text: 
plot a Text string 
String_p,X,Y,Height are pointed to by a pointer passed in ES:BX 
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push DS 
lds SI,ES: [BX) .PT _String_p 
pop ES 
mov DI,offset(Text) 
lodsb 
xor AH,AH 
mov CX,AX 
cld 
rep movsb 
mov AL,03h 
stosb 
xor AL,AL 
stosb 
pop DS 
mov SI,offset(Text) 
call Put_ Output 
jc PT_Error_Exit 
call Put PENUP 
jc PT_Error_Exit 
call Put TERM 

PT_Error_Exit: 
Restore_DS 
ret 

;DS:SI point to string 

;make ES:DI point to text buffer 
;get string count 
;convert to word 
;use as move count 

;insert a ETX character 

;make last byte a null 
;restore DS 

;transfer line 

;raise pen up after all 

............................................................................... 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I 1 I I I I I I I I I I I I I I I I I I 

Poly Begin: 
mark the beginning of a poly vector stream 
pass back STATUS in AL 

.............................................................................. 
I I I I I I I I I 1 I I I 1 I I I I I I I I I I I I 1 I I I I I I I I I I I I I 1 I I 1 I I I I 1 I I I I I 1 I I I I I I I I I I 1 I I I I I I I I 1 I I 1 

Poly_Begin: 
Save DS 
mov Poly_Flag,l ;set Poly_Flag on 
Restore DS 
mov AL,E_OK 
ret 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Poly_End: 
mark the end of a poly vector stream 
pass back STATUS in AL 

.............................................................................. 
ff ff ff ff ff f I I I I I I I I I I If I I I I If If I I I I I I If I I I I I I If I I I I I I I I I I I I I I I If I I I I I I I I I I I I If 

Poly_End: 
Save_DS 
mov 
call 
jc 
call 

PEnd_Error Exit: 

Poly_Flag,O 
Put PENUP 
PEnd Error Exit - -
Put TERM 

Restore_DS 
ret 

Plotter Driver endp 

;reset Poly_Flag 
;raise the pen up 

;<><><><><><><><><><><><><><<< OUTPUT FUNCTIONS >>><><><><><><><><><><><><><><> 

assume DS:PLOTTER 

.............................................................................. 
I I If If I I I I I If I I I I I I I I I I I I I I I I If f I I I I I I I I I If I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
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2lh ;write int 
jc 

;check if the 
cmp 
mov 
je 

Flush Buffer Exit 
write count matches 

AX,Buffer_Count 
AL,E OK 

;if error, exit now 
the written count 

mov 
Flush Buffer Exit 
AL,E_Disk_Full 

stc 
Flush_Buffer_Exit: 

mov 
ret 

Flush Buffer 

Buffer_Count,O 

endp 

;if counts match, then E OK 
;else the disk is full 
;set the carry flag to indicate error 

;reset Buffer Count 

.............................................................................. 
t I I I II I 111I11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11I1111 I I I I I I I I I I I I I I I I 

Put Fixed: 
enter with AX holding a fixed place word 
convert the fixed place word to an ASCII text stream-> XX.XXX 
send the text stream to the output 
return the STATUS in AL with the carry set if <> E OK .............................................................................. 

I I I I I I I I I I I I I I I 111IIII11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11111 I I I I I I I I I I I I I I I I I 

Put_Fixed proc near 
;clear ASCII FIXED 

push AX 
cld 
mov DI,offset ASCII FIXED 
mov ex, 7 
xor 
rep 
pop 
xor 
cmp 
jle 
xor 
mov 
div 
xchg 
add 
mov 
inc 

PF_Thousands: 
xor 
mov 
div 
xchg 
add 
mov 
inc 
mov 
inc 
xor 
mov 
div 
xchg 
add 
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mov 
inc 
or 
jz 

AX,AX 
stosb 
AX 
BX,BX 
AX,9999 
PF_Thousands 
DX,DX 
CX,10000 
ex 
AX,DX 
DL, 1 0' 
ASCII_FIXED[BX],DL 
BX 

DX,DX 
CX,1000 
ex 
AX,DX 
DL, '0' 
ASCII_FIXED[BX],DL 
BX 
ASCII_FIXED[BX],' ' 
BX 
DX,DX 
CX,100 
ex 
AX,DX 
DL, 1 0 1 

ASCII_FIXED[BX],DL 
BX 
AX,AX 
PF Null 

;save AX 

;recall AX 



mov 
inc 

PW_Hundreds: 
xor 
mov 
div 
xchg 
add 
mov 
inc 

PW_Tens: 
xor 
mov 
div 
xchg 
add 
mov 
inc 

PW_Units: 
add 
mov 
inc 
mov 
mov 
test 
jz 
mov 
dee 

PW_Exit: 
call 
ret 

Put_Word 

ASCII_Word[BX],DL 
BX 

DX,DX 
CX,100 
ex 
AX,DX 
DL, '0' 
ASCII_Word[BX],DL 
BX 

DX,DX 
CX,10 
ex 
AX,DX 
DL, '0' 
ASCII_Word[BX],DL 
BX 

AL,'0' 
ASCII_Word[BX],AL 
BX 
ASCII Word[BX],0 
SI,offset(ASCII Word) 
Negative Flag,1-
PW Exit -
Negative_Flag,O 
SI 

Put_Output 

endp 

.............................................................................. 
11111 I I I I I I I I I I I I I I I I I I 111 I I If I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I 11 I I I I I I I I I I I I I I I 

Put XY: 
-enter with ex holding x value, DX holding Y value 

convert to ASCII text streams and send to the output device 
return the STATUS in AL with carry set if STATUS <> E_OK ............................................................................... 

111 fl I I I I I I I I I I 11 I I I I I I I I I I I I I I I I I I I I I I I I I I 111 I I I I I I I I I I I I I I I I I I I I I 11III1111 I I 

Put_XY proc near 
push DX 
mov 
call 
add 
call 
jc 
call 
jc 
pop 
call 
add 
call 

Put XY Exit: 
ret 

Put XY endp 

AX,CX 
Make Plotter Units 
Ax,x::::offset -
Put Word 
Put-XY Exit 
Put COMMA 
Put::::xY_Exit 
AX 
Make Plotter Units 
AX,Y_Offset 
Put Word 

;save Y in stack 

;offset space of space plot 

;recall Y 

;offset space of space plot 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I I I 111IIII11 

Make_Plotter_Units: 
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Put CHORD ANGLE: 
-enter-with the radius in AX 

send the chord angle portion of the command to the output 
return the STATUS in AL, if <> E_OK then set the carry flag .............................................................................. 

'f I I I 11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11II11I11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Put_CHORD_ANGLE 
mov 
cmp 
jbe 
add 
cmp 
jbe 
add 
cmp 
jbe 
add 
cmp 
jbe 
add 
cmp 
jbe 
add 

PCA: 
call 
ret 

Put CHORD ANGLE - -

proc near 
SI,offset(CHORD_ANGLE) 
AX,100 
PCA 
SI,4 
AX,250 
PCA 
SI,4 
AX,500 
PCA 
SI,4 
AX,1000 
PCA 
SI,4 
AX,2000 
PCA 
SI,4 

Put_Output 

endp 

;issue the chord angle for a circle 
;30 degree max 

;next chord angle 
;15 degree max 

;next chord angle 
;10 degree max 

;next chord angle 
; 5 degree max 

;next chord angle 
; 2 degree max 

;use 0 degree chord angle 

;<><><><><><><><><><><><><><<< GENERAL FUNCTIONS >>><><><><><><><><><><><><><> 

assume DS:PLOTTER 

.............................................................................. 
I I I I I I I I I I I I I I 11 I I I I I I I I I I I I I I I I I 1 I I I I I I I I 11IIIII11IIIIII11III11 I I I I I I I I I I I I I I 

Compare_XY: 
enter with CX holding X value, DX holding Y value 
compare X,Y with the current X,Y 
return with AL=l if equal, else AL=O ............................................................................... 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I I I I I I I I I I If I I I I I I I I If I 11 I I I I I 

proc near 
AL,l 

Compare_XY 
mov 
cmp 
jnz 
cmp 
jnz 

CX,Current X 
Compare_xY:=Exit 
DX,Current Y 
Compare_xY:=Exit 

inc ax 
Compare_XY_Exit: 

dee ax 
ret 

Compare_XY endp 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I 1111111I11II11I11I111II11111IIII11I111I111111II1111I1111 I 

Find Arc Angle: 
calc~late the arc's angle and its direction the plot's pen should move 
from (Xel,Yel) to (Xe2,Ye2) 
Xc,Yc,Xel,Yel,Xe2,Ye2,Radius are referenced the pointer passed in ES:BX 
return with an angle: negative angle specifies clockwise movement 

positive angle specifies counter clockwise movement .............................................................................. 
I I I I I 111111II1111II1111111111 1111 I I 111I1,111I11111111I11111II111111111I11I111 I I 

Find_Arc_Angle proc near 
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Calculate4: 
mov AX,SI ;S_Angle - E_Angle 
sub AX,DI 
ret 

Calculates: 
mov AX,SI ;S_Angle + E_Angle 
add AX,DI 
ret 

Calculate6: 
mov AX,SI - (S_Angle + E_Angle) 
add AX,DI 
neg AX 
ret 

Find_Arc_Angle endp 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I I I 

Find Angle: 
given X-Xo,Y-Yo, find an angle of the line with respect to x-axis 
enter with SI holding X-distance, DI holding Y-distance 
return angle in AX ............................................................................... 

I I I I 11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 111 I I I I I I I I I I I I I I I I I I I I 

Find_Angle 
or 

proc near 
DI,DI 

jns 
neg 

Y Check: 
or 
jns 
neg 

Compare: 
xor 
cmp 
jge 
mov 
xchg 

Calculate Tan: 
xor 
mov 
mul 
div 
xor 

Lookup_Tan: 
cmp 
je 
jl 
add 
jmp 

Take_Previous: 
sub 

Check_Tan_Cot: 
shr 
or 

FA Exit: 

jz 
mov 
sub 

Y Check 
DI 

SI,SI 
Compare 
SI 

cx,cx 
SI,DI 
Calculate Tan 
CX,l 
SI,DI 

DX,DX 
AX,10000 
DI 
SI 
BX,BX 

AX,Tan Table[BX] 
Check Tan Cot 
Take_Previous 
BX,2 
Lookup_Tan 

BX,2 

BX,l 
cx,cx 
FA Exit 
AX~90 
AX,BX 

ret 
Find_Angle endp 
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;Y_distance 

;X_distance 

;X distance >= Y distance 
;cx=l signals a cotan calculation 

;tan = Y/X 
;index bx is also angle 

;previous angle 

;angle in bx 

;angle=90-angle in cotan calculation 



............................................................................... 
'I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I If I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Quadrant_Table 

Calculate Table 

Tan Table 

Last_ Velocity 
Last_ Acceleration 
Last Force 
Last Pen 
ASCII Fixed 
Negative Flag 
Negative::::sign 
ASCII Word 
Character 
Text 
Buffer 
Buffer Count 
Buffer Size 
Poly_Flag 
x Off set 
Y_Off set 
Current_X 
Current Y 
Current Pointer 
Channel 
Handle 

db 
db 
db 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
db 
dw 
db 
db 
db 
db 
db 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dd 
dw 
dw 

4, 0, 2 
3, 0, 3 
1,1,2 
Calculatel,Calculate2,0,Calculate6 
Calculate3,Calculate4,Calculate5,0 
O,Calculate6,Calculatel,Calculate2 
Calculate5,0,Calculate3,Calculate4 
0000,0175,0349,0524,0699,0875,1051,l228,1405,1584 
1763,1944,2126,2309,2493,2679,2867,3057,3249,3443 
3640,3839,4040,4245,4452,4663,4877,5095,5317,5543 
5774,6009,6249,6494,6745,7002,7265,7536,7813,8098 
8391,8693,9004,9325,9657,10000 
0 
0 
0 
0 
'00.000',0 
0 
·-' 
'00000',0 
? 
256 dup 
1024 dup 
0 
1024 
? 
? 
? 
? 
? 
? 
? 
? 

(?) 
( ?) 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

; the following must be the last declaration so that the memory size used by 
; the driver can be reduced 
End_Of_File_Location db ? 

PLOTTER ends 
end 

D.4 SOURCE CODE FOR GENERIC PLOTTER DRIVER 

PAGE 64,132 
NAME Generic Plotter Driver 
.............................................................................. 
I I 111 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

; DECLARATIONS ............................................................................... 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I f I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Save_DS 
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push 
push 
pop 

MACRO 
DS 
cs 
DS 

assume DS:PLOTTER 

;save old DS 

;establish DS addressability 



PE Yr dw ? 
PE ends 

PC st rue 
PC x 
PC Y 
PC::)adius 
PC 

dw 
dw 
dw 
ends 

? 
? 
? 

PA st rue 
PA Xe -
PA_Yc 
PA Xel 
PA-Yel 
PA Xe2 
PA Ye2 
PA Radius 
PA 

dw 
dw 
dw 
dw 
dw 
dw 
dw 
ends 

? 
? 
? 
? 
? 
? 
? 

PDL st rue 
PDL Xs -
PDL Ys 
PDL Xe 
PDL Ye 
PDL 

dw 
dw 
dw 
dw 
ends 

? 
? 
? 
? 

PT st rue 
PT x dw 
PT Y dw 
PT Height dw 
PT=String_p dd 
PT ends 

STACK segment 
STACK ends 

PLOTTER segment 
assume 
assume 

? 
? 
? 
? 

stack 

public 

'STACK' 

'PLOTTER' 
CS:PLOTTER 
DS:nothing 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I/ I I I/ I I I I I I I I I I I I I I I I I 

Plotter Driver 
interface to Plotter driver is made with a series of far calls 
all parameters are passed via registers, the specific registers are 
detailed for the sub-command .............................................................................. 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I If I I/ 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Plotter Driver 
jmp 
jmp 
jmp 
jmp 
jmp 
jmp 
jmp 
jmp 
jmp 
jmp 
jmp 
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proc FAR 
Initialize Driver 
Initialize-Device 
Begin_Plot-
End Plot 
Set Velocity 
Set-Acceleration 
Set Force 
Set Pen 
Plot Line 
Plot-Circle 
Plot=Ellipse 



mov 
mov 
or 
jz 
jmp 

AX,ES: [BX] .P_Handle 
Handle, AX 
AX,AX 
ID Serial 
ID Handle 

ID_Serial: 
mov AX,ES: [BX] .P_Channel 
dee AX ; convert the channel from 1 .. 2 to 0 .. 1 
mov Channel, AX 
xor AL,AL 
mov CX,ES: [BX] .P Baud Rate 
cmp CX,110 
je Found Baud Rate 
add AL,OOlOOOOOb 
cmp CX,150 
je Found Baud Rate 
add AL,00100000b 
cmp ex, 300 
je Found Baud Rate 
add AL,OOlOOOOOb 
cmp ex, 600 
je Found Baud Rate 
add AL,00100000b 
cmp CX,1200 
je Found Baud Rate 
add AL,OOlOOOOOb 
cmp CX,2400 
je Found Baud Rate 
add AL,00100000b 
cmp CX,4800 
je Found Baud Rate 
add AL,OOlOOOOOb 
cmp ex, 9600 
jne ID_Error_Exit ;if not found, exit without changing port 

Found Baud Rate: 
mov CL,ES: [BX] .P Parity 
cmp CL, 0 -
je Found_Parity 
add AL,00001000b 
cmp 
je 
add 
cmp 
jne 

CL,1 
Found_Parity 
AL,00010000b 
CL,2 
ID Error Exit - - ;if not found, exit without changing port 

Found_Parity: 
mov CL,ES: [BX] .P_Stop_Bits 
cmp CL,1 
je Found_Stop_Bits 
add AL,00000100b 
cmp CL, 2 
jne ID Error Exit ;if not found, exit without changing port 

Found_Stop_Bits: - -
add AL,OOOOOOlOb 
mov CL,ES: [BX] .P_Word_Length 
cmp CL, 7 
je Found_Word_Length 
add AL,OOOOOOOlb 
cmp CL,8 
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call 
jc 
call 

BP Error Exit - -

put_Fixed 
BP Error Exit - -
put_TERM 

Restore DS 
ret 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I If If I I I I I If f 

End Plot: 
called at the end of the plot of the current sheet 
return STATUS in AL 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I If I I I I I I I I I I I I I I I I I I I I I 11 I I I I I I 

End_Plot: 
Save_DS 
mov 
call 
jc 

SI,offset(EP_String) 
Put Output 
CP Exit 

call Flush Buffer ;since this is the end of the sheet 
CP Exit: 

Restore DS 
ret 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 111 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Set Velocity: 
-set the plotter current pen to the velocity passed in BX 

return STATUS in AL .............................................................................. 
ff ff f If f I I I I I I I If If I I I I I If I I I I I I I I I I I I I I I I I I I I I I I I I I I If I I If I 11 If I I I I I I I I I I I I I I 

Set_ Velocity: 
Save_DS 
cmp BX,Last Velocity ;new velocity= last velocity ? 

Velocity Unchanged ;yes, no change neccessary je 
mov 
mov 
call 

Last_Velocity,BX ;no, save new velocity 

jc 
mov 
call 
jc 
call 

SI,offset(SV_String) 
Put_Output 
SV_Error_Exit 
AX, Last_ Velocity 
Put Word 
SV_Error_Exit 
Put TERM 

Velocity Unchanged: 
SV Error-Exit: 

Restore_DS 
ret 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I If I I I I If I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Set_Acceleration: 
set the plotter current pen to the Acceleration passed in BX 
return STATUS in AL .............................................................................. 

If I I I If I I I I I I I I I I I I If If f If f I I I I If I I 1 I I I I If ff 1 I If If I I If I I I I If I I I I If I I I I I I If I If I 

Set_Acceleration: 
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Save DS 
cmp 
je 
mov 
mov 
call 
jc 

BX,Last Acceleration 
Acceleration Unchanged 
Last Acceleration,BX 
SI,offset(SA_String) 
Put Output 
SA Error Exit - -

mov AX, Last_ Acceleration 

;new Acceleration = last Acceleration ? 
;yes, no change neccessary 
;no, save new Acceleration 



Plot Line: 
Save DS 
mov 
mov 
mov 
call 
jc 
les 
mov 
call 
jc 
call 
jc 
les 
mov 
call 
jc 
call 
jc 
les 
mov 
call 
jc 
call 
jc 
les 
mov 
call 
jc 
call 

PL Error Exit: - -

word ptr Current_Pointer[O),BX 
word ptr Current_Pointer[2],ES 
SI,offset(PL_String) 
Put Output 
PL Error Exit 
BX,Current_Pointer 
AX,ES: [BX) .PL Xs 
Put Fixed -
PL Error Exit - -
Put COMMA 
PL Error Exit 
BX~Current_Pointer 
AX,ES: [BX) .PL Ys 
Put Fixed -
PL Error Exit 

- -
Put COMMA 
PL Error Exit - -
BX,Current_Pointer 
AX,ES: [BX) .PL_Xe 
Put Fixed 
PL Error Exit - -
Put COMMA 
PL Error Exit - -
BX,Current_Pointer 
AX,ES: [BX) .PL_Ye 
Put Fixed 
PL_Error_Exit 
Put TERM 

Restore DS 
ret 

.............................................................................. 
If I I I If I/ I I I I I I If I 11 I I If I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Plot Circle: 
plot a Circle 
X,Y,Radius are pointed to by a pointer passed in ES:BX 
return STATUS in AL .............................................................................. 

I I 1111 I I I I I I I I I I/ I I I I I I I I If I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 111IIIIII11 I I I I I I I 

Plot Circle: 
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Save DS 
mov 
mov 
mov 
call 
jc 
les 
mov 
call 
jc 
call 
jc 
les 
mov 
call 

word ptr Current_Pointer[OJ,BX 
word ptr Current_Pointer[2),ES 
SI,offset(PC_String) 
Put_ Output 
PC Error Exit 
BX~Current_Pointer 
AX,ES: [BX) .PC_X 
Put Fixed 
PC Error Exit - -
Put COMMA 
PC Error Exit 
BX~Current_Pointer 
AX,ES: [BX) .PC_Y 
Put_Fixed 



.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Plot Arc: 
Save DS 
mov 
mov 
mov 
call 
jc 
les 
mov 
call 
jc 
call 
jc 
les 
mov 
call 
jc 
call 
jc 
les 
mov 
call 
jc 
call 
jc 
les 
mov 
call 
jc 
call 
jc 
les 
mov 
call 
jc 
call 
jc 
les 
mov 
call 
jc 
call 
jc 
les 
mov 
call 
jc 
call 

word ptr Current_Pointer[O],BX 
word ptr Current_Pointer[2],ES 
SI,offset(PA_String) 
Put_ Output 
PA Error Exit 
Bx;current_Pointer 
AX,ES: [BX] .PA Xe 
Put Fixed -
PA Error Exit - -
Put COMMA 
PA Error Exit 
Bx;current_Pointer 
AX,ES: [BX] .PA_Yc 
Put Fixed 
PA Error Exit - -
Put COMMA 
PA Error Exit 
BX,Current_Pointer 
AX,ES: [BX] .PA Xel 
Put_Fixed -
PA Error Exit - -
Put COMMA 
PA Error Exit - -
BX,Current_Pointer 
AX,ES: [BX] .PA_Yel 
Put Fixed 
PA_Error_Exit 
Put Fixed 
PA Error Exit - -
BX,Current_Pointer 
AX,ES: [BX] .PA_Xe2 
Put Fixed 
PA Error Exit - -
Put COMMA 
PA Error Exit 
BX,Current_Pointer 
AX,ES: [BX] .PA_Ye2 
Put Fixed 
PA Error Exit 
Put Fixed 
PA Error Exit 
BX,Current Pointer 
AX,ES: [BX]~PA Radius 
Put Fixed -
PA Error Exit - -
Put TERM 

PA Error Exit: - -
Restore DS 
ret 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Plot Dashed Line: - -
plot a Dashed_Line 
Xs,Ys,Xe,Ye are pointed to by a pointer passed in ES:BX 
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call Put COMMA 
jc PT Error Exit - -
les BX,Current_Pointer 
mov AX, ES: [BX] . PT y 

call Put Fixed 
jc PT _Error Exit 
call Put COMMA 
jc PT Error Exit -
les BX, Current Pointer 
mov AX,ES: [BX) .PT _Height 
call Put Fixed -
jc PT Error Exit 
call Put COMMA 
jc PT Error Exit - -
call Put _Quote ;open string 
jc PT Error Exit 

;copy the string f~om the pointer to the text buffer and convert to null-end 
les BX,Current_Pointer 
push DS ;save DS 
mov DI,offset(Text) ;make ES:DI point to text buffer 
push DS 
lds SI,ES: [BX] .PT_String_p 
pop ES 
lodsb ;get string count 
xor AH, AH ; convert to word 
mov CX,AX ;use as move count 
cld 
rep 
xor 
stosb 
pop 
mov 
call 
jc 
call 
jc 
call 

movsb 
AL,AL 

DS 
SI,offset(Text) 
Put_Output 
PT Error Exit 
Put_Quote 
PT_Error Exit 
Put TERM 

;make last byte a null 
;restore DS 

;transfer line 

;close string 

PT_Error_Exit: 
Restore DS 
ret 

.................................................................................. 
, f I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I If I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Poly Begin: 
mark the beginning of a poly vector stream 
pass back STATUS in AL 

................................................................................ 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Poly_Begin: 
Save DS 
mov 
mov 
call 
Restore 
ret 

Poly Flag,OFFh 
SI,offset(P_B_String) 
Put_Output 
DS 

.................................................................................. 
I I I I I I I I I I I I I I I If If I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Poly_End: 
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mark the end of a poly vector stream 
pass back STATUS in AL 



mov 
inc 
mov 
jmp 

Put_Output endp 

Buffer[BX],AL 
BX 
Buffer_Count,BX 
Get Character 

;save the character in the buffer 

;save the new last loaded point 
;get next character 

.............................................................................. 
I I I I I If I I I If I I I I I I If I I I I I I I I If I 1 I I 1 f I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Flush Buffer: 
send the entire buffer to the handle 
return the STATUS in AL with carry set if STATUS <> E OK ........................................................................ 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I If I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Flush Buffer 
mov 
mov 
mov 
mov 
int 

;check 
jc 

if the 
cmp 
mov 
je 
mov 
stc 

proc near 
BX, Handle 
CX,Buffer_Count 
DX,offset(Buffer) 
AH,40h 
2lh 
Flush Buffer Exit 

write count matches 
AX, Buffer_ Count 
AL,E OK 
Flush Buffer Exit 
AL,E_Disk_Full 

Flush Buffer Exit: 
mov 
ret 

Flush Buffer 

Buffer_Count,0 

endp 

;destination of write 
;how much to write 
;source of write 

;write 
;if error, exit now 

the written count 

;if counts match, then E OK 
;else the disk is full 
;set the carry flag to indicate error 

;reset Buffer Count 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I If I I I I I I I I I I I I I I I I I I I I I I I If I I I I I I I 

Put_ COMMA: 
sent a COMMA to the ouptut device 
return the STATUS in AL, if <> E OK then set the carry flag .............................................................................. 

''''''ff I I I I I I I I I I I I I I I I' I I I' I I I I I I I I I' I I I I I I I I' I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Put COMMA 
mov 
call 
ret 

Put COMMA 

proc near 
SI,offset(COMMA) 
Put_ Output 

endp 

.............................................................................. 
f I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I' I I I I I I I If I I I I I I I I I I I I I I I 

Put_QUOTE: 
sent a QUOTE to the ouptut device 
return the STATUS in AL, if <> E OK then set the carry flag .......................................................................... 

I I I I I I I I I I I I I I I I I I I I I I I I I' I I I I I I I' I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Put_QUOTE 
mov 
call 
ret 

Put_QUOTE 

proc near 
SI,offset(QUOTE) 
Put_Output 

endp 

............................................................................... 
I I I I I' I I I I I I I If I I If I I I I I I I I I I I I I I I I I If I I I I I I I I I I If I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Put TERM: 
sent a right parenthesis and CrLf to the ouptut device 
return the STATUS in AL, if <> E_OK then set the carry flag .............................................................................. 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I' I I I' I I I I I I I I' I I I 11 I I I I I I I I I I I I I I I I I I I 11 I If I I I 

Put TERM proc near 
mov SI,offset(TERM) 
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Put Fixed endp 

.............................................................................. 
f If I I I I I I If I I I I I I I I I 1 1 I I I I I If I I 1 f 1 I I I I 1 I I I I I I 1 I 1 I I I I I I I I I I I I I I I I I I If I I I I I I I I I I 

Put Word: 
enter with AX holding a Word 
convert the word to an ASCII text stream-> XXXXX 
send the text stream to the output 
return the STATUS in AL with the carry set if <> E OK 

.............................................................................. 
I I I I I I I I I I I I I I I I I I I I I If I I I 1 I I I I I I I I I I I I I I I I I 1 1 I I 1 I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I 

Put Word 
xor 
cmp 
jle 
cmp 
jle 
cmp 
jle 
cmp 
jle 
xor 
mov 
div 
xchg 
add 

proc near 
BX,BX 
AX,9 

mov 
inc 

PW_Thousands: 
xor 
mov 
div 
xchg 
add 
mov 
inc 

PW_Hundreds: 
xor 
mov 
div 
xchg 
add 
mov 
inc 

PW Tens: 
xor 
mov 
div 
xchg 
add 
mov 
inc 

PW Units: 
add 
mov 
inc 
mov 
mov 
call 
ret 
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PW Units 
AX:--99 
PW Tens 
AX,999 
PW Hundreds 
AX,9999 
PW Thousands 
DX,DX 
CX,10000 
ex 
AX,DX 
DL, 1 0' 
ASCII_Word[BX],DL 
BX 

DX,DX 
CX,1000 
ex 
AX,DX 
DL, '0' 
ASCII_Word[BX],DL 
BX 

DX,DX 
CX,100 
ex 
AX,DX 
DL, 1 0' 
ASCII_Word[BX],DL 
BX 

DX,DX 
CX,10 
ex 
AX,DX 
DL, '0' 
ASCII_Word[BX],DL 
BX 

AL,' 0 I 

ASCII_Word[BX],AL 
BX 
ASCII_Word[BX],0 
SI,offset(ASCII_Word) 
Put_ Output 



Configuration 
color table/plotter pen table 2-24 
display driver 2-17 
driver prefix 2-16 
hierarchy buffer size 2-23 
initial macro 2-22 
invoking 2-15 
library files 2-19 
library prefix 2-18 
macro buffer size 2-23 
macro file 2-21 
plotter driver 2-18 
printer driver 2-1 7 
sample dual floppy example 2-
29 
sample hard disk example 2-30 
template table 2-26 
worksheet prefix 2-20 

Connectors 6-80 to 81 
Conversion bitmaps 7-75 
Convert 4-37 
Copy (BLOCK Save) 4-11 
CROSSREF 1-5, 6-22 to 29 
Cursor coordinates 4-88 

D 
DECOMP 1-5, 7-51 to 54 
Defining an area 4-1 
DELETE 

block 4-17 
Object 4-16 
undo 4-17 

DeMorgan 1-2, 4-27, 4-37 
Display driver 2-1 7 
DRAFT 1-1, 2-4, 2-6, 3-1 to 9, 7-
51, 8-1, 8-5 
Drag buses 4-86 
Driver prefix 2-16 

E 
EDIF 6-45 
EDIT 

labels 4-18 
module ports 4-19 
parts 4-22 
power objects 4-19 
sheet symbols 4-20 
title block 4-28 

EEDesigner 6-45 
Enter sheet 4-76 
ERC 1-5, 5-21, 5-36, 6-30 to 38, 8-
46, 8-51 
Error bell 4-86 
Exit DRAFT 3-8, 4-79 
Exporting files 4-12 

F 
File format 6-1 
File format 

include 6-88 
macro 4-56 
was/is 6-14 

FIND 4-33 
Fla tedif 6-45 
Futurenet 6-45, 6-51 

G 
GET 4-34 
Going off grid 4-89 
Grid dots 4-90 
Grid parameters 4-89 
Grid references 4-89 

H 
Hard disk 

configuration example 2-30 
installation 2-7 
using with OrCAD/SDT III 8-2 



Library files 2-19 
Library prefix 2-18 
Library source 7-2 
Loading worksheets 3-6 

M 
MACRO 

capture 4-50, 53 
delete 4-55 
executing 4-55 
file format 4-56 
initialize 4-55 
list 4-56 
nesting 4-57 
pausing 4-53 
read 4-56 
terminating between 
commands 4-53 
valid macro key names 4-49 
write 4-56 

Macro buffer size 2-23 
Macro file 2-21 
Macro prompts 4-87 
Menu organization 3-2 
Mirror 4-27, 4-37 
Module ports 4-67, 6-63 to 65 
Module ports 

bidirectional 4-68 
connecting to buses 6-67 
input 4-67 
output 4-67 
transferring power 4-67, 5-7 

Mouse 
installation 2-13 
left mouse button 3-9, 4-86 
usage 3-9 

Move 4-7 
Multiple parts in package 4-22 
Multiwire 6-45 

N 
Name 7-4 
NETLIST 1-6, 5-25, 5-38, 6-42 to 
82, 8-46, 8-52 

0 
ORCADSDT.OVL 7-8 
Orientation 4-26 
Orthogonal 4-87 
Outline symbol 4-35, 4-38 

p 
Part 

components in library 7-3 
Part definition 7-58, 85 
Part value 4-24 
Part value 

editing 4-24 
moving location 4-24 

PARTLIST 1-6, 5-27, 5-40, 6-83 to 
91, 8-46, 8-54 
Parts 

placing 4-35 
retrieving 4-34 

Parts per package 4-22 
PCAD 6-45, 6-52 
Pin definition 7-64 
Pin name 7-32 
Pin number 7-33 
Pin numbers 4-87 
Pins 7-6 
PLACE 

bus 4-61 
dashed line 4-7 4 
entry 4-63 
junction 4-62 
label 4-64 
module port 4-67 



Sheetpath designator 7-4 
Size of worksheet 4-88 
Spice 6-45, 6-58 
Suspend to DOS 4-7 8 
Symbol boundary 4-35 

T 
TAG 4-93 
Tango 6-45 
Telesis 6-45 
Template table 2-26 
Title block disable 4-88 
Tokens 7-80 
TREELIST 1-7, 5-24, 5-37, 6-111 
to 114 
Troubleshooting 

u 

configuration 2-31 
General 1-9 
plotter 6-99 
setup 2-31 

Undo 4-17 
Update file 4-77 
Updating files 3-8 

v 
Vectron 6-45, 6-60 

w 
Which device 4-28 
Wirelist 6-45 
Wires 1-2, 4-59 
Wires 

orthogonal 4-87 
Worksheet file structures 3-10 
Worksheet file structures 

flat file 3-11 
hierarchy 3-13 

one sheet 3-16 
Worksheet prefix 2-20 
Worksheet size 2-26 
Write to file 4-78 

z 
Zoom 4-95 



3. What errors, if any in the manual, need to be corrected? 

Page# Comments 

4. Please list, or attach a sheet, describing new features that you would like to add to this 
product. _________________________ _ 

Return to: 

OrCAD 
TECHNICAL SUPPORT DIVISION 
3175 NW Aloclek Drive 
Hillsboro, OR 97124-7135 



---------------------------------

Return to: 

OrCAD 
Product Registration 
3175 NW Aloclek Drive 
Hillsboro, OR 97124-7135 

Place 
Stamp 
Here 



5. Please describe in detail, or enclose an ASCII text file on disk, describing the 
problem?----------------------

6. To assist us in our analysis, please check and enclosed a disk with any 
additional information: 

D DISK ENCLOSED D ASCII (Problem description) ENCLOSED 

D SOURCE, OBJECT LIBRARY NAMES _______ _ 

D Netlist filenames -----------------
0 Additional files _________________ _ 

TO BE COMPLETED BY OrCAD 

PRF # _______________________ ENGINEER __________________________________ _ 

Send form and related disks to: 

OrCAD 
TECHNICAL SUPPORT DIVISION 
3175 NW Aloclek Drive 
Hillsboro, OR 97124-7135 




