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The FCC Wants You to Know.. ..

This equipment generates and uses radio frequency energy. If not installed and used prop-
erly, that is, in strict accordance with the manufacturer’s instructions, it may cause interfer-
ence to radio and television reception.

It has been type tested and found to comply with the limits for a Class B computing
device in accordance with the specifications in Subpart J of Part 15-0f FCC Rules, which are
designed to provide reasonable protection against such interference in a residential instal-
lation. However, there is no guarantee that interference will not occur in a particular
installation.

If this equipment does cause interference to radio or television reception, which can be
determined by turning the equipment off and on, the user is encouraged to try to correct the
interference by one or more of the following measures:

« Reorient the receiving antenna
« Relocate the computer with respect to the receiver
« Move the computer away from the receiver

« Plug the computer into a different outlet so that computer and receiver are on different
branch circuits.

If necessary, you should consult the dealer or an experienced radio/television technician for
additional suggestions. You may find the following booklet prepared by the Federal Com-
munications Commission helptul: How to Identify and Resolve Radio-TV Interference
Problems.

This booklet is available from the US Government Printing Office, Washington, DC
20402, Stock No. 004-000-00345-4.

Warning

This equipment has been certified to comply with the limits for a Class B computing device,
pursuant to Subpart J of Part 15 of FCC Rules. Only peripherals (computer input/output
devices, terminals, printers, etc.) certified to comply with the Class B limits may be attached
to this computer. Operation with non-certified peripherals is likely to result in interference to
radio and TV reception.
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To Our Customers. . .

The TRs-80® Model Il Computer is a very powerful tool for business, home and
recreation. Twenty years ago, this capability would have cost hundreds of times as
much as your Model I1I cost, and would have taken up an entire room.

In spite of its power and internal complexity, the Model ITI can be quite simple to

operate. In fact, you can determine just how “‘technical’’ a machine you wantit to
be.

At the simplest level of operation, you can use Radio Shack prepared cassette
programs. All you will need to know is how to load and run a cassette program, and
how to operate the cassette recorder. If this is where you want to start, read
Chapters 1 through 6 of the Operation Section. You may also want to read about
CLOAD and SYSTEM in Chapter 2 of the Language Section.

If you want to write your own programs and you are a beginner, read Chapters 1
through 6 of the Operation Section, then start reading the book, Getting Started
with TRS-80 BASIC. That, plus several other Radio Shack books, can guide you to
becoming a programmer in BASIC and Z-80 language (‘‘machine code’’).

If you already know BASIC, and especially if you have experience on a TRS-80
Modell, read the entire Operation Section of this manual, as well as the Appendix
which compares the Model I and Model I11. The Model I11 has many unique
features and some very important differences. A few minutes spent before you
press could save you hours later.

About This Manual

This manual contains operating instructions (Section 1) and a description of Model
ITBASIC (Section 2 and Appendix). Itis arranged for easy reference, whether you
are seeking simple or technical information. Page numbering starts over at the
beginning of each chapter, and chapter numbering starts over at the beginning of
each section. There is a comprehensive Index at the end of this book.

If you are a beginner, don’t worry about the technical parts in the Operation
Section. The beginning of each chapter is for you. (When you get to the POKE
statements, you can skip ahead to the next chapter...) You don’t need to read past
Chapter 6. Then, when you learn simple BASIC programming, you can return and
try out all the ‘‘goodies’’ packed into your Model I11.
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OPERATION

1/ A Brief Description

The Radio Shack TRS-80® Model III is a ROM-based computer system consisting of:

® A 12-inchscreen to display results and other information

A 65-key console keyboard for inputting programs and data to the Computer

A Z-80 Microprocessor, the ‘‘brains’’ of the system

A Real-Time Clock

Read Only Memory (ROM) containing the Model 11 BASIC Language (fully

compatible with most Model I BASIC programs)

® Random Access Memory (RAM) for storage of programs and data while the
Computer is on (amount is expandable from "16K" to "48K", optional extra)

® A Cassette Interface for long-term storage of programs and data (requires a
separate cassette recorder, optional/extra)

® A Printer Interface for hard-copy output of programs and data (requires a
separate line printer, optional/extra)

® Expansion area for upgrading to a disk-based system (optional/extra)

® Expansion area for an RS-232-C serial communications interface (optional/extra)

All these components are contained in a single molded case, and all are powered via
one power cord.

Video Display Screen

Displayable characters include the standard 96 text-characters with the upper and
lowercase alphabet; 64 graphics characters; and 160 special TRS-80 characters. In
addition, there are numerous control and space-compression characters. Some of
the character sets can be switched in and out by BASIC and other programs.

Keyboard

The keyboard allows entry of all the standard text and control characters. It also
includes a 12-key section for convenient numeric entry. From the keyboard, you
can select either all-capitals or upper and lowercase entry. The key is
designed to return control to you during any operation, including cassette
input/output or line printer output. Every key has an auto-repeat feature.

11
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Z-80 Microprocessor

This is the central processing unit—where all the ““thinking’” is done. In the Model
II1, the microprocessor operates at a speed of over two million cycles per second.

Read Only Memory (ROM)

This is where the Computer’s built-in programs are stored, including the TRS-80
BASIC language. TRS-80 BASIC is fully compatible with the Level II language used in
Model I TRS-80’s. Each time you power-on the Computer, this ROM program takes
charge of the microprocessor, enabling you to type in simple BASIC-language
instructions.

The Model 111 contains a ** 14K > ROM, meaning it contains 14 * 1024 = 14336
characters (“*bytes’’) of permanently programmed memory.

Random Access Memory (RAM)

This is where your programs and results are stored while the Computerison. Itis
erased when you turn the Computer off.

The Model 11l can be equipped with 16K, 32K or 48K of RAM (1K = 1024 bytes).

Peripherals

These are devices you can add to your Computer to increase its usefulness in
programming and data storage. The Model III contains the necessary ‘‘interfaces’’
to simplify the addition of many peripherals.

Cassette

For long-term storage of programs and data, simply connect a cassette recorder to
the Computer, and save the information on tape.

For program storage, you may select either High or Low transfer rates (use Low for
compatibility with Model I, High for faster saves and loads).

1/2
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Printer

Youmay connect any Radio Shack “‘parallel interface’” printer to the Model I1I;
this will give you **hard-copy’’ capability for program listings, reports, mailing
lists, invoices, etc.

Other Enhancements

The Model I1I contains space for a mini-disk controller and one or two mini-disk
drive units. The Computer will accommodate one or two external drive units as
well.

With a one-, two-, three- or four-drive system, you will be able to store and retrieve
programs and data both quickly and reliably. Your Computer will then be under the
control of TRSDOS™, the powerful Radio Shack Disk Operating System.

You can also add an internal RS-232-C serial interface. This will allow your
computer to communicate with an RS-232-C equipped computer, serial line printer
orother serial device.

1/3
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2 / Installation

Carefully unpack the Computer. Remove all packing material and save it in case
youever need to transport the Computer. Be sure to locate all cables, papers, etc.,
that may be included in the shipping carton.

Place the Computer on the surface where you’ll be using it. An appropriate power
source should be nearby, so that no extension cord will be required.

Do not connect the Computer to the AC power source yet.

Connection of Peripherals

Before connecting any peripherals (for example, line printer and cassette recorder),
make sure the Computer and the peripheral devices are turned off.

Connect all peripherals to the appropriate jacks on the bottom and rear of the
Computer. Refer to Figure 1 for location of connection points. For interconnections
between cables and peripherals, refer to the Owner’s Manual supplied with the
peripheral device.

Note: All cables should exit to the rear of the unit so that no binding occurs.

21
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n On/Off Switch a /O Bus Jack. For future expansion.

9 Disk Expansion Jack. Shown with cable o Cassette Jack. Shown with cable con-
connected. Cable is supplied with external nected. Cable and cassette recorder are
drives (optional/extra). optional/extra. Black mini-plug connects to

: recorder EAR; gray mini-plug to recorder

e Parallel Printer Jack. Shown with cable con- AUX; gray submini-plug to MIC REMote con-

nected. Cable and printer are optional/extra. trol.

@ Rrs-232-C Jack. Shown with cable @) AC Power Cord.
connected. Cable and RS-232-C Interface
are optional/extra. e Video Contrast Adjustment.

e Video Brightness Adjustment.

Figure 1. Connection of peripherals and location of controls.

L |
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Connection of a Cassette Recorder

The following instructions use the CTR-80A recorder (Radio Shack Catalog Number
26-1206) as an example. If you use a different recorder, connection and operation

may vary.

Note: You do not need to connect the Cassette Recorder unless you plan to record
programs or to load taped programs into the TRS-80.

A TRS-80 to Cassette Recorder connection cable is included with the CTR-80A; we
suggest that you use this specially designed cable.

1. Connect the short cable (DIN plug on one end and three plugs on the other) to the
TAPE jack on the back of the Computer. Be sure you get the plug to mate
correctly.

2. The three plugs on the other end of this cable are for connecting to the recorder.

3. A. Connectthe black plug into the EAR Jjack on the side of the recorder. This

connection provides the output signal from the recorder to TRS-80 (for
loading Tape programs into TRS-80).

B. Connect the larger gray plug into the AUX jack on the recorder. This
connection provides the recording signal to record programs from the
TRS-80 onto the tape.

Leave the AUX plug in whether you are recording or playing back
cassette data.

C. Connect the smaller gray plug into the smaller MIC jack on the recorder.
This allows the TRS-80 to automatically control the recorder motor (turn
tape motion on and off for recording and playing tapes.)

Note: Do not plug a remote microphone or a dummy plug into the larger MIC jack.

Connection to an AC Power Source

Make sure the Computer and all peripherals are off.

The AC Power Cord exits from the rear of the Computer. Connect it and all
peripherals to an appropriate power source. Power requirements for Radio Shack
products are specified on the units and in the Owner’s Manual Specifications.

For convenience, you may connect all components to a single *‘power strip’’ such
as Radio Shack’s 26-1451 Line Filter. This will allow you to turn on the entire system
with a single switch. Take care not to exceed the current capacity of the power strip.
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3/ Operation

Power-On
The following instructions explain how to start up and use the Model 11l as a
ROM-based system only.

If youhave a Disk System and are going to load TRSDOS, follow the power-up
instructions given in the Model III Disk System Owner’s Manual. If you have a
Disk System but you are not going to load TRSDOS, read the instructions later in this
chapter.

The Computer and all peripherals must be off.

First turn on all peripherals, then turn on the Computer. (If you have all the
components connected to a power strip, just turn on the power strip.)

After a few seconds, the following message should appear on the Video Display:
Cass?

The meaning of this message will be explained later.

If the message does not appear:

A. The Video Display may need Brightness or Contrast adjustment. See Figure 1
for location of these controls.

B. Ifthe message still doesn’t appear, then turn off the entire system, recheck all
connections, and try again. For further assistance, see * ‘Troubleshooting and
Maintenance.”’

Do not turn any peripherals off while the Computer is in use; to do so could cause
abnormal operation (the Computer could restart or ‘‘han gup’’, requiring you to
reset or turn the system off and on again).

3
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RESET

RESET 1s the orange-colored button at the upper right corner of the keyboard.
To “*start over’” at the power-on message, you do not have to turn the unit off and
onagain. Pressing the RESET button will have the same effect.

Note: Resetting the Computer does not erase the contents of RAM. However, the
BASIC language interpreter will start over, thus ‘‘losing’” any program or data you
had in memory.

To interrupt a program or operation without losing your BASIC program and data,

hold down the (BREAK) key.

Power-Off

First turn off the Computer, then all other peripherals.

If you turn the Computer off for any reason, leave it off for at least 15 seconds before
turning it back on again. The Computer’s power supply needs this time to discharge
its stored energy before starting up again.

Whenever you turn off the Computer, all programs and data are erased. So be sure
to save your information (e.g., on cassette) before turning off the Computer.

Start-Up Dialog

When you turn on or reset the Computer, it asks you two questions. First:
Cass?

This question lets you determine the rate at which programs and data will be
transferred to and from cassette. You can select either Low (500 baud) or High (1500
baud). Type

L
for Low, or

H
for High,

3/2
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If you press without typing anything, High will be used.
For further details, see ‘Using the Cassette Interface.”’
Next the Computer will ask:

Memory Size?

This question lets you set an upper limit to the RAM which will be used to store and
execute your BASIC programs. Simply press (ENTER) in response to this question.
This tells the Computer to make the full amount of RAM available for use by your
BASIC program.

Advanced programmers may want to reserve some memory for a
machine-language ("Z-80") program or subroutine. Instructions for doing this are
included in the **Technical Information’” chapter.

After you respond to the ‘‘Memory Size’’ question, BASIC will start with this
message:

Radio Shack Model Ill Basic
(c)'80 Tandy

READY

>

The Computer is now ready for use.

3/3
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Modes of Operation

BASIC has four modes of operation:

® Immediate mode—for typing in program lines and immediate lines
® Execute mode—for execution of programs and immediate lines
® Edit mode—for editing program and immediate lines

® System mode—for loading machine-language tapes and for transferring control
to machine-language programs

Immediate Mode
Whenever you enter the immediate mode, BASIC displays a header and a special
prompt:

READY (header)
>N (prompt followed by blinking block ‘‘cursor’’)

While you are in the immediate mode, BASIC will display the prompt at the
beginning of the current logical line (the line you are typing in).

In the immediate mode, BASIC does not take your input until you complete the

logical line by pressing (ENTER). This is called *‘line input’’, as opposed to
‘‘character input”’.

Interpretation of an Input Line

BASIC always ignores leading spaces in the line—it jumps ahead to the first
non-space character. If this character is not a digit, BASIC treats the line as an
immediate line. If it is a digit, BASIC treats the line as a program line.

For example:

PRINT "THE TIME IS”; TIME$
BASIC takes this as an immediate line.
If you type:

10 PRINT "THE TIME IS”; TIME$
BASIC takes this as a program line.

Immediate Line

Animmediate line consists of one or more statements separated by colons. The line
is executed as soon as you press (ENTER). For example:

CLS: PRINT "THE SQUARE ROOT OF 2 IS”; SQR(2)

is an immediate line. When you press (ENTER), BASIC executes it.
S
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Program Line

A program line consists of a line number in the range [0,65529], followed by one or
more statements separated by colons. When you press (ENTER), the line is stored in
the program text area of memory, along with any other lines you have entered this
way. The program is not executed until you type RUN or another execute command.
For example:

100 CLS: PRINT "“THE SQUARE ROOT OF 21S"; SQR(2)

is a program line. When you press (ENTER), BASIC stores it in the program text area.
Toexecute it, type:

RUN
Special Keys in the Inmediate Mode

= PReNT  The question mark can stand for the commonly used keyword
PRINT. For example, the immediate line:

?"HELLO.”
is the same as the immediate line:
PRINT "HELLO.”
Note: L? does not mean LPRINT.
This abbreviation can be used in a program, too.

O The period can stand for ‘‘current program line”’, i.e. , the last
program line entered or edited. The period can be used in most
places where a line number would normally appear. For example,
the immediate line:

LIST.

tells BASIC to list the current program line.

The single-quote tells BASIC to ignore the rest of the logical line. It
is an abbreviation for the BASIC keyword REM. When used in a
multi-statement line, it does not have to be preceded by a colon.
For example, when you type in the line:

PRINT 1+1; 2+2

BASIC will print the sum 1 + 1 but not 2 +2.
This abbreviation can be used in a program, too.

SHIFT @@j Causes the Computer to print the Display contents to the line
SP printer, if available. Press (BREAK) to interrupt this operation. This
key sequence works in the other modes too.

—

3/5
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Execute Mode

Whenever BASIC is executing statements (immediate lines or programs) it is in the
- execute mode. In this mode, the contents of the Video Display are under program
control.
Special Keys in Execute Mode

SHIFT) @ Pausesexecution. Press any key to continue.

BREAK) Terminates execution and returns you to the command mode.

Edit Mode

BASIC includes a line editor for correcting program lines. To edit a program line,
type in the command:

EDIT line number
where line number specifies the desired line.

When the editor is working on a program line, it displays the number of the line
being edited.

In the edit mode, the Keyboard input is character-oriented, rather than
line-oriented. That is, BASIC takes characters as soon as they are typed in—without
waiting for you to press (ENTER).

See the chapter on editing (Section 2) for details.

System Mode

In this mode, you can load and execute machine-language programs. By
“‘machine-language’’, we mean the set of machine instructions recognized by your
Computer’s Z-80 microprocessor. In this manual, we will usually call it "Z-80”
programming, in contrast to BASIC programming.

Youdon’t have to understand the z-80 language to use some of the programs
available. For example, several Radio Shack games are written in Z-80 code rather
than in BASIC. To load such programs from tape, you use the System Mode.

Z-80 programming opens up whole new worlds of possibilities, but it is somewhat
more demanding than BASIC programming.

e .
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The Technical Information chapter in this manual is written for those who are
familiar with the Z-80 instruction set and other fundamental machine concepts. If
you would like to explore these subjects, read:

TRS-80 Assembly Language Programming, by William Barden, Jr. Radio Shack
Catalog Number 62-2006.

Although the book was originally written for the TRS-80 Model I, it applies almost
exactly to the Model I1I as well.

For further details, see ‘‘Cassette Interface’’ in this Operation Section, and SYSTEM
in the Language Section.

Sample Session

This section will give you a step-by-step example of what’s needed to type in a
program and run it. We will be showing you the Computer/operator dialog exactly
as itappears on the Display. If you have never used a computer keyboard before,
read Using the Keyboard before trying this sample session.

You don’t need to know BASIC programming to go through this session—it is just
an exerciser. If you are curious about the words used in this program, look them up

on the Quick Reference Card supplied with your Computer, or in the Index of this
manual.

Special Notation Used in this Dialog

BOLDFACE MATERIAL Provided by the Computer—you don’t type
itin.

ENTER Means *‘Press the (ENTER) key.”’

SHIFT This tells you to use the upper/lower

case—caps only switch. You do this by
pressing and (@ together.

=) This means ‘‘press the ®) key’” to skip over
to the next eight-column boundary. We
usually do this just for visual effect.

3/7
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Answering the Start-Up Questions
Reset the Computer. Then follow this session.

Cass?

Memory Size?

Radio Shack Model lll Basic

(c)’80 Tandy

READY

>

The blinking block after *“>"" is the **cursor”’. It tells you where the next character
you type will be displayed.

Now continue:

>NEW (ENTER)

READY

>AUTO (ENTER)

10CLS

20 PRINT "HI—I'M YOUR TRS-80 MICROCOMPUTER!”
30 PRINT "(SHIFT) (@ What makes me so smart? “(SHIET) @ (ENTER)
40 PRINT "(SHIFT) @ Millions of these: "(SHIFT) @) (ENTER)

50 PRINT CHR$(21) (ENTER

60FOR! = 1TO 256 (ENTER)

70 (=) PRINT CHR$(253); CHR$(254); (ENTER)

80NEXT !

90 PRINT CHR$(21) (ENTER

100 END

110 (BREAK)

READY

>N

Now the program is in memory. To look at it, type:

>LIST (ENTER

It should look like this:
19 CLS
2@ OPRINT "HI' I'M YOUR TRS-8@ MICROCOMPUTER!
3@ PRINT "What makexz me 2o amart?®

4@ PRINT "Millians of theze:®

3@ PRINT CHR$(Z1)

A FOR I = 1 TO 254

7@ PRINT CHR${Z53)35 CHR$(3%54) 3
B NEXT I

7@ PRINT CHR%(Z1)

1@ END

“
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Check each line. Don’t worry about spacing; however, if anything else is different,

simply re-type the incorrect line. For example, suppose you mistakenly type in line
90 like this:

90 PRINT CHR$(201)
To correct it, simply type:

>90 PRINT CHR$(21) (ENTER
>N

When everything is correct, you can run the program by typing:

>RUN (ENTER

3/9
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4/ Using the Keyboard

The keyboard allows entry of all the standard text and control characters. As with
ordinary typewriters, use (SHIFT) to enter the upper symbol on those keys contain-
ing two symbols. For example, toentera ", press SHIFT) (1).

Capitals and Lower Case (SHIFT

The A-Z keys can produce either upper or lowercase characters. There are two
modes of operation: CAPS, in which the A-Z keys always produce capital letters; and
ULC (upper/lowercase), in which the A-Z keys produce lowercase unless you press

SHIFT).

When you start the Computer, the keyboard is in the CAPS mode. To switch to ULC,

press (SHIFD(@). To switch back, press (SHIFT) @ again. SHIFT) @ is a “toggle’’:

each time you press it, you switch from one mode to the other.

Special Keys

Certain keys have special functions in BASIC. Rather than accepting them as
keyboard data, BASIC performs the specified function.

Key Function

@ Backspaces and erases the last character typed.

<) Tabs over to the next eight-column boundary.

SHIFD= Starts over at the beginning of the line.

SHIFD® Converts to 32 characters/line.

SHIFD@ Pauses program execution. Press any key to continue.

Enters the line. BASIC will not interpret a line until you
- press (ENTER).

Cancels the current line, erases the display, converts to

64 characters/line, and positions the cursor to the upper
left corner (‘*home’’).

41
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Special Keys, continued.

BREAK Interrupts the current program or operation and
prepares the Computer for another keyboard command.
Use to cancel a cassette or line printer operation, or to
break out of a BASIC program.

~,
SHIFT)(DE) Activates the Print Screen function, copies the contents
N

of the Screen to the Printer. Press (BREAK) to terminate
Vs this function and return to the immediate mode.

[ -

Other Features

Every key has a repeat feature: when you hold a key down for approximately one
second, that key begins producing a stream of characters.

The keyboard includes a 12-key section for convenient numeric entry. Each of
these keys is equivalent to the matching key on the standard keyboard section.

Control Codes*

* If you are unfamiliar with the concept of character codes, see the ASCII entry in the
Glossary (Appendix). Also see the table of character codes in the Appendix.

You can produce 32 special control characters (ASCIl Codes 0-31) from the
Keyboard. For example,

Key ASCIIName Code

&) Backspace 8

& Tab 9

® Line Feed 10
ENTER Carriage Return 13

4/2
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You are not limited to these specially labeled keys. A special two-key combination
allows the regular text keys to create additional control characters. Use this
procedure:

1. Hold down (SHIFT
2. Holddown(®

3. While holding down (SHIFT) and (), press the desired character. For example:
SHIFD (D© = ““Control C* = Code # 3.

For a complete list of keyboard characters available, see the Appendix.
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5/ Using the Video Display

Character Size
There are 16 lines on the display, and two character sizes: normal (64 characters per
line—"‘cpl’’), and double-size, or 32 cpl.

The Computer starts in the 64 cpl mode. To change to 32 cpl, press (SHIFD®) in the
immediate mode or execute the BASIC statement:

PRINT CHR$(23)

To return to 64 cpl, press (CLEAR) in the command mode, or execute the BASIC
statement:

CLS

Cursor

The cursor indicates the current display position. When you start BASIC, the cursor
is a blinking block. You can change the cursor character and you can make it solid
(non-blinking).

Memory location 16412 contains the blink/non-blink status. When it contains a
zero, a blinking cursor will be used. When it contains a non-zero value, a
non-blinking cursor will be used.

For example, to make a solid cursor, execute the BASIC statement:
POKE 16412, 1

To make a blinking cursor, execute the BASIC statement:
POKE 16412,0

Memory location 16419 contains the ASCII code of the cursor character. When you
start BASIC, this address contains 176. To change the cursor, use the POKE
statement. For example,

POKE 16419, 63

changes the cursor to a"?”, since 63 is the ASCII code for a question-mark.
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You can select any ASCII code from zero to 255.

To restore the cursor to its original character, execute this BASIC statement:
POKE 16419, 176 ‘

To turn the cursor on in the execute mode, execute the statement
PRINT CHR$(14)

To turn it off, use

PRINT CHR$(15)

Scroll Protection

Display ““scrolling’” occurs when the Computer moves all the text up one line to
make room for a new line on the bottom row of the Display. When scrolling occurs,
the top line on the Display is erased from the Display.

The Model Il will let you protect from scrolling up to seven lines on the top of the
Display. For example, suppose you are printing a table. You can put the column
headings in a scroll protect area, so they will not be lost when scrolling takes place.

Memory location 16916 controls the size of the scroll protect area. A zero in this
one-byte location means no lines are protected. A one means one line (the top line)
is protected. And so forth.

For example, to protect the top four lines from scrolling, execute the BASIC
statement: g

POKE 16916, 4

To restore the display to its original condition (no scroll-protect), execute the BASIC
statement:

POKE 16916,0

If you store a value greater than seven in this address, the Computer interprets the
value inmodulo eight. That is, the number is divided by eight and the remainder is
used.

The following program demonstrates the scroll-protect feature:

19 CLE: POKE 1691643 "PROTECT TOP 3 LINES
2@ PRINT "THESE TOP THREE L.INES WILL NOT BE SCROLLED®

3@ PRINT "BUT THE REST OF THE SCREEN WILL."

LD PR TINT M oo oo o o e e e s s . e e e e e e et e s s 2 e et e e e

20 FOR I = 1 TO 10@

6@ PRINT "THIS LINE IS IN THE NON-PROTECTED AREA SO WILL SCROLL"

78 NEXT I

B POKE 1691640 "REMOVE SCROLL PROTECTION

s
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Text Characters
The Model I1I Display can produce the standard ASCII text characters, including the
upper and lowercase alphabet.
All text characters are created on an eight-by-eight matrix for excellent definition.
The following BASIC program will display all 96 text codes and characters:

18 CLs

3 FOR T o= 32 TO 127

A PRINT & (I-32) % 8y I3 CHR&(1)3

4@ NEXT T
Many of these characters can be keyed in directly from the keyboard; others can
only be generated by reference to their ASCII codes.
Note: The (B key is echoed on the display as [ instead of as an up-arrow. This is
because Model I1I produces standard ASCII characters on its display. However, if
the program calls for an up-arrow, the left-bracket will serve the same purpose.

AN .

Graphics Characters
The Model I1I Display has 64 graphics characters, consisting of all possible on-off
combinations in a two-by-three matrix:
The graphics characters are produced by codes 128 through 191. The following
program will display them all:

10 CLS

20 FOR I = 1328 TO 191

30 PRINT & (I-128) % 8+ I3 CHR&(I)S

4@ NEXT 1
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Space Compression Characters

When you start BASIC, characters 192 through 255 are defined as space compression
codes: 192 generates zero spaces: 193, one space; and so forth, up to 255, which
generates 63 spaces.

These codes are useful for storing Video Display text in a minimal amount of
memory. For example, the following line contains 55 characters (superior numbers
indicate the number of blank spaces between letters):

21 spaces 18 spaces
NAME ADDRESS PHONE

There are two sequences of blanks containing a total of 39 characters. By replacing
the two space-sequences with two compression codes, we can save 39 — 2 = 37
characters.

When the data is displayed, the space compression codes will be *‘expanded’’ into
the appropriate number of spaces.

The following BASIC program illustrates this example:

3 OIS

1@ PORE 16526 105 'LEE OF $INITIO ENTRY ADDRERLRS

2B POKE 16527 @ TMSE

3@ X = USRI *CALL $INITIO

4@ CLEAR 100

S50 A% = YNAME" +  CHR$(192+21) + "ADDRESS" + CHR$(192+18)
"PHONE"

6@ PRINT "THE LENGTH OF THE STRING I&"3 LEN(A%)
7@ PRINT "HERE IT IG:®
B PRINT As

Special Characters

The Model I11 also features 96 special characters. The first 32 may be displayed by
POKEing the appropriate code into video RAM (addresses 15360 to 16383); the
remaining 64 may be displayed via the PRINT statement.

This program will display the first 32:

18 €LY

20 FOR I = @ TO 31

30 POKE 15360 + I % 16y 1
4@ NEXT I

58 PRINT a &40s ""3
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The remaining 64 must first be ‘‘switched in’’ and then may be displayed via PRINT.
Codes 192 through 255 normally function as space compression codes; however, a
software switch will activate the special character set. The statement:

PRINT CHR$(21)
switches back and forth between space compression and special characters.

Another software switch selects an alternate set of special characters (Japanese
Kana characters). Each time you execute the statement

PRINT CHR$(22)
the active/inactive sets are swapped.

The following program will switch in the special characters and display both sets of
them.

5 CL.S

18 PORKE 1&4326s 105 TLGR OF $INITIO ENTRY ADDRESS
20 PORE 16527 @ *MSE

A X = USRA) TCALL $INITIO

4@ PRINT CHR$(Z1) *GWITCH IN SPECIAL CHARACTERS

5@ INPUT "PRESS <ENTER> TO SBEE SPECIAL CHARACTERE" 5 X
&0 FOR 1 = 192 TO 2535
70 PRINT CHR&(I):3

8@ NEXT 1
9@ PRINT
1@8® INPUT "PRESS <ENTER> TO SWITCH TO ALTERNATE SET"3 X
11@ PRINT CHR$(ZZ)3 "GWITCH IN ALTERNATE SET

12@ INPUT "PRESS <ENTER: TO RETURN TO NORMAL AND END"3 X
13@ PRINT CHR#$(22)3 CHR&(Z1)
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6/ Using the Cassette Interface

Model I1I’s built-in cassette interface allows you to store data and programs witha
cassette recorder such as Radio Shack’s CTR-80A, Catalog Number 26-1206.

Connect the recorder to the Computer according to Figure 1 in this manual; for
further connection instructions, refer to the cassette recorder owner’s manual.

Cassette Transfer Speed

As explained previously, you select either Low or High cassette speed when you
start BASIC.

If you want to load Model I Level Il programs, you must select Low.

(The actual speed for Low is 500 baud, which is approximately 63 characters per
second; for High, 1500 baud, or 190 characters per second. For short programs, you
won’t notice a three-to-one difference in loading times, due to the *‘overhead™’
required by any taped data. However, for longer programs, the difference in
loading/saving times will approximate three-to-one.)

You do not have to restart BASIC to change the cassette speed. This speed is
determined by the contents of memory address 16913. When this one-byte location
contains zero, Low speed (500 baud) is used; when it contains any non-zero value,
High speed (1500 baud) is used.

For example, to select 500 baud, execute the BASIC statement:
POKE 16913,0
To select 1500 baud, execute the BASIC statement:

POKE 16913, 1
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Loading Errors

There are three messages that may appear in the upper right of the Display during a
tape input operation. They tell you that the tape operation was unsuccessful and
needs to be repeated.

Message Meaning

C* Checksum Error during loading of a SYSTEM tape
D* Data Error during loading of a BASIC program
BK You pressed and cancelled the operation

The first two errors may be caused by an incorrect volume setting. Adjust the
volume and try again. If you still have problems, recheck the cassette recorder
connections. Another possible cause is dirty recorder heads. Clean the heads as
explained in the cassette owner’s manual. If none of this helps, the data on the tape
may have been destroyed by static electricity or some other cause.

Saving a BASIC Program on Tape

When you want a long-term copy of a BASIC program (one that won’thave to be
typed in again), simply save it on tape with the CSAVE command.

The program should be in memory. Be sure you have selected the desired cassette
transfer speed (500 or 1500 baud). In general, you should use 1500 baud, since it is
faster and requires less tape.

1. Insertablank cassette into the recorder (use Radio Shack’s leaderless tape for
best results).

2. Prepare the recorder to RECORD.

3. Type :

CSAVE"P" (ENTER

The Computer will save the program on tape.

When the process is completed, the Computer will display:

READY
>l

In this example, we used "P” as the file name; you can choose any single character
except a double-quote. Enclose the character in double-quotes as shown in our
example.
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[tis a good idea to save the program at least twice, preferably on separate cassettes.
That way, if one cassette is lost or erased, you have an extra copy.

When you want to load the program in later, you can specify the file name, in which
case BASIC will search for that file name; or you can omit the file name, in which
case BASIC will load the first program on the tape.

Loading a BASIC Program from Tape

Be sure the Computer’s cassette speed matches that of the recorded program (the
speed at which it was CSAVEd).

1. Prepare your recorder to PLAY the recorded cassette. Adjust the volume to the
level recommended for 500 or 1500 baud. See Figure 2 on the next page.
2. Type:

CLOAD (ENTER

The Computer will load the first program on the tape. While the program is
loading, two asterisks will appear on the upper right of the Display. The one on
the right will blink after every 64th character of data is received.

When the program is loaded, the Computer will display the message:

READY /"
>

7

3. Type:
LIST (ENTER
to list the program you have just loaded (just for verification).

4. You may now run the program by typing:
RUN (ENTER) /-

6/3



TRS-80 MODEL il

How to Search for a Program

If the tape contains different programs on the same side, you can make the
Computer search through them until it reaches the desired program. To do this, just

specify the name of the program. For example, if the program is named "p", then
type in this command:

CLOAD"P” (ENTER

While the Computer is skipping a non-matching program, it will display the file
name of that program.

Note: If the program you named is not on the tape, the Computer will continue to

wait for it, even after the tape has run out. Hold down the (BREAK) key until the
Computer returns with the message:

READY
>0
Recorder User-Generated Pre-Recorded From
Model Radio $hack
CTR-80, 80A 5-7 4-6 —

Figure 2. Recommended levels for loading programs from
tape.
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Loading a SYSTEM Tape

In addition to BASIC programs, you may load machine-language programs from
tape. Such programs are stored in a different format on the tape; we call them
SYSTEM tapes. Radio Shack sells several machine-language programs on cassette,
for example, Micromusic and Editor/Assembler.

You can also create your own SYSTEM tapes, using the Editor/Assembler Package.

Before loading the tape, be sure the Computer’s cassette speed matches that of the
recorded program.

1. Prepare your recorder to PLAY the recorded cassette. Adjust the volume to the
level recommended in Figure 2.

2. Type:
SYSTEM (ENTER
The Computer will display the monitor mode prompt:
*?

3. Type inthe program’s file name. For example, if the program is named
EDTASM, you would type:

EDTASM

The Computer will load the program. While the program is loading, two
asterisks will appear on the upper right of the Display. The one on the right will
flash after every 64th character of data is received.

4. When the Computer has loaded the program, it will display another monitor
prompt:

*?
What you do next depends on the program you have just loaded.

A. If you want to load another program, then prepare the next cassette tape and
repeat Step 3.

B. If you want to return to BASIC, then press (BREAK).

C. If you want to run the machine-language program you just loaded. then type in a
slash symbol **/>” followed by the *‘entry address’” and press (ENTER). or simply
type inthe “*/>” and press (ENTER). Specific instructions will be provided with
the SYSTEM tape.
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For example, to start the program at address 32000, type:
*? /32000 (ENTER

To start the program at the address specified by the SYSTEM tape, type:

*?/(ENTER
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7 / Using A Line Printer

Any Radio Shack ‘‘parallel interface’’ printer may be connected to the Model I1I.
There are some differences in printer functions available, so check in the printer
owner’s manual for these details.

Line Printer vs Video Display
Output

Output to the line printer is similar to display output; in fact, for the two major
display output operations, there are two matching line printer output operations:

Video Display Line Printer
PRINT LPRINT
LIST LLIST

These are described in the BASIC Language Section of this manual.

When you try to output information to the printer, the Computer will first see if a
printer is connected and ready to accept the data. If it is not, the Computer will
simply wait until the printer is available. During this time, you will not be able to
type in instructions from the keyboard.

To regain keyboard control in this situation, hold down the (BREAK) key until the
Computer displays

READY
>

Certain of the Video Display features are not available on the printer. For example:

® The graphics and special character sets cannot be output to the printer. However,
your printer may have its own special characters or ‘‘graphics’’. Check in the
owner’s manual.

® The CLS and PRINT @ statements have no line-printer counterparts.
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Printer Control Features

Output to a printer involves several variables:

® Maximum line width (How many print columns are there?)

® Page length (How many print lines are on a page?)

e Printer status (Is the printer connected and ready to receive data and print it?)

In this section, we will explain how to set up the Model 111 to control all these
variables.

Setting the Maximum Line Length

In Model I11 BASIC, you can preset the maximum line length. If a line exceeds the
preset length, the Computer will automatically insert an end of line (carriage return)
so that the rest of the line will be output on a new line. The following paragraphs
explain why you may want to do this.

One important difference between display output and printer output is the
maximum line length. (A ‘‘line’” is a stream of data characters terminated by a

carriage return (ENTER).)

The Model III Display has a maximum line length of 64 characters. If you PRINT a
line longer than this, the Computer simply ‘‘wraps around’ ’ to the beginning of the
next line.

Printers have a maximum line length, too, but this length differs for various
models. The response to an overflow (longer than maximum-length) line also
varies. Some models wrap around to the next line automatically. Others may lose
the extra data, and may begin abnormal operation when the line is too long.

Another consideration is paper width. Suppose your paper is only wide enough to
hold 80 characters—but the printer will accept lines of up to 132 characters. In this
case, if you send a line longer than 80 characters, the printer will print part of the
information past the edge of the paper.

How to Set the Line Length

Memory address 16427 contains a value equal to the maximum line length less two.
For example, to set the maximum line length to 64, execute the BASIC statement:

POKE 16427, 62

Since the Display is 64 characters per line (cpl), this setting will make line printer
output match Video Display output.

ﬂ
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When address 16427 contains a value of 255, the maximum line length feature is
disabled. No matter how long the line is, the Computer will not insert carriage
returns in it. Remember, though, some printers automatically do this when the line
exceeds a specified length.

When you start BASIC, address 16427 contains a value of 255, so the maximum line
length function is disabled.

Page Controls

In many printer applications, you want to control the number of lin€5 that are
printed on a page. For example, in printing forms or reports, when a given number
of lines have been printed, you want to advance the paper to the top of the next
page.

Model Il BASIC has several features to help you do this. It keeps track of the
following information:

Data Memory Address
Page size: number of lines per 16424

page plus one. Initialized

t067 =66+ 1.

Line count: number of lines 16425

(carriage returns) already
printed plus one.
Initialized to one.

Most printers output six lines per inch; therefore standard 11” paper allows 66 lines,
which matches BASIC’s initialization value.

To change the maximum lines/page setting, store the desired number of lines plus
one in 16424. For example, if your paper contains 88 lines per page, then execute this
BASIC statement:

POKE 16424, 89

When you start the Computer, position the paper to the top of the page (¢ ‘top of
form’’). That way BASIC’s initial page information is correct. Each time BASIC
outputs a line (i.e., a carriage return), the line count is incremented.

Note: If your printer’s maximum line-length is shorter than BASIC’s maximum line
length, the printer will insert carriage returns that BASIC isn’t allowing for.
Therefore BASIC’s line count will not be accurate.
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To prevent this from happening, make sure BASIC’s maximum line length (stored in
address 16427) is no greater than that of your printer. You can find your printer’s
maximum line length in the printer owner’s manual.

To do an automatic top of form (advancing the paper to the top of the next page),
print the ASCIl *‘Form Feed’” code, decimal 12. For example, execute the BASIC
statement:

LPRINT CHR$(12)
The paper will advance by the following amount:
Top of Form = Max. linesipage — Lines already printed

Each time you print a form feed, CHR$(12), BASIC resets the line count
automatically.

Sometimes you may want to reset the line count, for example, after manually
advancing the paper to the top of form. To do this, store a one in 16425:

POKE 16425, 1

Checking the Printer Status

Unlike the Video Display, the printer is not always available. It may be
disconnected, off-line, out-of-paper, and so forth. In such cases, when you try
printer output, the Computer will wait until the printer becomes available. It will
appear to be ‘‘locked up’’. To regain keyboard control (and cancel the printer
operation), press (BREAK).

Suppose you have a program which uses printer output. If a printer is not available,
you don’t want the Computer to stop and wait for it to become available. Instead,
you may want to print a message like "PRINTER UNAVAILABLE’ and stop.

To accomplish this, you need to check the printer status. The status is stored in
address 14312. AND this value with 240. The result should equal 48. If it doesn’t, that
means the Printer is unavailable for some reason, and printer output is not possible.
For example, your program could execute these statements:

108 ST% = PEEK(14312) AND =40

120 IF 8TY% < » 48 THEN PRINT "PRINTER UNAVAILABLE.": BTOP
130 PRINT "PRINTER I8 AVAILABLE"
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Print Screen Function

Model Il has a very handy feature to give you a * ‘snapshot’’ of whatever is on the
Display. It will work whenever the Computer is scanning the keyboard (BASIC’s
Immediate, Execute, Edit and System Modes). It does not work during cassette,
printer or serial /0.

When you want to copy the Displa%contents to the printer, simply press:
GHIFD-@G )s{ PS
together. The Computer will stop what it’s doing and print the screen.

The Computer will print the entire display, blanks and all. If you are only interested
in printing the top portion of the display, press (BREAK) when those lines have been
printed.

If a printer is not available, the Computer will wait until it becomes available or

until you press (BREAK).

If the Display contains special characters or graphics characters, they will be
displayed as periods.

Note: You can also activate the Print-Screen function via the BASIC USR function.
See $PRSCRN in the Technical Information chapter.
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8 / Using the rs-232-c Interface

What is an Interface?

It’s a generalized means of communication between your TRS-80 and some external
device, providing the necessary conventions regarding data-identification,
transmission rates, send-receive sequences, error-checking techniques, etc.
However, an Interface does not provide the programming necessary to use any
particular TRS-80/ external device system.

For example, having the Interface installed does not automatically enable you to
send BASIC programs from one TRS-80 to another; to output to a line printer via the
Interface; etc. Such applications require ‘ ‘driver programs’’ which must be
custom-designed for the equipment you intend to use.

The Radio Shack RS-232-C Interface is designed to meet the EIA standards.
However, we cannot guarantee that it will work with all so-called *‘RS-232-C
compatible’’ devices. Nor do we commit ourselves to provide engineering and
programming support for such applications, or other special custom-use situations.

We do, however, guarantee that our Interface will function correctly with all our
own RS-232-C equipment.

The term RS-232-C refers to a specific EIA (Electronics Industries Association)
standard which defines a widely accepted method for interfacing data terminal
equipment with data communications equipment. The RS-232-C Interface is by far
the most universally used standard for interfacing data processing equipment. Most
video terminals, modems, card readers, line printers, mini-microcomputers, etc.,
utilize the RS-232-C standard for data interchange between devices.

Adding the RS-232-C to your Model I1I TRS-80 opens up a whole new world of
compatibility. The Computer can then be programmed to communicate with a
serial printer, telephone modem, serial display terminal — almost any RS 232-C
device.

Note: The following information applies only if your Model III TRS-80 is equipped
with the RS-232-C Interface.
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Using the Model III as a Terminal

Probably the most common use of the RS-232-C interface will be to allow the Model
III to act like a * ‘terminal’” to another **host’” computer. In this application,
whatever you type on the keyboard is sent via RS-232-C to the other host computer,
and whatever the host computer sends to you is displayed on your screen.

Before going into the details of RS-232-C operation, we’ll show you a BASIC
program that sets up a simplified terminal operation.

1. Make sure the RS-232-C characteristics are set to match those of the host
computer. If they are not, then change them, as explained later in this chapter.

Note: For this BASIC Program, you must use a baud rate of 110. An equivalent
Z-80 program could use any baud rate.

2. Connect the Model I1I to the host computer via the R$-232-C. You willneed a
telephone interface (modem) or other means of communication.

3. Type in and run the following BASIC program (you do not need to type in the
comments (material that starts with a single quote). The program displays
characters received via the RS-232-C, and sends characters you type in. Itis for
demonstration only, and is not meant to function as a practical terminal. Notice

there are no spaces between the ** *” inline 160.
5 DEFINT A-Z TINTEGER VARIABLE FOR SPEED
10 POKE 16898. @ TDONTT WAIT FOR SERIAL 1/0
159 PORKE 16888, (2%16)+2 TTX/RCV AT BAUD RATE 118
17 Ul = 16826 TLGE OF USR CALL ADDRESS
18 Uz = 16527 TMBE OF USR CALL ADDRELS
20 PORKE Uls 9@ TQET UP USR CAlLLs LBR
30 PORE UZs @ ? MSE
4 X = USRA) *CALL $REINIT
58 RCV = 8@ LR OF $RHERCV
& TX = 85 TLER OF $RETX
78 CI = 16872 *CHARACTER INPUT BUFFER
ga CO = 146880 P CHARACTER OUTPUT BUFFER
OB *  CHECK FOR SERIAL INPUT
100 POKE Uls RCV TQET UP USR CalL TO $RGRCV
118 X = USRA) 2CALL. $RBRCV
1720 C% = CHR$(PEEK(CI)) TLOOK AT INPUT BUFFER
130 PRINT C%3 PIF ¢ o= @y NOTHING HAPPENS

140 7 CHECK FOR KEYBROARD INPUT
15@ C$ = INRKEY%

1600 IF C% = "" THEN 100 TNQ KEYs S0 60 CHECK SERIAL

165 PRINT C#3 *DELETE THIS LINE IF HOST PROGRAM
1466 *HAS AN ECHO FEATURE

170 PORKE COs ASC(CH) *PUT CHAR. INTO QUTPUT BUFFER

180 PORKE Uls TX THEET UP USR CALL TO #$RSTX

190 X = USR(@) *CALL $RETX

00 GOTO 1006 *GC CHECK SERIAL INPUT

“
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Programming the RS-232-C Interface

In this section, we will treat the RS-232-C just like any other input/output device, and
will explain how your BASIC program can use it. In Technical Information, we
explain how to use it in a machine-language ("Z-80") program.

For details about the RS-232-C signal conventions and theory of operation, see the
Appendix.

Selecting the RS-232-C Characteristics

Before using the RS-232-C interface to communicate with another device, you must
be sure your RS-232-C is set up to match the requirements of the other device.

So start by getting the following information about the other device. In the right
column, we list typical values used.

Characteristic Typical Values Used

Baud Rate 110, 150, 300, 600, 1200,
2400, 4800, 9600

Word Length (bits) 5,6,7,8

Parity : Even, Odd, None

Stop Bits 1,2

When you start the Computer, the RS-232-C is initialized to the following ‘default
characteristics’”:

Baud Rate 300
Word Length (bits) 8
Parity None
Stop Bits 1

In addition, the RS-232-C is initialized to wait for completion of character /0 before
returning. That s, if you attempt to receive a character, the Computer will wait
until a character is received; it will never return to you without a character.
Similarly, if you attempt to send a character, the Computer will wait until the
receiving device is able to accept the character.

To regain control of the Computer during a wait, hold BREAK) until READY returns.
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1/O to the RS-232-C Interface

If the default settings are correct, you are ready to begin serial V0. To change any of
the settings, you need to re-initialize the RS-232-C interface. See *“To Change the
RS-232-C Characteristics’’.

There are two ROM subroutines for serial 0 (both were used in the simple terminal

program):
$RSTX Send a character
$RSRCV Receive a character

Both subroutines are simple to use from BASIC via the USR function.

To Send a Character
1. The Computer should be connected to the serial device.
2. Define a USR call to $RSTX (address 85) by executing these BASIC statements:

POKE 16526, 85
POKE 16527,0

3. Send the character by storing the ASCII code in memory location 16880. Suppose
A$ contains the character. Then execute this statement:

POKE 16880, ASC(AS)
4. Make the USR call with a dummy argument:
X =USR(0)

If the Computer is using the Don’t Wait procedure, then control will return to
BASIC even if the character was not sent. If the Computer is using the Wait
procedure, control will return to BASIC after the character 1s sent.

5. Repeat steps 3 and 4 until all the data has been sent.

To Receive a Character
1. The Computer should be connected to the serial device.
2. Define a USR call to $SRSRCV (address 50) by executing these BASIC statements:

POKE 16526, 50
POKE 16527,0

3. Get the character by making the USR call with a dummy argument. For example:
X =USR(0)

Upon return from the subroutine, USR returns the ASCII code of the character
received in memory location 16872. A zero indicates no value was received.

0
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If the Computer is using the Don’t Wait procedure, then control will return to BASIC
even if no character was received. If the Computer is using the Wait procedure,
control will return to BASIC after a character is received. Press to interrupt a
WAIT and regain keyboard control of the Computer.

4. Tomake this character available to BASIC, execute a BASIC statement like:
A$ = CHR$(PEEK(16872))

which stores the string value in A$. Remember, if A$ = CHR$(0), then no
character was received.

5. Repeat Steps 3 and 4 until you are through receiving data.

To Change the RS-232-C Characteristics

If the TRS-80’s default characteristics do not match the requirements of the other
device, you can change some or all of them by using (““calling’’) an initialization
subroutine that is stored in ROM.

Before calling $RSINIT, you must store the desired characteristics in certain RAM
locations:

Address Contents

16888 Transmit/Receive Baud Rate Code
16889 Parity/Word Length/Stop Bit Code
16890 Wait/Don’t-Wait Switch

Transmit/Receive Baud Rate Code

The TRS-80 RS-232-C allows you to receive and transmit at different rates. For most
applications, the rates will need to be the same.

Instead of storing the actual baud rate, you store a code for the value, taken from the
table below. You select the appropriate codes for send and receive rates, and then
“‘pack’’ them into memory address 16888 as follows:

Send/Receive Code = (Send Code * 16) + Receive Code

For example, suppose we want to send and receive at 110 baud. Using the table on
the next page, we find that the code for 110 baud is 2. So:

Send/Receive Code = (2*16) + 2 = 34

8/5
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Intechnical terms, we are storing the send-rate code in the most significant four bits
(“‘nibble’’) of 16888, and the receive-code in the least significant nibble.

Baud-Rate Codes

Desired Error Baud Rate
Baud Rate (%) Code
50 0 0
75 0 1
110 0 2
134.5 0.016 3
150 0 4
300 0 5
600 0 6
1200 0 7
1800 0 8
2000 0.253 9
2400 0 10
3600 0 11
4800 0 12
7200 0 13
9600 0 14 -
19200 3.125 15 )

Parity/Word Length/Stop-Bit Code
You pack all of this information into one byte, using the following formula:

Code = (Parityselect* 128) + (Word * 32) + (Stop * 16) + (Parityonoff * 8)
+ (Transmit*4) + (DTR *2) + RTS

where:

Parityselect = 0 for odd parity
= | for even parity

Word = 0for 5-bit words
= 1 for 6-bit words
= 2 for 7-bit words
= 3 for 8-bit words

Stop = Qfor 1 stop-bit
= ] for 2 stop-bit

Parityonoff = 0to enable parity
= 1 to disable parity

s,
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Transmit = (to disable the transmitter
= 1 to enable the transmitter

DTR = 0 to set Data Terminal Ready signal low
= 1 to set Data Terminal Ready signal high
RTS = Oto set Request to Send signal low

= 1 toset Request to Send signal high

Forexample, to select 7-bit words, even parity, two stop-bits, transmit-enable, DTR
high and RTS high, calculate the code this way:

Code = (1*128)+(2*%32)+(1*16)+(0*8)+(1*4)+(1*2)+(1*1)=
215

For additional information on how tc determine the appropriate code
characteristics, read $RSINIT in the Technical [nformation Chapter and see
Appendix [

Wait/Don’t-Wait Switch
The TRS-80 lets you choose either Wait or Don’t-Wait serial /0.

When you select Wait /0, the TRS-80 will not return from a serial /O call until the
operation is successful (i.e., a character is transmitted or received). Pressing

BREAK) will return control to your program.

When you select Don’t-Wait /0, the TRS-80 will return from a serial /O call even if
the operation was not successful (i.e., no character was transmitted or received).

The contents of memory location 16890 determines which procedure is used:

Contents of 16890 Procedure Used
Zero Don’t-Wait
Non-Zero Wait

8/7
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Calling $RSINIT from BASIC

Store (POKE) the desired values into the RS-232-C control addresses (16888-16890). If

any of the default characteristics are already correct, leave those addresses
unchanged.

If you need to change the parity/word length/stop-bit code, see $RSINIT in the
Technical Information chapter. Once you have calculated the desired codes for

baud rate, parity/word length/stop-bits and Wait/Don’t-Wait, you are ready to call
$RSINIT.

Execute the following BASIC statements to define a USR call to SRSINIT:

POKE 16526, 90
POKE 16527, 0
X = USR(0)

When the last statement has been executed, the RS-232-C is initialized.
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9 / Routing Input/Output

Model III lets you route /O from one device to another. This gives your programs

more versatility.

For example, suppose you have a program that outputs to the Video Display. Now
suppose you want all display output to go to the printer. You can accomplish this
without changing the program at all, using the route capability. The source device
(in our example, the display) will then be logically equivalent to the destination
device (printer) until you re-initialize the /O drivers with SINITIO (described later).

Here are the devices that may be routed:

Device
Keyboard
Display
Printer

RS-232-C
Send
Receive

System Abbreviation
KI

DO

PR

RO
RI

91
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To Route from One Device to
Another

Note: To actually try out the next four steps, you must have printer connected to
your Computer. If not, just read through the example.

1.

9/2

Store the Source Device Abbreviation in memory locations 16930-16931. For
example, to store DO (display) as the source device, execute the BASIC
statements:

POKE 16930, ASC("D")
POKE 16931, ASC("0")

. Store the Destination Device Abbreviation in memory locations 16928-16929. For

example, to store PR (printer) as the destination device, execute the BASIC
statements:

POKE 16928, ASC("P")
POKE 16929, ASC("R")

. Setup a USR call to $SROUTE (address 108). For example, execute the BASIC

statements;

POKE 16526, 108
POKE 16527, 0

. Make a USR call to SROUTE with a dummy argument. For example, execute the

BASIC statements:
X=USR(0)

Upon completion of Step 4, the route is completed. Now everything you send to
the display will be sent to the printer instead.
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Routing Multiple Devices

You can change two or more of the /0 routes. To do this, you perform the routing
Steps 1 through 4 once for each change you wish to make. However, to get the
desired result, you must do the changes in the correct order! If you use one device
as the source of a route, you should not later on use the same device as a
destination. Here’s why:

After you route device A to device B, device A is now logically equivalent to device
B. Therefore:

(1) RouteAtoB
(2) RouteCtoa

Does not allow C to output to device A. Output to C will actually transfer to B, just as
if you had executed these steps:

(1) Route AtoB
(2) RouteCtoB

On the other hand:

(1) RouteCtoaA
(2) Route AtoB

Does allow device C to output to device A and device A to output to device B.

For example, suppose you want to route display output to the printer, and printer
output to the RS-232-C. Here’s a diagram of what you want to accomplish:

Display Printer

Output - Output
RS-232-C /

Output

Display output goes to the Printer, and Printer output goes to the RS-232-C. All other
IO routes are unchanged. Note that Display output does not get carried forward
from the Printer to the RS-232-C. To accomplish the routing pictured above, use this
sequence:

1. Route DO to PR
2. Route PR tO0 RO

If you mistakenly do the steps in reverse order, you will get this result:

Display Printer

Output / Output
RS-232-C /

Output

In this case, Display output is *‘carried forward’’ from the printer to the RS-232-C. It
does not output to the printer.
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10/ Real-Time Clock

The Model III contains a real-time clock. It is always running, except during
cassette and disk I/0 and during certain other operations.

The clock keeps the following information in memory:

Abbrev. Range of Values Memory Location
MO Month 01-12 16924
DA Day 01 - 31 16923
YR Year 00 - 99 16922
HR Hour 00 -23 16921
MN Min. 00 - 59 16920
S8 Sec. 00 - 59 16919

The clock includes the logic for 28, 30 and 31-day months. It does not recognize leap
years.

When you start the Computer, the clock is set to all zeroes:

00/00/00 00:00:00

To Set the Clock

Simply store the appropriate data in the memory addresses given above. You may
do this by running the following program:

1@ DEFINT A~-Z

2@ DIM TMS)

3@ Gl = 16924

490 PRINT "INPUT &6 VALUES: MOs DA YRs HRs MNs &8°
5@ OINPUT TM@) s TMOL) s TMCZ)s TM(3)s TM{4)s TML(S)
6B FOR 1 = @ TO 5

70 FORE CL. — T+ THM(I)
B NEXT 1

90 PRINT "ClLOCK IS SET"

148 END

101
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To Read the Clock

The Model 111 includes a built-in BASIC function, TIMES, to get the time ina 17-byte
string. For example, execute the BASIC statement:

PRINT TIME$

To display the time.

To Display the Clock in Real-Time

You can turn on a continuously updated clock display. The current time (not the
date) will be displayed in columns 57 - 64, regardless of what mode the BASIC isin:
Immediate, Execute, Edit, or System. As long as the clock is running, it will be
updated on the display.

To enable the clock display, call the ROM subroutine $CLKON at address 664. To
disable it, call the ROM subroutine SCLKOFF at 673.

The following BASIC program shows how to turn the display on and off. Each time
you want to switch it on or off, run the program.

Note: To calculate the most significant and least significant bytes of a decimal
number, use this formula:

MSB = integer portion of (number/256)
LSB = number - (MSB * 256)

For example, decimal address 661 can be broken down this way:

MSB = integer portion of (661/256) = 2
LSB =661 -(2*256) = 152
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Sample Program

5 CLS

1@ DEFINT A2 :
2@ EN = 152: DI = 161 TLER OF $CLKON/$CLKOFF

3@ PRINT "<E> NARLE CLOCK DISPLAY"

4@ PRINT "<D> ISAPLE CLOCK DISPFLAY"

3@ INPUT A%

6@ IF A% = "B THEN SW = EN: GOTO i@

8 IF A% = DY OTHEN SW = DI! GOTO 100

B GOTO 3@

1@ POKE 165Zé&s 8W THET UP USSR CALL

11@ POKE 16527, 2 TMBE TS S56ME FOR BOTH CALLS
12@ X = USR@) TCALL USSR SUBROUTINE

138 END

For further information about the real-time clock, see $CLKON and $CLKOFF in the
Technical Information chapter.
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11/ Input/Output Initialization

Whenever you start or reset the Computer, the input/output routines (*‘1/0 drivers’’)
are initialized to their default values (as explained in the following chapters). For
example, the Video Display is initialized to have a blinking cursor.

As described in the previous chapters, there are ways for you to alter these default
characteristics via a BASIC or Z-80 program. Because of this feature, it is important
to have a means of resetting the /O drivers to their default conditions.

Model III has a ROM subroutine to re-initialize all /O drivers to their default values.
We call it $SINITIO.

The following BASIC program shows how to use $INITIO.

1@ PORKE 16526 1805 LR OF $INITIO ENTRY ADDREGS
20 POKE 16527, @ P MEE
A X = USR®) *CALL $INITIO

Run this program whenever you want to restore the /0 drivers to their initial
characteristics.
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12/Technical Information

This section is intended for Z-80 programmers and BASIC programmers who are
familiar with binary and hexadecimal arithmetic and hardware concepts like bit and
byte. Its purpose is to allow you to take full advantage of the Model I1I TRS-80.

If you want to understand and use the system on this level, but do not have the
background, we suggest you read:

TRS-80 Assembly Language Programming
by William Barden, Jr.
Radio Shack Catalog Number 62-2006

This one book will get you off to a good start. It was written for the Model I TRS-80,
but almost all of it applies to the Model I1I as well.

To Protect High RAM

In many applications, you will want to interface a BASIC program and a Z-80
routine. In such cases, you need to protect enough high RAM to accommodate your
Z-80routine. Otherwise, BASIC will use all RAM available for storage and execution
of the BASIC program.

During the start-up dialog, you have the option of protecting high RAM via the
Memory Size Question. If you simply press (ENTER) to this question, BASIC will use
all available RAM.

To protect RAM, type in the *‘limit address’’ in decimal form, and then press
ENTER). The limit address is the highest memory address you want BASIC to use.
Addresses above this value will not be affected by BASIC.

For example, if you type: "32667 (ENTER)", BASIC will not use any memory above
32667. It will use 32667 and all lower-numbered memory locations.
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ROM Subroutines

The Model 111 BASIC ROM contains many subroutines that can be called by a Z-80
program; many of these can be called by a BASIC program via the USR function.
Each subroutine will be described in the format given below.

1. SNAME — Entry address

2. Function Summary

3. Description of function
4. Entry Conditions
5. Exit Conditions

6. Sample Program

Notes:

1. The subroutine name is only for convenient reference. It is not recognized by the
Computer. The $- prefix reminds you that it is a convenience name only.

The entry address is given in decimal/hexadecimal form. (The hexadecimal address
will be given in this form: X'0000'.) This is the address you use in a Z-80 CALL. BASIC
programmers store this address in the USR definition address (16526-16527).

4, 5. Entry and exit conditions are given for Z-80 programs. If a Z-80 register is not
mentioned here, then you can assume it is unchanged by the subroutine.

6. Sample Program fragments are given in Z-80 Assembly Language and, where
appropriate, in BASIC.

Here are the subroutines, arranged according to function. In the following pages,
they are arranged alphabetically.
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System Control

$CLKON

OPERATION

Clock-display on

$CLKOFF Clock-display off
$DATE Gettoday’s date
$DELAY Delay for a specified interval
$INITIO Initialize all 170 drivers
SREADY Jump to Model I1I *‘Ready’’
$RESET Reset Computer
$ROUTE Change /0 device routing
$SETCAS Prompt user to set cassette baud rate
$TIME Get the time
Cassette I/O
$CSHIN Cassette on, search for leader and sync byte
$CSIN Input a byte
$CSOFF Turn off cassette drive
$CSHWR Cassette on, Write leader and sync byte
$csouTt Write a byte to cassette
Keyboard Input
$KBCHAR Get a character if available
$KBWAIT Wait for a character
$KBLINE Wait for a line
$KBBRK Check for (BREAK) key only
Printer Output
$PRCHAR Print a character
$PRSCN Print entire screen contents
RS-232-C1/0
$RSINIT Initialization
$RSRCV Receive a character
$RSTX Send a character
Video Display Output
$VDCHAR Display a character
$VDCLS Clear the screen
$VDLINE Display a line
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BLDY
aire

LG
laty
K33
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jalalilahy
rdtlele
Bang.:
gl dur
BRBGBEs
jataleluls
waaav
[alalulnlst
Ay
[l tlr Ryl
ralred bl
il
[l
auiat 4
iadradre b
B 6
[adtd g
Ba1a

[alles=]
nansy
aavLan
radule oy

3

MODEL 111 ROM A

LLE -

CREATELD @7/ ag
UPDATED @7/ @830

TO DEMONSTRATE

S QO
AN [ i
o 1
ALY

POAGH
Baa

JUME

DEMONSTRATION FROGHRAM

TO

THE.

APPROFRIATE ENTRY
POTMYT, EACH DEFO ENDS WITH & JUMP T BAGTC

SOBnH

Note: This Z-80 assembly language listing is continued under the ROM call entries
for Sample Z-80 Programming.
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$CLKOFF —673/X'02A1’
Disable the Clock Display
Entry Conditions

None

Exit Conditions

Aisaltered. All other registers are unchanged.

Sample Z-80 Programming

Qa4 5 TURN OFF CLOCK
[sfrtudul Chadar Qs s Cal.l CLKOFF
SBn3 C3191A DG4 JE REzabyY

Sample BASIC Programming

190 POKE 1652651611 PORKE 1652722 TLER/MGR
118 X = USSR TDUMMY  ARGUMENT

$CLKON —664/X'0298’
Enable the Clock Display
Entry Conditions

None

Exit Conditions

Ais altered. All other registers are unchanged.

Sample Z-80 Programming

adRas 3 TURN ON CLOCK
3006 CD?P8G: [Faltalta LYY CAlLL CLKON
BAG C3191A jrafalv g JP READY

Sample BASIC Programming

100 FORE 1652651021 POKE 1652742 T LSB/MER
118 X = USRMW) DUMMY  ARGUMENT
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$CSHIN —662/X'0296'
Search for Cassette Header and Sync Byte

Each cassette ‘‘record’” begins with a header consisting of a leader sequence and
synchronization byte. SCSHIN turns on the cassette drive and begins searching for
this header information. The subroutine returns to the calling program after the
sync-byte has been read.

Entry Conditions

None

Exit Conditions

Aisaltered. All other registers are unchanged.

Sample Z-80 Programming

The following program reads the tape created by the $CSHWR sample program.

Qaa48 5 READ A MESSAGE FROM TAPE & STOF ON CAR TN

HOBC £DCHBL BRv4Y CALL VDELS CLEAR §C
8O0F JEQD oRRSY LD As DDH
a@11 BOBS 1 CALL VDCHAR BKIP
5014 = POBSZ CALL SETCAS LET ¢ SCT BAUD RATE
awL7 213P80 2BBs3 LD HL.» MGG {HL) = © PROMPT
8014 CDiBERZ PO@5 4 caLL VDL INE
8@1D CD4500 YOS5 CALL KEWALT WATT FOR ANY KEY
16260 OB LD HLs TXT (HL Y =256-BYTE BUFFER
CD96DE POOS7 CALL CSHIN FIND START OF RECORD
CDISDE ORS8 LOOP cALL CSIN INPUT A BYTE
77 28859 LD (HL) 4 A STORE 1T
- PBBED INC FIL. POINT TO NXT LOC.
OGS 1 cF BOH WAS LABT BYTE=CAR-RET’N7
EZD ZOF7 o IR NZ+LOOP IF NOs GET NXT BYTE
BOZF CDFBD1 POB63 CALL CEOFF IF YES: TURN OFF CA
BU32 216280 PBDEL LD HLs TXT DISPLAY THE MESSAGE
8035 CD1B@E PRRLS CALL VDL INE
Bu3E €3191A PODEE Jp READY AND GUIT
8B3R 50 DOPE7 MBGED DEFM "PREPARE TAPE TO FLAY AND PRESS ANY KEY’
8061 2D 2068 DEFE

STORAGE FOR TAPE MESSH(

8062 BBosLS? TXT DEFS
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$CSIN —565/X'0235’
Input a Byte

After completion of $CSHIN, use $CSIN to begin inputting data, one byte at a time.

Note: You must call $CSIN often enough to keep up with the baud rate (either 500 or
1500 baud).

Entry Conditions

None

Exit Conditions

A = Databyte

Sample Z-80 Programming

See $CSHIN.

$CSHWR —647/X'0287'
Write Leader and Sync Byte

Each cassette *‘record’’ begins with a header consisting of a leader sequence and a
synchronization byte. SCSHWR turns on the cassette and writes out this header.

Entry Conditions

None

Exit Conditions

Ais altered.
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Sample Z-80 Programming

CHCYE
HEGD
CH33BE

£116A T1AQE]

B16D CD1RG:

6170 Z1EABL
i BEFF

175 CD400Y

8178 :

B17A

2817¢C

L 7F

B8 >

8185 CD1BOZ

B186 CD4900

H1EH /

818k

8198 ZRF7
G194 CDFB01
£€19D C3191A
g1a@ 54
B1B2 an
8103 4D
81E9 @D
B1lEA

auna7y s INPUT

L OO

Daa7a
ralralt g
aRav7é
o777
poa7e
oa7Yy
Plnlristn]
[l pY
ralald=bed
BBnE3
afrlrgass
Doras
[radrdrlstay
alralit=ig
LOOPZ

ralidribedr]
BAY1
ragulra g
BaBy:3
ulrlniogdy
ABAYE MEGL
"l g
DABY7 MEGE
[l k]
PR@TT TXT1

. TRS-80 MODEL il

A REYROARD ME

For a program to read the tape in, see SCSHIN.

$CSOFF —504/X'01F8’

Turn Off Cassette

VDCLS
Ay @DH
VDCHAR

KEL INE
CyLO0P1
A DDH

VDL INE

KBRWALT
CEHWR
His TXTL
As CHLD
Hi..
CaEouT
BOH

TTYPE IN A ME

@hH
PMESSSAGE
ADH
jrestat

SAGE AND WRITE IT TO CABBETTE

CARRIAGE RETURN
SRIF TO NEXT DISPLAY LINE
PROMPT ME

CHARACTERS
- FROM KB
. WAS PFE

SRIP A LINE
LET USER SELECT BAUD RATE
CASSETTE PROMPT

WATT UNTIILL A KEY I8 PRESSED
STTE HEADER
SAGE

BYTE
POINT T NEXT BYTE
WRITE LAST BYTE TO TAPE
WAS IT A CARRIAGE RETURN?

IF NOs THEN GE
IF YESy TURN O

I ONEXT BYTE
FCASSETTE

FRESS ANY KEY WHEN READY TO RECORD. ..’

END OF L INE

After writing data to cassette, call this subroutine to turn off the cassette drive.

Entry Conditions

None

Exit Conditions

None

Sample Z-80 Programming

See $CSHWR.
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$CSOUT — 612/X'0264’
Output a Byte to Cassette

After writing the header with SCSHWR, use $CSOUT to write the data, onebyte at a
time.

Note: You must call $CSOUT often enough to keep up with the baud rate (either 500
or 1500 baud).

Entry Conditions
A =Databyte.

Exit Conditions

None

Sample Z-80 Programming

See $CSHWR.

$DATE —12339/X'3033'
Get Today’s Date

Entry Conditions
(HL) = Eight-byte output buffer

Exit Conditions

(HL) =Date in this format:
MO/DA/YR

All other registers are altered.

Sample Z-80 Programming
20190 3 GET TODAY'S DATE & TIME

8ZEA 210883 bR1a1 LD His TXT2 8-BYTE BUFFER
HEED CD333@ o1z CALL DATE

82F@ Z1FF82 za1e3 LD HLLs TXT3 8-BYTE BUFFER
8B2F3 CD3&32 22104 Ccal.L TIME

82F6 Z1FF82 BA1B5 LD HLy TXT3 (HL) =TIME/DATE MSG.
BIF9 chip@z 2014 CALL VDL INE DISPLAY TIME/DATE
82FC C3191A aB107 JP READY

8IFF 20188 TXT3 DEFS 8 TIME GOES HERE
8307 jrdi} 2199 DEFB Z20OH ASCII SPACE

8308 PB110 TXTZ DEFS 8 DATE GOES HERE
831a 2D 211t DEFR BDH END OF LINE
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$DELAY —96/X'0060’
Delay for a Specified Interval

This is a general-purpose routine to be used whenever you want to pause before
continuing with a program.

Entry Conditions

BC =Delay multiplier. Actual delay will be:
2.46 + (14.8 * BC) microseconds
When BC = 0000, 65536 is used. This is the
maximum delay (about one second).

Exit Conditions

BC and A are altered.

Sample Z-80 Programming

G111z s5HOW ALL DISPLAY CHARACTERS. WITH DELAY AFTER EACH

P13 CENTER E&U BEZOH ROW 8y COLUMN 32 OF VIDEO
CDeyaR 20114 CALL INITIO RESTORE ALL 1/0 DRIVERS
CHCs@1 o115 COLL. VDCLS FIRGT CLEAR SCREEN
20116 LD As OH
e117 LD BCy 7FFFH SET 1/2-BEC DELAY FACTOR
PR118 LOOP3 LD (CENTER) s A WRITE CHARACTER TO VIDEO
AB119 PUSH AF SAVE LAST CHAR. CODE
a0 120 PUSH BC AND DELAY FACTOR
CheNRY PBLZL CALL DEL.AY
1 23 pOR BC
Fi POP AF
3¢ INC A NEXT CHAR CODE
ZOF3 PO1ES JR NZ»L.OOP3 IF NOT ZEROs DISPLAY IT
C3191A eB1E6 Jp READY ELSE END

$INITIO — 105/X'0069’
Initialize A1l I/O Drivers

Call $INITIO to restore all /O drivers to their initial default conditions, including /O
routes.

Entry Conditions

None

Exit Conditions

All registers are altered.

X —
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Sample Z-80 Programming

See $SDELAY.

Sample BASIC Programming

10 POKE 1652651051 POKE 165270 *LSB/MSE
20X = USROG TDUMMY  ARGUMENT
$KBCHAR —43/X'002B’

Get a Keyboard Character if Available

This subroutine checks the keyboard for a character. The character (if any) is not
displayed.

Entry Conditions

None

Exit Conditions
A=ASCH Character. IF A=0, no character was available.

DE is altered.

Sample Z-80 Programming

See $RSINIT.
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$KBLINE — 64/X'0040’
Wait for a Line from the Keyboard

This routine gets a full line from the Keyboard. The line is terminated by a carriage
return (X'0D") or BREAK) (X'01"). Characters typed are echoed to the display.

Entry Conditions

B = Maximum length of line. When this many characters are typed,
no more will be allowed except for ENTER) or (BREAK)

(HL) = Storage buffer. Length shouldbe B + 1.

Exit Conditions
c Status = (BREAK) was the terminator.
B = Number of characters entered.

,(HL) Line from keyboard, followed by terminating character.

il

DE is altered.

Sample Z-80 Programming

See SCSHWR.

$SKBWAIT —73/X'0049’

Wait for a Keyboard Character

This routine scans the keyboard until a key is pressed. If (BREAK) is pressed, it will
be returned in A like any other key. The character typed is notechoed to the
Display.

Entry Conditions

None
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Exit Conditions

A =Keyboard character
DE s altered.
Sample Z-80 Programming

See $CSHWR.

$KBBRK — 653/X'028D’

Check for (BREAK) Key Only

This is a fast key scan for the (BREAK) key only. Use it when you want to minimize
keyboard scan time without totally locking out the keyboard.

Entry Conditions

None

Exit Conditions
NZ Status = (BREAK) was pressed

Ais altered.
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$PRCHAR —59/X'003B’

Output a Character to the Printer

$PRCHAR waits until the Printer is available or until BREAK) is pressed. If (BREAK) is
pressed, SPRCHAR returns to caller.

Entry Conditions

A = ASCII character

Exit Conditions

DE is altered.

Sample Z-80 Programming

20148 3 PRINTER DEMO

8356 216583 0R149 LD HLs TXT4 CHL ) =SAMPLE TEXT

6359 7E eR152 LOOPS LD As (HL) GET CHAR. INTO A

B354 3 om151 ING HL. POINT TO NEXT CHAR

BISE CDIEQR oR152 cALL FRCHAR FRINT CHAR IN A

giza F;DD DB153 cp BDH WAS IT A CARRIAGE RETURN?
360 ZOF 7 PR154 JR NZ s LOOPS IF NOs GET NEXT CHAR.
R C3191A BO155 JP READY IF YESs QUIT

B365 54 PR156 TXT4 DEFM *THIS SENTENCE WILL BE PRINTED?

8382 @D pB157 DEFB @DH ) T NTE

402D PR158 END

AVRDE ASSEMBLY ERRORS

$PRSCN —473/X'01D9’

Print Entire Screen Contents

This routine copies all 1024 characters from the screen to the printer. If the printer is
unavailable, it waits until the printer becomes available. If (BREAK) is pressed,
$PRSCN returns to the caller.

Entry Conditions

None

Exit Conditions

All registers are altered.
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SREADY —6681/X'1A19’

Jump to Model ITI BASIC ‘‘Ready’’

To exit from a machine-language program into BASIC’s immediate mode, jump to
$READY (don’t call it).

Entry Conditions

None

Exit Conditions

None

Sample Z-80 Programming

See $CSHIN.

$SRESET — 0/X'0000’

Jump to RESET

Jump to this address to re-initialize the entire system starting at the **Cass?”’
prompt. If a disk controller is present, the Computer will attempt to load TRSDOS.
To prevent this from happening, the operator must hold down before this
jump is executed.

Entry Conditions

None

Exit Conditions

None
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$ROUTE — 108/X'006C’

Change 1/0 Device Routing
Entry Conditions

(X'4222") = Two-byte source device ASCII abbreviation: {KI,DO,RI,RO,PR}

(x'4220') = Two-byte destination device ASCIl abbreviation. Same set as above.

Exit Conditions

DE is altered.

Sample Programming.

See Chapter 9 in this section.
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$RSINIT — 90/X’005A’
Initialize the RS-232-C Interface

When you start the Computer, the RS-232-C interface is initialized to the

following characteristics:

Send/Receive Baud Rate: 300

Word length: 8
Parity: None
Stop-Bits: One

Wait for completion of character /0

To change any of these, you must call $RSINIT.

Entry Conditions

(16888) =  Send/Receive Baud Rate Code:
Most significant four bits = send rate
Least significant four bits = receive rate

See the table of baud rate codes in Chapter 8.

(16890) = Wait/Don’t Wait Switch
Zero = “‘Don’t Wait”’
Non-Zero = *“Wait”’

(16889) = RS-232-C Characteristics Switch:

Bits Meaning

7 Parity:
1 =Even
0=0dd

6,5 Word Length:
00 = S Bits
01 = 6 Bits
10 = 7 Bits
11 = 8 Bits

5 Stop Bits:
0= 1Bit
1 =2Bits

4 Parity On/Off

0 = Parity
1 = No Parity

Bits

3

OPERATION

Meaning

Transmit On/Off
0 = Disable
1 = Enable

Data Terminal Ready
0=No
1= Yes

Request To Send
0=No
1=Yes
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Exit Conditions

DEis altered.

Sample Z-80 Program

TERMINAL PROGRAM FOR DEMO OF RS-23Z~C CALLSs $KBCHAR AND $VDCHAR

@i, 5
PR1T9 3 AGSUME 16888 & 16889 CONTAIN THE PROPER INITIALIZATION VALUES
AF XOR A ZERO A TO SELECT "DONT WAIT"
JEFALL & LD (16890),A
CDBARR PB133 CALL REINIT
Cheyal D134 CALL. VDCLS
CDzpRe @135 KEYIN CALL KECHAR CHECK KEYBOARD
FEG® 2B136 cP 2
2806 P@137 JR Z2RSIN IF NOTHING: CHECK RBZ3Z

Ch3300 @av138 CAL.L VDCHAR SELF-ECHO
85340 CDE50@ DO139 CALL RETX SEND IT TO RGzIZ
8343 21E841 P0140 RSIN t.D HL.s 16872 (HL)Y =CHAR. INPUT BUFFER
86346 CDSBBs BR141 CALL RSRCV CHECK FOR RSZ3:Z INPUT
85349 7E BoL42 LD Ay (HL) GET BUFFER CONTENTS
E134A FEQ®@ P0143 CcP "}
834C 28E8 PD144 JR ZsKEYIN IF NOTHINGs CHECK KB
834E CDH3300 2B145 CALL VDCHAR ELSE DISPLAY IT
8351 18E3 PAa1L46 JR KEYIN CHECK KB
8353 C3191A aa147 Jp READY RETURN TO BASIC

$RSRCV —80/X'0050’
Receive a Character from the RS-232-C Interface

If RS-232-C Wait is enabled, this routine waits for a character to be received, or until
BREAK) is pressed.

If Wait is not enabled, it returns whether or not a character is received.

Entry Conditions

None

Exit Conditions

(16872) = Character received. Zero indicates no character.

DE is altered.

Sample Z-80 Programming

See $RSINIT.
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$RSTX —85/X'0055’
Transmit a Character to the RS-232-C Interface

[t RS-232-C Wait is enabled, this routine waits until the character is transmitted or

until (BREAK) is pressed.

If Wait is not enabled, it returns whether or not a character is transmitted.

Entry Conditions

A = Character

Exit Conditions

Z Status = No character sent

DE is altered.

Sample Z-80 Programming
See SRSINIT.

$SETCAS —12354/X'3042’
Prompt User to Set Cassette Baud Rate

This call repeats the first question in the Model 111 start-up dialog. It displays the
prompt:

Cass?

on the next line of the display, and waits for the operator to type "H” (high—1500
baud) or "L" (low—>500) or (ENTER) (default to high).

Upon return from the call, the cassette rate is set accordingly.

Entry Conditions

None

Exit Conditions

Allregisters are altered.

Sample Z-80 Programming

See $CSHWR.
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$TIME — 12342/X'3036’
Get the Time

Entry Conditions
(HL) = Eight-byte output buffer

Exit Conditions

(HL) = Time in this format:
HR:MN:SS

All other registers are altered.

Sample Z-80 Programming

See $SDATE.

$VDCHAR —51/X'0033’
Display a Character

This subroutine displays a character at the current cursor location.

Entry Conditions

A = ASCII character

Exit Conditions

DE is altered.

Sample Z-80 Programming

See $DELAY.
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$VDCLS —457/X'01C9’
Clear the Video Display Screen

Entry Conditions

None

Exit Conditions

All registers are altered.

Sample Z-80 Program
See SCSHWR.

$VDLINE —539/X'021B’
Display a Line

This subroutine displays a line. The line must be terminated with an ASCI ETX
(X'03') or carriage return (X'0D’). If the terminator is a carriage return, it will be
printed; if it is an ETX, it will not be printed. This allows VDLINE to position the
cursor to the beginning of the next line or leave it at the position after the last text
character.

Entry Conditions

(HL) = Output text, terminated by X'03' or X'0D'.

Exit Conditions

(HL) = First character after the terminator.

DEis altered.

Sample Z-80 Programming
See SCSHWR.
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BREAK) Processing

The (BREAK) key is intercepted during keyboard scan operations. The Computer
transfers control to a three-byte jump vector in RAM (hex values: C3 Isb msb). For
special applications, you may change the jump vector addresses to allow your own

program to handle the (BREAK) key.
The keyscan (BREAK) jump vector is located at 16396 (X'400C").

Register contents on entry to the jump vector
DE= Modified by the Computer

(sP) = The return address of the interrupted program. Thatis, a RET will transfer
control to the point at which the program was interrupted.

Sample BASIC Programming
Run this BASIC program to disable BREAK).

1@ PORE 163964175 175 = 7-80 "XOR A" CODE
20 POKE 16397y 201 TEBL o= 88 "RET" CODE

Run this BASIC program to enable the (BREAK) key.

1@ POKE 163965201 *Z-88 "RET" CODE
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Memory Map
Decimal Contents Hexadecimal
Address Address
0 12 K ROM 0
Model Hll BASIC
12288 2 K ROM 3000
for System Use
14336 Keyboard 3800
Matrix
15360 Memory-Mapped 3C00
Video Display:
Upper left corner =
15360 + 0.
Lower right corner =
15360 + 1023.
16384 Reserved 4000
for System Use
17129 User Memory 42E9
For Program and Data
32767 “16K RAM” ends here. 7FFF
49151 “32K RAM” ends here. BFFF
65535 “48K RAM” ends here. FFFF
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Summary of Important ROM Addresses

Address

Dec Hex Contents Function

0 0000 $RESET System reset

43 002B $KBCHAR Check for keyboard character

51 0033 $VDCHAR Display a character

59 003B $PRCHAR Printa character

64 0040 $SKBLINE Wait for a keyboard line

73 0049 $SKBWAIT Wait for a keyboard character

80 0050 $RSRCV Receive character from RS-232-C

85 0055 $RSTX Transmit character to RS-232-C

90 005A $RSINIT Initialize RS-232-C

96 0060 $SDELAY Delay for a specified time

105 0069 SINITIO Initialize all I/O drivers

108 006C $ROUTE Route I/0

457 01C9 $VDCLS Clearthe screen

473 01D9 $PRSCN Print screen contents

504 01F8 $CSOFF Turn off cassette

539 021B $VDLINE Display a line

565 0235 SCSIN Input a cassette byte

612 0264 $CSOUT Output a cassette byte

647 0287 $CSHWR Write the cassette header

653 028D $KBBRK Check for key only

662 0296 $CSHIN Read the cassette header

664 0298 $CLKON Turn on the clock display

673 02A1 $CLKOFF Turn off the clock display

6681 1A19 $READY Jump to BASIC “Ready”

12339 3033 $DATE Getthe date

12342 3036 $TIME Getthetime

12354 3042 $SETCAS Set cassette baud rate

14312 37ES8 $PRSTAT Printer status
(Read Only)
“Go"” only if:
Bit7=0 “NOTBUSY”
Bit6 =0 “NOTOUTOF PAPER”
Bit5=1 “DEVICESELECT”
Bit4=1 “NOTPRINTERFAULT”
Bits 3,2,1 and 0 are not used.
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Summary of Important RAM Addresses

Address

Dec

Hex

Contents

Initial
Contents

16396

16409

16412

16416

16419

16424

16425

16427

16872

16880

16888

16889

16890

16913

400C

4019

401C

4020

4023

4028

4029

402B

41E8

41F0

41F8

41F9

41FA

4211

BREAK) Jump Vector
Keyboard scan operations
Three bytes

Caps Lock Switch
0 = “Upper and Lower Case”
Not 0 = “Caps Only”

Cursor Blink Switch
0 = “Blink”
Non-Zero = “No-Blink”

Cursor Address
Two bytes: LSB, MSB

Cursor Character
ASCIliCode 32— 255

Maximum Lines/Page
plus one

Number of lines printed
plus one

Line Printer Max. Line
length less two.
255 = “No Maximum"

$RSRCV Input Buffer
One byte

$RSTX Output Buffer
One byte

$RSINIT Baud Rate Code
TX Code = Most Sig. Nibble
RCV Code = Least Sig. Nibble

$RSINIT Parity/Word Length/
Stop-Bit Code

$RSINIT WAIT Switch
0 = “Don’t Wait”
Non-Zero = “Wait"

Cassette Baud Rate Switch
0 =500Baud
Non-Zero = 1500 Baud

C9 xx xx

“Caps”

“Blink”

N/A

176

67

“No Max”

85

108

“Wait”

N/A

b e

12/25



‘Iﬁg:ﬁL¥Eﬂ2EkJullIlIIII-IIIIIIIIIII-IIIIII

Address Initial
Dec Hex Contents Contents
16916 4214 Video Display Scroll Protect 0
FromOto 7. Greater values
are interpreted inmodulo 8

16919 4217 Time-Date 00:00:00
Six binary bytes: 00/00/00
SSMMHHYY DD MM

16928 4220 $ROUTE Destination Device N/A
Two-byte I/O designator

16930 4222 $ROUTE Source Device N/A

Two-byte I/O designator

12/26
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13/ Troubleshooting And
Maintenance

If you have problems operating your TRS-80, please check the following table of
symptoms and cures. It’s also possible that you have not followed the instructions
correctly,

If you can’t solve the problem, take the unit in to your local Radio Shack. We’ll
have it fixed and returned to you ASAP!

Symptom Possible Cause. Cure.

The Cass? message does not appear 1. No AC power. Check power cord

when you turn on the Computer. connection to Computer and all
peripherals.

2. Incorrect power-up sequence.

3. Peripheral device (e.g., printer) is
not connected properly. Recheck
connection.

4. Disk system. To operate without a
TRSDOS diskette, hold down (BREAK
while you reset or power on.

5. Video Display needs adjustment.
Check Brightness and Contrast
controls.
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Symptom Possible Cause. Cure.
Can’t get a cassette program to 1. Improper cassette connection.
load. Check connection instructions in

cassette owner’s manual.

2. Cassette load speed does not match
the speed of the recorded tape. Model 1
Level Il BASIC programs are always
Low (500 baud). Model Il programs
may be either High (1500) or Low.

3. Incorrect volume setting. Try
another volume setting.

4. Information on tape may have been
garbled due to static electricity
discharge, magnetic field, or tape
deterioration. Try to load duplicate
copy, if available.

Computer ‘‘hangs up’’ during 1. Fluctuations in the AC power
normal operation, requiring reset supply. See AC Power Sources, below.

or power-off/on 2. Defective or improperly installed

connector. Check all connection
cables to see that they are securely
attached and that they are not frayed or
broken.

3. Programming. Re-check the
program.
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AC Power Sources

Computers are sensitive to fluctuations in the power supply at the wall socket. This
is rarely a problem unless you are operating in the vicinity of heavy electrical
machinery. The power source may also be unstable if some appliance or office
machine in the vicinity has a defective switch which arcs when turned on or off.

Your Model I11 TRS-80 is equipped with a specially designed, built-in AC line filter.
[t should eliminate the effects of ordinary power-line fluctuations.

However, if the fluctuations are severe, you may need to take some or all of the
following steps:

® Install bypass or isolation devices in the problem-causing devices

® Fix orreplace any defective (arcing) switches

® Install a separate power-line for the Computer

® Install a special line filter designed for computers and other sensitive electronic
equipment

Power line problems are rare and many times can be prevented by proper choice of
installation location. The more complex the system and the more serious the
application, the more consideration you should give to providing an ideal power
source for your Computer.

Maintenance

Your Computer requires little maintenance. It’s a good idea to keep it clean and free
of dust build-up. This is especially important for the keyboard. Radio Shack sells a
custom-designed Model III dust cover you may find helpful.

If you need to clean the Computer case, use a damp, lint-free cloth.

The peripheral devices (cassette recorder, line printer, etc.) may require more
maintenance. Check the owner’s manual for each peripheral in your system.
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14/ Specifications

AC Power Supply

This applies to non-disk systems only. For disk systems, see the Disk System

Owner’s Manual.

Power Requirements

Current Drain

Microprocessor

Type
Clock Rate

RS-232-C Interface

105-130 VAC, 60 Hz
(240 VAC, 50 Hz Australian)
(220 VAC, 50 Hz European)

0.83 Amps RMS

Z-80
2.02752 MHz

Standard

RS-232-C Signal Pin #
PG Protective Ground 1
TD Transmit Data 2
RD Receive Data 3
RTS Request To Send 4
CTS ClearTo Send 5
DSR Data Set Ready 6
SG Signal Ground 7
CD Carrier Detect 8
DTR Data Terminal Ready 20
RI Ring Indicator 22
STD* Secondary Transmit Data 14
SUN* Secondary Unassigned 18
SRTS* Secondary Request To Send 19

*Note: These signals are not used for the secondary functions, but are reserved for

future use.
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RS-232-C Pin Location

Looking from the outside at the RS-232-C jack on the Model III Computer:

||||| % 7 8 9 100 1213
ihfsfs 1 & fsfnl\)'zfshfs;

Parallel Printer Interface

Signal Function Pin #

STROBE* 1.5 1S pulse to clock the data from 1

processor to printer

DATAO Bit 0 (Isb) of output data byte 3

DATA1 Bit 1 of output data byte 5

DATA?2 Bit 2 of output data byte 7

DATA3 Bit 3 of output data byte 9

DATA4 Bit 4 of output data byte 11

DATAS Bit 5 of output data byte 13

DATAG Bit 6 of output data byte 15

DATA7 Bit 7 (msb) of output data byte 17

BUSY input to Computer from Printer, high 21

indicates busy
PAPER input to Computer from Printer, high 23
EMPTY indicates no paper — if Printer doesn’t

provide this, signal is forced low

SELECT Input to Computer from Printer, high 25

indicates device selected

FAULT* Input to Computer from Printer, low 28

indicates fault (paper empty, light
detect, deselect, efc.)

GROUND Common signal ground 2,4,6,8,10
12,14,16,18,
20,22,24,27,
31,33,34

NC Not connected or not used 26,29,30,32

*These signals are active-low.

|
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Looking from the bottom rear at the printer card-edge connector as in Figure 1 on 2/2:

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
m [ - | ) | b m rm m. [ | M I jam | M M (o | ) o B o § /M
l | - T L o= o -— J | == T ) - g | = T =T T TJ Lo | T =} ul
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33

Cassette Interface

Suggested Input Level for Playback
from Recorder

Typical Computer Output Level to
Recorder

Remote On/Off Switching
Capability

Cassette Jack Pin Location

I to 5 Volts peak-to-peak ata
minimum impedance of 220 Ohms

800 mV peak-to-peak at 1 K Ohm

0.5 A maximum at 6 VDC

Looking at the outside of the cassette jack on the Computer:

Remote Control

Signal Ground

Remote Control

Input from Recorder’s Earphone Jack
Output to Recorder’s Aux or Mic Jack

e e
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