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SECTI ON 0: | NTRODUCTI ON TO THE LNVB0O OMNER MANUAL

Congratul ations! You have purchased one of the finest
personal and small business computers available - the LNW8O0.
The LNWBO is software and hardware compatible with the TRS80
Model | conputer. This nmeans that one of the |largest and nopst
mature libraries of software wll run on the LNWBO wit hout
nmodi fication. It also nmeans that a huge selection of hardware
accessories, such as disk drives, printers, printers, nodens,
vi deo nonitors, data acquisition equipnment and nuch nmore will
plug right in and run. But the LNWBO is nore than just a TRS80
wor k- al i ke. The LNW features high resolution graphics,
color, the interfaces for RS232, 5" and 8" single and
doubl e-density floppy disk drives, printer and cassette. The
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LNWBO conmes conplete with 12K ROM 48K RAM and a 74-key
keyboard with nuneric entry pad. The LNWBO al so comes conpl ete
with the DOSPLUS 3.4 Di sk Operating System (TRSDOS
conpatible), Advanced Disk Basic (LNWBASIC) and conplete
docunentation. It is housed in a sleek steel case with a
cooling fan for increased reliability.

Thi s owner manual was witten to nmake your first experience
with the LNWBO a pleasant one. It also provides the 1link
bet ween your conputer and the follow ng other docunentation:

1. Level 2 BASIC Manual

Level 2 BASIC is the mcrosoft BASIC-88 interpreter witten
for the LNWBO. It is the BASIC which is conpatible wth the
TRS-80 Mdpdel | LEVEL 2 conputer. This BASICis "BULT IN' to
the LNMBO and is permanently stored an ROM

2. DOSPLUS 3.4 Di sk Operating System Manual

DOSPLUS 3.4 is a DOS (Disk Operating Systen) which is
conpati bl e with TRSDOS (Model 1). It is authored by
M crosystem Sof tware | nc.

3. LNWBASI C Advanced Di sk BASI C Manual

LNWBASI C (witten by Nodular Software Associates) is an
extension to the Disk BASIC Interpreter supplied i n DOSPLUS
3.4, or to NEWDOS80 version 2.0, LDOS 5.1 and TRSDGCS 2.3. This
is the part that has graphics, color, programmable key
functions and sone other advanced features.

4. LNWBO Techni cal Reference Manual

This |I's the Service manual for the LNW8O. This manual is
intended for those technically- inclined individuals. Theory of
operations, logic diagrans, trouble-shooting tips, t est
progr ans, parts lists, di saasenbl y and re-assenbly

instructions are provided.

If you are a first-time conputer owner -- sit back, rel ax
and read the follow ng section before proceeding to tear the
wrapping off your LNWBO conputer. If you have owned a TRS-80
or anot her personal conputer (or if you just cannot wait to
get your hands on your LNWB0O) proceed to section 1, entitled
"Unpacki ng the Hardware".

What is a Conputer?

Twenty years ago, t he wor d " COMPUTER" meant an

air-conditioned room full of electronics costing mllions of
dollars. Today the word "conputer" can nmean anything froma 10
mllion dollar mainfrane conputer to the "chip" inside the

el ectronics of your microwave oven. A conputer is a nmachine
whi ch can automatically do arithmetic and nmake | ogical
deci si ons.

I nput Qutput (1/0) Devices

The computer can al so nmake data available to and from us
via input and output, devices. A KEYBOARD (typewiter style
keys) is an |INPUT device because it allows us to type
information into the conputer. This information can then be
used by the conputer to tell it what you want it to do, or it
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could be data for calculations or even a typed letter. An
OUTPUT device is one that allows the conputer to nmake
information available to wus. A video display is an output
devi ce because it allows the conputer to "wite" to us via the
di splay screen. This display is fast and can be witten over
and over again, It has a disadvantage that there is no
permanent “record" of this information. Once it "ROLLS" off
the screen (SCROLLS), it is lost. A printer is also an output
device. It "wites" on paper the information that the conputer
would like to communicate to us in a nbre permanent manner.

Central Processing Unit (CPU

To make a conputer useful, we nust have input devices,
out put devices, and we must perform conputations (arithnetic
and |logical decisions). The device which per forns t he
conputation is called the "CENTRAL PROCESSI NG UNI T* or CPU.
The CPU in the LNWBO is the Z80A M CROPROCESSOR. It is the
world's npost popular 8-bit mcroprocessor (snall processor)
and can do thousands of conputations in one second. In order
for the CPUto do conputations, the CPU nust be told what it
should do in a step-by-step fashion. Each step is an addition,
subtraction, |logical operation, or input/output operation.
These step-by-step operations are called "instructions," or to
be nore exact, MACHI NE LEVEL | NSTRUCTI ONS.

Menory

These instructions are stored in nmain conputer storage
bef ore being executed. The main conputer storage is called
MEMORY. Menpry as anal ogous to 65536 nmil boxes in a row on a
very long street. Each mmil box has an address nmarked on it
from 0 to 65535. Each mailbox may |ook different on the
outside, but can only hold the same amount of material inside.
Each location of a mailbox as called a "menory | ocation," or
"menory ADDRESS". For an 8-bit CPU, each address can contain a
nunber from 0O to 255. This corresponds to 2 to the eighth
power or 2exp(8) or 2x2x2x2x2x2x2x2=256. The reason that there
are 65536 nmenory locations as due to the nenory addressing
capability of the Z80 microprocessor. Myst of the eight-bit
m croprocessors have this hone addressing capability. Snaller
CPU s (4-bit) address fewer |locations, and larger CPU s
(m ni computers and some 16-bit. CPU s) can address nuch | arger
menories (sonmetimes millions of locations). The advantage of
larger nmenories is the ability to have much | arger prograns.
Since nenory is not cheap, this does cost noney. There are
techni ques of storing large prograns in nodules so that only a
few nodul es need to be in main conputer storage at any tine,
thus allowing larger prograns to run in a snaller address
space. This as called menory managenment, or as it is nore
comonly referred to an the mcroconputer world - OVERLAYS.
OVERLAYS are just cone of the progranmi ng techni ques made easy
by LNWBASI C, and DI SK BASI C.

In the LNM80, nenory takes two different forms. There is
ROM (Read Only Menory) which as a "hard wired" nenory that
cannot be changed, and there is RAM (Random Access Menory -
al so called Read/ Wite Menory), which can be changed, but wll
di sappear when power is r enoved from the conput er.
Instructions, when executed as a group to performa desired
function are cal |l ed PROGRAMNS.

Conmput er Languages

Just as people developed a variety of |anguages to
comunicate with each other, so there would becone a variety
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of | anguages to communi cate with conputers. COVPUTER LANGUAGES
are nmachine | evel prograns that make communi cation between us
and conputer easier. Hundreds of conputer |anguages have been
devel oped, and with time, even dialects of |anguages
devel oped. Cobol, Snobol, Algol, Fortran 4, Fortran 77, BASIC,
Tiny BASIC, Extended BASIC, Level 2 BASIC, Disk BASIC and
Advanced Di sk BASIC are dial ects of some fundamental conputer
| anguages. These | anguages are call ed H GH- LEVEL LANGUAGES. By
hi gh-level we nmean that a single hi gh-1 evel | anguage
instruction is transl ated into mul ti ple nachine-1evel
instructions. This reduces the amobunt of tinme required to tell
the conmputer what to do - which sinplifies programm ng. This
transl ation can occur during the time that the program is
being run (RUN-TIME), or the translation can be done in

advance, with the final translated version of the program
(COWPI LED OBJECT CODE) stored for |ater execution.

Arun-time translator is known as an | NTERPRETER. One of
the advantages of an interpreted high-level |anguage is the
reduced menory requirenment for storing and executing the
program Since the high-level |anguage is in nenory during the
execution, the program also can take advantage of the error
recovery facilities of the high-level |anguage. This nakes
interpretive | anguages qenerally easier to programand easier
to get the "bugs" out of the program (DEBUG to nake it
operational. All the levels of BASIC supplied with the LNAO
are interpretive.

A translator that does the translating in advance of
execution is conmonly referred to as a COWILER A conpiler
has the advantage of execution speed since it has all the
instructions, translated in advance and can directly execute
the transl ated instructions.

Assenbl y- Language

Assenbl y-1 anguage was the first of the conputer |anguages

devel oped. It al | ows synbolic not ati on to represent
machi ne-1 anguage instructions. This makes for an easier way of
progranmm ng machine |evel instructions. This is sonetinmes

confusing to first-time computer owners, since nuch literature
is witten using the ternms MACH NE-LANGUAGE and ASSEMBLY-
LANGUAGE interchangably. The program that conpiles the
assenbl y- | anguage programis called an ASSEMBLER For nore
details concerning assenbly-level programmng, we reconmmend
the followi ng book, avail able from Radi o Shack:

TRS80 Assenbl y-Language Programm ng
by Wl liam Barden Jr.

BASI C

The npst popul ar |anguage used on the LNWBO computer is
BASIC. BASIC (Beginner's All-purpose Synbolic Instruction
Code) was devel oped at Dartnouth College in 1965. It has since
beconme the npbst widely used |anguage of mcroconputers and
smal | busi ness computer systens. Both interpretive and
conpiled forms of BASIC are comonly wused. The LNWO is
supplied with four levels of interpretive BASIC:

1. Level Il BASIC (FOOTNOTE - if you are wondering what
happened to level 1, it is a small, very limted BASIC that
was originally sold on the TRS80 Mdel | and Mdel 111)
occupies 12K (12 X 1024) bytes of menory, and is permanently
stored in ROM It has full |line editing features, string
variables, multiple dinmension arrays, 14-digit accuracy, |ow
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resol uti on graphics, cassette I/0, Video 1/0, Printer 1/0,
scientific functions, string-handling operations, etc.

2. DOSPLUS 3.4 TINY DISK BASIC - This is supplied on the
DOSPLUS 3.4 diskette and provides an extension to the above
BASIC. It adds floppy disk file handling, advanced keyboard
1/0, in-string search conmmand, progranmer-defined BASIC
instructions, and |loading, saving, killing, nmerging BASIC
prograns to and fromthe floppy disk drive.

3. DOSPLUS 3.4 EXTENDED DI SK BASIC - This BASIC adds to the
above BASIC the follow ng features:

1. Execute DOS conmands from BASIC
2. Advanced editing features
3. Program line renunbering
4. BASIC array sort verb
5. Controlled screen input routine
4. LNWBASIC Advanced Disk BASIC - This adds even nore

comands to the above BASIC and is supplied on a 35-track
single-density data disk. It can be used with either Extended
Di sk BASIC or Tiny Disk BASIC. It adds up to 40 new commmands
to BASIC It has a "creator" npde which allows the programer
to create the BASIC he wants by selecting froma nenu of new
comrands whi ch i ncl ude:

Hi gh resol ution graphics and col or comrands
Programmabl e keyboard features

Programmi ng shorthand notation

Machi ne Language "CALL" conmand

Sound command

RS232 communi cations from BASI C

Printer Spool er

Execute string as BASIC statenent

Bl ock and bl i nking cursor

Do/ Until Construct and Miuch nore...

CoOXNOO RN

[y

BASI C Conpi |l ers

There is quite a variety of BASIC Conpilers available for
the LNWBO conputer. The biggest di sadvantage of npbst of these
conpilers is the lack of conpatibilty with their interpretive
counterparts. The Conpiler BASIC avail able from Radi o Shack is
not conpatible at all. The Mcrosoft BASIC Conpiler (for the
R'S Model 1) is alnpst conpletely conpatible with the DOSPLUS
3.4 Tiny Disk BASIC (including disk 1/0), but it does have its
limtations and cannot take advantage of some of the advanced
features of DOSPLUS 3.4 Advanced Di sk BASIC or LNWBASIC. There
are other compilers that vary in price and features end can be
found advertised in the conmputer magazines or avail able from
your | ocal conputer dealer.

O her Languages

One of the reasons for the many conputer |anguages is that
t he high-1evel |anguage progranmers have different needs as to
t he high-level instructions they would prefer to use. For
exanpl e, scientific applications require f ast dat a
conputation, scientific accuracy, easy fornula evaluation and
special scientific functions (trigonometry functions, etc.)
FORTRAN (FORmula TRANsl ation) provides this by havi ng
instructions which can do these types of functions easily.
Fortran is not a good | anguage for business since it does not
have some of the high-level instructions for nanipulating
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busi ness data. Cobol (COmpn Business Oriented Language) was
devel oped for this purpose. Both Fortran and Cobol are
conpi l er | anguages. FORTRAN, COBOL and ASSEMBLER are avail abl e
for the LNWBO froma variety of sources including RADI O SHACK.
Sone of the other |anguages that run on the LNWBO are PASCAL,
FORTH, "C' and nany ot hers,

What is an Operating Systenf

The Level Il BASIC ROMin the LNWBO conmputer has a CASSETTE
OPERATI NG SYSTEM built in. This means that it provides a
method for |oading, storing, and executing BASIC progranms to
and from cassette and the loading and executing of machine
level prograns from cassette. It also provides the overhead
functions, such as comunicating with the keyboard and the
video display. In addition, it provides a nmethod of loading in
fromdi sk, the Dl SK OPERATI NG SYSTEM (DOS). This |I|oading of
the DOS from the disk drive is called the BOOTSTRAP LOADER.
This is commonly referred to as "booting the disk." Wen the
disk is "booted," the first 256 nmenory | ocations on the disk
drive are loaded into main nenory and executed. These first
256 locations are called the BOOI SECTOR This 256-byte
program then | oads the rest of the operating system from the
disk into main nmenory where it can be executed.

The disk operating system supplied with the LNAO is
DOSPLUS 3.4. This is a very powerful, yet easy-to-use system
t hat provides the follow ng functions:

1. Keeps track of prograns and data (sometinmes referred to
as FILES) stored on the disk. A DI RECTORY of prograns and data
is kept. DOSPLUS all ocates space on the disk for prograns and
data, and the DIR comand allows the operator to view the
contents of the disk at any tine.

2. Provides a set of functions that the operator can use
to manipulate the prograns and data on the disk and other
useful tasks. This set of conmands is called the LIBRARY of
di sk commands. The LIB command will display all avail able
functions. Here are a few exanpl es of these functions:

CoPY - Allows the transfer of a programor data from one
di skette to another.
AUTO - Autonmtically execute an application program when

the disk is "booted."

DI R - Display the contents of a sel ected disk.

CLOCK - Display the tine of day on the screen.

RENAME - Change the name of a file.

KI LL - Delete a file fromthe disk.

BULD - Create a file that is a series of DOS conmands or

prograns to be linked together to run autonatically.
3. Provides sone specialized utility programs such as:

BACKUP - Duplicate the entire contents of one disk onto
anot her di sk.

FORMAT - Initialize a blank diskette in such a way that
it has a directory of disk space and contains fields designed
for storing information.

DEBUG - Display and mani pul ate the contents of nenmory and
di splay the contents of the internal Z80A CPU registers. Debug
also provides the abilty to set stopping points to assist in
getting a machine |level programto work.

DI SKZAP - Display, nodify or verify the contents of the
di skette itself.
SPOOL - Store what would nomally print on the printer in
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main menory and print as a background function (the printer is
usually very slow) while the operator is running another
program
DO - Execute a BU LD file. Abuild file is a series of

DOS commands or progranms which can be linked together (using
the BU LD command) to operate automatically. In the |arger
conputers this program control |language is called a Job
Control Language (JCL) and is used to |link prograns together
to increase the efficiency of running a conputer.

4. Provides the following BASIC interpreters:

TBASI C - The TRSDOS 2.3 conpati ble BASIC
BASI C - The Extended Di sk BASIC

For nore details concerning the above features of DOSPLUS
3.4, refer to the manual entitl ed:

USER MANUAL Ver A. x
for
DOSPLUS 3. 4
DI SK OPERATI NG SYSTEM

Utility Prograns

These are generally (but not necessarily) witten in
machi ne- | anguage and provi de sone useful function for
progranmers. An exanple of a utility program available from

your dealer is CHARM This programallows the you to create
new character sets for use in BASIC progranms. As nentioned
earlier, there are many utility prograns supplied w th DOSPLUS
3. 4.

Application Programs

An application programis a program which is witten in
machi ne-1 anguage or a high-level |anguage that performs sone
speci alized application. Ganes, accounting and financi al
prograns, word processing and text editing progranms, and
speci al i zed industrial or business prograns are all exanples
of application prograns. The entire manuscript of this nmanual
was prepared using the ELECTRIC PENCIL program The ELECTRIC
PENCIL is a word processing and text editing program avail abl e
fromyour |ocal dealer.

SECTI ON 1: UNPACKI NG THE HARDWARE

Now that the LNWBO Computer is in your possession, let's
get it out of the box and have a |l ook at it. Decide where you
are going to put the conputer before unpacking. Avoid the
tenptation of setting it up on the floor, where the wayward
foot is a very plausible source of destruction! C ear a space
on a convenient table or desk that is near a power plug. You
should also have a power strip or plug bar for the various
pi eces of equipnment that will need 110V AC power.

The LNWBO is packed within a special protective foam
cushi on. Fold back the packing, lift out your LNWB0O Conputer
and set it on the desk or table top.

After you have renoved the conputer, you will notice that
there is a package of printed material on the bottom of the
carton. This package contains your warranty information. Read
it carefully; fill out the warranty card and then mail it as
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soon as possi bl e.

This packing list contains the equipnment list. To ensure
that you have everything, check the list now If you do not
have al | of the equipment listed, notify vyour dealer

i medi atel y.

Now that your LNWBO Conputer has been unleashed fromits
package, let’s sit back for a mnute and describe the LNWBO in
alittle nore detail.

Note: Keep all packing materials. In the event that you have

to transport your conputer, the packing material will help to
ensure safe passage.

SECTI ON 2: A DESCRI PTI ON OF THE LNWB0O COVPUTER

The LNWBO conputer comes to you with keyboard encased in a
steel housing. At first sight the npst conspicuous features
are the 62-key keyboard and the 12-key nuneric pad. Above the
nuneric pad is the POAER-ON light. The input/output (1/0)
panel (for connecting peripheral equipnent) is situated at the
rear of the housing. The following is a list outlining the
main features of the LNWBO Conputer:

* 74-key keyboard (including a 12-key nuneric pad)
for inputting data and prograns.
Z80A nicroprocessor with a 4Mhz cl ock.
12K Read Only Menory (ROM) containing the Mcrosoft
BASI C Language interpreter.

* 48K Random Access Menory (RAM) to store your prograns
and dat a.

* Real tine clock.

* Parallel Printer interface.

* Cassette interface.

* RS232C comuni cati ons interface.

*

Si ngl e and doubl e-density floppy disk controllers
with 5-1/4 and 8 inch drive zero sw tch.

24 by 80 character screen capability.

Hi gh resol ution graphics in color and b/w.

Upper and | ower case character sets.

4AMHz or 1.77MHz processor speeds.

Cassette |/0 at either 500 or 1000 baud.

Three vi deo out put jacks.

Heavy duty power supply.

Al'l gol d-pl ated edge card connectors.

L S I

Al'l of these conponents are housed in a single steel case
and are powered by a single power cord.

Figure 2.0 - 3/4 Front view of the conputer.
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Figure 2.1 - 3/4 Rear view.

Keyboar d

The LNWBO keyboard is pictured in Figure 2.2. The keyboard
allows you to interact with the conmputer. You enter data
prograns and control characters by typing on the conputer
keyboard. The main section of the keyboard is similar to that
of a typewiter, with some extra keys which relate strictly to
conput er functions.

To the right of the keyboard is a numeric pad to facilitate
data entry in accounting or mathematical applications.

Figure 2.2 - Photo of LNWBO Keyboard

- ) PO T

RESET - There are two reset keys, one on each side of the main
part of the key board. The RESET keys are used to reset the
conputer AFTER it has been initially turned on.

If you don't have disks, reset the system by hol di ng down
the BREAK key and t hen pressing bot h RESET  keys
simul taneously. If you have disks, reset the system by
pressing both RESET keys.

ENTER - Wen you type or enter data into the conputer, you

must press the ENTER key to signal the conputer that you are
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finished with your input. The conmputer will then process the
data you have entered.

BREAK - This key generates an escape code which is used by the
BASIC interpreter to stop execution of a program It is also
used in word processing applications and in sone system
prograns, e.g., DI SKZAP, which comes with the DOSPLUS disk
operating system BREAK will not usually return control to you
when the system'hangs.' For exanple, if you try to CLOAD a
program from cassette and it's not set up correctly, the
system hangs. It will now ignore your incessant pounding on
the BREAK key until you either hook-up the cassette recorder
correctly or RESET the system

CONTRCL - This key is used to generate special codes when used
with another key. It is especially usef ul in dat a
comuni cati ons and word processing.

H GH/LOW- Odinarily the LNW0 Conputer runs at a clock speed
of 4MHz (4 mllion cycles per second). Certain input/output
(1/0) situations may require a slower processing cycle, in
which case, this key may be pressed to give a clock speed of
1. 77MHz.

The 4MHz speed is over twice the speed of the TRS80 Model
I. \When prograns witten for the Mddel | are run on the LNWBO,
they may run up to twice as fast. Since this nmay not always be
desirable, just press the H G¥LOWkey down to return to TRS80
nmodel | speed.

The H GH/ LOW key al so serves to select the data transfer
rate for the cassette interface. When the HL key is in the
Hl GH position, data as SAVERS or LOADed at 1000 baud. Wth the
key down, data transfer is at 500 baud (TRS80 nodel |
conpati bl e).

The processing speed of the conputer is also affected by
the AUTO SWTCH (see Figure 2.3) . Wth the AUTO SWTCH in the
ON position (up) and the HHGH LOWkey in the H GH condition
(up), the LNM80 will automatically switch to the 1.77MHz
processi ng speed for ALL disk input/output operations. It wll
automatically return to H GH speed when the disk operation is
conpl ete.

This allows programs witten on TRSDOS 2.1 & 2.3 (as well
as NEWDOS 2.1 and operating systens listed in Section 11,
Tabl e 11.0 which have a NOin the '4MHz OK' colum) to operate
at the high CPU speed except for disk 1/0. If these operating
systens are run at 4MHz during disk /0, a "DISK ERROR'
message will be displayed.

Note: NEWDOS80 2.0 will run at 1.77MHz all the time if the
AUTO SWTCH is ON (up).
Rl GHT ARROW - Tab key. Tabs 8 spaces to the right.
LEFT ARROW - Backspace one position and del ete.

CLEAR - Clears screen, hones cursor, switches to 64 characters
per line.

FI and F2 - The FlI key generates a down arrow. The F2
generates a right arrow Disk operators use Kkey to

ef fect sane; otherw se, Fl generates an elongated colon (|)
whi ch can be used to nake |ines down the page, and the F2 key
generates the Yen character
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These characters may by used for normal input or as special
program keys 1in applications prograns since they generate
normal ASCII characters. These ASCI| codes are:

Down arrow 92 Ri ght arrow 94
El ongated col on 124 Yen character 126

Si nce these keys are not present in the TRS80 Model |, they
can be reprogramed using LNWBASI C while still maintaining the

normal functions of all the standard keys. (See DEFKEY in the
LNWBASI C Manual ).

CAPS LOCK - This key provides you with a neans of |ocking all
t he al phabetic keys into upper case. Fl, F2, "0" and the
underscore key (to the left of the down arrow) are al so
affected. FI generates a down arrow, F2 generatee a right
arrow, "O0" generates "0" and the underscore key generates an
under score when the CAPS LOCK is down.

The CAPS LOCK is only sensed by prograns which use it
during the program LOAD. For exanple, when DOSPLUS is first
booted, the switch is sensed. |If the CAPS LOCK is down, all
al phabetic characters will appear as upper case characters,
regardl ess of the SH FT key operation. The sane applies to

application progranms such as Visicalc, where it is wuseful if
you only want to nmeke your entries in upper case. The CAPS
LOCK is simlarly sensed in Electric Pencil, ST80 and nany

ot her application prograns.

Note: Set the CAPS LOCK just prior to |oading your program
Changing the setting while the programis running will give
rise to unintelligible displays and may cause data | oss.

The SHI FT Key:

As with a typewiter, the SH FT key is used to print the
upper synbol on dual -synbol keys. The SHI FT key is, in fact,
used in a nunber of conbinations as listed below in DOSPLUS,
BASIC (all kinds), Electric Pencil and nost application
prograns:

KEY FUNCTI ON
<SHI FT><ri ght Switches to 32 charaters/line
arr ow>
<SHI FT><l ef t Backspace to beginning of |line & erase
arr ow>
<SHI FT><@ Stalls program execution, e.g., a
listing. H't any key to continue
<SHI FT> 0 Toggl e between: (a) capitals only,

or (b) capitals and | ower case on
the A - Z keys. In npde (b), switch
fromupper to | ower, or vice versa

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_1.html
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using . Available to
di sk operators only.

Changi ng key definition

Using the LNWBASI C command DEFKEY, you may redefine any 10
keys as strings of ASCI|I character codes of length 1 or nore.
You may also use the Quickey option in LNWBASIC to enter
entire commands by just pressing one key. See the LNWBASIC
manual for nore details.

Z80A M croprocessor

Oten called the Central Processing Unit (CPU), this is the
focal point of all events taking place within the conputer.
Al the calculations and |ogical operations are carried out
here and then routed or addressed for storage, video display,
printing, etc. Sometines the CPU is referred to as the
"brains" of the conmputer.

The microprocessor has two operating speeds. The higher
operating speed is 4MHz. A | ower operating speed is obtained
at the flick of a switch, as explained in the H GH LOW not es
above.

The Z80A belongs to the 8080 family of microprocessors. It
has 158 machi ne-1 anguage instructions (including all 78 8080
instructions) and 16 internal registers, It is capable of
processi ng approxi mately 400,000 instructions per second.

ROM

ROM stands for Read Only Menory. The ROM nenory is
preprogrammed. There is 12K of ROMin your LNWBO Conputer. The
"K' unit refers to 1024 single units of storage. These wunits
are known as "bytes." The ROM contains the M CROSOFT BASI C and

other information required by the CPU. As the name inplies,
information may only be read fromROM You cannot wite or
store infornation in ROM

RAM

RAM refers to Random Access Menory. A nobre accurate nane
would be Read/Wite Menory. As this latter name suggests, RAM
can be either witten to or read from It is true that RAM is
accessed randomy, but so is ROM However, unlike ROM RAM
loses the information stored in it when the power to the
conputer is turned off. The contents of RAMcan also be
changed at any tine, whereas those of ROM cannot be changed.

You can address a total of 65K of nmenory address space in
the LNWBO conputer. O this, 48K is available for programing
use; 16K x 6 bits is used for graphics, and the renmining 1K
is tied up for video use.

Parallel Printer Interface

The parallel printer interface allows you to attach any
Centroni cs-conpatible parallel printer and get a "hard copy"
of your programs and other files. It is invaluable if you
intend to use your conputer for word processing, invoicing or
ot her applications where the printed word is a nust.

Cassette Interface

If you do not intend to use disk drives, the need wll
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arise for you to store your prograns for later recall. You
will also find that many prograns (even prograns for disk) are
distributed on cassettes. A cassette player can be attached to
your LNWBO conputer that will allow you to read and wite
prograns and data to cassette tape. The LNWBO allows you to
output data to tape at either 1000 or 500 baud (bits per
second).

The baud rate is controlled by the HHGH/ LON speed sw tch.
In the HGH position, the tape is recorded at 1000 baud; and
in the LOVNposition, it is recorded at 500 baud.

Standard TRS-80 Model | cassette tapes are recorded at 500
baud.

RS232C Communi cations Interface

This interface will allow you to communicate via a nodem
and telephone with any other conputer simlarly equipped. It
al so serves as a serial printer interface. The RS232C port may
be configured to the various settings required by serial

devices by setting switches located on the rear panel (see
Figure 2.3) or by software.

Expansi on Port

The expansion interface is Ilocated on the I/0 panel at
rear. This interface allows you to connect such devices as
speech and music synthesizers to your LNWBO conputer. For nore
details see section 13 and the LNWBO Technical Reference
manual .

Si ngl e- & Doubl e-Density Fl oppy Disk Controller

Your LNWBO Conputer has a single/double-density disk
controller that will support 5-1/4 and 8 inch, dual or single
headed, floppy disk drives. 5-1/4 and 8 inch drives may be
hooked up in any order on the disk drive cable.

Wien applied to storage on disks, density refers to the
amount of information that, can be stored on a storage nedi um
Specifically, in the case of floppy disks, it refers to the
nunber of bits per track. Double-density offers 80% nore
capacity and twice the data transfer rate of single-density.
Singl e-density is retained for conpatibility reasons.

To take advantage of this increased potential for storage,
a mcroconputer must have, as part of the hardware, a
doubl e-density floppy disk controller (as does the LNWBO).
Al so, the disk operating system (DOS) used in a disk drive
system nust take advantage of this hardware.

The big advantage of double-density storage is that it
hel ps to reduce costs by mnimzing the nunber of disk drives
required.

The | nput/ Qut put Panel

At the opposite end of the conputer from the keyboard is
the input/output (1/0) panel. It is to this panel that all of
t he peripheral devices are connected. And, as a picture is
worth a thousand words, see Figure 2.3.

Figure 2.3 The 1/0 Panel
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“Disk & printer edge card connectors

N i
*Color & B/W monitor jacks *53" or " drive B disk switch

*Auto Bwitch

Page 16 of 31

*Expansion bus edge card connector

*AC Line Euse

OH/OFF switch
“Cassette female DIN connector

"AC Fower cord

#RE232C baud rate & config switcheas

Figure 2.4 - The I/0 Panel

SECTI ON 3: VI DEO DI SPLAY

I ntroduction

You wll require a video display wunit (VDU or nonitor) to
operate your LNWBO Conputer (The video display is sonetines
called a CRT or Cathode Ray Tube). Your selection of VDU will
no doubt depend on what you want from your conputer.

If color graphics is your bag, then a color nonitor of some
sort is required. An ordinary color TV (NTSC) will suffice,
but there are sonme limtations when using a TV set as a
monitor. The resolution of a TV set is not sufficient for the
display of text unless the display is set for a screen width
of 32 characters. Also, you wll need to attach an RF
modul ator between your LNWBO and the TV set. TV sets aren't
very good nonitors, and because of the |low resolution,
graphi cs displays are rather fuzzy.

An NSTC col or nonitor, with conposite video input, wll
provi de good col or graphics and text an 32 characters per line
node.

An RGB (Red Green Blue) color nonitor wll provide
excellent resolution for graphics and text.

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_1.html
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See Appendix A, "A Buyer's Guide to Mnitors".

Connecting a Mnitor

Set the nmonitor on top of the conputer and | ocate the three
monitor jacks on the 1/0 panel at rear (see Figure 3.1).
Notice there are separate jacks for B/W <color TV wth RF
modul ator or color nmonitor, and RGB nmonitors. Attach your
monitor with the appropriate cable. The B/W and color TV
cabl es are standard conputer-to-nmonitor connector cables.

Connecti ng an RGB Mnitor

The RGB nonitor has a separate gun for each of the three
colors red, green and blue. Each gun requires a distinct
signal, and hence, the conputer-to-nmonitor cable is a little
nmore sophisticated. You wll notice that the RG jack is a
six-pin DIN type fenal e connector. A mating connector for this
jack is provided; however, you will have to provide the cable
and connector for the RGB npnitor. Below are the pin
specifications for the nonitor and RGB connectors:

LNWB0 RGB Connect or Si gnal Moni t or Connect or
Pin 1 Vertical Sync Pin 8

Pin 2 Bl ue Pin 4

Pin 3 G een Pin 3

Pin 4 Red Pin 2

Pin5 Hori zontal Sync Pin 7

Pin 6 Ground Pin 5,6

The RGB interface is shown bel ow with pin nunbering.

Figure 3.1 - LNWBO RGB Mdnitor Jack

Figure 3.2 - LNWB0O Video Display
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Note: For "First Time Through The Manual " Peopl e

If this is your first time reading through the manual
please nmove on to the next section at this point. Wen you
have nade your way through Section 6, entitled "Power On," the
rest of this section will nmake nore sense.

Using the Monitor with BASIC

Cur sor

After performing an operation, BASIC announces its return
to the inmmedi ate npde as foll ows:

READY
>

( ">" = PROWT, "_" = CURSCR )

The cursor may be noved along the |line by the space bar or
the right arrow, which tabs eight spaces to the right.

Scrolling

When the cursor is positioned on the bottom line of the
di splay and ,you depress the ENTER key, another line is added
to the display. At the sane tinme, all the lines currently
di spl ayed nove upwards, and the line at the top is erased.
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I nverse Video

Inverse video can be generated by the follow ng program
You may have to brighten the screen to observe the effect.
(Results can vary with different nonitor types).

10 A=I NP (254)
20 A=A OR 1
30 OUT 254, A

Inverse video is only good for black and white. It is not
defined for color.

Text Characters

The BASIC program below displays the text characters
together with their ASCIl codes that are available fromthe
character generator.

10 '...... TEXT GENERATOR
15 CLS: X=0

20 FOR K=32 TO 127

30 PRINT @(X),Z; CHR$(Z)
40 LET X=X+8

50 NEXT Z

You may alter the text and graphics characters by using the
CHARM program which is available fromyour dealer.

Graphi cs Characters

The | owresol ution graphics characters available from the
character generator and their acconpanying ASCI| codes are
di spl ayed by this next program

10 '..... GRAPHI CS GENERATOR
20 CLS: X=0: Y=0

30 FOR z=128 TO 191

40 PRINT @(X),Z; CHR$(Z)

50 LET X=X+8: LET Y=Y+1

60 |F Y/ 8=INT(Y/8) THEN X=X+64
70 NEXT

80 GOTO 80

to exit program
You can display any of the characters yourself by typing:

PRI NT CHR$( nnn)
where nnn is a whole nunber from 128 to 191 i ncl usi ve.

Char acter Size

32 Characters per Line:

The 32 characters per line node can be effected fromthe
keyboard by using the conbination. Return
to 64 c.p.l. by CLEAR ng the screen.

80 Characters per line:
This feature is only available to Di sk Operating Systemns
(DOS) owners. The programto generate this display, called a

"driver," is loaded from disk after booting up the system
These drivers are avail able fromyour dealer. Before trying to
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| oad t he drivers, read Section 5 concerning the disk
interface.

Drivers are available to generate both an 80xlI6 and an
80x24 display. These drivers have limtations, however, in
that they cannot be wused (to date) in word processing
appl i cati ons.

40 Characters per line:

Dependi ng on whi ch 80x24 driver is in use (or up), using
i ntroduces the 40x24 display node.

Pr ogr ammabl e Character Font

Wth the use of CHARM (available from your conputer
deal er) the LNWBO can have user programmble character sets.
The wuser <can program foreign | anguage, scientific and even
speci al graphics synbols, and then save them to disk. CHARM
features three display formats: 80 x 24 80 x 16 and 64 x 16.
CHARM al so features standard video as well as inverse video on
a character by character basis.

SECTI ON 4: CASSETTE | NTERFACE

Hooki ng up a Cassette Recorder

Any good quality cassette tape unit nay be attached to the
LNWBO Conputer with a cassette cable (Figure 4.0). The
cassette cable is available fromyour |ocal Radio Shack store
(Radi o Shack Catal og No. 26-1207).

A cassette player is not required for imediate operation.
However, if you have one available and intend to store
prograns and data on tape, now would be an appropriate time to
attach it to the conputer.

The cable has a DIN plug at one end and three col or-coded
m niature phone plugs at the other. The DIN plug is attached
to the cassette jack on the 1/0 panel (Figure 4.0). The DIN
plug may be attached to the conmputer only one way, so there is
no danger of plugging it in backwards.

Figure 4.0 - Cassette Cable Attachment

o
PR Mt/ |

The phone plugs are connected to the cassette player by
col or code as foll ows:

GREY - connects to the AUXillary input

SMALL GREY - connects M C REMbte control
BLACK - connects to the EAR phone input

The AUX line carries information fromthe conputer to the
cassette tape.

The EAR line carries information in the other direction,
fromthe cassette to the conputer.

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_1.html
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The MC REM line carries a signal fromthe conputer which
controls the notor in the cassette player.

Usi ng a Cassette Recorder

A cassette player provides a handy, |owcost nethod of
| oadi ng and storing prograns. If this is your first conmputer,
experinment to get familiar wth cassette player operation
before storing any close-to-your-heart prograns. Bef ore
playing with the cassette recorder, it would be a good idea to
clean the tape heads and the rubber pinch roller wth
i sopropyl alcohol. An alcohol swab after every few hours of
use, will keep the heads and roller clean. So called "cleaning
tapes" are not recommended, as their abrasive action nmay
danage the heads. Cheap tapes are not reconmended.

Tr ansf er Speed

Prograns and data can be transferred to and from the tape
surface at two different transfer speeds. The faster transfer
rate is 1000 bits per second (baud), and the slower rate is
500 baud. By using the key, you switch to fast or
sl ow, respectively.

The faster transfer rate (1000 baud) allows you to save and
|l oad prograns twice as fast as the slower rate, and in
addition it saves tape. The faster rate is also nore sensitive
to tape noise while |loading. For this reason, the tape should
be well erased (see bel ow) before SAVEi ng prograns or data to
it. Always note at which speed a program was saved, as
prograns saved at one speed cannot be | oaded at the other
speed.

SAVEi ng a BASI C Program

Begin with a blank tape. To blank a tape, run a commrercial
tape eraser slowWy over the surface of the cassette a few
times. Alternatively, you may put a shorting plug in the AUX
input, insert the cassette and place the recorder in record
node.

1) Mount the cassette in the recorder and run it
forward a little to clear the non-nagnetic strip
at the ends of the tape. Note position of tape
counter and transfer speed.

2) Put recorder in record node.

3) Type:

CSAVE" N'

where N is a one-character nane of the program

LOADi ng a BASI C Program

1) Mount cassette and set recorder in play node just
alittle before start of the programon tape. Set
the transfer speed and adjust volume control to
m d-range.

2) Enter:
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CLOAD' N’

where N is the name of the program If no program
nane is specified, the first programor file
encountered will be LOADed.

When the program begins LOADi ng, an asterisk will appear in
the wupper-right corner of the screen. This nmeans that it has
found the synchronization pattern that leads the file on tape.
So far, so good! Next the file nanme is read and conpared wth
the requested filenane. If the names match, the file wll be
LOADed. While the file is being | oaded, a second asterisk wll
appear to the right of the first. If the LOAD is successful,
this second asterisk blinks.

If the file nanmes do not match, the first asterisk renmins

on display while the next synchronization pattern is searched
for.

So It Wn't Load

If the second asterisk doesn't appear after a short tine,
or appears and fails to blink, the programis not LOAD ng
correctly.

Go through the 1list below The solution will nost likely
lie within the bounds of steps 1 through 3.

1) Check that all electrical connections are secure.

2) Check that the transfer speed is correct.

3) Starting with the | owest volume setting, proceed a
hal f-step at a tine for each LOAD attenpt.

4) |If there is a tone control, adjust it.
5) Demagnetize the head of the recorder.

6) REW ND and FAST FORWARD the tape a few tinmes
to renmove any tape surface debris.

7) If you have just turned on the conputer, let it
warmup for a few mnutes before attenpting
anot her LOAD.

8) Unplug the earphone jack and play the tape to
check where the program begins and to nake sure
you have a program

9) Try another cassette recorder.

Verifying a LOAD or SAVE

When a SAVE is conplete, the conputer responds with

READY
>_

To ensure that no errors have occurred during the transfer
of data, rewi nd the tape and ENTER

CLOAD? "N'
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This will conpare the version of the program |oaded into
the conputer with the programon tape. If all went well, the
conputer replies with

READY
>_

In the event of an incorrect read, the response will be
BAD
SAVE t he program again and repeat the procedure.

In the case of LOADing, rewind the tape after the LOAD and
proceed as above.

If the program continues to m sbehave during the SAVE ng or
LOADI ng procedure, take a break before you drive yourself
crazy! On vyour return, take a | ook at the cassette recorder.
Exam ne the rubber pinch roller. If it's smooth and shiney, it
may not be gripping the tape properly, wth tape slip
resulting. Clean it with isopropyl alcohol and then rough it
up lightly with a strip of enery paper.

If the programloads but fails to run, and upon scrutiny
reveal s erroneous characters here, there and yonder, then you
have probably CSAVEd your progran on a tape that wasn't fully
bl anked.

Loadi ng a Machi ne Language Program

As with the BASIC program nmount the cassette in the
recorder and rewind to the correct position. Then enter the
command

SYSTEM

The computer responds with

*?
to which you add the program nane
*? PROGRAM

Press the PLAY button on the recorder. As the program
| oads, an asterisk will appear on the top right hand corner of
the screen, followed by a second blinking asterisk innmediately
to its right. Wwen the program has |oaded, the pronpt
reappears ...

* 0

You are presented with three options at this point:
(i) respond with to return to BASIC
(ii) you may | oad a second program
(iii) respond with
*? | ENTRY ADDRESS

if you want to execute the programat a specific
l ocation in menory, or,

*?

if the entry address is specified by the program
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Lower Case Wth a Cassette Based LNWBO Conputer

The LNWBO conputer has the hardware necessary to inplenent
|l ower case characters. Since hardware does not function
wi t hout software, the follow ng programis included. Note that

this programis not necessary when the LNWBO is wused wth
cassette or disk versions of word processors such as ELECTRI C
PENCI L since they contain their own display drivers that
support lower case. This programis also not necessary when
the LNMBO is used with disk drives and one of the follow ng
operating systens:

1) DOSPLUS

2) NEWDOS80

3) MULTI DCS

4) LDGCS

5) VTGS

6) Any ot her operating
system or program that
supports | ower case.

Conpl et e Lower Case Program

This program allows the full inplenentation of the |ower
case in BASIC. It has only one known peculiarity, - the "@
key wi Il display as the nonetary pound symbol in the unshifted

position. Before typing in the program type in a short
program and verify that it can be saved to cassette. Once this
is done, begin typing in the program Check carefully for
typing errors. Once you have the programtyped in, save the
programout to cassette at least twice. Then perform a
cassette verify wth the CLOAD? command, Make sure that your
recorder is correctly set to playback before attenpting this.
Once the program has been entered and saved to cassette, you
may now attenmpt to use it. This is done by setting the nenory
size to 65375 on power up and then | oading the program off
cassette. List the programto verify a good |oad and then type
RUN. The programwi |l then ask the operator if both upper and
|l ower case is desired. Unless you respond with N t he
program will assume that you want both upper and | ower case
characters.

LONER CASE PROGRAM

10 REM SET MEMORY SI ZE AT 65375

20 FOR X=-160 TO -1: READ |: POKE X, I : NEXTX

30 POKE 16414, 96: POKE16415, 255: POKE16422, 167: POKE16423, 255

40 | NPUT"WOULD YQU LI KE UPPER AND LOVER CASE (N=NO)"; A$

50 | F A$="N'THENPOKE16409, OELSEPCKE16409, 1

60 DATA 245, 58, 24, 64, 254, 01, 32, 6, 121, 197, 205, 59, 0, 193, 58, 25
70 DATA 64, 254,1, 40, 4, 241, 195, 88, 4, 241, 221, 110, 3, 221, 102, 4

80 DATA 218, 154, 4, 221, 126, 5, 183, 40, 1, 119, 121, 254, 128, 210, 166, 4
90 DATA 254, 32, 218, 6, 5, 254, 64, 218, 125, 4, 254, 96, 48, 5, 246, 32
100 DATA 195, 125, 4, 230, 159, 195, 125, 4, 58, 25, 64, 254, 1, 32, 20, 121
110 DATA 254, 65, 56, 14, 254, 122, 48,10, 254, 91, 56, 4, 254, 32, 56, 2
120 DATA 238, 32, 79, 58, 26, 64, 254, 1, 194, 141, 5,1 21, 254, 13,40, 5
130 DATA 254,10, 194, 141,5,17,0, 32, 27, 122,179, 32, 251, 62, 13, 50
140 DATA 232,55, 17,00, 32, 27, 122, 179, 32, 251, 62, 10, 50, 232, 55
150 DATA 17,0, 48, 27,122,179, 32, 254,14, 13, 201,0,0,0,0,0,0

SECTI ON 5: DI SK | NTERFACE

I ntroduction
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A disk drive system has the great advantage over tape in
that it permts greater dexterity in handling masses of
information. Large anpunts of information can be stored or
accessed quickly, reliably and with a mnimm of fuss.
Prograns and files can be | oaded from disk about 250 tines
faster than fromtape. Files can be nanipulated with relative
ease and can be designed to suit a particular application.

In a disk operating system (DOS), the operating systemfor
the computer resides on disk. A DOS is nore powerful than the
ROM operating system It affords flexibility as regards data
st orage and nakes avai |l abl e pr obl em sol vi ng progr ans
(debugging software) to observe data at al nbst any nenory
location within the system

The LNWBO allows you to attach up to four disk drive units
to the disk interface. These may be 5 1/4 inch or 8 inch
drives, a conbination of both, or even hard disk drives. Dual
headed drives (two read/wite heads) may al so be used, but in
this case, only 3 drives are allowed. Disks may be formatted
in single-or double-density.

As an introduction to disk drives and their devel oprment,
you m ght want to read through Appendi x B before reading this
section.

What kind of Disk Drives should you use?

The LNWBO will work with virtually any type of disk drive
(once configured for the LNW and any floppy disk. Arned wth
this know edge, you nmy be tenpted to use the cheapest disk
drives you can find. However, these may prove to be quite a
frustation, so wth your long termnental health in mind, we
make the foll ow ng suggestions:

1). Use doubl e-density rated disk drives.
Singl e-density drives may work, but the proper
operation in doubl e-density cannot be guaranteed for
the life of the drive (See list of conpatible
drives in appendix).

2). Clean and align your drives according to
manuf act urer specifications.

Configuring 5-1/4" & 8" Disk Drives for the LNWSO

Disk drives and cables which are configured to run on the
TRS-80 Model | are fully conpatible with the LNA0. Any eight
inch drive which is Shugart conpatible should run on the
LNWBO. If you are about to purchase drives and are wunfamliar
with the concept of drive configuration, Appendix B should set
you straight.

Proper configuration for drives and cables should be
provi ded by your conputer dealer.

Connecting a 5 1/4" Disk Drive

Di sk drives are connected to the conputer's disk interface
with a ribbon cable. 5-1/4" drives require a 34-wire cable
with a card edge connector at each end. The drive cover nust
be renpbved to connect the ribbon cable. It is a good idea to
fit the drive with an extender cable so that connection and
renoval are nade easier.

Table 5.0 - Pin specifications for the 34-pin 5-1/4"
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drive bus. The unlisted pins are used as

grounds.

[Pin # |[Description |
[2 |[Not Used |
[4 [Not Used |
[6 [Not Used |
8 [t ndex |
[10 |[Drive Select 1 |
[12 |[Orive Select 2 |
[14 |Drive Select 3 |
[16  |Motor On |
[18 |[Di rection Select |
[20 ||St ep |
[22 |[wite Data |
[24 |wite Gate |
[26  |[Track O |
[28 |Wite Protect (Active Low) |
[30 |[Read Dat a |
[32 |[Si de Sel ect (Dual Sided Drives)

[34  |[Not Used |

Figure 5.0 - Extender Cable

Connecting an 8" Disk Drive

Ei ght-inch drives require 50 - wire ribbon cables for
operation, You wll notice that the disk interface on the
conputer is made for a 34-wire cable (17 connections on each
side). A 50-to-34 adapter board is avail able from LNW (st ock#
1096) to connect the 8" drive to the 34-wire cable. One end of
this board plugs into the 8" drive cabl e-connector (50-pin),
the other into the 5-1/4" drive cable-connector (34-pin) as
shown in Figure 5.1. If the connector on the 34-pin cable has
pins pulled, you may only connect one 8" drive per adapter.
O herwi se, the drive select process will not be able to "see"
any 8" drive after the first one it encounters. If the cable
is not of the pulled pin type, then you nay connect a few 8"
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drives to the 34-pin cable using just one adapter. Figures 5.2
and 5.3 outline the rights and wongs of the matter.

Figure 5.1 - 34 to 50 Pin Adapter

TOo 34 PIN
CABLE

TO 58 PIN
CABLE

24 to 50 Pin Adaplors

& Drives
Figure 5.2 - Pulled pin cable and 8" drive

A4 1o 58 Pin Mailll.n'
.rli." Fin Cablo

34 Rin I:n.Mn- T “_':.-" fie s,
e e 4
ikt ____.- -~ |\
: S \
f i
e I

E" Driwas

Figure 5.3 - No pins pulled cable and 8" drive hook-up.

Table 5.1 - Pin Specifications for the 50-pin 8-inch Drive Bus

[Pin #||Description

|2 ||Ground or Lower Wite
|4 ||Not Used / Reserved
[6 |[Not Used
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|8 |INot Used

[10  |[Two Sided (Not Used)
[[2 |Disk Change (Not Used)
[14  ||Side Select (Dual-sided drives)
[16  |[Activity / In Use

[18  |[Head Load (Not Used)
[20 ][I ndex

[22  ||Ready (Not Used)

[24  |[Not Used

[26  |[Drive Select 1

[28  ||Drive Select 2

[30  |brive Select 3

[32  |[Drive Select 4

[34 |[Direction Select

[36 |[step

[38 |wite Data

[40  |wite Gate

[42  |[Track 0

[44 |wite Protect (Active High)
[46  ||Read Data

[48  |[Not Used

|50 ||N0t Used

In the RARE event that you haVe an 8" disk drive which
requires the "wite current" line on the disk drive to be
driven when using doubl e-density above track 43, the adapter
requires a small nodification. A junper cable (LNW stock#
1097) must be sol dered between TG43 on the adapter board to
pin 2 of the 50-pin bus. Test out your drives first, and if
you're having troubl e above track 43 in double-density, get
out the soldering iron!

Disk Drive Set-up and the 5/8 Switch

The layout for a typical disk drive systemis shown in
Fi gure 5. 4.

Figure 5.4 - Typical Disk Drive System Show ng
M xed Drive Setup & 5/8 Switch

“y :
~ ' ":iff"‘
1 skl | . |
|_ < SO N S
\ S\ | | | W _Jl W
X Seclyl] el |
Sy \ \ \
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5-1/4" or 8" disk drives may be used together in a mnixed
set -up, although you nust make the conputer aware of the size
of drive zero (whether it is 5-1/4 inch or 8 inch). You do
this by way of the 5/8 Switch, This is located in o recessed
position above the cassette jack on the [|/0 panel. The
information relevant to this switch is shown in Table 5. 2.

Table 5.2 - Drive 0 and the 5/8 Switch

[Drive 0 Type|5/8 Switch |
[5-1/4 1nch |Towards Floppy Port |
|

[8 1nch ||[Away from Fl oppy Port

Di sk Description

The nanes "di sk" and "di skette" have becone
i nterchangeable. Fornerly, "disk" was reserved to describe the
large rigid disks associated wth bigger conputers, and
"di skette" was used to describe the smaller flexible or
"fl oppy" disks of mcroconmputers.

Refer to Figure 5.5 for a graphic description of the disk.

Figure 5.5

WRITE PROTECT NOTCH

INDEX TIMING HOLE

RECORDING SLURFAGE

1) Protective cover - should not be opened.

2) Read/wite opening. It is through this aperture
that data is read fromand witten to the disk.

3) Wite protect notch. In the case of 5 1/4 inch
di sks, covering the notch with an opaque | abel
protects the disk frombeing witten to
accidentally. The reverse is true in the case of
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8 inch disks - no | abel gives wite protect
st at us.

4) Timng aperture. The disk also has a snmall hole
init. Wen the disk is rotating, each time the
hole is aligned with the timng aperture, a beam of
i ght passes through. This triggers an electronic
signal, letting the conputer know that the disk has
made one revol ution.

5) Disk label. Use only a felt-tipped pen when witing
on the label. Ballpoints and | ead pencils nmay | eave
i mpressi ons on the disk.

6) Disk envelope. Inner lining helps to keep the disk
cl ean.

Fl oppy disks are made of a thin plastic material which is
coated on one or both sides with a thin, wuniform layer of
metal oxide. Data is stored on the disk on concentric tracks,
whi ch are arranged on the disk by the read/wite head of the
disk drive. This process is called formatting, and is carried
out under control of the disk operating system (DOS).

The nunber of tracks is optional, but is usually 35, 40, 77
or 80. The tracks are nunbered fromthe outer edge inwards.
Each track is divided into sectors. The nunber of sectors per
track depends on the DOS used to format the disk and whether
single or double-density is involved. Mst TRSDOS-1i ke DOSes
use 10 sectors per track in single-density and 18 sectors per
track in doubl e-densi ty, Fi gure 5.6 clarifies this
i nformati on.

Figure 5.6 - Sketch of disk, tracks a sector.
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Di sk Care

- Keep disks away from magnetic fields. Many
donestic appliances have transformers which
are capabl e of generating a magnetic field
strong enough to erose all or part of a disk.
Refrigerators, tel ephones a TV's are anpng these.

- Avoid touching disk surface. Keep the disk inits
envel ope when not in the drive.

- Remove disks fromdrives before turning drives or
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conputer on or off.

- In dry climtes guard against static. G ound
yoursel f by touching sonething nmetallic before
handl i ng di sks.

- Store disks standing on edge (not flat).

- Store in a clean, dust-free environnent between

50 and 125 degrees Fahrenheit (10 - 50 degrees C).

Avoid | eaving disks in the sunlight.

Next page | TCC
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SECTI ON 6: POWNER ON

Connecti ng AC Power

As you prepare to hook up to the main power supply, ensure
that the conmputer and all peripherals are sw tched OFF.

Locate the power cord exiting fromthe rear of the conputer
and plug it inta a 110V AC outlet. Al peripherals attached to
t he conput er nmust al so be suppl i ed with AC power
i ndependent | y.

Turn on t he monitor and let it warmup for a mnute or
t wo,

Power Up & Reset for Non-Di sk Omers

Press the BREAK key and switch the conputer on. After a
monent's hesitation, the conputer wll respond wth the
foll owi ng pronpt:

MEMORY S| ZE?
MEMORY S| ZE? _

(If this is not displayed clearly or if the nonitor is not
in a cooperative npod, see the rel evant sub-sections below on
nmoni t or adj ust nent).

We may ignore the MEMORY SIZE? question for the noment (see
SECTI ON 10) and sinply press the ENTER key.

The conmputer in its turn replies with,

READY
>_

To restart the systemin ROM once the power is on, press
the BREAK key first and t hen t he t wo RESET keys
si mul t aneousl y.

Power Up and Reset for Disk Owmers

- Switch on drive(s).
- Switch on conputer.
- Wait until drives stop running.

- Insert the systemdisk in drive 0, with the I abel
facing the armof the door (see Figure 6.0).

- Close the drive door gently. The door will not

close if the disk is not fully inserted.

- Press both RESET keys simultaneously. The conputer
responds with the system | ogo.
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Figure 6.0

You should now nmeke a backup copy of your system disk
bef ore proceeding any further. This is nmpbst inportant. It s
not beyond t he realms of possibility to destroy the
information on disk at this initial phase of investigation and
experinentation.

The BACKUP utility is described on page 80 of the DOSPLUS
manual .

Di sk Power Up Mal functions

If the drives fail to stop running after sw tching the
conputer on or the systemfails to boot, check the foll ow ng:

- Are the drive cables connected correctly and
securely at both the conputer and drive outlets?
Note that the drive connection is "backwards"
relative to TRS80 Model |, with cable up vs. down.

- Is the disk in drive 0 a system di sk?
- Is the drive running snoothly? If not, the disk is
not securely nounted on the drive spindle.

Re-insert the disk.

To RESET the disk operating system (to "boot" the system,
hit the two RESET keys simultaneously.

Monochr ome Moni t or Adj ust nent

1. BRIGHTNESS - turn fully clockw se.
2. CONTRAST - turn fully cl ockw se.

If the display is not stable (ie. rolls wvertically,
horizontally or tears diagonally) make the follow ng two
adjustnents. If the display is stable, then skip this section
and go on to final adjustnents.

3. HORI ZONTAL HOLD - adjust for a picture that does not "tear"
diagonally and is stable horizontally. It nmay still have
vertical roll at this point.

4. VERTICAL HOLD - adjust for a picture that does not roll
vertically and does not have any multiple or overlayed
i mages.

Make the follow ng final adjustnents:

5. BRIGHTNESS - turn counterclockw se till the background scan
lines are just no longer visible (but the letters should still
be brightly displayed.

6. CONTRAST - turn counterclockw se for the sharpest, roundest
characters with a bright, easy-to-read display. The individual
dots that nmake the letters should be visible, and the black
space between the letters Z and E at the top and bottom of the
letters should be seen. The following drawing illustrates
t his:

Figure 6.1 - Hi gh and normal contrast draw ngs
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GOOD CONTRAST CONTRAST TOO HI GH

I f you cannot achieve crisp characters with the follow ng
adjustnents, then either - adjust the SI GNAL ADJUSTMENT (i f
any) to reduce the anplitude of the video OR install a series
resistor in line (10 - 33 ohm wth the "hot side" of the
vi deo cabl e.

If you intend to use the LNWBO conputer in the inverse

vi deo di splay node, then you will have to repeat the above
adjustnents while in the inverse display node. Mdst nonitors
wi Il probably not be properly adjusted for both inverse and

normal display nodes with the same settings. Wien you turn on
the inverse display nbde, don't, be suprised to see the screen
go blank. Wen adjusting for BOTH di spl ay npodes sinply adj ust
to your own preference.

NTSC Col or Mbnitor Adjustnent

An NTSC col or nonitor has sone of the sane adjustnents as
your hone television: BRI GHTNESS (may be call ed BACKGROUND),
CONTRAST, COLOR, TINT, VERTICAL HOLD, HORIZONTAL HOLD and
SHARPNESS  (soneti nmes called FOCUS). The first step of
alignment is to perform the sanme adjustnments, as wth a
monochrome nmonitor (the procedure is listed in the previous
section). Sone of the controls found in a nonochrone nonitor
(i.e., horizontal and vertical sync) may, or nay not be
present in your color nmonitor. If the control cannot be found,
then it should be assunmed that the control is automatically
set internally and needs no adjustment. Check the owner's
manual for nore details concerning your nonitor.

Monochrome Operation

The NTSC color nonitor cannot display the 64-columm text
screen with clarity. Wth some nonitors it may be possible to
read the characters in this node, but it will require the
opti mum setting of the above-mentioned controls and a very
high quality set with a +6MHz | uni nance bandwi dth. It may al so
require that the NTSC color nonitor be connected to the B/'W
video output since the bandwidth is higher through that
di spl ay channel, and the color setting on the set should be
turned conpletely off.

Col or Operation

In order to align your nmonitor for color operation, you
must first display the color bar pattern generated by the
program listed below |IF THE NISC MONITOR IS YOUR ONLY
MONI TOR, THEN YOU MJST PERFORM THE  MONOCHROME DI SPLAY
ADJUSTMENTS MENTIONED IN THE PREVIOUS SECTION TO MAKE THE
DI SPLAY READABLE WHI LE TYPING IN THE PROGRAM THAT 1S LI STED
BELON This programis witten using LNVMBASIC and is easy to
type in. It does require that the programmer has a working
know edge of DOSPLUS 3.4 and LNWBASIC. These details can be
found el sewhere in this manual and in the LNWBASI C USER MANUAL
or the DOSPLUS 3.4 USER MANUAL.

1 'LNWBASIC Col or Bar Test Program
10 MODE2

20 PCLS

30 FLS(191)

40 FOR X=0 TO 7

50 COLORX

60 Xi =16*X: Y1=0: X2=(16* X+14): Y2=191
70 LINE X, Yl gX2, Y2, SET, BF

80 NEXTX
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90 END

Once you have typed in the program save it for future use
by typing:

SAVE" COLOR/ BAS"

This program should generate 8 color bars in the follow ng
order:

Wite Geen Yellow Red Magenta Blue Blue-green Bl ack.

Once the col or bar program has been run, nmake the foll ow ng
adj ust nent s:

1. BRI GHTNESS (May be Cal | ed BACKGROUND) - adjust such that 7
color bars (may appear as 7 grey areas) appear, but the BLACK
bar (eighth bar) at the right of the screen is conpletely
bl ack.

2. CONTRAST - adjust so that the bars have adequate range of
intensity. The BLACK bar should be black, and the WHI TE bar
should be a bright white. The thin black borders between the
col or bars shoul d have the sharpest edges attainable.

3. COLOR - adjust so that the colors (may not be the correct
colors yet) are bright and clean, but not saturated so much
that there is color "bleeding" and distortion in the black
borders between the col or bars.

4. TINT - adjust the tint so that the colors displayed on the
screen match the 8 color bars and suit your individual
preference. Fromleft to right:

white green vyellow red nmagenta blue blue-green black

5. SHARPNESS - Between the color bars are thin, two-pixel
borders of black. Adjust the sharpness or focus such that the
shar pest edges are obtained.

RGB Mboni tor Adjustnent and Operation

The RGB nonitor generally requires no nore adjustnments than
a nonochrome nonitor:

| . Performthe MONOCHROME MONI TOR ADJUSTMENTS
2. Type in the COLOR BAR programlisted in the previous
section and run it using LNWBASIC.

Power O f

When turning off your conputer, allow at |east 15 seconds
before turning it on again. This tine allows any power that
may not have drained away in the electrical <circuitry to do
so,

Menory Test

Al though vyour LNWBO has been thoroughly tested at our
manufacturing plant, we include this menory test in case you
ever need to use it in the years ahead.

10 REM Menory Test for LNWBO

20 REM This is a sinple test of conputer nenory.
30 REM Each nenory location is tested by using the
40 REM the GOSUB instruction. It should run
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50 REM continously until it reaches |ocation 100

60 REM or so. Total nemory is printed on the top
65 REM |eft hand corner of the screen.

70 CLS

80 PRI NT CHR$(23)

85 PRINT @0, MEM

90 PRINT @470, MEM

100 IF MEM < 100 THEN STOP ELSE GOSUB 90

Now type:
RUN
means that you press the ENTER key after typing RUN

The program should run continuously until |ocation 100 or
S0 i s encountered.

Hi gh Speed / Low Speed Test

We can meke conveni ent use of this program to do another
test. As was indicated earlier, the LNWB0's m croprocessor
operates at two clock speeds: 4MHz and 1.77MHz. By timng the
program with the key in the up position (H GH) and
down position (LOW, the followi ng approximte results should
be obt ai ned:

H GH 119 seconds
LOW 222 seconds

You may wonder why the result for the faster clock speed is
not twi ce that of the slower. The reason it isn't is that the
CPU works at a faster clock speed than the Level Il ROV are
capable of. As a result, the CPU nmust slow slightly (using
"wait states") so that the ROVs can keep up.

G aphi cs Test

Runni ng the programbelow will fill the display wth the
standard text and | ow-resol ution graphics characters avail able
fromthe character generator.

10 REM Mbde 0 text and graphics test.
20 LET Y=0

30 FQR X=15360 TO 16363

40 | F Y>192 LET Y=0

50 POKE X, Y

60 LET Y=Y+1

70 NEXT X

80 GOTO 80

To exit fromthis program you must press the Kkey.

Line 80 in the program puts the programinto an infinite |oop
so as not to disrupt the display on the screen.

SECTI ON 7: LNWBO GRAPHI CS

I ntroduction

The col or graphics capabilities of the LNV\BO make up one of
the conputer's real highlights. You now have a machi ne which
not only allows good data nmanipulation, but also has high
resolution graphics. The LNWBO cones to you with LNWBASIC, a
tail or made BASIC, designed to extract the naxi num potenti al
from the machine in terms of <color and black and white
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gr aphi cs.

This section introduces you to the nachine's graphics
capabilities and lays the foundation for your adventures into
LNWBASI C.  The second half of this section was witten for the
benefit of machi ne-language programers. It is not vital
readi ng for the novice.

Note: As LNMWBASIC is only supplied on disk, a subsection is
included for non-disk owners on how to generate both black 6
white and col or graphics.

Gr aphi cs Mddes

The LNWBO has four different graphics npdes:

Mode O Low Resol ution (LORES) graphics m xed
with text. Control of 128 x 48
picture el ements (pixels).

Mode | H gh Resol ution (H RES) graphics
m xed with LORES graphics and text.
Control of 480 x 192 pixels.

Mode 2 LORES Color, with control of
128 x 192 pixels. There are 8 col ores
available in this node.

Mode 3 H RES Col or. Control of 480 x 192
pi xel s. The screen may be mapped in
color blocks of 128 x 16 pixels.
There are 8 colors available in this
node.

Note that the picture element (pixel) size depends on the
graphi cs node in operation.

Mode O - Low Resolution Graphics a Text

In this nbde you have 128 (64x2) points of reference across
the screen and 48 (16x3) points down the screen.

Mode O is the normal operating node. The node 0 screen is
laid out as shown on the video display worksheet in Appendi x
D. Turning your attention to this for a nmonent, you wll see
that there are 64 character positions across the screen,
nunbered fromO to 63. There are 16 Ilines of 64 characters
each, ending up at character position 1023 on the |ower
right-hand corner. You will notice also that each character
which is outlined in dark ink is subdivided into 6 smaller
units. These smaller units are called graphics cells. Neither
character positions nor graphic cells are physical areas on
the screen, but rather areas of the screen that the conputer
has chosen.

Figure 7.0 - character position and G aphics cell
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The node 0 graphics cell corresponds to the node 0 pixel
The term graphics cell is retained here, as it is often used
to describe the size of pixel which is controllable using SET
and RESET in BASIC.

To see the size of one nbde zero pixel, use the follow ng
BASI C st at enent :

CLS : PRINTS 480, CHR$(129)
or
CLS : SET (64, 21)

A text character appears as a 5 x 7 matrix within the
sounds of the 12 x 6 dot matrix that makes up a character
posi tion.

Figure 7.1 - 12 x 6 dot matrix of character posn

with 5 x 7 text character inposed on
it.

sesss.  6x12 DOT MATRIX

The 5 x 7 format allows a one dot space between characters
and a 5 dot space between |ines.

Figure 7.2 - Interspacing of text characters
- sae: . - ONE DOT SFACE BETWEEN
PR CHARACTERS HORIZONTALLY
£ SiiYeiinie
2 DOT S5PACE i .
BETWEEN CHARACTERS ve
WERTICALLY s | '
ottt r 2
HET

Mode 1 - High Resolution Gaphics & LORES Graphics a Text.

In this node, you may reference 480 dots across the screen
and 192 down the screen, giving you the highest resolution
possi bl e on the LNWB0. The normal screen wdth of 64
characters is extended to 80 character positions in this node.
These additional 16 character positions give you an extra 96
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(16x6) pixels per line. This node allows you to turn on or off
the smallest dots which we saw in the node O character
posi tion.

This nbde can be entered in LNVWBASI C by sinply typing,
MODE 1

The pixel size in this node can be seen by RUNning the
foll owi ng LNWBASI C pr ogram

I ' LNWBASIC programto |ight up node 1 pi xel
10 MODE 1: CLS: PCLS

20 PSET 240, 96

30 CI RCLE 240, 96, 40

40 GOTO 40

Press the BREAK key to exit the program
A drawing programis included in Appendix Cto illustrate

sone of the possibilities in this npde.

Mode 2 - Low Resol ution Col or

This col or node is the highest resolution node possible for
NTSC conposite video. The resolution in this nmobde offers you
128 pixel s across the screen and 192 pixels down the screen.
To give you an idea of the size of pixel we're talking about,
the following figure shows the rel ati onship between the nbde 0
character position and the node 2 pixel.

Figure 7.3 - Mbde O character position w th node
2 pixel outlined.
As you can see, four vertically-stacked node 2 pixels are
equi val ent to a node zero graphics cell.
To enter this node in LNABASIC, use the npde commnd,

MODE 2

The nopde 2 pixel can be displayed on the screen using this
LNWBASI C program Press BREAK to exit the program

1 ' LNWBASIC programto display node 2 pixel
10 MODE 2 : PCLS 2 : CLS

20 COLOR 5 : FLS REM FLS ' WHI TES' MODE 0 SCREEN TO DI SPLAY COLOR

30 PSET 63, 97
40 CI RCLE 63,97, 15
50 GOTO 50

To get the nost of the conputer's color capabilities in
this node, exami ne the COLOR, FLS and PCLS commands in the
LNWBASI C nmanual .

Mode 3 Graphics - High Resol ution Color

This high resolution graphics display node all ows the high
resolution graphics nonochrome (MODEl) information to be
di splayed on an RGB color nonitor. This high resolution
information is displayed with linmted color control. This
means that while the nunber of individually controllable color
dots that can be displayed is 480H (horizontal) by 192V
(vertical), the colors that they can be set to are limted to

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_2.html
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128H by 16V color fields. These color fields have a

relationship to. the high resolution position such that one
color field controls the color of 36 high resolution pixels
(dots). Color information is provided by the MODEO text nenory
(menmory from 3COOH to 3FFFH). The data stored in a given
character position wll determne the color of the high
resolution graphics at that position. To better understand
this, we will run the follow ng programin LNWBASI C:

10 MODE!l : PCLS: CLS' set to high res and clear all screens
20 LINE O, 3,383,3,SET ' draw high res line

30 MODE3 ? note the |ine above can be drawn in node 3 al so
40 FORC=0TO07 ' step through all the colors

50 FOR I =0 TO 3' PUT EACH COLOR FlI ELD FOUR TI MES

60 AD=&H3C00+C*4+|l ? COLOR Fl ELD ADDRESS

70 POKEAD, C-9 'must use poke to output

80 NEXT |

90 NEXTC

100 GOTO 100 'wait forever and do not disturb screen

When this program is run with a nonochrone noni t or
installed, a high res (MODEl) LINE is drawn across the top of
the screen, followed by characters overlapping the line on the
screen. |If we install an RGB nonitor to the LNWBO now, we
woul d see that the various characters cause the line to change
colors. This overlapping of characters with high resolution
graphics is how MODE3 graphics works. You nmight have noticed
that after the <color bars there was a blank space (color
black) and then the rest of the Iline is displayed as
al ternating violet and white dots. Each of these dots
represents the width of the smallest unit of color field which
is one-half of a character position. This exanple used an
entire character position as a color field with four
consecutive color fields set to the same color. If we wanted
to use the maxi mum color resolution, we could change the
programto the foll ow ng:

10 MODELl: PCLS: CLS? set to high res and clear all screens

20 LINE 0, 7,479, 11, SET,BF ' draw a high res line

30 MODE3 ? note the line above can be drawn in node 3 al so
40 FOR | =0 TO 15

50 FORC=0TO7 ' step through all the colors

60 | F(C AND | ) =0THENQOELSE70 'is the pixel even or odd?

70 AD=I NT(C/ 2) +I *4: D=PEEK( 6H3C00+AD) ?0DD fi nd address and get
dat a

80 D=DAND&H38: D=DORC: POKE( 6H3C00+AD) , D: GOT0110 ' mask upr
bits, output

90 AD=I NT(C/ 2) +I *4: D=PEEK( aH3C00+AD) ' EVEN find address, get
dat a

100 D=DAND?: D=DOR( C* 8) : POKEf aH3C00+AD) , D' mask, or dat a,
out put

110 NEXTC

120 NEXTI

130 FOR Z=1T01000: NEXTZ

140 LINE O, 0, 479, 11, SET, BF

150 GOTO 150

This programdraws a high res bar that extends beyond 383,
and you shoul d have noticed on the nmonochronme nmonitor that the
characters that appear above the high res bar change the col or
of the bar on the RGB color nonitor. Note that characters do
not appear above the bar beyond character position 64 or high
res position 383. Run the program again and watch the
extension region while the inner region is witing the color

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_2.html

Page 9 of 24

12/4/03



LNW80 Microcomputer Operations Manual

fields. You will see that while colors are witten to the
inner region there is a duplication into the outer region. Due
to the design of the hardware, the color information for any
hori zontal position past 383 is taken fromcolor information
fromthe sane vertical position but from an assortnent of
hori zontal positions (with values |ess than 383). This neans
that. if you use high resolution graphics beyond 383, you
cannot be guaranteed the color unless all the color fields for
pi xel s | ess than 383 are set to the sane col or.

Mode 3 Wth LNWBASI C

The initial release of LNWBASIC does not totally support
MODE3 graphics. The node comand will set the LNWBO to the
correct setting, but lines drawn in MODE3 are the sane as
lines drawn in MODEl with no color information provided. Later
versions of LNWBASIC (if you registered with MODULAR SOFTWARE
ASSCCI ATES, you will be notified when this new version is
ready) will fully support MODE3. In order to wuse the high
resolution capability at this tine, special subroutines nust
be witten to wite the color fields to match the high res
gr aphi cs of LNWBASI C. The following prograns provide
rudimentary routines to fill fields and do Ilimted line
drawi ngs in MODE3.

1 'TH' S PROGRAM CONTAINS 3 MODULES. THE FIRST STARTING AT
LI NE
10 WLL DRAWA SINGLE LI NE FROM 0,0 TO 383, 191 AND THEN USE
A COLOR FI ELD TO MAKE THE LI NE A G VEN COLCR
2 ?THE SECOND MODULE (AT LINE 200) IS A DEMONSTRATI ON OF THE
WAY LI NES CAN BE DRAWN AND MADE TO HAVE A SPECI FI ED COLOR
USI NG MODE 3. THE ACTUAL SUBROUTI NE TO DRAW THE LINE IS
LOCATED AT LI NE 1000
3 ?THE THI RD MODULE IS A DEMONSTRATI ON OF THE ABILITY TO
CREATE BLOCKS OF COLORS. | T STARTS AT LINE 300. THE ACTUAL
ROUTI NE TO CREATE BLOCKS |'S FOUND AT LI NE 1000. NOTE THAT
THI'S THI RD MODULE DOES REQUI RE MODULE 2.
4 '"|F ALL THIS SEEMS TERRIBLY CLUMSY- IT IS THE FIRST
RELEASE
OF LNWBASI C DI D NOT HAVE ANY MENTI ON OF MODE3 LATER
RELEASES OF LNWBASIC WLL ALLOW THE USER THE ABILITY TO
DRAW LI NES' BOXES' ClIRCLES' ETC | N MODE3
5 ?NOTE THAT THE PROGRAM TO DRAW LI NES | S TERRI BLY
I NACCURATE
10 INPUT" COLOR'; C
20 I NPUT" X"; X: I NPUT"Y"; Y

30 CLS
40 PCLS

50 MODE3

60 LINE 0, 0, 383, 191, SET

70 MODE3

80 FLS(191)

90 POKE (&H3CO0+Y*64+X), C-9

100 FOR X=1 TO 64

110 Y=I NT(X/ 4)

120 POKE ( 6H3C00+Y*64+X), C*9

130 NEXTX

140 GOTO 140

200 ' THI'S DEMONSTRATES DRAW NG A MODE 3 LI NE
210 FOR P=1 TO 10

220 GOSUB 510

230 GOSUB 1040

240 NEXTP

250 GOTO 250

300 ' THI' S DEMONSTRATES DRAW NG BLOCKS OF COLORS | N MODE3

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_2.html
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310 FCR P=1 TO 10

320 GOSUB 510

330 GOSUB 2000

340 NEXTP

350 GOT0350

510 XI =RND(383): X2=RND( 383) : YI =RND( 191) : Y2=RND( 191) : C=RND( 7)
515 RETURN

1000 REM THE FOLLOAN NG ROUTI NE DRAWS A LI NE OF A SPECI FI ED
COLOR I N MODE3

1010 | NPUT"DESI RED COLOR'; C

1020 I NPUT" X, YI"; X, Y

1030 | NPUT" X2, Y2"; X2, Y2

1040 MODE1

1050 CLS: PCLS: LINE X, YI, X2, Y2, SET

1055 GOSUB 1060

1056 GOTO 1075

1060

Xl =1 NT( X1/ 6+. 5) : X2=1 NT( X2/ 6+. 5): YI =I NT( Yl / 12+. 5): Y2=] NT( Y2/ 12
+.5)

1070 I F
Xl >63THENX1=63ELSE: | FX2>63THENX2=63ELSE: | FYl >15THENY1=15ELSE
| FY2>15THENY2=15

1072 RETURN
1075 | F100* Xl +YI >100*X2+Y2 THEN T=XI: Xl =X2: X2=T: T=Yl : Yl =Y2
Y2=T

1080 | F XI =X2THENGOT01090EL SEGOT01100
1090 MODE3: FORY=Yl TO Y2: POKESH3C00+Y" 64+X| , C*9: NEXTY: GOT01210
1100 Me(Y2- Y1)/ (X2-X)
1110 B=Yl - M X
1120 MODE3
1125 | FM0
THENI FMk=1THEN1130ELSE1300
ELSEI FM>=- 1THEN1130ELSE1350
1130 FORX=X1TOX2- 1

1140 Y=I NT( ( M X+B) +. 5)

1145 GOSUB1150

1146 NEXTX: RETURN

1150 Z=&H3C00+Y* 64+X: | FZ<&H3COOORZ>6t H3FFFTHENGOT01210
1160 POKE Z, C*9

1165 | F( X- 2) >=0THENPOKE( &H3C00+Y* 64+X- 1), C*9 ELSEGOT01170
1170 | F(X-1)>0THEN POKE( &H3C00+Y*64+X-1), C*9 ELSEGOT01180
1180 | F( X+1) <65THENPOKE( &H3C00+Y* 64+X+l ), C*9 ELSEGOT01190
1190 | F( X+2) <64 THENPOKE( &H3C00+Y* 64+X+2) , C*9 ELSE GOT01200
1200 RETURN

1210 RETURN

1220 Xl =0: Y1=0: X2=63: Y2=15

1230 MODE1

1240 LINE 0, 0, 377, 179, SET

1250 MODE3

1260 GOTO 1100

1300 FORY=Y1TOY2' SLOPE BETWEEN -1 AND 1

1310 X=I NT(( Y- B)/ Mr. 5)

1320 GOSUB 1150

1330 NEXTY

1340 RETURN

1350 T=Y1: Yl =Y2: Y2=T? SLOPE BETVEEN -1 AND - I NFI NI TY
1360 GOT01300

2000 | FXI =X2THENLO50ELSEI FYl =Y2THENGOT01050

2010 LINE XI, Y1, X2, Y2, SET, B

2020 MDDE3

2030 GOSUB 1060

2040 | FY1<Y2THEN2060

2050 T=Y1:Yl =Y2: Y2=T

2060 | FXI <X2THEN2080

2070 T=X2: X2=X1: X1=T
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2080 | FY1=0THENY1=1ELSE: | FX1=0THENX1=1

2090

FORY=Y1- 1TOY2: FORX=X1- 1TOX2: POKE&H3C00+Y* 64+X, C*9: NEXTX: NEXTY
2100 RETURN

H gh Resol ution Graphics for Non-Di sk Owers

The programlisted below sets up tables in nenory which
hold information on the coordinates of points to be SET, RESET
or PO NTed. (The nachi ne-1anguage program encoded in the DATA
statenents is listed at the end of this section).

0 REM This program POKES 2 tables into nenory. The first one
1 REM generates 2 bytes for each horizontal coordinate (X).
2 REM This two byte pair consists of (a) the character

3 REM position (0-79) and (b) the one of six pattern

4 REM selecting the pixel within the character position.

5 REM The second table gives the vertical coordinate. It

6 REM consists of 192 |ocations each of which holds the

7 REM row (D4-7) and the line (DO-3).The tables start at

8 REM 30000.

10 X=30000

20 FOR Y=0 TO 79

30 GOsuB 100

40 NEXT Y

50 X=31024

55 FOR L=0 TO 15

60 FOR R=0 TO 11

65 N=(16*R) +L

70 POKE X, N

75  X=X+1

80 NEXT R

85 NEXT L

90 GOTO 171

100 N=

101 FOR Z=0 TO 5

120 PCKE X, Y

130 X=X+1

140 POKE X, N

150 X=X+1

155 N=N*2

160 NEXT Z

165 RETURN

166 REM This routine POKES the nachi ne-l anguage USR program
168 REM (encoded in the DATA statenents) into RAM from
167 REM |ocation 79FOH (31216) to 7A90H (31376)

169 REM (31376).

171 FOR X=31216 TO 31376

172 READ Y

173 POKE K, Y

174 NEXT X

175 REM The PCKE commrand at |ine 200 gives the entry point of
177 REM the one USR call. The | ow order byte must be changed
179 REMto point to one of the other routines if desired:
185 REM To sel ect SET, RESET, PO NT use the follow ng val ues:
187 REM SET - POKE 16526, 240: POKE 16527, 121

189 REM RESET - POKE 16526, 243: POKE 16527, 121

191 REM PO NT - POKE 16526, 246: POKE 16527, 121

182 REM Renenber that these address |ocations are deci mal.
193 REM Once you have POKEd t hese val ues out, you need only
195 REM POKE the LOW ORDER BYTE to change to a different
197 REM routine (e.g. POKE 16526, 246 gi ves PO NT).

199 REM

200 POKE 16526, 240: POKE 16527, 121 ' SET Routine

210 CLS ?Cl ears LORES screen

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_2.html

Page 12 of 24

12/4/03



LN

220
230
240
250
260
270
280
290
300
310
320
330

340
350
360
370
380
390
400
410
420

Col
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ouUT 254, 2 "Turns H RES (Mdde 1) on
FOR X=0 TO 479 'Bunps through all X

FOR Y=0 TO 191 'Bunps through all Y
POKE 31257,Y ?POKES Y value to 31257 (in USR)
A=USR( X) 'X is passed to USR routine
NEXT Y
NEXT X
END

DATA 195, 67, 122, 195, 88, 122, 195, 113, 122, 205, 127, 10
DATA 1, 48, 117, 41 g9, 126, 254, 64, 242, 35, 122, 205, 19, 122
DATA 2083, 60, 203, 29, 203, 60, 203, 29, 201, 35, 70, 33, 48, 121
DATA 17,0, 0, 25, 102, 111, 203, 37, 203, 37, 201, 205, 19, 122

DATA 2083, 37, 203, 37, 203, 4, 203, 4, 203, 60, 203, 29, 203, 60
DATA 2083, 29, 2083, 60, 2083, 29, 203, 60, 203, 29, 124, 198, 48
DATA 103, 201, 205, 249, 121, 219, 254, 246, 8, 211, 254, 126
DATA |1 76,119, 219, 254, 230, 247, 211, 254, 195, 154, 10, 205
DATA 249, 121, 219, 254, 246, 8, 211, 254, 120, 238, 255, 71
DATA 126, 160, 119, 219, 254, 230, 247, 211, 254, 195, 154, 10

DATA 205, 249, 121, 219, 254, 246, 8, 211, 254, 126, 160, 194, 133

DATA 122,33, 0,0, 195,136,122, 33,1, 0, 219, 254, 230, 247
DATA 211, 254, 195, 154, 10

or Graphics for Non-Di sk Owers

150
180
190
200
210
220
230
240
270
280

The following |I|isting denpnstrates how to generate colors

the LNVWBO wit hout using LNWBASI C.

REM COLOR BAR TEST PROGRAM
REM CASSETTE (16K) VERSI ON
REM Thi s test should generate the follow ng colors:

REM White Green Yell ow Red Magenta Bl ue Bl ue- Green Bl ack

CLS: PRI NTCHR$( 23)
PRI NT " LNW RESEARCH COLOR BAR TEST"
REM Del ay before starting test
FOR Z=0 TO 1000
NEXT Z
OUT 254, 4
FOR X=15360 TO 16383
POKE X, 255
NEXT X
FOR X=32512 TO 32533
READ D
POKE X, D
NEXT X
POKE 16526, 0: POKE 16527, 127
FOR X=0 TO 12288
FOR Y=0 TO 7
FOR Z=0 TO 7
POKE 32522, Y*9
A=USR( X)
LET X=X+1
NEXT Z
NEXT Y
LET X=X-1
NEXT X
END

DATA 205, 127,10, 219, 254, 246, 8, 211, 254, 54,0, 0, 110, 38,0

DATA 230, 247, 211, 254, 195, 154, 10

GRAPHI CS FOR MACHI NE- LANGUAGE PROGRAMVERS

Mac

hi ne- Language Overvi ew
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The four different graphics nodes are selected by I/0 port
254 (FE  Hex). The definition of port 254 is shown
schematically in Figure 7.4.

F & 5 & 1 T ¥ (v]
g
3 -3 Inverse Vid
Reserved ﬁ;phl-::b Mode rden
Enable Control

Figure 7.4 - 8 bit address of port 254 show ng
bit definition.

Data bit 0 controls inverse video operation in npdes 0 and
1 only. Data bits 1 and 2 together give node control, as can
be seen from Table 7. 1.

Table 7.1 - Mdde Control Using Port 254

D2 D1 ||l\/bde |
0 0

PP OO

1 1
0 2
1 3

Data bit 3 controls graphics RAM enable. Data bits 4 to 7
are reserved and shoul d not be used.

When nodifying port 254, first read the port and then
change only the bits that you want to change. As an exanple,
consider the following LNWBASIC program (any |evel of BASIC
will do) which sets data bit 0 of port 254, thus changi ng over
to inverse video.

1 ?PROGRAM TO SET DATA BIT 0 OF PORT 254
10 A=l MP(254)

20 A=1 OR A

30 OUT 254, A

To return to normal white on black, substitute O for 1 in line
20.

Mode O Adressing

Video display nemory for this node runs from 15360 (3C00
Hex) to 16383 (3FFF HEX) . A two-byte address is used to point
to a location in video RAM The relationship between the
menory | ocation and the visibly displayed character is defined
by the foll ow ng address chart:

5 14 ¥ 17 ¥ o % B8 F & 5 4 3 2 1 0

a o 1 1 | 1 Qo 1 1 1 ] 0 1 la 0 1

—— i - p— S — T e ——

i ' N A
=i Alwaye Bet : : L
I|-'-':*_""l to "ones," Line No, Character Position
16K i.e., apove {2~ 15) (8 = 63)

ICE0H

Figure 7.5 - Mbde O addressing as in p. 64 of
origi nal LNW nanual .

The least significant (rightnmost) 6 bits, bits 0 to 5, of the
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address specify the character position. Wth all 6 bits on for
exanpl e, character position 63 would be specified. Bits 6 to 9
inclusive store the binary code for the line (0 - 15) on which
the character posit.3.on is found.

Take, for exanple, address 3C97. Filling the address chart
we get:

15 4 B ” N w % 8 7 &6 5 4 3 1

gjlofjijryirjr1jojojnjojajijaogil

Line 2 Character Position 23

Figure 7.6 - Mbde O address chart with 3C97
di spl ayed.

This translates to line 2, character position 23, as shown
in Figure 7.7.

EORE D e m e ue e ad—

. SCREEN

Figure 7.7 - Screen with character 23, line 3
hi ghl i ght ed.

We have seen how screen positions are addressed and how
both graphics characters and text characters are constituted.
But how does the conputer know whether a graphics character or
a text character is to be displayed? The answer is encoded in
the data byte to be displayed. Wen data bit 7 of the data
byte is on, bits 0 to 5 select all possible conbinations of
graphics characters. Wth data bit 7 off, bits 0 to 5 are
together interpreted as an ASCI| text code. See figure 7.8.

(B

TEXT) 7 6 85 4 3

LINE 2, CHARACTER
POSITION 23

(1 GRAPHICS)

TEXT/GRAPHICS SELECT

NOT USED

Figure 7.8 - Data byte, 8 bits, bit 7 on/off -
graphics/text respectfully. Bit 6
not used, bits 0 to 5 store code.

Note that graphics RAMis not used in this npde.

Accessing Graphi cs RAM

Graphics mpdes |, 2 and 3 make use of graphics RAM The
graphics RAM running from address 0 to 3FFF (hex), is |located
in the lower 16K of LNWBO address space. This is al so where
the the Level Il ROWs, keyboard, npde O video RAM and
m scel | aneous 1/0 is mapped.

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_2.html
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I/0 port 254, data bit 3 (D3), selects which block of
menory is enabled in the lower 16K Wth D3 on (1), the
graphics nenmory is enabled. Wth D3 off (0), the keyboard,
video RAM 12K ROM and anything el se which night be mapped in
the lower 16K of address space are enabled. Figure 7.9
illustrates this bank switching operation.

Lower 16K Address _J-

Decoder ue —a

T
&
—|_1% Graphics R&N Enable ‘
03— n ;
—— : 4
1
]
1/0 Port 294
Emable
Whea Braphics RAM is Graghics Keyboard 1K CRT 12K Rim
enabled entire lower [GK L] Hewory
of LWB0 is disabled

|

Data Bus *

Data Bus
Figure 7.9 - Menory bank swi tching diagram
Since the Level Il ROVs are al so di sabl ed when D3 is on,
using the out command in BASIC to turn this bit on will cause
a system "crash." This 1is because the conmputer wll be

operating out of graphics RAMinstead of ROM The inplication
of this is that D3 can only be accessed by a machi ne-1 anguage
program (or USR call from BASIC). Note that while the graphics
RAM i s enabl ed, the |lower 16K is inaccessible.

Mode 1 Addressing

The high resolution graphics RAMis |ocated between 0 and
3FFF (hex). The 16K x 6 bits of graphics nenory allows
i ndividual control of 480 x 192 dots. The addressing is not
sinmple X, Y addressing, but is optimzed for rapid character
generation, |In this scheme of things, the video nmenory map is
broken into two fegiona: an inner region conprised of 384 x
192 dots, and an extension region conprised of 96 x 192 dots.
Figure 7.10 shows this screen breakdown.
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Character 43 Eatensics _

Position I Character Position
Line o H Jq E

]

1

3

d

3

. &1 64 =280 Pivels Horazontally It 1 b= 94K

| ———— I

¥ 160 12 = 192 Pinels Vertically Ll

* Intr Reglon Extension

% Region

[~

[

(5}

kTl

[t

et

Figure 7.10 - Screen inner and extension regions.

The 384 x 192 inner region runs from address 0 to 2FFF
(hex). The address chart for the inner region is as foll ows:

I3 4 B ” N w0 ¢ 8 7 & 5 4 3 2 1 0

rjprjrjyfgrjejrjajrgrifjoprjoft

R T Ly ————r———
Fow Liee Character Posa.
=10 o =15 G - &7

Figure 7.11 = Inner region address chart.

Figure 7.11 - Inner region address chart.

The 96 x 192 extension region is addressed from 3000 to
3FFF (hex). The address chart for the inner region is given
below. In this case, the row field has been divided in two:
bits 10 and 11 holding the two |east significant bits (LSB)
and bits 4 and 5 holding the two nost significant bits (MSB).
This was done for hardware inplenentation reasons only.

15 W B3’ N w ¢ 8 F & 5 4 3 T 1 0

1 4] ] 1 Q L a 1 1 L a 1 1

i s il e P e e

i ' b
Kot Used Line 14 - 151 Character Posn.

1 - 180
Least Significant Bits (LSB) 0 - 15

of 4-%it Row Field
Rlways Set,

1.8, Extension
Region mddressed
Froa 3080-3FFFH.

Most Significant Bits (NSE)
of 4-bit Row Field
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Figure 7.12 - Extension regi on addressing.

We said that the addressing was not sinple X Y addressing.

So what does that nmean? An exanple will help to illustrate the
si tuation.
Take address 2000H. Going to the address chart and filling
in 2000H, we get:
15 4 13 12 1 W % B 7 & 5 4 2 1]
-_l_- _._ll 1 il
Kot Used | \‘ Line 10 - 151 |I [haracter Fosn.
) .
JI Least Signiticant Bats (LSB '/ 1)
of 4-bit Row Field
Always ek,

o8, Extension
FrQ|ih wddressed
Froa J000-TFFFH.
Figure 7.13 - Address chart with 2000H, and
character position, line & row,
mar ked.

Nost Signiticant Bite (M5B
of d4=bit Fow Field

This takes us to row 8 of line 0, character position 0.
This is a bit unexpected, as we have been used to the idea of
starting at the top left hand corner of the screen and then
addressing all points down the screen, in a contiguous
fashion. If we start with address 0 and sequentially nove
through to address 2FFF, exam ning the positions pointed to on

the screen by each address, we will see that row 0 of all
character positions is addressed first, then row 1 of all
character positions, then row 2... and so on. The sane holds

for the extension region. (Try a few exanples).

The information telling us which pixels are on in a
particular row, cones from the 6 bit-datumbyte located in
graphi cs RAM

Note: Left to Right Numbering

Figure 7.14 - Graphics Data Byte in LSB (0-2)
and MSB (3-5) Format

Each bit in the byte corresponds to one of the pixels in
the row, pointed to by the address we just deciphered.

Mode 2 Addressing

The node 2 pixel differs fromthe node | pixel in that it
is 3 times larger, being conposed of 3 horizontal dots, The
loss of resolution is conpensated for by way of color
information for each pixel. Mbde 2 addressing is simlar to
mode 1 inner region addressing (see Fig. 7.15). In this case
however, the data byte holds information for two adjacent
color pixels, each half of the byte containing three bits
speci fying one of 8 colors.
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RO ? : : : : : : Character Position
sl s als &5 #  HNith Bode 2 Pizels
3| & & |8 & @

4 [ " ® @
El @« » = L B
i " 8 @ " 8 @8
T - 8 @ & B &
'] - W . & ® B8
Fl s & @ " 8 8
K - 8 @ " a8 @
M| & & & & a @
5 4 3l2 1 0
]']'l' ulu[ﬂl"“htam“
J M5B's Select | of 12 3 L50"s Select | of 12
Pizels on the Left Side Pixels on the Right Side
of the Character Pasition. of the Character Position.

Figure 7.15- Mbde 0 character position w node 2
pi xel outlined, and data byte
under neat h.

Bits 3, 4 and 5 contain color information for the pixels on
the left hand aide of the character position. Bits 0, 1 and 2
contain color information for the right-hand side of the
character position. The codes for the 8 colors available are
as follows:

Table 7.2 - Color coding for npde 2 pixels.

[Dat a[Col or |
[000 |white |
[001 ||Green |
[010 |[Yel I ow |
[011 |[Red |
[100 |Ivagenta |
[101 |[Bl ue |
[110 |[BI ue/ Green|
[111 |[BI ack |

Mode 3 Addressing

A sinple relationship exists between the high resolution
video and the node 3 color fields. This relationship is due to
the fact that the lowres text menory and the high res nenory
share the sanme addressing in the hardware. The inner region
addressing and the | ow res addressing are conpared bel ow

Figure 7.16
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384 X 192 Pixel Inner Region (8 - 3@8@H)

15 14 13 12 M W 9 8 7 & 5 4 3 2 1 O

g le | | u- 1 [ 1 1 L [ f L L L
e e i i [ S
Fow Line [haracter Fosition
- 12 = 1% i = &dl

Mode 3 Color Field Addressing (3C88 - 3IFFF)

1 4 3 = N w ¢ 8 7 & 5 4 3 2 1 0

L] a ' I 1 L] -] 0 a o a a I 1 | I

R
Lime Character Position
0= |5k 0 = &3

It should be noted that the character position of the MODE3
color field addressing is divided into two color fields. Wen
a byte is witten to 3C00H to 3FFFH, two color fields are set
as illustrated bel ow

Figure 7.17 Mde 3 Character Position Wth Col or Fields
CHARARCTER POSITION

RO 8 @ @ |® @ @
6X12 DOTS e @ pm 2.8
g @& 9| 2 @

L L L] L] L L

] . . . . .

@ L] w - - =

N ] Ll L] - - -

r . . . . .

L . - . . -

N . . . .

° . . . . . .

e @ e!®s @& @

COLOR FIELD A COLOR FIELD B
Data Byte
L] | L ] | ] o
] a [ i
———
Calor Color

Field & Field &

W TH COLORS DEFI NED AS:
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543 or
210
000 O white
001 1 green
010 2 yel | ow
011 3 red
100 4 magent a
101 5 bl ue
110 6 bl ue- green
111 7 bl ack

The second LNWBASI C programin this section illustrates how

MODE 3 graphics is done from BASIC. Once this is clearly
under st ood, machi ne-l anguage use shoul d be sinple. Wen using
MODE 3 to draw lines, circles, etc., setting the correct color
field can be easily done at the sanme tine t hat t he
machi ne-1 anguage routine is outputting to the high res screen.
If the high res address has been conputed or |ooked-up via
some form of address conputation table, this address needs
only to have the npst significant 6 bits nasked and set as
fol |l ows:

A15=0
Al14=0
Al3=1
Al2=1
Al =1
Al10=1

The only additional consideration is which color field is to
be witten at that character position? Is it color field A or
B? The software that wites the high res information nust have
sone nethod of know ng which high res data bit was the one
that was being witten to. If the data bit(s) of the high res
menory was 0, 1 or 2 (the leftnost 3 dots on the screen) then
the color field to be witten to is color field A |If the data
bit(s) of high res are 3, 4 or 5 (the right three bits) then
the appropriate color field is B. In order to wite only the
desired color field, the programnmust first read the entire
byte (both color fields) wth nasking and ORing to put the
3-bit color information in the right place without disturbing
the other color field. Refer to the LNWBASIC programin the
above section for the conceptual details.

Remenber that when the high res video menory is enabled via
port 254 data bit 3, the low res video menory 3C00 to 3FFFH is
not accessible. This nmeans that before witing the color field
you nust turn off the graphics enable as foll ows:

I'N A, (OFEH) ; | NPUT FROM 254
AND OF7H ; TURN OFF GRAPHI CS RAM
out (OFEH), A ; OUTPUT TO 254

Then the graphics node nust again be turned on before
writing nore graphics.

Machi ne-1 anguage Routine to SET, RESET, PO NT

The following is the machi ne-language listing to SET, RESET
or PONT a video RAM | ocation. This is the Ilisting for the
machi ne-1 anguage that was encoded in the DATA statenents in
the programlisted under the subsection entitled "G aphics for
Non-Di sk Omners. "
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79F0 00100 ORG  79FOH
79F0 C3437A 00101 SET  JP  SETR : SET ROUTI NE ENTRY
79F3 C3587A 00102 RESET JP  RESR : RESET ENTRY
79F6 C3717A 00103 PONT JP  POR . PO NT ROUTI NE
79F9 CD7FOA 00110 ADCAL CALL | NPX GET X POSITION IN
HL PAIR
79FC 013075 00120 LD BC, 7530H ;START OF
HORI ZONTAL
TBL
79FF 29 00125 ADD HL, HL  DOUBLE HL IN TABLE
7A00 09 00130 ADD HL, BC ;PO NT TO
CHARACTER POS. | N TBL
7A01 7E 00140 LD A (HL) ;1 NPUT CHARACTER
POSI TI ON
7A02 FE40 00150 cP 64 1S > THAN CHAR 64
(1N EXTENSI ON)
7A04 F2237A 00160 JP P,EXTEND ;YES USE
EXT. ALGOR! THM
7A07 CD137A 00170 CALL  VERT  ;GET
ROW LI NE, CHARACTER
ADJUSTED
7AO0A CB3C 00180 SRL H {SHIFT LSB OF H
I NTO
CARRY
7A0C CBID 00190 RR L . GET LSB OF H INTO
MBB OF L REG
7AOE CB3C 00200 SRL H . SHFT LSB OF H I NTO
MBB OF L
7A10 CBID 00210 RR L ; ONCE AGAI N
7A12 C9 00220 RET . NOW HL HAS ADDRESS
OF GRAPHI CS
7A13 23 00240 VERT  INC HL  ;TH S PUTS ROWLINE
I NTO H AND
00245 ; PUTS CHARACTER
POSI TI ON SHI FTED
00247 . LEFT TWO BI TS I NTO
L WTH THE
00249 ; TWO LSB SET TO
ZERO
7A14 46 00250 LD B, (HL) ;NOWB REG HAS ONE
OF S| X PATERN
7A15 213079 00260 LD HL, 7930H ; START OF VERTI CAL
LOOKUP TABLE
7A18 110000 00265 LD  DE OH ;POKE DATA HERE
7A1B 19 00270 ADD HL,DE ;PO NT TO VALUE IN
TABLE
7A1C 66 00280 LD  H(HL) ;PUT ROWLINE I NTO
H
7AI D 6F 00290 LD LA ; COPY CHARACTER
POSI TION TO L
7A1E CB25 00300 SLA L . SHIFT LEFT ONE
PLACE
7A20 CB25 00310 SLA L NOW L HAS LEFT
JUSTI FI ED CHAR
7A22 C9 00320 RET
7A23 CD137A 00330 EXTEND CALL  VERT ;GET VERT IN H, CHAR
IN L, DAT IN B
7A26 CB25 00340 SLA L {ROTATE 2 MSB OF
ROW
AND
7A28 CB25 00350 SLA L :PUT THEM I N THE 2
LSB OF H
7A2A CBO4 00360 RLC H
7A2C CBO4 00370 RLC H
7A2E CB3C 00375 SBL H : NOW SHI FT HL RI GHT
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7A30 CB1D
7A32 CB3C
7A34 CB1D
7A36 CB3C
7A38 CB1D
7A3A CB3C
7A3C CB10
7A3R 7C

7A3F C630

7A41 67
7A42 C9
7A43 CDF979
7A46 DBFE
7A48 F688
GRAPHI CS

7AAA D3PE
7TAMAC TE
REG

7A4D BS
TAAE 77

7AAF DBFE
7A51 EG6F7
GRAPHI CS

7A53 D3FE
7A55 C39A0A
7A58 CDF979
7A58 DBFE
7A5D F608
RAM

7A5F D3FE
254

7A61 78
7A62 EEFF
7A64 47
7A65 TE
7A66 A0

TA67 77
aut

7A68 DBFZ
TA6A EGF7

7A6C D3FE
7AGE C39A0A
7A71 CDF979
7A74 DBPR
7A76 F608
7A78 D3FE
TATA TE

7A7B A0
SELECTED BI' T
7A7C C2857A
ZERO

7A7F 210000
7A82 C3887A
7A85 210100
7A88 DBFE
7A8A E6F7
GRAPHI CS

00380
00398
00400
00410
00420
00430
00440
00445
00447

00449
00460
00478 SETR
00480
08498

00500
00510

80520
00530

00540
00550

00560
00570
00580 RKSR
00590
00600

00610

00620
00630
00640
00650
00660

00670

00688
00690

00700
00710
00720 PO R
00730
08748
00750
00760

00770
00780

00790
00800
00810 SETHL
00812 QUIT
00814

RAM

SRL

SRL

SRL
RR
LD

LD
RET
CALL

LD
XOR
LD

AND

AND

JP

LD
JP
LD
I'N
AND

4 PLACES
L
H
L
H
L
H
L ; HL OK NOW
A H
A, 30H ; MAKE ADDRESS
ABOVE ROW 11
H A
ADCAL
A, (OFEH) ;1 NPUT FROM 254
8 ; TURN ON

RAM ENABLE BI T
(OFEH), A ; OUTPUT TO 254
A (HL) OLD DATA IN A

B ; SET BI T
(HL), A ;WRITE DATA BACK
ouT

A (OFEH) ;1NPU AGAI N
AND OF7TH  ;TURN OF

RAM
(OFEH), A ; QUTPUT PORT 254
RETURN

ADCAL
A, (OFEH) ;1 NPUT PORT 254
8  SET GRAPHI CS
ENABLE BI T
(OFEH), A ; OQUTPUT TO PORT
A B
OFFH  ; COVPLEMENT A
B, A
A (HL)
B

(HL), A ;WRITE DATA BACK

A, (OFEH) ;1 NPUT AGAI N

OF7H . TURN OFF

GRAPHI CS RAM
(OFEH) , A

RETURN

ADCAL

A, (OFEH)

8

(OFEH), A

A (HL) ;GET SIX BITS OF
DATA

8  MASK ALL BUT

NZ, SETHL ; MAKE L=l | F NOT

HL,OH  ;MAKE BL PAIR O
QT CEXIT

HL, 1H  ; SET HL=00018
A, (OFEH) :1NPUT PORT
OF7H : TURN OFF
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BIT
7A8C D3FE 00816 our (OFEH), A ; OUTPUT TO PORT
254
7A8E C39A0A 00820 JP RETURN
0A9A 00838 RETURN EQU 0A9AH
OA7P 00840 I NPX EQU OA7FH ; THE'S PUTS
VARI ABLE I NTO
HL
0000 00850 END

00000 TOTAL ERRORS

Next page | TOC
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SECTI ON 8: LINE PRI NTER | NTERFACE

Line Printers
There are two types of line printer:

1. Serial line printer
2. Parallel line printer

You can connect either type to the LNW0 Conputer. The
physi cal connections for each differ fromone another, as they
carry data differently.

A serial line printer handles a byte of information by
receiving the basic elements of information (the bits) in
serial fashion, 1i.e., one after another, or bit-by-bit, like

eight cars following any behind the other on a single-lane
road. On reception of eight bits the printer reconstructs the
appropriate character.

Parallel printers, on the other hand, receive information
byt e- by-byte. At any one tine, at least 8 bits are travelling
parallel to one another along the ribbon cable, much Iike 8
cars abreast on an 8-1ane freeway.

e e
PARALLEL r_1
|
1 3 PULSES TRAVELLING
AS IR 1 PARALLEL TO EACH OTHER
HIBBON 1 UN 8 DIFPFERENT WIRES
CABLE 1
ﬁ
T
SERIAL

g 8 gy g A S g it e S g B <

§ PULSES TRAVELLING IN SERIES
WITH EACH UTHER OM A SINGLE WIRE

Figure 8.0 - Parallel and Serial Data Flow

Serial Line Printer

Serial line printers must be connected to the RS-232 seri al
comuni cations interface. A DB25 socket is required to make
this connection. The transmtting rate nust be set on the TX
switch to the right of the interface. You will also, in all
probability, have to nodify the the printer line so that it
can interface with the RS-232 interface. Because connection of
a serial printer requires sone know edge of RS-232 operation,
details on tne "how tos" of serial printer connection are
found in Section 9.

If you are currently on the hunt for a printer, do yourself
a favor and meke it a parallel one.

Note: In order that the LPRINT and LLI ST conmands of BASIC
work properly, a special programnust be used. This programis
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resident in DOSPLUS 3.4 as part of the forms command. For
serial printers which require handshaking, this can be
configured the RS232 comand in DOSPLUS 3.4. LNWBASIC all ows a
serial printer (no handshaking) with the RSOUT command. For
cassette based systens or other DOSes, a serial printer driver
programis supplied at the end of Section 9

Parallel Line Printer

The LNWBO 8-bit parallel printer interface is CENTRONI CS
conpatible. Parallel 1line printers are hooked up to the line
printer interface via a card edge connector and a ribbon
cabl e.

Qutputting to the Printer using BASIC

There are two BASIC comrands which output material to the
printer:

LLI ST LPRI NT
These correspond to the conmands:
LI ST PRI NT
which display material on the video display. The PRINT @
command does not have a line printer equivalent. Al so, not al
line printers are able to display the ASCI|I coded graphics

characters 128 through 151. Sone line printers may have their
own graphics characters

Page Length

The page |l ength may be controlled fromthe keyboard. Menory
|l ocation 16424 stores the number of |ines per page plus one

The val ue stored at this |ocation can be exam ned by using

PRI NT PEEK (16424)

The reply is:
67
The page length being Il inches and the printing rate being
set at 66 Ilines per inch for nbst printers, the nunber of

lines per page is 66. Sone line printers, however, require that
this value be adjusted (see adjusting printer controls)

Li ne Count
The line count plus 1 is stored at the adjacent nenory
| ocation, address 16425. This value can be retrieved as before
by usi ng:
PRI NT PEEK (16425)

the reply at boot up being 0. This value should be initialized
to 1 or nore

Printer Availability

The next location we PEEK at is nmenory address 14312. This
contains a code depicting printer status

Table 8.0 - Line Printer Status
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|OGDE EXPLANATI ON |
16 Cabl e connection upside down
48 Hooked up and on-1line

128 Hooked up, not on-line

192 Printer out of paper

240 Printer not avail able

The 4 nmost significant bits (MSB) at byte 14312 are used to
code printer status. Each of these bits represents a
particular aspect of printer status. For exanple, when bit 6
is on (set) it nmeans the printer is out of paper. Wen it's
off, it neans the printer has paper. The 4 |east significant
bits (LSB), which are not used, are always set. The codes
above are a result of a conbination of the various conditions.
(For a detailed account of printer status coding and M crosoft
BASIC coding in general, see "Mcrosoft BASIC Decoded" by
Janmes Farvour, avail able through your 1JG dealer).

Adjusting Printer Controls

The value at any RAM address in the conmputer can be changed
using the POKE verb in BASIC. A good idea is to initialize the
line count and page length at the beginning of every program
in which there is line printer output. At this point, printer
status can al so be ascertai ned.

| 0 REM Program code to alter page-length and

20 REM | i ne-count and to check line printer status.
30 PCKE 16424, nnn " Nunmber of lines per page.
40 POKE 16425, nnn ' Li ne-count

50 A = PEEK( 143l 2)

55 B = A AND 240

60 |F B <> 48 THEN PRINT " PRI NTER NOT READY"

SECTI ON 9: RS232C | NTERFACI NG

This section is a bit long, so you might want to grab a cup
of tea, coffee or whatever before launching into it.

The RS-232-Cinterface was nmentioned fleetingly in Section

3 in connection with serial printers. How come we had all of
this to-do about an RS-232-C when all we wanted was to hook-up
a serial printer? Parallel printers, being good little

printers, provided no problemat all!

Serial devices handle digital data in serial form whereas,
the conputer handles data in parallel form The circuitry
associ at ed with t he RS- 232-C asynchr onous seri al
comuni cations interface, to give it its full name, perforns
the change over from parallel form to serial form and
Vi ce-versa.

Note: A programis required that supports the RS-232-C. See
page 85.

History of Serial Data Comruni cation

Not | ong after Babbage introduced his "Analytical Machine"
in 1822, Andre Anpere toyed wth various concepts for

communi cating information over electrical wres. |In t he
1830's, Sanuel Morse took Ampere's idea and went on to devel op
the tel egraph using a code he devel oped, - Mrse Code. This
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was the first st

From that tine

information over single wires in serial

vari ous standards.

conputers with the serial

ep in conmunication
el ectrical signals to encode human synbol s.

to the devel opment of conputers,
f ashi on,

As a result, when it

over wres,

usi ng

codi ng

gave rise to

cane to interfacing

communi cati ons network, which is now

the phone system conputer manufacturers had to devel op their
own standard: the RS-232.

RS- 232- C St andard

The "C' in RS-232-C refers to the particular version of the

standard. The LNWB0'S RS-232-C

interface

El ectronic Industries Association (ElA)
conputers enploying the RS-232-C standard

However, different

often interpret it differently. As a result,
conputer claimng RS-232-C conpatibility wll

conforns

to the

standard RS-232-C.

various nmakes of
not necessarily

comuni cate or "tal k" with each other wi thout some adjustnent.

Fi gure 9.0 shows

the pin specifications on the

connector, as defined by the RS-232-C standard.

Direction

T0 DCE
T0 DTE
T0 OTE

0 DTE

T0 DCE

10 BCE
10 BTE
T0 BTE
T0 OCE
10 BCE

SECOMDARY TRANSNITTED DATA
TRANSHIT CLOCK

SECONDARY RECEIVED DATA
RECEIVER CLOCK

LINASSIENED

SECOMDARY REQUEST TO SEND

DATA TERMINAL READY
SIGMAL DUALITY DETECT
RIKG DETECT

DATA RATE SELECT
TRENSHIT CLOCK
URASSIGHED

el 18 b *
i | 2
1 B 3
o
5, l.—|-|--*
b
Lt
L
o —r—
—— s :
E 3 —i@ 70
el 1 ! --*
A o
= -
n
11—t
£
17 if———
Eh ]
l.,____‘-::\_'-dn—

25-pin

EARTH GROUND
TRANSHITTED D#TA
RECEIVED DATA
REGUEST TO SEMD
CLEAR TO SEND
DATA SET READY
LOGIC GROUND
CARRIER DETECT
RESERVED
RESERVED
UNASSIGNED
SECONDARY CRRRIER DETECT

SECOMDARY CLEAR TO SEMD

Only pins narked with an asterisk are connected in the LNWBO.

Figure 9.0 -

Sone equi prent
pins 2, 3 (data i

by EIA.

RS- 232-C pin connector as defined

which is attached to conputers only uses

nes) and pin 7

(ground),

whil e other

equi pment may use the unassigned and reserved pins while still

goi ng under the | abel

The Baud

'RS-232-C Standard’.

The BAUD, |ike many of the terns in RS232 jargon,
Baudot, a pioneer in

of history behind

it. Nanmed after

tel egraphic conmuni cat i ons, t he
for seri al dat a
nunber of hal f-dot
continuously in one second (which is in

rate). We can think of the npdulation rate as being the rate
at which a carrier wave is adjusted

transm sion speed
represent ed t he

transm ssi on,

In the present-

baud was the

has a bit

unit of

conmuni cati on. It
cycles transnmitted

fact the nodul ation

to acconpdate data

day schene of things, when the dat a
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N.A.
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signalling rate (measured in bits per second) is equal to the
nmodul ati on rate (expressed as baud), then the number of bits
transmtted per second is equal to the baud rate. (Long
sentence, that!). In our situation of asynchronous data
transm ssion, the baud rate is equal to the bit rate when one
stop bit is used.

Transm ssi on Techni ques

I nter-conputer conmunication over a distance is alnost
al ways achieved wusing serial data transmssion, as the
comuni cations, network is already there (the phone systen).

As we have seen, data in the formof characters is encoded
in bits. The character length is optional here and can be
either 5, 6, 7 or 8 bits. This is to allow for various word
I engths that have arisen as standard over the years.

Each bit 1is transmitted as an electrical pulse along the
transm ssion line. The pulses are of a definite time
durati on.

At the other end of the line, the receiver nust sonehow be
in synchronization with the pulses it receives. It nust be
able to recogni ze when a bit starts and how long it lasts, and
when a character starts and ends. There are two npdes of
operation to achieve synchronization between receiver and
transmtter:

- asynchronous operation
- synchronous operation

The LNWBO wuses the asynchronous nethod, as do nmost
m croconput ers.

Wth asynchronous communi cation, characters can be dunped
on to the transmi ssion |ine raggle-taggle fashion, i.e., the
timng of character placenent on the line is not inportant. In
al | owi ng this, however, the receiver demands that each
character nust be transmitted at a fixed rate and nust be
framed with a start-bit and stop-bit(s).

START BIT PARITY BIT (Outional)
5ToP BITS

TIME BETWEEN
CHARACTERS
VARIES °

DATA BYTE

Figure 9.1 - asynchronous transm ssion show ng
character with start and stop bits.

Connecting Equi pmrent to the RS-232-C

When connecting equipnent to the RS-232-Cinterface, we
must take into account whether it is:

Data Term nal Equi pment (DTE), or
Dat a Conmuni cati ons Equi pnent (DCE).
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DTE includes serial printers, teletypes and Decwiters. DCE
refers to nodens.

As is, the LNWB0O's RS-232-C interface is configured to
interact with DCE.

Serial Printer a the RS232

Serial printers and tel etypes (DTE) have the sanme signals
on the RS232 cable as the LNWBO. This is because Tel etypes
were designed to interface directly with nodems (as is the
LNWB0) to act as a renpte termnals. This neans that there
will be conflicts on the RS232 lines since the printer's
outputs are the same as the conputer’s. Fortunately not all of
the RS232 signals are required when connecting to a serial
printer. Usually only the Transmt Data (TD) for the conputer
is tied to the Receive Data (RD) of the printer along with the
chassis and signal ground (see table 9.0).

Sone printers also require the use of handshaking |Iines.
Handshaking is the printers way of telling the conputer that
it's buffers are full, and to hold off until it has printed

their contents. The conputer nust then wait until the printer
is ready to recieve data again. This signal should be received
on DSR (pin 6) and nmay be output by the serial printer on
either DTR (pin 20) or a separate RS232 handshaking signal.
For handshaking to operate properly, the handshaking signals
should be "ON' (+12V) when ready to receive nore data, and
"OFF" (-12V) when busy. Check with the operations manual of
your printer if in doubt.

The following drawing illustates the |ines connected. Sone
serial printers require that CTS (pin 5) or DSR (pin 6) of the
printer be tied to either +12V or -12V for proper operation.
The operating manual for the printer should provide the
details.

DSR
ECHE
5 FGHND
. <

TRANSNIT  RECEIVE

“ -

COWPUTER RS212 TMTERFACE SERIAL PRINTER RS232 INTERFACE

Figure 9.2 - Serial printer interfacing with the
conput er .

Table 9.0 - Specifications for the LNW0's RS-232-C Interface

Pi n Nunber Si gnal
PG\D (protective ground)
TD (transmit data)
RD (receive data)
RTS (request to send)
CTS (clear to send)
DSR (data set ready)
SGND (si gnal ground)
CD (carrier detect)
0 DTR (data term nal ready)
2 RI (ring indicator)

NNOO~NOOTA WN -

TD -- Serial data is output to external device.

RD -- Serial data is received fromexternal device.

RTS - Qutputs a request to the external device to allow the
conputer to transmt serial data.

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_3.html
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CTS - Inputs a response from an external device to a RTS
saying that the external device is ready to receive serial
dat a.

DSR - Input to the conputer saying that the receiving device
(at the other end of the tel ephone) is ready to receive from
the conputer. In the case of a nodem this signal acknow edges
that it is not in test, talk or dial node.

CD -- Input to the conputer saying that the nodem has sensed a
carrier signal over the tel ephone.

DTR - Qutput by the conputer to tell the external device that
the conputer is ready to transmt or receive serial data.

Rl -- Input to the conputer indicating that the nodem has
received a ringing tone at the other end of the tel ephone.

Connecting a Mbdem

This device allows infornmation to be transmtted from one
conputer to another over the tel ephone |ines. Tel ephone lines,
however, were designed, not for transmitting data, but wth
the human voice in nmind. The result is a system designed to
reproduce an anal og signal representing the fluctuations of
the human voice in the frequency range 300 to 3400 Hertz
(cycles per second). Analog signals vary continuously wth
time, rising and falling between high and | ow values. Digital
signals, on the other hand, have either a constant high value
or a constant |ow value at any one instant, changing from one
value to the other over a negligible period of tine.

vt ANALDBUE STEWAL

. ]
oo

Figure 9.3 - Analogue and Digital Signals

The npdem forges the gap between the two worlds. The word
modem i s an acronym for MXul at or/ DEModul ator, indicating the
two functions a nodem perforns. Wen serial digital data from
the conputer presents itself to the npdem for transm ssion
over the telephone lines, it 1is first coded as an anal og
signal, and then "applied" to a carrier wave resident in the
t el ephone network. This "applying" is called nodul ation.

A nodul ated signal arriving at the conmputer nust be
denpdul ated. That s, the analog information inposed on the
carrier wave nust be stripped off and converted into serial
digital information.

RECEIVE e — 1
AWM ——

RIS

1] _——
SEMD RS2} ———————————— RECEIVE

Compater Modea

Figure 9.4 - Mdem Interfacing Wth the Computer
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Acoustic nodems convert transmission data received into
audi bl e tones which are fed to the conputer via the earpiece
of the phone.

When data is going in the other direction, from the
conputer to the transmssion line, the nodem converts data
into audi ble tones which are fed to the transmssion line via
t he phone nout hpi ece.

A modemis DCE and, as a result, interfaces directly wth
the RS-232-C serial comunications interface. (Pin 2 on the
nmodem recei ves data, and pin 3 transnits). A cable with a nmale
DB25 plug is required to nake this connection.

Figure 9.5 - Hooking Up a Mddem

Switch Settings on the RS232C Interface

Located on the 1/0 panel, next to the RS232 DB25 connect or,
are 3 sets of small DIP switches, as showmn in figure 9.6.
These switches are used to set the BAUD RATE and t he UART (see
RS232 Operation 6 Program ng) configuration settings (parity,
word | ength and nunber of stop bits).

Figure 9.6 - Close up of RS232C dip sw tches.

The two BAUD RATE switches sel ect the actual baud clocks (for
both receive and transnmit) to the UART. The baud rate is not
software sel ectable on the LNWBO as it was on the TRS80 Model
I. Alnpst all TRS80 Model | software can still be used even if
it thinks it can set the baud rate wunder software control.

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_3.html
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Only applications where the baud rates MJST be controlled by
the application programw |l the LNWBO not be conpatible wth

the TRS80 Model | . Some prograns will attenpt to display or
ot herwi se indicate the current baud rate setting under software
control . Thi s is not possible on the LNW0 and this

information shoul d be ignored.

The configuration switches for parity, word | ength, and
nunber of stop bits do not actually set these values directly
in the UART. These switches sinply are present to allow the
application programto read back what they have been set to.
Since many existing TRS80 nodel 1 RS232 prograns require that
these switches are present, it is also included on the LNVBO.
These switches can be read by inputting fromport E9H For
nmore information on these configuration switches refer to the
section on programm ng the RS232 interface.

Transmitting and Receiving

The programer has a nunber of things to consider before
comuni cating via the RS-232-C interface:

- Transmit and receive rates
- Parity

- Word length

- Start and stop bits

Setting Transmit and Receive Rates

For nmost applications the Transnmit (TX) and Receive (RX)
switches (located next to the RS232 interface) will be both
set at the same value. Only one switch on the TX and one
switch on the RX should be on at any one tine.

Table 9.1 - Setting Tx and Rx Rates

TX & RX Switch Baud rate
9600
2400

4800

1200
150
110

600

300

O~NO O WN P

Setting Parity

Wen data is transmitted, errors often occur due to
electrical interference, or "noise," on the line. This may
result in an extra bit being included in a character, for
exanple. To provide a check on this, a parity bit is appended
to the word making the total nunber of "ones" in the word odd
or even, depending on whether you have chosen odd or even
parity for transm ssion.

The configuration switches on the |I/0 panel are used to set
parity.

Table 9.2 - Setting Parity Wth the Configuration Switches

Parity Con Switch Posi tion

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_3.html
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I nhi bi t 1 O f

2 O f
Even 1 On

2 O f
Qdd 1 On

2 On

Setting Wrd Length

A word (character) length of 5, 6, 7 or 8 bits may be used.
The reason for the various word lengths (just when we had
gotten used to 8 bits to a character) is that ol der machines
have different word lengths. For exanple, teletypes use a
5-bit word | ength.

Table 9.3 - Setting Wrd Length

Word Length Con Switch Position
5 4 On
5 On
6 4 o f
5 On
7 4 On
5 o f
8 4 o f
5 o f

Setting Stop Bits

You may select 1 or 2 stop bits. When using a 5-bit word
length, the configuration corresponding to 2 bits is, in
actual fact, 1.5 atop bits. You may well wonder how a half-bit
is arrived at. A hali-bit is represented by a tinme pulse half
that of full bit.

Table 9.4 - Setting Stop Bits

Stop Bits Con Switch Posi tion
1 3 On
2 3 O f

Note: Configuration switch 6 is not used for anything.

RS- 232- C Qperation

The circuitry associated with the RS-232-C has as its
centerpiece a small dedicated processor, - the UART (Universal
Asynchronous Transmitter/Receiver). It is dedicated in the
sense that it has nothing else to do except to | ook after the
RS- 232-C s goi ngs on.

It is wthin the UART that the parallel data structure of
the computer is interfaced with the serial data structure of
the communications channel. The transmtter section of the
UART takes a parallel byte from the CPU bus (information
route) and converts it to a serial word with start, stop and
parity bits. The receiver section accepts a serial word froma
serial device conplete with its adornment of stop, start and
parity bits, checks its validity, and then reconstitutes a
parall el byte.

Programi ng the RS232C Interface

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_3.html
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In order for the UART to function to receive and transmt
serial data, a programwi thin the LNWBO rmust comunicate wth
the UART writing commnds, configuration information, and data
toits internal registers and reacting status and data back.
Here is a list of the requirenents for programm ng the UART:

1. MASTER RESET

After power has been applied to the UART, it nust be reset
before attenpting to programany of the internal registers.
This can be done by outputting anything to port |ocation E8
(hex). Here is an exanple of the assenbly |anguage source
code.

(08)) (OE8H), A ; OUTPUT ANYTHI NG

2. CONFI GURATI ON OF UART

The UART will transmit and receive at the baud rate that is
provided by the switch settings but it nmust be told howit is
to transmit the serial data. Should there be PARITY? If so,
should it be EVEN PARI TY or ODD PARI TY? Should 5,6,7 or 8 bits
of data be transmitted? Should the STOP BITS be set at 1 or 27
This information is programed into the UART by certain bits
set or not set in the UART CONTROL REG STER. This register is
addressed at port location EAH. The wupper 5 bits of this
| ocation determ ne the setting of this configuration while the
lower 3 bits are also used to set sone of the handshaking
out put |ines.

The relationship between these switches and the UART
CONTROL REG STER is such that by manually setting t he
switches, your programcan sinply read the switches, mask the
lower 3 bits and then output that value to the UART CONTROL
REG STER at EAH. This feature is provided for the purpose of
remai ni ng conpatible with prograns witten for the TRS80 Model
1 that read the switches and do not allow the user to select
this configuration under software control. Since both DOSPLUS
3.4 and LNWBASI C al | ow progranm ng of the configuration AND it
is done in the BASIC prograns provided at the end of this
section it is not recomended that new prograns be witten
t hat depend on these switches. Here is an exanple of how the
UART CONTROL REGQ STER is set:

LD A (CONFIG ;load value from nenory
(08)) (EAH), A ; actually output to UART
CONFI G DEFB : here is where the BASIC

; program put the
; configuration settings.

The exanpl e progranms are provided at the end of this section
to illustrate how the configuration settings are selected from
a basic program

O if you are using the configuration swtches...

I'N A (OE9H) ; I NPUT FROM CONFI GURATI ON
SW TCHES

AND OF8H ; MASK OFF LONER 3 BITS

OR 05H ; SET THE LOAER 3 BITS AS DESI RED

FOR HANDSHAKI NG ( BRK, DTR, RTS)
(08)) (OEAH), A ; OUTPUT TO UART

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_3.html
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3. TRANSM T AND RECEI VE DATA

In order for the UART to transnmit data, data nust output
to the UART TRANSM T REAJ STER (EBH). Data can be input from
the UART RECEIVE REGQ STER (EBH). Status concerning data
received, data transmitted, and errors can be read back on the
UART STATUS REQ STER (EAH). The status bits are defined in
figure 2 above. For nore details in programm ng the UART,
refer to the LNWBO TECHNI CAL REFERENCE MANUAL and the data
sheets on the TR1602B.

4. MODEM STATUS REGQ STER

When communicating over voice grade tel ephone |ines and
using a nodem various nodem status conditions can be read
back. CTS, DSR, CD, Rl can all be input at port |ocation E8H.
See page 40 of the LNWBO Techni cal Reference Manual for the
bits associated with these status signals.

The assenbly listing of the serial term nal program which
follows illustrates how the RS232 interface and the UART are
pr ogr ammed.

; Assenbl y-1 anguage Listing of Term nal Program

0033 00010 DSP EQU 338
002B 00020 KBD EQU 2BH
FF70 00100 ORG OFF70H
FF70 3El1C 00110 START LD A, 1CH ; HOME CURSCR
FF72 CD3300 00120 CALL DSP
FF75 3E1F 00130 LD A IFH ; CLEAR SCREEN
FF77 CD3300 00140 CALL DSP
FF7A 3EOE 00150 LD A OEH ; TURN ON CURSCR
FF7C CD3300 00160 CALL DSP
FF7F D3E8 00170 I UART QUT (MR), A ; RESET UART W TH
ANYTHI NG
FF81 DBE9 00180 I'N A (CONFIG ; GET TERM
CONFI G
JUMPERS
FF83 EG6F8 00190 AND OFSH ; MASK LOWER 3 BI TS
FF85 F605 00200 OR 5H ; SET BRK, RESET,
DTR, SET RTS
FF87 D3EA 00210 out (CTRL), A; PUT I N CONTROL
REG
FF89 DBEA 00220 RSRD I'N A; (CTRL)
FFSB CB7F 00230 BIT 07H, A ;1S RECEI VE DATA
AVAI LABLE
FFSD 2817 00240 JR Z, SEROUT
FFSF DBEB 00250 I'N A; (DATA) ; GET DATA
FF91 B7 00260 OR A
FF92 2812 00270 JR Z; SEROUT ;1 F NO I NPUT LOOK
TO QUT
FF94 E67F 00280 AND 7FH ; STRIP PARITY
FF96 FEG60 00290 CP 60H
FF98 FA9DFF 00300 JP M AAT
FFOB EG65F 00310 AND 5FH ; LOWER TO UPPER
CASE
FFOD FEOA 00320 AAT CP 0AH
FFOF 28E8 00330 JR Z, RSRD
FFA1 CD3300 00340 CALL DSP ; DI SPLAY
CHARACTER
FFA4 18E3 00350 JR RSRD
FFA6 CD2B00 00360 SEROUT CALL KBD ; | NPUT FROM
KEYBOARD?

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_3.html

Page 12 of 32

12/4/03



LNW80 Microcomputer Operations Manual

FFA9 B7 00370 R A
FFAA 28DD 00380 JR Z,RSRD ;| F NOTH NG THEN
BACK TO | NPUT
FFAC FEO5 00390 cP 5H
FFAE F2BO9FF 00400 JP P, NOSPCH ; NOT A SPECI AL
CHARACTER
FFB1 21CSFF 00410 LD HL, SPCHTB- 1 ; SPECI AL
CHARACTER
TABLE
FFB4 4F 00420 LD C A
FFB5 0600 00430 LD B, OH
FFB7 09 00440 ADD HL,BC ;HL PO NTS TO
SPEC. CHARACTER
FFB8 7E 00450 LD A (HL) ; GET SPECI AL
CHARACTER CCDE
FFB9 FE1A 00460 NOSPCH CP 1AH
FFBB 28CC 00470 JR Z,RSRD ;1S SH FT DOWN
ARROW? | GNORE
FFBD 4F 00480 RSWR LD CA ; SAVE DATA
FFBE DBEA 00490 I'N A (CTRL) ; GET UART STATUS
FFCO CB77 00500 BIT 06H, A ;IS TRANSM T
REQ STER EMPTY
FFC2 28F9 00510 JR Z,RSWR ;| F NOT LOOP
FFC4 79 00520 LD A C ; PUT CHAR IN A
FFC5 D3EB 00530 out (DATA) , A gOQUTPUT CHAR
FFC7 18C0 00540 JR RSRD ; BACK TO | NPUT
ROUTI NE
FFC9 03 00550 SPCHTB DEFB 03H
; DEFAULT: EOT-CNT "A"
FFCA 1B 00560 DEFB 1BH
; DEFAULT: ESC- CNT" B"
FFCB 7C 00570 DEFB 7CH ; DEFAULT: VERT BAR
-CNT" C
FFCC 7F 00580 DEFB 7FH
; DEFAULT: DEL- CNT" D"
00E8 00720 MR EQU OOE8H
00E9 00730 CONFIG EQU OOE9H
O00EA 00740 CTRL EQU OOEAH
00KB 00750 DATA EQU OOEBH
FF70 00770 END START 00000 TOTAL ERRORS

Getting the Most Fromthe RS-232-C

The RS-232-C may wel | be one of the npbst inportant features
on your LNWBO. It allows you to comunicate with your | ocal
comunity col | ege conputer (educational budget permitting), or
work conputer, your LNWBO acting as a terminal. Thus you can
interact with |l arge conputer systens from your hone.

The ram fications of this kind of setup could have dramatic
effects on society in the not so distant future. Ponder for a
nmonent if you wll, on the wrk habits of people in
nmetropolitan areas. Every nmorning |large nunbers of citizens
fromthe suburbs pile into their autonpbiles and drive towards
downt own. Once there, they assune positions at desks where
they wite on paper and pass information, one to the other,
agai n on paper.

Addi ng up the cost of this kind of nodus operandi, a nunber
of inefficiences come rushing to mind. Think of the time spent
comuting and the cost of this on both pocket and environnent.
The astronom cal cost of harboring thousands of people in one
big building also springs to the fore. |If only we could
comuni cate, perform nore direct accounting and commi t
information to store without all of this paper!

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_3.html
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gi ve al

Let's be glib here. Instead of spending the tons of nopney
(literally) on office construction and nai ntenance, why not

of the enpl oyees a mcroconputer and nodem (I have

just the systemin nmind!) and the resources for a small bureau
at honme. The enpl oyees could |l og on every nbrning to a central

conput er

and find out what was wanted of them today. They

could submit work to the conputer, which would spout out the
facts to the conpany president and his aides. The considerable

savi ngs

on gasoline could be used to i mprove t he

comruni cati ons networKk.

at

This rather loosely strung together train of thought hints

t he

real possibilities the RS-232-C communications unit

coul d present.

BASI C RS232C Serial Printer & Term nal Prograns

The follow ng programcan be used as a ternminal program
whi ch al |l ows your conputer to comunicate with other conputers
via a nmodem

10 REM SERI AL CRT TERM NAL PROGRAM

20 REM

30 REM This programallows the use of the LNWBO comnputer
40 REM systemas a CRT termnal. This program may al so be
50 REM used for testing the serial interface by connecting
60 REM pins 2 & 3 of the RS232C DB25 connector together.
65 REM BE SURE TO SET HI GH MEMORY TO 65390

70 FOR X=-144 TO -52

80 READ D

90 POKE X, D

100 NEXT X

110 POKE 16526, 112 ' 070H

120 POKE 16527,255 ' OFFH

130 A=USR(N)

200 DATA 62, 28, 205, 51, 0, 62, 31, 205, 51, 0, 62, 14, 205, 51, 0, 211
210 DATA 232, 219, 233, 230, 248, 246, 5, 211, 234, 219, 234, 203, 127
220 DATA 40, 23, 219, 235, 183, 40, 18, 230, 127, 254, 96, 250, 157, 255
230 DATA 230, 95, 254, 10, 40, 232, 205, 51, 0, 24, 227, 205, 43, 0, 183
240 DATA 40, 221, 254, 5, 242, 285, 255, 33, 200, 255, 79, 6,0, 9, 126
250 DATA 254, 26, 40, 204, 79, 219, 234, 203, 119, 40, 249, 121, 2| |

260 DATA 235, 24,192, 3, 27, 124, 127

Serial Printer Program

10 REM BASI C SERI AL PRI NTER PROGRAM

30 REM This program allows the use of a serial printer

40 REM with the LNWBO. This programis left in nenory

50 REM unal tered by BASIC and user prograns. The program
60 REM i s executed during each LPRINT and LLI ST st at enent
70 REM Handshaki ng is supported as the software reads the
71 REM the printer busy (DSR) before outputting a

72 REM character. |f your printer does not support

73 REM handshaki ng, change |ine nunber 340 to:

74 REM 340 DATA 219, 232,203,119,0,0, 219,234

75 REM BE SURE TO SET HI GH MEMORY TO 65278 BEFORE

76 REM entering BASIC.

77 REM

78 REM

80  CLS: PRI NTCHR$(23): PRI NT"LNW RESEARCH CORP.": PRI NT"BASI C

SERI AL PRI NTER PROGRAM'
90 FOR X=-256 TO -207
100 READ D

110 PCKE X, D

120 NEXT X

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_3.html
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130 A$="E":P=128: L=0: W.=1: SB=7: B=32
140 ' I NITALLY SET FOR 1 START BIT, SEVEN BI TS DATA, EVEN
PARI TY, ONE STOP BI T
150 POKE 16421, 2: POKE 16422, 0: POKE 16423, 255 ' POKE NEW DCB
160 FORZX=1T0600: NEXTZX: CLS: PRI NT" CONFI GURATI ON MENU'" :
PRI NT: PRI NT"RS232 CONFI GURATI ON SETTI NGS"
170 PRINT"1) PARLTY (E- EVEN)g( O ODD), (D- Dl SABLED) "; A$
180 PRINT"2) STOP BITS "; W
190 PRINT"3) WORD LENGTH "; SB
200 PRI NT"4) RUN TERM NAL PROGRAM : PRI NT" SELECT FUNCTI ON'
210 Z$ =l NKEYS$: | FZ$=""THENGOT0210ELSE| FZ$="1" THENGOT0220ELSE
| FZ$=" 2" THENGOTO0270ELSEl FZ$="3" THENGOTO240ELSEI FZ$=" 4"
THEN GOT0290ELSE GOT0210
220 P=0: 1 NPUT"PARI TY EVEN (E), ODD (0), OR DI SABLED (D)";
A$: | FA$="E" THENP=POR128ELSEl FA$="0" THENP=PAND127ELSE
| FA$=" D' THENP=POR8 ELSEGOT0220
230 GOTO 160

240 | NPUT"WORD LENGTH (5,6,7,8)"; SB: | F SB<5THEN240ELSE
| FSB>8THEN240

250 | FSB=5THENB=0ELSEI FSB=6THENB=64EL SEI FSB=7THENB=32ELSE
| FSB=STH ENB=96

260 GOT0160

270 I NPUT" STOP BI TS (1 OR

2)"; W | FWL>2THENGOT0270ELSEI FWL

SECTI ON 10: MEMORY UTI LI ZATI ON

A Look at Menory in a Non-Di sk System

The conputer is now operating out of ROMusing the Level 11
BASI C | anguage.

On power up we have 64K of nmenory address space in the
machi ne. 12K of this is Read Only Menory (ROM, which we
cannot use to hold progranms or data. In addition, the conputer
takes up just over 2K bytes of menory space which it wuses to
operate the keyboard, the video, 1/0 routines and other
conputer "housekeepi ng" functions. Alnpbst 2K is not wused for
anyt hi ng.

So, of the 64K of nmenory space that we started out wth,
the conmputer has earmarked 16K for its own purposes. This
|l eaves us, the programmers, with 48K or thereabouts. See
figure 10.0 for a schemati c presentation of nenmory
al | ocati on.

Figure 10.0 - Sinple Rectangul ar Menory Bl ock Di agram
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A Look at Menory in a Disk System

Wth systemstart-up fromdi sk, the DOSPLUS di sk operating
system is loaded fromdisk into RAM The system doesn't just
load into nenory at any old position. No, the DOS loads in at
the 16K mark in nenory and extends for 5K to 21K. The nenory
up to 16K is the same as that in a non-disk system |In fact
the DOS enhances the ROM based system ay acting in cooperation
with it. Figure 10.1 is a schematic drawing of nmenory
allocation in a disk system

Level 11
With Disk )
ROM Level 11
Addresces ROM
RAM Communmications
Addresses Region
--------------- CPU
DOS Hucleus {—= here
19K —3 [J==rc——rrm———
Overlay Ars=a
Ak —=> |-mmmmmmaaae
Free
Space
List

Figure 10.1 - Menory bl ock diagramfor a disk
system (Before BASIC is called).

A di sk operating systemtakes up nore menory than the ROM
based system However, the availability of a |arge amount of
qui ckly accessible storage on di sk, nore than conpensates for
the extra 5K of menory we have sacrificed

Hi gh Menory Protection

The BASIC interpreter uses as nuch menory as you will allow
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it. In a ROM based system BASIC uses a variable anmpunt of
space beyond the 16K region, where it stores tables and
variables. In the case of a disk system these tables and
variables are stored just beyond the 26K region. In both
cases, BASIC also stores information way up there in high
menory (in the 40K+ region).

You may put a ceiling on BASIC s use of nmenory by replying
to the MEMORY SIZE? question on power up or reset. By replying
with say 32768, you will keep BASIC out of nmenory |ocations
above 32K. Thi s is i mport ant i f you want to use
assenbl y- | anguage prograns.

For a menory map showi ng how Level |1 BASIC uses nenory,
see Appendi x D of the Radio Shack Level Il manual. This is not
vital information if you are a beginner, but it is inportant

if you are an assenbl y-| anguage ent husi ast.

SECTION I1: CHOOSI NG AND USI NG A DI SK OPERATI NG SYSTEM

I ntroduction

The LNWBO supports a w de nunber of disk operating systens
(DOS). A full list is supplied in Table 11.0. This versatility
towards software will be wel cone news to those programrers who
want to continue wusing the sanme software that wooed them
towards mcroconputers in the first place. However, the first
time owner may find the choice of DOSes a bit bew | dering, and
for this reason we include DOSPLUS 3.4 in the LNW0 package.
W think this is a well-docunented and easy to use DOCS.
Knowi ng full well that the first operating system that vyou
cone to know generates a feeling not unlike that towards your
first car, this section includes detailed instructions on how
to set up a disk systemfor a number of DCSes.

But first, as a backdrop (hey, this is sout hern
Californian) to all of this technical nunbo junbo, let’s take
a vague |l ook at microconputer operating systens and their
background. (For a detailed description of a disk operating
system see the introduction to this nanual).

| nportant Aspects of a DOS

From a programrer’s point of view, a DOS should be
transparent and fast. Transparent neans that it should perform
the various data manipulations in such a way that the
progranmmer is hardly aware of what's going on. Wen the DOS
needs to | ook up systemtables, or bring another system nodul e
from disk into RAM (overlaying), we, the progranmers, want it
to do so w thout bothering us as we slave away at the

keyboard. We would also like to have some data recovery
facilities, in the event that the DOS tells us it can't read a
di sk sector. ldeally, the DOS should do all of this using a

m ni mum of val uabl e RAM

A very inmportant aspect of any operating systemis its
docunentation. If the documentation is not very clear, and you
can't find out how to use the system or you find yourself
encountering difficulties which are not explained, then the
system ends up being of little use and a real pain in the
byt e.

A Brief History of the TRS80 Model | Operating Systens
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Since the introduction in 1978 of tba TRS80 Mdel |
m croconputer and its disk operating system TRSDOS, a wi de
variety of operating systens have been devel oped to operate on
the TRS80 Mbdel |. These systens were devel oped, for the nost
part, to inprove upon a poor TRSDOS 2.1. One of the operating
systens to energe was NEWOS. This operating system was

witten because its owners, Apparat Inc., needed a DCS for
their own internal use that actually worked. Before |ong,
others heard that a DOS really did exist that worked and
Appar at became a DOS conpany.

Meanwhi | e, the original author of the Radio Shack TRSDOS
2.1, Randy Cook, began inproving on what he had witten and
created what woul d be known as VTOS 3.0. He nmarketed the DOS
under the conmpany nane of Virtual Technol ogy | nc. Apparat
continued to inmprove the NEWOS and released NEWOS 2.1,
NEWDOS+, and NEWOS80 1.0. VTGS 3.0 evolved to VICS 4.0 as
nore features were added.

At about the sanme tine, a young progranmer in Florida had
witten a DOS for both single-density and for the new
doubl e-density adaptor from Percom Data Co. This DOS became
wi dely known as DOSPLUS 3.2 and 3.2D, and was narketed by a
conpany known as M crosystens Software. This DOS evol ved to
3.3D, which becane the standard DOS supplied wth t he
LNDOUBLER. At about the sane time, other DOS systens were
springing up al nost from nowhere. The DOS WAR had just begun.

Radio Shack did not sit still during the DOS WAR. They
i mproved upon TRSDOS and finally developed a DOS which both
wor ked and of fered sone usable features, - TRSDOS 2. 3.

VTOS was sold to Lobo Drives fox wuse on their LX80
interface, and with a mgjor effort in both programmi ng and
docunmentation, LDCS 5.0 and 5.1 energed. LDOS was a powerful
"device independent" system with the features of VTCOS, but
wi t hout the bugs. LDOS uses the same syntax as TRSDCS, but has
many additional features and capabilities. Wth the LDOS PATCH
(avail able fromyour LNWdeal er), diskettes that were witten
using the LX80 interface under LDCS (5-1/4" and 8" double or
singl e-sided, single or double-density) can be read or witten
to with an LNWO0 or LNDOUBLER 5/8 (with a speed-up kit) and
t he appropriate disk drives under LDOS 5.0 or 5.1.

Wth the energence of the standard of double-density,
Apparat rel eased NEWDOS80 version 2.0. This DOS was by far the
most  powerful and flexible systemever devel oped. It would
interface not only 5-1/4" disk drives but, with the use of the
LNDOUBLER 5/8, would interface both single and doubl e-density
(doubl e-density required a speed-up kit on the TRS80 Md 1)
8-inch f 1 oppy disk drives, The only drawback of this
out standi ng system was the conplexity of operation and the
di fferences in synt ax between TRSDOS 2.3 and NEWDCS.
M crosystens Software had al so devel oped a new DOS with the 8
inch and hard drive features, as well as adding nany ot her
power ful functions. This was to be call ed DOSPLUS 3. 4.

DOSPLUS 3.4 has becone the standard DOS supplied with both
the LNVMBO and the LNDOUBLER 5/8 doubl e-density adaptor. This
DOS has the great advantage of sinplicity. It matches TRSDOS
syntax, has clear and conci se docunentation, and thus, is a
good DOCS for the first-tinme owner.

Looking at the Various Di sk Operating Systens

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_3.html

Page 18 of 32

12/4/03



LNW80 Microcomputer Operations Manual

There are two inportant points to note at this juncture:
NOTE 1

Sone of the operating systens that will operate on the
TRS80 wi |l not support the 4MHz CPU speed of the LNWB0. Sone
of the operating systens may operate at the 4HWz speed with
speci al configuration of the operating system Ohers wll
operate at the high speed, but will not properly boot (reset)
at the high speed. For these reasons, we recomrend that the
H GH LOW speed switch on the keyboard be set to LOW (down)
bef ore booting a previously untested DOS. Table 11.0 lists the
known conpati bl e systens.

NOTE 2

The doubl e-density di sks created on the followi ng DOSes are
not necessarily read/wite conpatible with each other. O all
the DOSes listed, only MILTIDOS has the ability to read the
formats of the other operating systems (note that MJILTIDOS
will not read double-sided or 8 inch formats). Single-density
di sks created using any of the operating systens listed in
Table 11.0 are, for the nmost part, fully interchangeable.

Table 11.0 - LNWBO Conpati bl e DOSes

T | e sve e T e
SD DD | sD | DD

DOSPLUS 3.2S NO S D YES

DOSPLUS 3.2D NO D S YES

DOSPLUS 3. 4 YES D S, D D S D YES

DBLDOS NO D S, D YES

EZ- DOS YES S D S D S D S D YES

LDOS 5.0 YES S, D S, (2) S, D(2) D(2) YES

LDOS 5.1 YES S, D S, D S,D(2) D(2) YES

MULTI DOS YES S, D S, D

NEWDOS 2. 1 NO S D

MEVDOS+ NO S, D

NEWDOS80 1.0 NO S D S, D(1) YES

NEWDOS80 2.0 YES S D S D S, D S D YES

0S- 80 NO S D S, D YES

TRSDCS 2. 3 NO S D

ULTRADCS NO S, D

VTGS 4.0 NO S, D S, (1) YES

S = system di sk, D = data di sk,

SD = single-density, DD = doubl e-density
DUAL = dual -sided drive support

1 Doubl e Zapii from Software Etc. required
2 LDOSPATCH from LNW Research required

The Top Five Operating Systems

TRSDCS 2. 3
DOSPLUS 3. 4
NEWDOS80 U 2.
LDOS 5.0 AND
MULTI DOS

0
5.1

TRSDOS 2.3

Wil e probably the npst popular of all the DOSes, TRSDCS is
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the sinmplest, will only operate with single-density, 5-1/4"
35-track floppy drives and has a linmted BASIC as well as a
limted set of library commands. The TRSDOS manual is by far
the finest piece of docunmention witten on any of these
operating systens and is available at Radio Shack stores
around the worl d:

TRSDCOS & DI SK BASI C Ref erence Manual
For the TRS80 TRSDOS 2.3
Di sk BASIC Version 2.2

LNWBASIC is fully conpatible with the DI SK BASIC i n TRSDOS
2.3.

DOSPLUS 3.4
DOSPLUS 3.4 is a powerful, easy-to-use systemthat is well
documented and is fully TRSDOS conpatible. DOSPLUS 3.4 was

supplied on either a

5-1/4 inch 35 track doubl e-density system di sk, OR
An 8 inch double-density 77 track system di sk

with your LNWBO computer. |In order to make a back-up copy,
sinmply use the BACKUP command while referring to the first six
pages of the DOSPLUS 3.4 USER manual .

Ei ght -i nch Data Di sks

In order to tell the operating system that you have
installed an eight-inch drive on your system DOSPLUS 3.4
requires that you use the CONFIG command. The follow ng
exanpl e assunmes that an eight-inch drive is installed at
position 3.

1. For Eight-inch Single-sided type:
CONFI G : 3 (Sl ZE=8, S| DES=1)
For Ei ght-inch Doubl e-sided type:

CONFI G : 3 (Sl ZE=8, SI DES=2)

2. Next type:
CONFI G ( SAVE)

The CONFI G command can also be wused to set the LNWO
conputer to inverse video on power up. This is done by typing

CONFI G : 0 ( MODE=1)
and then typing
CONFI G ( SAVE)
To restore to standard vi deo on power up, type:
CONFI G : 0 ( MODE=0)
and then:
CONFI G ( SAVE)

For nmore details on the CONFI G command, refer to page 32 of
the DOSPLUS 3.4 USER MANUAL.
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DOSPLUS 3.4 and LNWBASI C

LNWBASI C i s 100% conpatible with DOSPLUS 3.4. In order to
bring a programwitten in LNWBASIC to execute automatically,
create a DO file using the BU LD conmand. For exanple, say we
wanted to automatically power wup and run a denpbnstration
program cal l ed DEMY LNW First we would create a DOfile like
this:

BUI LD DEMO O

After the system asks you to type in comands of 64
characters or |ess:

LNWBASI C
RUN " DEMO' LNW

Using the AUTO library comand, now nmake the DO file
execute on BOOT or power up:

AUTO DO DEMO

Now the denmo program wll run automatically when your
DOSPLUS di sk with LNWBASIC i s boot ed.

NEWDOS80 VERSI ON 2.0

BEFORE ATTEMPTI NG TO USE TH S OPERATI NG SYSTEM
READ THI S SECTI ON CAREFULLY!

This operating systemis by far the nost powerful of the
operating systens that will run on the LNWBO conputer. It has
so many options and features that it can |eave many owners
lost attenpting to sift through the huge manual. The manual,
like the operating system is not intended for the first-time
conputer owner, and if you can read faithfully through the
second page, you are instructed to spend a couple of hours
reading through the manual before even touching the diskette.
It is the first 50 pages in the nmanual that provide the key to
the operation of the DOS, and we recomrend that you slowy
read through these first two sections before even attenpting
to use the DOCS.

NEWDOS80 Syst em Confi gurati on

When using NEWOS80 V2 at the high CPU speed (H GH LOW UP
and AUTO SW TCHI NG DOAN) the SYSTEM option BJ nust be set to
3. In order to set this, boot a copy of the MASTER system di sk
(not wite protected) with the HHGH/ LOWNswitch set to the |ow
position. Type:

SYSTEM 0, BJ=3
Now RESET vyour conmputer again before proceedi ng. You nay
now use this systemdisk (or copies made from it) wth the

H GH/ LOWswitch set to the high position (mandatory for 8 inch
drives).

Di sk Drives and NEWDOS80 Version 2.0

NB: Proper 8 inch operation requires that ZAPS up to and
including 047 nust be applied to the NEWDOS80 system di sk. |f
you are in doubt, contact Apparat Inc. or your conputer
deal er. LNW Research cannot distribute this zap information.

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_3.html

Page 21 of 32

12/4/03



LNW80 Microcomputer Operations Manual

Al so, since proper electrical configuration of your drives
must be assured BEFORE proceed, you must have operated your
drives under DOSPLUS 3.4 before attenpting to use any other
operating system

NEWDCOS80 2.0 al l ows the programmer a trenendous degree of
flexibility in choosing the type of disk drive to be used with
t he system Di sks can be set as si ngl e-density,
doubl e-density, any nunber of tracks, 5-1/4 and 8 eight-inch,
singl e or doubl e-sided. Configuring the operating system such
that it knows what type of drives you have connected to your
LNWBO is acconplished with the PDRIVE |ibrary command. This is
a nore conplex formof the CONFI G command in DOSPLUS. Section
2.37, on pages 2 - 33 of the NEWBOS80 nmnual, details just how

to use this commnd. You wll notice that LNWhas its own
interface setting TI=E. This neans that although your system
will boot with the TI=A setting, as set on the diskette

supplied from Apparat, in order to use double-density or 8
inch disk drives, the TI=E flag nust be set for ALL of the
drives (all 10 of them REGARDLESS of whether or not you have
a drive at that position. Double-density, single-density, 5
inch, 8 inch, single-sided, dual-sided system disks can be
made by correctly setting the PDRIVE specification and using
the correct formof the COPY command. To sinplify things a

bit, the following sections will illustrate just how to maeke
some of the nobst common forms of SYSTEM as well as DATA
di sks.
Backi ng Up

Before proceeding, lets make sure that we have nade a

"back-up" of our one and only copy of the NEWDOS80 V 2 SYSTEM
DISK. How to mmke a backup is found on pages 1 - 4. Since
there is no BACKUP command, the COPY command is used:
for SINGLE drive system configuration

COPY, 0, 0, , FMT, USD
for MULTIPLE drive configuration

COPY, 0, |, , FMT, USD

Now, using the backup copy of the operating system a
doubl e-density system di sk can be nade.

Maki ng a NEWDOS80 2.0 Doubl e Density 5-1/4" System Di sk

The NEWDCS80 VERSION 2.0 system disk cones in
single-density format and requires that a DOUBLE-DENSITY
SYSTEM DI SK be created using the procedure which foll ows. Read
the section in the NEWDOS80 2.0 manual on PDRI VE specification
(pages 2 — 33) before proceeding, and do not attenpt to create
a double-density system disk wthout reading the follow ng
instructions. Going to double-density is not as sinple as just
changing the pdrive specifications for your single-density
di skette. A NEWdiskette nust be created!

I nstructions

I. Insert the backup NEWDOS80 system disk into drive O
and put the master system di sk away.

2. After each of the following commands in STEP 3,the
system will respond by listing the PDRIVE specifications for
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all drives and also print an error nessage. Wit for the

NEWDOS80 READY pronmpt and then type in the next command. Do
not reset the conputer wuntil instructed to. Resetting the
conputer with an error in the PDRIVE specifications wll
result in the destruction of your system diskette.

3. Type in the following conmands and then return

PDRI VE
PDRI VE
PDRI VE
PDRI VE
PDRI VE
PDRI VE
PDRI VE
PDRI VE
PDRI VE
PDRI VE

E, TC=40
EK, TD=E, TC=39, SPT=18

O©Coo~NOOUDWN—TO

OO0 O0O0OO0000O0o

[cNeololNoNoNoNoNoR |

>

The error nmessage shoul d di sappear after the last entry is
made. If it does not, redo the entire procedure, exercising
nmore care this tine. Once this process is conmplete, the DOUBLE
DENSI TY system di sk can be generat ed.

Mul tiple Drive Systens

1. Insert a blank diskette in drive 1
2. Type COPY 0 1,,CBF
Type "Y' to FORVAT pronpt
and "Y" to the SYSTEM O pronmpt.
Enter return
to the DESTI NATI ON DRI VE pronpt.
3. When the copy is done, type DIR : 1

You should be able to verify that there are considerably
nmore granul es (grans) free on the new doubl e-density di sk than
on the single-density systemdisk in drive 0.

4. Renove the systemdisk fromdrive O and replace it
with the newy created doubl e-density systemdisk fromdrive
1. Press RESET and now the doubl e-density disk should boot.

Type:
PDRI VE 0O

Notice that the pdrive specifications for both drive 1 and
drive 0 are the sanme (double-density).

Single Drive Systens
Wth the systemdisk in drive 0 type:
COPY, 0, 0, , FMT, USD, CBF, DPDN=I

The systemwill instruct you when to renove the source disk
and insert the destination (blank) disk. Follow as instructed,
renenbering that your original diskette is the source and the
bl ank di skette is the destination diskette. Usa great care not
to beconme confused as to which disk is which since you wll
have to do this several tinmes.

When the copy is conplete, replace the systemdisk in drive
0 with the destination diskette and reset the system Type DR
More grans shoul d be available on this newWly created
di sk.
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Speci al Note

NEWDOS80 2.0 does not have automatic density recognition as
does DOSPLUS 3.3D, 3.4 and the zaps from CIRCLE J. This neans
that if you would like to ook at the directory or copy files
to and fromor execute a file froma single-density diskette,
you cannot do it without first changing the PDRIVE
speci fications on your NEWDOS80 2.0 drive 0O disk. Automatic
density recognition for NEWOS80 2.0 is available from TAS
(The Alternate Source, 704 North Pennsylvania Ave., Lansing,
M., 48906 (517) 482-TASO) under the product nanme of DDSD/ CMVD.
Wthout this program sw tching PDRIVE specifications nmanually
can be done by typing:

PDRI VE 0, 1=3, A
Thi s assumes t hat drive 1 is the drive that the
single-density disk will be inserted into. To change back to
doubl e-density on drive 1, sinmply type:
PDRI VE 0, 1=0, A

This sets (or equates) the pdrive specifications for drive
1 to be the sane as drive 0 (doubl e-density).

O her Types of Drives

NEWDOS80 supports any type of disk drive from single-sided,
singl e-density five i nch to dual - si ded ei ght-inch
doubl e-density. Even system di sks can be made on any drive
type. This flexibility offers potential problems for the
uninitiated owner. The follow ng should help clear up sone
possi bl e points of confusion:

Doubl e- si ded Di sk Drives

Going to dual-sided disk drives is simlar to upgrading to
doubl e-density. A NEW diskette nmust be created using the
correct PDRI VE spec.

Ei ght-inch Disk Drives

For proper double-density operation, the H G¥LOWkey on
t he keyboard nmust be UP and the AUTO SW TCHI NG control on the
1/0 panel. By setting the PDRIVE specs as listed bel ow,
ei ght-inch system or data di sks can be nade.

Maki ng an Ei ght-inch System Di sk with NEWSO80

An ei ght-inch single or doubl e- si ded, single or
doubl e-density system disk can be created fromthe NEWOS80
system di sk created above (with NO wite-protect tab). The
foll owi ng exanpl e assunes that an eight-inch drive is on drive
2 and a five-inch drive is on drive 0.

1. Depending on which type of disk you want to create type
one of the foll ow ng:

For
Si ngl e-density, 77 Track, Single-sided Eight-inch type:

PDRI VE, 0, 2, Tl =EH, TD=B, TC=77, SPT=I 7, TSR=3, GPL=3, DDSL=17, DDGA=6

For
Si ngl e-density, 77 Track, Doubl e-sided Eight-inch type:
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PDRI VE, 0, 2, Tl =EH, TD=D, TC=77, SPT=34, TSR=3, GPL=3, DDSL=17, DDGA=6

For
Doubl e-density, 77 Track, Single-sided Eight-inch type:

PDRI VE, 0, 2, Tl =EHK, TD=F, TC=76, SPT=30, TSR=3, GPL=3, DDSL=17, DDGA=4

For
Doubl e-density, 77 Track, Doubl e-sided Ei ght-inch type:

PDRI VE, 0, 2, Tl =EHK, TD=H, TC=76, SPT=60, TSR=3, GPL=3, DDSL=17, DDGA=4

2. The conplete PDRIVE table should have been displayed. If
an error was indicated, then either you do not have the proper
PDRIVE settings OR you do not have ZAPS up to and incl udi ng
047 installed on your system disk.

3. RESET the conputer.

4. Install a blank 8 inch disk in drive 2 and type:

COPY, 0, 2, , CBF, NDMN FMT

5. Once the format and copy are conplete, this new
ei ght-inch disk drive can be booted by:

a. Changing the drive select such that an eight-inch
drive is set for drive 0.

b. Change the position of the 5/8 switch on the
LNDOUBLER 5/8 «circuit board inside the LNWO such that it is
set to the 8 position. This neans the switch | ever faces AWAY
fromthe floppy di sk connector.

c. Reset the conmputer (nake sure that the conmputer has
had power applied for at |east 10 seconds).

77 or 80 Track 5-1/4 Inch Drives and NEWDOS80

If you have ONLY this type of drive, a special systemdisk
must be obtained from Apparat since the standard 35 track
di skette cannot be used as a systemdi sk on reset.

Li st of the Most Common NEWDOS80 PDRI VE Specifications

Syst em Di sks

SI ZE DENSI TY TRACKS SIDES TI TD TC SPT TSR GPL DDSL DDGA

5 SINGLE 35 1 E A 3510 3 2 17 2
5 SINGLE 35 2 E C 35 20 3 2 17 2
5 SINGLE 40 1 E A 40 10 3 2 17 2
5 SINGLE 40 2 E C 40 20 3 2 17 2
5 SINGLE 80 1 E A 80 10 3 2 35 2
5 SINGLE 80 2 E C 80 20 3 2 35 2
5 DOUBLE 35 1 EK E 34 18 3 2 17 2
5 DOUBLE 35 2 EK G 34 36 3 2 17 2
5 DOUBLE 40 1 EK E 39 18 3 2 17 2
5 DOUBLE 40 2 EK G 39 36 3 2 17 2
5 DOUBLE 80 1 EK E 79 18 3 2 35 4
5 DOUBLE 80 2 EK G 79 36 3 2 35 4
8 SINGLE 77 1 EH B 77 17 3 3 17 6
8 SINGLE 77 2 EH D 77 34 3 3 17 6
8 DOUBLE 77 1 EHK F 76 30 3 3 17 4
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8 DOUBLE 77 2 EHK H 76 60 3 3 17 4

Page 26 of 32

Dat a Di sks

When using diskettes sinply for storing data, the follow ng
formats will increase slightly your storage space over the
above system disk capacity. If possible, stay with the above
formats and STANDARDI ZE on the formats that you use such that
you do not forget which PDRIVE spec is used on which diskette.
This wll reduce frustration |later when revi ewi ng old
di skettes. Use the FORVAT command in NEWDOS80 with the correct
PDRI VE specification to properly initialize data diskettes
(even when using the above formats).

SI ZE DENSITY TRACKS SIDES TI TD TC SPT TSR GPL DDSL DDGA

5 SINGLE 35 1 E A 3510 3 2 17 2
5 SINGLE 35 2 E C 35 20 3 2 17 2
5 SINGLE 40 1 E A 40 10 3 2 17 2
5 SINGLE 40 2 E C 40 20 3 2 17 2
5 SINGLE 80 1 E A 80 10 3 2 35 2
5 SINGLE 80 2 E C 80 20 3 2 35 2
5 DOUBLE 35 1 E E 35 18 3 2 17 2
5 DOUBLE 35 2 E G 35 36 3 2 17 2
5 DOUBLE 40 1 E E 40 18 3 2 17 2
5 DOUBLE 40 2 E G 40 36 3 2 17 2
5 DOUBLE 80 1 E E 80 18 3 2 35 2
5 DOUBLE 80 2 E G 80 36 3 2 35 25
8 SINGLE 77 1 EH B 77 17 3 3 17 6
8 SINGLE 77 2 EH D 77 34 3 3 17 6
8 DOUBLE 77 1 EH F 77 30 3 3 17 4
8 DOUBLE 77 2 EH H 77 60 3 3 17 4

LNVWBASI C and NEWDOS80 2.0

LNWBASIC is fully conpatible with NEWDOS80 2.0. |In order to
run LNWBASIC, sinply type: LNWBASIC. To chain automatic
execution of prograns witten in LNWBASIC, the programer can
ei ther chain together the commands in a DO file (like DOSPLUS
3.4) wusing the CHAINBLD/BAS program or a sinple one-line
comand can be used to bring up the program

LNVBASI C RUN' DEMO LNW

LDOS 5.0 AND 5.1

Before attenpting to use this DOS, please read this section
careful | y!

NOTE: LDOS WLL NOT BOOT AT THE HI GH CPU SPEED
OF THE LNWBO COWPUTER ALWAYS MAKE SURE THAT THE
H GH/ LOW SW TCH | S DEPRESSED PRI OR TO RESETTI NG
THE SYSTEM

LDOS is a powerful and well-docunmented operating system for
the LNWBO. It is a good systemfor the first-tine owner since
it uses the sane syntax as TRSDOS 2.3 yet offers quite a few
addi tional features. As supplied from Logical Systenms Inc.,
LDOS will operate with 5 inch single or double-density, single
or double-sided disk drives. LDOS is supplied on t wo
singl e-density, single-sided diskettes. These di skettes should
be backed up according to the instructions supplied in the
owner manual ' s introductory section BEFORE wusing LDOCS.
Di sregard the constant nmention of the LX80 interface when it
is referenced in their manual. This interface can only be used
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with the TRS80 Mdel |. A program called LDOSPATCH is
available from your dealer. This programallows the LNWAO0
conputer and LDOS to operate with 5 or 8 inch disk drives in
singl e or double-density and single and doubl e-si ded operation
fully conpatible with the LX80 interface. LDOSPATCH also
provides AUTO DENSITY recognition such that either single or
doubl e-density diskettes can be read with the density set
automatically by the operating system

Setting the LDOS System

The SYSTEM library command allows the programmer to
configure many parameters in LDOS. The system FAST conmmrand
does allows the LNVMBO to operate (except on reset) at the high
CPU speed. It unfortunately has one bad side effect, - it
turns on inverse video. This can be elimnated by outputting
OUT 254, 0 during BASIC.

LNWBASI C and LDOS

The resident DI SK BASIC on LDOS is called LBASIC. Its nane
on the diskette creates an inconpatibility with LNWBASIC. In
order to use LNWBASIC with LDCS, LBASIC nust be renaned in the
directory. Type in the statement bel ow exactly as shown.

RENAME LBASI C/ CVMD. RSOLTOFF TO BASI C/ CVMD

Note: The character between the S and L and agai n between
the T and F is a ZERO and not "O'.

The mechani smfor bringing up a programwitten in LNWBASI C
to automatically run (CHAIN or AUTO) DOES NOT WORK in LDCS.
TH'S DOES NOT MEAN THAT LNWBASI C WLL NOT WORK IN LDGS, IT
MEANS THAT AUTOVATI C EXECUTI ON OF A BASI C PROGRAM WRI TTEN 1IN
LNWBASI C CANNOT BE DONE.

Using Eight-inch and Doubl e-density

For proper double-density operation on EIGHT I NCH drives
the H G/ LOWkey on the keyboard nust be UP and the AUTO
SW TCHI NG control on the 1/0 panel should be down.

| nportant Note:

Since proper electrical configuration of your drives nust
be assured BEFORE proceed, you nust have operated your drives
under DOSPLUS 3.4 before attenpting to use any other operating
system

LDOSPATCH provi des the necessary routines to allow LDCS to
support all the common disk drive types. To use LDOSPATCH,

simply copy the programcalled LPATCH CVD from the LDOSPATCH
di skette to your working LDOS system disk wusing the copy
command. \Wen you have it copied, your drive settings can then
be configured by typing:

LNW ( NO, N1, N2, N3)
Where NO indicates the drive size for the drive at |ocation
0O (5 or 8), N indicates either 5 or 8 at drive position 1,

etc. For exanple, if you had five inch drives at 0 and 1 and
eight-inch drives at 2 and 3 you would enter the foll ow ng:
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LNW (5, 5, 8, 8)

Remember that for 8 inch double-density operation, the
H GH LOW swi t ch nmust be high and the AUTO SW TCH nust be set
low. Refer to the instructions supplied with LDOSPATCH for
nmore information concerning its use.

Limtations of LDOS

Ei ght-inch SYSTEM di sks cannot be nade wusing the BACKUP
utility in LDOS from a 5 inch naster. A single-density 8"
systemdisk is available (referred to as OM KRON format) from
Logical Systens Inc. for those that only have eight-inch disk
drives. ONLY single-density systemdisks are available for 8
and 5 inch systens.

MULTI DOS MULTI DOS

MIULTIDOS is so naned because of a wunique feature of
supporting the different double-density disk formats that are
used by NEWDOS80, DOSPLUS, DOUBLEDCS, LDOS and others.
MULTI DOS al so features a very powerful disk basic called
SUPERBASI C. MJULTIDOS is quite sinple to use and is very much
like TRSDOS 2.3 in syntax.

MULTIDOS is al so conmpatible with LNWBASIC, and a chai ned DO

file can be used (as with DOSPLUS) to automatically bring a
BASI C application program up and running.

SECTI ON 12: COWVPATIBI LI TY FEATURES OF THE LNWBO

I ntroduction

It has been nmore the rule than the exception that new
m croconmputers which introduce new hardware al so introduce a
whole new software system This has |ed to a gr eat
di versification of hardware and software in the growth of the
m croconmputer. Enter the exception! The LNWB0O stands at a new
juncture in conputer devel opnent. While providing new hardware
features which allow greater disk drive support ( 5-1/4" or 8"
single or double-headed drives operating under single or
doubl e-density), and col or high resolution graphics, the LNAO
remains faithful to proven software. Rather than starting out
on a new evolutionary linb, the LNWO stands along side that
software which has had a precocious devel opnent since the

birth of the TRS80 Mdel |. Supporting ALL software ever
concei ved for the Mddel |, the LNWBO will also accept Model 11
and Model 111 file use with the aid of the CONVERT utility in

DOSPLUS 3.4, which is supplied with the docunentation.

LNWBASI C i s upward conpatible with all of the disk BASICs
whi ch evol ved under the TRS80 Model | unbrella. Mdel Il BASIC
files may be transferred across to the LNWBO using a variation
of the CONVERT command. LNWBASIC retains close sinmlarity to
TRS COLOR BASI C.

LNWBASI C goes on to offer you many nore functions, such as
changi ng key function (DEFKEY), conditional |oops (DO UNTIL),
locating strings in files (LOG), saving graphics nenory to
di sk (PSAVE) and nany ot hers.

DOSPLUS 3.4 CONVERT Command

DOSPLUS al | ows the conversion of both the TRS80 Model 11 (8
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inch doubl e-density) AND Model |11 (5-1/4 inch doubl e-density)
disks to DOSPLUS on the LNWBO (any drive type and any
density).

Converting TRS80 Mbdel 111 Disks to DOSPLUS

DOSPLUS 3.4 allows the conversion of files that were
created on the Model 11l with TRSDOS Versions |.1, 1.2 or 1.3.
In order to copy files across to a DOSPLUS fornmatted diskette,

t ype:
CONVERT FILENAME :S : D (V13)

where S is the source drive nunber, Dis the destination drive
nunber and (V13) is an optional flag to indicate that the
source disk is a Version 1.3 format (not necessary if 1.1 or
1.2). Filename is a wild card nask that allows you to sel ect
either a file name, extension or part of a file name, or if no

file nanme is entered, the entire disk will be converted. Note
that not all TRS80 Model |11 programs are fully conpatible
with the LNWBO computer. For nore details, refer to page 84 of
your DOSPLUS 3.4 user nmnual .

Ei ght Inch Drives

For proper doubl e-density operation, the H GH/LOW key on
the keyboard nust be UP and the AUTO SW TCHI NG control on the
1/0 panel should be down.

Ei ght -i nch System Di sks

DOSPLUS 3.4 is also available on an 8 inch double-density
SYSTEM DISK. On this disk is a programcalled CONV2/CMVD. This
program al l ows the conversion of prograns from Radio Shack
Model 11 disks to DOSPLUS on the LNWBO. BASIC progranms nust be
stored in ASCI|I format to be converted properly. NOTE THAT
THERE ARE SOVE DI FFERENCES BETWEEN MODEL2 BASIC and the
LNWBASIC. Other ASCII files, such as SCRIPSIT files (not the
progran) can also be transferred using this program The
program can be used in two ways:

1. Convert entire disk by typing:
CONV2 :S :D

where S is the nunber of the source disk drive and Dis the
nunmber of the destination disk drive.

2. Convert one programat a tinme by typing:

CONV2 FI LESPEC: S : D
where FILESPEC is the name of the file or programto be
converted, Sis the source drive and Dis the nunber of the

destination drive.

CONV2/CMB is also available on a 35 track single-density
data disk. Contact your LNWdeal er for additional details.

Col or Mapping - TRS80 Bl ack/Wiite Ganes in Col or

While MAP/BAS may be used as a color "etch-a-sketch" type
program one of the uses to which this program may al so be put
is to take to take graphics ganes witten for the TRS80 Model
I and convert them to color. This is done in a 3-step
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process.

1. Load in the TRS80 gane with the col or nmonitor connected.
VWhile running the program rmark the different areas of the
screen that you would like to see appear as different colors

with a grease pencil or erasable felt tip marker.

2. Run the MAP/BAS program from LNWBASIC. Move the cursor
to the Ileft top edge of the rectangular region to be set and
mark that point using selection 1. Then nove the cursor to the
bottom rightnost point of the rectangular color region and
mark that using selection 2. Now, using selection 3, set the
region to your desired color. Continue to map all the col or
regi ons that you desire. Now save the final mapped screen to
di sk using the name of your gane as a guide (i.e. ANDRO D/ GRF
for the ANDRO D/ NI M gane) .

3. Now create a BLD file which:
a. Loads LNWBASIC
b. PLOAD' your file"
c. Sets the LNWBO to NODE2
d. Exits LNWBASIC and | oads and executes the
machi ne- | anguage gane OR
a. Runs your BASI C gane.

For the ganme called GAME/CMD and our color file naned
GAME/ GRF, here is how the BLD file would appear:

LNWBASI C

PLOAD" GAVE/ GRF"
MODE2

EXIT

GAME/ CVD

In this nmanner your old TRS80 ganes will automatically |oad
and run in beautiful living color!

MAP/ BAS Program Listing

10 CLEARL000
20 CLS: PRI NT"WELCOVE TO THE COLOR MAP AND DRAW PROGRAM : PRI NT
30 PRINT"0. CURSOR IS THE TINY FLASHING DOT (UPPER LEFT OF
SCREEN) ": PRINT"1, TYPE FROM MAP SCREEN TO ENTER SYSTEM

VENU

40 PRINT"2. USE ARROWS TO DI RECT CURSOR

50 PRI NT"3' DEPRESS THE Hl GH/ LOW SW TCH TO SLOW MOVEMENTS WHEN
DES| RED

60 PRINT"4. EACH TIME THE SYSTEM MENU |S ENTERED, THE DRAW
FUNCTI ON

70 PRINT"  (SELECTION 8) IS TURNED OFF'

80 PRINT"5. LIFT FINGERS COVPLETELY OFF ARROAS TO CHANGE
DI RECTI ON"

90 PRINT"6 THE SCREEN |S CLEARED EACH TI ME THE PROGRAM | S
RUN"

100 PRINT"7. YOU MUST USE A COLOR MONI TORED W TH THI S PROGRAM'
110 PRI NT: PRI NT

120 | NPUT" TO BEG N THE PROGRAM DEPRESS " X$

130 CLS

140 FLS(191)

150 PCLS

160 MODE2
170 COLORY
180 X=0:Y=0: X1=0: Y1=0
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190 O =POI NT(XI, Y1) : | FMB=1THENC =C

200 PSETXI, YI : A$=I NKEY$: | FA$=""THEN210ELSE230

210 | =1 +1: | FI =5THENGOT0220ELSEGOT0200

220 1=0: COLORO: PSETX1, Y1: COLOR7: GOT0200

230 | F A$=CHRS(10) THEN660 ELSE 240

240 | FA$=CHR$( 91) THEN690

250 | FA$=CHR$( 08) THEN720

260 | FA$=CHR$( 09) THEN750

270 | FA$="

" ORA$=CHR$( 13) THENGOT0290

280 GOTO 200

290 MODEO: CLS: C0=0: M5=0

300 PRINT"X, Y COORDINATES OF CURRENT CURSOR POSITION ARE
XY

310 PRI NT"X1, Y1 IS MARKED AS ";21;", "' Z2

320 PRINT"X2, Y2 1S MARKED AS' 23;",0; 24

330 PRINT"COLOR IS SET TO "; C

340 PRI NT: PRI NT" SELECT ONE oF THE  FOLLOW NG
FUNCTI ONS: 0: PRINT"1. MARK CURRENT CURSOR POSI TI ON AS X1, Y1"
350 PRI NT"2. MARK CURRENT CURSOR POSI TI ON AS X2, Y2"

360 PRI NT"3. SET COLOR VALUE AND MAP COLOR FI ELD'

370 PRI NT"4. SET CURSOR PO NT TO NEW POSI TI ONS

380 PRINT"5 SET ENTIRE SCREEN TO A COLOR'

390 PRI NT"6. LOAD SCREEN FROM DI SK"

400 PRI NT"7. SAVE SCREEN TO DI SKS

410 PRINT"8. DRAW SCREEN FROM CURRENT CURSOR POSI TI ON USI NG
CURRENT COLOR'

420 PRI NT" TO RETURN TO MAP SCREEN'

430 A$=| NKEY$: | FA$=""THEN430

440 | F A$="1"THENGOT0540
450 | F A$="2"THENGOT0550
460 | F A$="3" THENGOT0560
470 | F A$="4"THENGoT0570
480 | F A$="5"TBENGOT0640
490 | FA$="6" THENGOT0630
500 | FA$="7"THENGOT0600
510 | F A$="8"THENGOT0650

520 | FA$=CHR$( 13) THENGOT0590

530 GOTO 430
540 21=X:22=Y: FLS: MODE2: COLOR7: GOT0200
550 Z3=X:Z4=Y: GOT0290

560
I NPUT" COLCR"; C: COLORC: MODE2: LI NEZ1, 72, 73, Z4, SET, BF: GOT0580
570 I NPUT" X COORDI NATE"; X: I NPUT"Y

COORDI NATE"; Y: GOSUB780: FLS: GOT0200
580 FLS: MODE2: COLOR7! GOT0190
590 FLS: MODE2: COLOR7: GOT0200
600 | NPUT"FI LE NAME TO SAVE TO'; F1$: MODE2
610 COLORC : PSETXI , VI
620 PSAVE F1$: GOT0290
630 | NPUT"FI LE NAME TO LOAD'; F1$: PLOAD F1$: MODE2: FLS: GOT0190
640 I NPUT" BACKGROUND COLOR (0- SET TO
WHI TE) " ; C3: MODE2: PCLS( C3) : FLS: GOT0190

650 MB=1: | NPUT"WRI TE COLOR"; CO: NODE2: FLS: GOTO200
660 Y=Y+1:1FY=192THENY=0' MOVE Y UP ONE

670 GOSUB 780 ' CLEAR SCREEN AND WRI TE NEW SCREEN
680 GOSUB SO 0: | FA=1THENGOTO0660ELSEGOT0200

690 Y=Y-1:1FY=-1THENY=191

700 GOSUB 780 '

710 GOSUB8O0O0: | FA=1THENGOT0690ELSEGOT0200

720 X=X-1:1FX=- 1THENX=127

730 GOSUB 780

740 GOSUB8O0O: | FA=I THENGOT0720ELSEGOT0200

750 X=X+1:1FX=128THENX=0

760 GOSUB 780
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770 GOSUBB0O: | FA=1THENGOTO0750ELSEGOT0200

780

MODE2: COLORC! : PSETXI , Yl : COLORH: C =POI NT( X, Y) : PSETX, Y: Xl =X: Y1=
Y: COLOR7: PSETX, Y: | FMB=0THENRETURNELSECI =C0

790 RETURN

800 A=PEEK( &H38FF) : | FA=0THENRETURNEL SEA=1

810 A=1: RETURN

LNWBASI C and TRS EXTENDED COLCR BASI C

Because of the hardware differences between the TRS COLOR
conputer and the LNWBO, there are sone differences between
LNWBASI C  and TRS EXTENDED COLOR BASIC. However, the
simlarities between the two remai ns nost striking.

Below is a table showing the simlarity between the
gr aphi cs conmands,

Table 12.0 - Simlarity Between LNWBASIC & TRS
EXTENDED COLOR BASI C G aphi cs.

Cormmand |[LNv80 |[Col or  Conput er |
Circle CIRCLE X, Y, XR(, YR) (, SA) [[CIRCLE (X,Y),R HWI, SP
EP
Col or COLOR C COOR O, C2
Dr aw DRAW + nuner ous DRAW + nuner ous
opti ons options
Fill Screen FLS X SCREEN
Li ne LI NE X, Y1, X2, Y2, SET LINE (XI, Yl)-(X2,Y2)
(,B) PSET(, B)
Resol uti on MODE X PMODE X, Y
Cl ear PCLS X PCLS X graphi cs
menory, set
col or
Poi nt PO NT( X, Y) PO NT (X Y)
Set, reset PSET X, Y SET( X, Y(, Q)
poi nt PRESET X, Y PRESET (X, Y)

Next page | TCC
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SECTI ON 13: LNWBO DETAI LED DESCRI PTI ON AND SPECI FI CATI ONS

Cener al

The LNWBO base unit measures 16.5"Wx 3.5"H x 22"D and
weighs 26 Ibs. The base unit contains the CPU Menory,
Keyboard, Video and peripheral controllers, power supply and
cooling fan. Al peripherals and accessories connect to the
LNWBO via connectors on the rear panel. The optional color or
monochrome nmonitor fits easily on the large surface of the
LNWBO .

The LNWBO is available in TWO di fferent nodel s:
#105000 LNWBO 120 VAC 60Hz
NTSC VI DEO (525 LI NES USA/ JAPAN)

#105001 LNWBO as listed above with optional RGB
interface install ed.

CENTRAL PROCESSI NG UNI T (CPU)

Processor: Z80A

Feat ur es: 158 instructions (with all 78 of the 8080
CPU instructions)

Cl ock Speed: 4AVHz

ROM WAait States: 1 (250ns)
RAM WAit States: NONE

MEMORY

User RAM 48K Byt es

G aphi cs RAM 16K X 6 Bits

Vi deo RAM 1K Bytes

ROM 12K Bytes M CROSOFT BASI C-80 (Level 2
conpati bl e)

KEYBOARD

73 KEY expanded professional typewiter style keyboard
i ncl udi ng:

11 key nuneric pad

Control key

sShift lock and caps | ock keys

Local i zed cursor control keys (arrows)
Cassette speed switch (500/ 1000 baud)
Underline key

Contains all the TRS-80 Mbdel | keys plus nore

NouhkwhpE

The keyboard al so includes two RESET (RST) Keys whi ch, when
depressed together, cause a system master reset.

M CROSOFT BASI C-80 Interpreter

BASI C Functi ons:

ABS ASC ATN
CDBL CHRI S CI NT
cos CSGN ERL
ERR  EXP FI X

FRE FRE( $) | NKEY$
| NP | NT LEFTY
LEN LOG MEN
MD$  PEEK POl NT

PCS Rl GHT$ RND
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FGN SIN
STR$ STRI NG$ TAN
USR VAL

BASI C St at enents:
AUTO CLEAR
CLOAD? CLS
CSAVE DATA
DEFI NT DEFSGN
DELETE DI M
END ERROR
GOSUB GOTO
I NPUT LET
LLI ST LPRI NT
LPRI NTUSI NG NEW
ON. . GOSuB ON. . GOTO
POKE PRI NT
PRI NTS PRI NTTAB
RANDOM READ
RESET RESTORE
RETURN RUN
STOP SYSTEM
TRON

OTHER FEATURES

Aut o Li ne Nunbering

Ful | Editing Features

Keyboard Rol | over

16 Digits Accuracy

Unlimt Array Dinmensions
255 Character String Length
Upwar d Conpati ble with Disk BASIC
Level 2 Conpatible

100% TRS80 Model |

VI DEO DI SPLAY SPECI FI CATI ONS

Text Mbdes:

I. 64 Characters per line,
2. 32 Characters per line,

Each character is a
hardwar e character generator supports

case (with descenders)
synbol s.

Graphics Di spl ay Mdes

SR
VARPTR

CLOAD
CONT
DEFDBL
DEFSTR
EDI T
FOR. . TO. . STEP/ NEXT
I F... THEN. . . ELSE
LI ST
LPRI NTTAB
ONERRCOR GOTO
(08))
PRI NTO
PRI NTUSI NG
REM
RESUVE
SET
TROFF

16 |ines.
16 |ines.

5x8 matrix in a 6xl2 rectangle. The

both wupper and | ower

for a total of 96 characters and

Table 13.1 - G aphics display node details

GRAPHI CS MODES

GRAPHI CS RESCLUTI ON

TEXT MODE 1 TEXT MODE 2 COMMENTS
"0" LOW RES 128X48 64X48 +TEXT
1" H GH RES BSM 128X48+ 64X48 +TEXT
480X192 240X192 +TEXT
"2" LOWRES COLCR 12SX192 (8) 64X192( 8) +TEXT NOTEI

"3" H RES COLOR

48SX192 pi xel s

col or defined by: 128X16 (8)

240X192 pi xel s
64X16 (8)
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NOTEl: If text is displayed in text nbde | and graphics node 2
then the display will exceed the bandw dth of NTSC video. An
RGB nonitor will display this nmobde accurately, however.

Sof tware Char acter GCeneration

Besi des using the capabilities of node 1 and node 3 for
graphics alone, these nopdes can be used to extend the TEXT
Dl SPLAY nodes. Wth the special character generation software
supplied with the LNWO, the followi ng additional text nodes
are usable both at the operating systemlevel and from BASICS

STANDARD TEXT MODE GRAPHI CS TEXT NODE
|. 64 characters, 16 lines 80 characters, 16 lines OR
88 characters, 24 |ines
2. 32 characters, 16 lines 40 characters, 16 lines OR
40 characters, 24 lines

In this software, each character is a 5x8 matrix in a 6xl2

rectangle (16 lines) or a 5x8 matrix in a 6x8 rectangle (24
l'ines).

VI DEO DI SPLAY QUTPUTS

Table 13.2 - Video display output specifications

St andar d:
OUTPUT SPECI FI CATI ONS
1 . B&W VI DEO | MPEDANCE: 75 OHM
SIGNAL : 1.8V p-p (+/-.25V)
SYNC . NEGATI VE

2. LOWRES COLOR OUTPUT | MPEDANCE: 75 OHM
SIGNAL : 1.5V p-p (+/-.35V)
SYNC  : NEGATIVE
CHROMA : 3.579 Miz (NTSC)

Opti onal
OUTPUT SPECI FI CATI ONS
3. H GH RES COLOR | MPEDANCE: 330 OHM
(RGB) SI GNAL . TTL OPEN COLLECTOR
SI GNAL POLARI TY
RED, GREEN, BLUE PCSI TI VE
HORI ZONTAL SYNC PCSI TI VE
VERTI CAL SYNC PCSI TI VE

The follow ng chart defines the display content of the
three display outputs under the four display npdes.

DI SPLAY MODE # B&W VI DEO LOW RES COLOR HI GH RES COLCR

MODE 0 X X X
MODE 1 X X X
NODE 2 X X
MODE 3 X
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Reconmended Monitor Types

The following chart details t he reconmended
peri pheral s which can be connected to the LNWO.

Table 13.3 - Video Peripheral Types

Page 4 of 37

vi deo

OQUTPUT DEVI CE COMMENTS

B&W VI DEO
. MONOCCHROMVE MONI TOR  >10MHz bandwi dth

2 VIDEO COLOR MONITOR 32 & 40 CHARS/ LI NE ONLY
3. TELEVI SI ON SET 32 & 40 CHARS/ LI NE ONLY
Wth user supplied
RF nmodul at or
LOARES COLOR

1. VIDEO COLOR MONITOR 32 6 40 CHARS/LINE TEXT
128X192 COLOR OK, NO TEXT

2. COLOR TELEVI SION 32 & 40 CHARS/ LI NE TEXT
Wth user supplied 128X192 LIM TED CLARI TY

RF nodul at or

3. MONOCCHROME MONI TOR  USE ON B&W VI DEO OQUTPUT
RGB COLOR 1. LOWRES RGB MONI TOCR GOOD CLARITY I N LOW RES

<320 lines horiz. FAIR CLARITY IN H GH RES
resol ution

2. MEDI UM RES RGB EXCELLENT DI SPLAY I N ALL
MONI TOR DI SPLAY MODES

FLOPPY DI SK DRI VE | NTERFACE

Drive Types: 5-1/4" and 8" SHUGART conpati bl e
Nurmber of Drives: 4 Single-sided or 3 dual-sided drives

Interface: 34 Contact 5-1/4" floppy drive conpatible
Optional 34 to 50 conductor cabl e adaptor

required to connect 8" disk drives.
Drive Density: Si ngl e or Doubl e
Dat a Separation: Anal og Phase Locked Loop

Maxi mum St orage: 3,550,000 Bytes on 3 dual -sided 8" drives

O her Features

5-1/4" and 8" drives in any m x.

Si ngl e and doubl e-density in any m x.
35, 40, 77, 80 track drive support
5-1/4" or 8" systemdisk (drive 0).
Precision Wite Preconpensati on.

Doubl e-Density Storage Capacity:

Five Inch Drives (formatted storage per drive).

161, 280 bytes -35 track ss
322,560 bytes -35 track ds
184,320 bytes -40 track ss
368, 640 bytes -40 track ds
368, 640 bytes -80 track ss
737,280 bytes -80 track ds

Ei ght Inch Drives (formatted storage per drive).
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591, 360 bytes -77 track ss
1,182,720 bytes -77 track ds

PRI NTER | NTERFACE

Type: I ndustry Standard Centronics 8-bit parall el
100% TRS- 80 conpati bl e

NOTE: The RS232C serial comunication interface can be
configured for operation with printers which require a serial
RS232 port. Routing the printer output from npst application
software requires that a program (listing supplied in the
LNW80 conputer documentation) be resident (usually high
menory) in nmenory. Software which uses its own printer driver
software may not function with this arrangenent.

CASSETTE | NTERFACE

For mat : Anpl i t ude Nodul at ed.
TRS-80 Model | and 11l (500 baud only)
conpati bl e.
Dat a Rate: Baud Rate CPU Speed
500 1. 77MHz
1000 4. 00MHz
Recorder Type: |nexpensive Battery or Line-Powered Portable.

RS232- C ASYNCHRONOUS SERI AL | NTERFACE

Type: Ful | Dupl ex.

Handshaki ng: Fully supported under software control.

Baud Rates: Switch selectable at the follow ng rates:
110, 155, 300, 600, 1200, 2400, 4800, 9600

Parity: Even, odd, or disabled (sofware sel ectable)

Wrd Length: 5, 6, 7, 8 BITS (software sel ectable).

Stop Bits: 1, 1.5, 2 (software selectable),

Connect or: FEMALE DB25, mounted on the rear panel.

Confi g: Factory configured to connect to Data
Conmuni cati on Equi pnrent (DCE, e.g., npdens).
Proper cable wiring will allow connection of

Data Term nal Equi prent (DTE, e.g., serial
printers and other LNWBO conputers).

TERM NAL EMULATI ON CAPABI LTY

A |l arge amount of dumb and intelligent term nal software is
available to run on the LNWBO. A listing of a dunmb term nal
programis supplied in the LNVMBO document ati on.

EXPANSI ON PORT

This 40-pin CPU bus has all the ADDRESS, DATA, and control
lines to expand the capabilities of the LNWBO. This bus is
electrically equivalent to the SCREEN PRI NTER' bus on the
TRS-80 Model |. Here are just sone of the products which
connect to t he EXPANSION BUS and are available from
i ndependent hardware suppliers:

Exatron Stringy Floppy

Eprom add- on nenory/ progranmrers
Corvus Hard Di sk/ Constellation
TCHRON- Bat t ery- power ed cl ock cal ender
Dat a aqui sition equi pnent

Industrial controllers

* %k ok ok ok *
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* Speech synt hesi zers
* Voi ce recognition equi pnent
* Orchestra85-stereo, nulti-voice, nusic synthesizer

PLUS ANY ACCESSORY designed to connect to the TRS-80
Model | screen printer port.

REAL TI ME CLOCK

Type: Interrupt "heartbeat" type
Frequency: 40 Hz

NOTE: The real tine clock feature is not available on the
cassette only systems w thout one of the follow ng prograns:

1. Mcrosoft Level 3 BASIC
2. Radio Shack Real Tinme Clock Cassette program

WE RESERVE THE RI GHT TO CHANGE SPECI FI CATI ONS W THOUT NOTI CE

LNWBASI C (C) MODULAR SOFTWARE ASSOCI ATES
AN ADVANCED DI SK BASI C FOR THE LNW8O

Speci fications

LNWBASI C provides an EXTENSION to the DISK BASIC in
DOSPLUS, NEWDOS80 2.0, or TRS-DOS 2.3 to add high resol ution
graphics, color, special keyboard functions, sound, RS232
comuni cations and advanced programing comrands. LNWBASI C
features a CREATOR which allows the user to select from the
nmore than 40 new conmmands to nake a customtail ored BASIC
interpreter. Syntactically simlar to the RIS Color Conputer
Ext ended Color Basic, LNWBASIC offers such commands as DRAW
LI NE, COLOR, CIRCLE, MODE and SOUND. The following is a brief

list of the commnds:

BLI NK - Switch blinking cursor on/off

CALL - Execute a machi ne-| anguage subroutine
CIRCLE - Drawcircle with paraneters

COLOR - Set color for node 2 graphics (color)
CONV - Convert input to hex, decimal, or ASClI
DEFKEY - Modify 10 user-definabl e keys

DI SKEY - Display the current set of defined keys
DLOAD - Load an object code file fromdisk

DO UNTIL - Do/Until construct

DRAW - Drawlines with Turtle Graphics, rotation and
scal e paraneters

DRUN - Exit LNWBASI C and execute di sk object program

EXIT - Exit LNWBASIC to DOS

FLS - Fill the text screen with ASCI| character
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GSUB - GOSUB or

GTO - GOTO or

H MEM - Change MEMORY SI ZE? from BASI C

#"1 abel" - Make this line referenced by a | abel rather than
I'i ne nunber

LCASE - Toggle CAPS LOCK on and off

LI NE - Set or reset line, box, or box with fill

LOADKEY - Load a user-definable key definition file from disk
LOC. - Locate a string or BASIC token(s)

MODE - Set the graphics display node

NTROFF/ ON- Turn NEW TRACE UTILITY of f/on

PCLS - Fill the graphics screen with a specific val ue

PLOAD - Load the graphics screen froma disk file

POV POFF - Route video to the printer also

PO NT - Test graphics point/return col or

PSAVE - Save the graphics nenory to a specified disk file

PSET - Set a point (with color parameter if in npde 2)

PRESET - Reset a point (in color will be set to white)

QUICKEY - Turn on/off key to enter shorthand BASIC
keywor ds

REPEAT - Turn on/off repeating key functions

REST - "RESTORE' to a specified data line

RS232 - Set RS232 initialization

RSI N - Input fromthe RS232C device or fromthe keyboard

RSQUT - Route the printer output to the RS232 port

SAVEKEY - Qutput the current user-definable key list to a
specified disk file

SOUND - Qutput tone to the cassette port with frequency,
dur ati on, and waveform

SPOOLON - Direct the printer output to a specified disk file
SPOOLOFF - Turn off spooling

XSTR$() - Execute a string as a BASIC statenent(s)

SECTI ON 14: SHOCTI NG TROUBLE

Every now and then (usually Mnday nornings) the conputer
will not behave as desired. W are faced wth the sudden
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realization that the noble conmputer has its own defects, just
I'i ke any ot her manufactured contraption

The majority of problens arise at electrical or data path
connections. If we stop for a minute and focus our thoughts on
what actually happens at electrical junctions, we nmight get a
better appreciation as to why good connections are inportant.
There are the electrons travelling nerrily along the surface
of the wires, when suddenly they encounter a break (as in the
case of a socket). |If the the two sockets are only |oosely
interconnected, and as a result only making contact at a few
points, then you have a situation simlar to that at the exit
points of a crowded building during a fire. The pile up of
el ectrons causes heat generation. This nelee results in
distortion of data signals, and voltage fluctuations on power
lines. The noral: Look after your connections.

Belowis a list of synptons, causes and cures.

Synpt om Cause. Cure.
No vi deo Bad connections Check al
response. or nonitor. connecti ons and

switches. Are you
using the correct
nmonitor jack?

Adj ust bri ght ness
& contrast.

Screen full BREAK not depressed Depress BREAK &
of gi bberish during power up, or bot h RESET keys
after ROM CAPS LOCK pressed. For di sk system
reset. depress both RESET

keys only.
Cassette Var i ous. See "So It Won't
program wi | | Load," page 29
not | oad.
Conput er Programm ng error. Uari ous
"hangs." i mproper use of

POKE, calling a

peripheral which is

not connected or

sonehow damaged

Loose el ectrical or

peri pheral contact.
Di sk system Is drive zero 5/8 See page 37
won’t boot switch set correctly?

Are drives connected

correctly?

Qutside Interference

AC power supplies vary slightly in their output during peak
usage periods. This rarely presents a problem and nost people
never becone aware of it. As a precaution, the LNWBO contains
aline filter to smooth out any fluctuations. In sone areas,
voltage fluctuations may be large (noticeable in sudden
dimming of |lights, for exanple). Local heavy electrica
i ndustry, hore- gr own power source or faulty electrica
equi pment on the same circuit as the conputer can present
probl ens.

Vol tage fluctuations outside of your control can be
resolved by fitting a line filter designed for mcroconmputers
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In extreme cases, an alternate power supply may be the only
answer .

APPENDI X A: A BUYER' S GUI DE TO MONI TORS

The LNWBO interfaces wth three different types of video
nmoni tors:

1. Monochrone (comonly called Bl ack and Wite)
or Green Phosphor Monitor
2. NTSC Conposite Col or Monitor
(a TV set with an RF npdul ator nay be used)
3. RGB TTL TYPE direct drive nonitor

Ask your dealer to recommend the nonitor that he feels wll
best suit your needs. Renenber that only the Mnochrone and
the RGB nonitors will deliver a sharp 80-columm text display
and crisp, high resolution graphics.

Monitors cone in a variety of prices and |levels of quality,
and since you cannot tell howwell it will work before you
hook it up, we suggest you ask your dealer f or his
recormendation. Here is a list of nonitors known to interface
properly with the LNWBO conmputer. W have included only 12"
monochrome and 13" color nonitor tube sizes. Other sizes are
avai |l abl e, but we recommend these sizes for optinmm view ng.
To see if other nmonitors not listed here will work properly,
refer to the conplete LNWBO and the monitor’s specifications,
or ask your dealer for his recomendations. This is by no
means an all inclusive list. W regret that we cannot test and
approve all the monitors that wll work properly with the
LNWB0O due to the vast nunber of nonitors avail abl e.

Monochrone Mbonitors

There is an abundance of |ow cost nonochrome nmonitors that
will work with the LNWB0. There are two basic types of
monochrome nmonitors - (1) STANDARD and (2) GREEN PHOSPHOR. The
green phosphor type nonitor displays the characters in green
and is easy to read for extended periods of tine. Wichever
monitor type you choose, be sure to select a nmonitor that can
use the 1.8VP-P video signal output by the LNWBO through a | ow
cost RCA type phono jack. The TRS80 Mddel | monitor will not
work with the LNMBO because it requires a special connection
with +5V DC power, and it cannot handl e the 80-col umm di spl ay
width. In addition, it lacks the overall bandwi dth and clarity
to display the high resolution graphics.

There are sone brands of monitors which nmay not function
properly wth the LNWBO conmputer wi thout reducing the signal
l evel driving the nmonitor. These nonitors are too sensitive to
the video signal and will display characters in such a manner
as to nake them appear "block-like" or smeared. These nonitors
can have their input signal reduced by installing a resistor
in series with the "hot side" of the cable. The value of this

resistor should be somewhere in the neighborhood of 33 to 75
ohns. The following nonitors may or may not require this
nmodi fication:

NEC JB1201M

HEATH ZENI TH ZVM 121
AVDEK VI DEO 300-G
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Recommended Li st of Monochronme Monitors

The following two nmonitors are known to function ideally
with the LNWBO. The AMDEK nonitor has a strange connector and
an "RCA PHONO JACK to UHF" cabl e rmust be purchased from your
dealer. The BMC nonitor uses a sinple, |ow cost "RCA to RCA"
cable just like the H -FlI cables on your stereo system The
AMDEK 100G and the BMC nonitors are both GREEN PHOSPHOR types.
O the two nonitors, the BMC has the highest quality display.

Table A.0 - Geen Phosphor Mnitors for the LNWBO

Page 10 of 37

MANUFACTURER/ MODEL# BANDW DTH COLOR/ STYLING  COMMENTS
ANDEK VI DEO 100/ 100G 12MHz VHI TE/ GRAY LOW CCST
BMC KG12/ BN12A 18MHZ TAN GRAY H GH Qual ity

NTSC Conposite Video Col or Monitors

As with the npnochrone nonitors, there is a wide choice of

monitors to choose from Al the following monitors use a
standard "RCA to RCA" cable (HI -FI type) to connect to the
conput er. A color television with an RF nodul ator will not

achi eve the resolution of these nonitors:

AVDEK COLOR 1

ZENI TH 13" COLOR MONI TOR ( HEATHKI T)
BNC BML400CLU

SANYO 13" COLCR

NEC 12" JC1201 M A) COLOR

R& Col or Monitors

Due to the wide differences in the electrical requirenments
of the many RGB nonitors that are on the market, it is
i mportant that you check with the LNWBO specifications or your
deal er before purchasing an RGB nonitor. There are two basic
resolution levels in RGB nmonitors - high and | ow. The high
resolution RGB nonitors allow for a very crisp, clear display
in both graphics and text for up to 80 characters/line and 24

lines. These nonitors use a picture tube that has tiny round
dots that nake up the picture (one dot/color).

The selection of REB nonitors for the LNWBO is nore linited
than the other nmonitor types. The nmonitors that will work on
the LNWBO conputer without nodification to either the nonitor
or the computer (they may require nodification to the
connecting cable) are:

AVDEK COLOR 2
AVDEK COLOR 3
H TACH CML472

There are firms nodifying other nmonitors for use on the | BM
PC, and these nmay be conpatible with the LNWBO. |f the nonitor
has been nodified to accept positive TTL data, positive TTL
hori zontal sync, positive TTL vertical sync and the nonitor
has internal pull up resistors for termnation on the RGB
input lines, then it should be conpatible with the LNW80. For
more details on the RGB interface in the LNWBO, refer to the
LNWBO Techni cal Reference Manual or contact your LNW Research
deal er.
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The nonitors that WLL NOT WORK without nodification to
either the conputer or the nmonitor are:

NEC 1202DH RGB
TECO RGB

No details are available for connection to these nonitor

types, and therefore, we do not recomended using these
nmoni tors.

APPENDI X B: DI SK DRI VE TUTORI AL

The LNWBO conmputer can interface with a wide variety of
flexible disk drives. Connecting disk drives to your LNWABO
conputer, when the drives are properly configured, is as easy
as plugging the drivers) cable into the rear of the conputer.
Di sk drives and cables which are configured to run on a TRS80
Model | are fully conpatible with the LNW80. Up to 4
singl e-sided drives and 3 dual -sided drives can be attached to
the LNWBO. Proper configuration for drives and cables should
be provi ded by your conputer deal er

In the event that the conmputer retailer cannot provide this
configuration or you have drives that are not configured
properly or there is sone aspect of the configuration that you
do not understand, this section is witten for you.

The History of the TRS80 Di sk

VWhen Tandy introduced their mnidisk drive for the TRS80
Model |, they devel oped some unique conventions. The 34-pin
SHUGART (Shugart Associates was the first to set the standard
in flexible disk drives) conpatible minifloppy (5-1/4")
interface was already the standard in the industry. The 50-pin
Shugart-conpatible 8 inch drive interface had been devel oped
years earlier and was adopted by nost of the disk drive
manuf acturers. The way Shugart-conpati bl e disk systens work is
that the operator can daisy-chain (parallel) up to four disk
drives on the same cable. Wiile the disk interface circuits
can only talk to one drive at a tine, there is a nechanismfor
sel ecting which of the four drives the interface is talking
to. This mechanism of selection is done by providing four
uni que signals (would be known as select lines, - DS1 to DS4)
that would be on the cable. Each drive would be sel ected by
only one of these signals, Since no two would be on at one
time, each drive could be told when the disk interface wanted
totalk to that drive. The other non-selected drives would
then act as though they were not even on the cable. Tandy then
only had to devel op a system of SELECTING the four disk drives
from the expansion interface to the minifloppy through the
34-pin cable. Drive selection was acconplished on the disk
drive itself through a DIP shunt or DIP switch that could be
set by the operator. Mdst of the original disk drives had only
3 drive-sel ect positions, DSl -DS3.

Term nation Resistors

Since the data to and fromthe disk drive was high-speed
information and it had to travel a long distance along the
cable, TERM NATION was required of the last drive along the
cable, Termnation resistors varied from drive to drive
Termination is a process by which a transmitted signal is
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absorbed so as not to allow any reflection of the signal on
the line. Some drives had permanently wired resistors and a
DI P shunt to sel ect whether the drive would be ternminating or
not. Oher drives had term nation resistor packs mounted in a
DI P package (mounted in a socket) that could be renpved if the
drive was not to be the ternminating drive.

Term nation, cabling and drive selects were just some of
the problens that had to be overcone in devel oping a system of
connecting disk drives to the TRS80.

Drive Selection & Pulled-Pin Drive Cables

Tandy wanted to select up to 4 drives, To do this, the
customer was required to open up his drives and change the
settings as new drives were added to the system This was
impractical. A nechanism was developed that would use the
cable to performthe task of assigning the drive nunbers based
on their position along the cable. The mechani sm woul d become
known as "pulled pins". Here is how it works:

Each drive is nmade the sane. Pins 10, 12, 14 on the edge
card of the drive are tied together. Since the fourth drive
select did not exist on the EARLY GENERATI ON drives, the disk
drive is nodified to connect pin 32 of the edge card to the
drive select lines on the edge card at pins 10, 12, and 14.
The disk drive cable is a 34-pin ribbon-cable assenbly wth
term nation-type edge card plugs at the head (where the
conputer connects) of the cable and at each of the 4 drive
positions along the cable. Each connector along the cable has
a different set of pins pulled, such that only one of the 4
drive select pins is installed at each | ocation.

Table B.0 - Drive Selection by Pulled Pins

[Drive | Pins Pulled |l Drive Select Line |
| 0 ” 12, 14, 32 ” 10 |
| 1 ” 10, 14, 32 ” 12 |
[ 2 || 10, 12, 32 | 14 |
| 3 ” 10, 12, 14 ” 32 |

Tandy sells the FIRST drive with the cable and the
term nation installed. The second, third and fourth drives do
not have the termination installed. They sell the first drive
as a different part from the rest. The following chart

illustrates the drive select lines on the cable and the
drive:
Table B.l - Drive Select Lines on Cable 6 Drive
(* = Barly Generation Drives
L

Later Generation Drives)

Di sk Drive Di sk Drive Interface
Drive Sel ect Pi nout Pi nout
[0 Jost [0 |
IE [ Ds2 |12 |12 |
[ 2 | D3 || 14 | 14 |
[3* [[NA |[NA | 32 |
| Il Il Il |

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_4.html 12/4/03



LNW80 Microcomputer Operations Manual

Ls-- Jlosa e LA |

If it is so sinple, why are we spending so nuch tine
tal ki ng about it? Because before too long, Tandy wasn't the

only conpany selling disk drives for the Mdel |. There were
VI STA, Mrl, PERCOM AEROCCOWP and nany others trying to sell
drives a little |ess expensive. These firms do not actually

build the disk drive mechanism and electronics thenselves
(neither did Tandy at the time). They sinply purchase the disk
drive from manufacturers such as TANDON, MPI, SHUGART, TEAC,
QUME, PERTEC and others and supply the disk drive installed
with a power supply in a netal enclosure. This made life
difficult since t hese firms supplied Ilittle, if any
docunentation, to assist the first-tine conputer owner. This
mail -order business grew rapidly since the lower prices
attracted many.

The powerpack on the back of the Radio Shack supplied
TRS-80 disk drive allowed the case to be designed to allow the
cable to be connected fromoutside the drive. Wen the user
adds a new drive to his system he sinply plugs the cable into
the rear of the drive. The other manufacturers, in their
effort to save a few dollars, have designed drive cases wth
the power supply inside the case, thus naking it too deep for
the disk drive's edge card to be accessible from the outside
of the drive. So what happens next? Extender cabl es nust be
used to allow the edge card to be extended to the rear of the
case, mmking it accessible w thout opening the drive's case.
Are our problens now sol ved? No, they just began...

Doubl e- Si ded Di sk Drives: Two Heads Are Better than One

Doubl e-si ded di sk drives meant another problemfor the disk
drive business. Pin 32 of the Radio Shack interface and the
LNW SYSTEM EXPANSI ON was used for the fourth drive select, and
the disk drive manufacturers (of these new dual -sided drives)
used that pin for the side select control. This did nean that
through a bit of luck doubl e-sided disk drives could be easily
configured for operation by using the fourth drive select as

the side select. But it did not happen that easily.

When doubl e-sided drives were introduced, no operating
system would support double-sided operation. The disk drive
manuf acturers did not nodify the drives when they sold them
but instead provided difficult instructions for the user to
nmodi fy the drive himself, This nodification used the drive
selects to select a different side of the sane drive. It was
messy, very difficult to do, and it never caught on. Wen
doubl e-sided operation was finally accepted by the operating
system conpani es (NEWDOS80 and DOSPLUS) there were differences
in opinion on howit would be inplenmented. Dosplus 3.3 treats
each side of a double-sided disk as a separate volume with its
owmn directory, On Dosplus 3.4, this would be changed and
doubl e- si ded operation would all ow each dual -si ded di skette to
represent one volune wth only one directory. Newdos80 V2.0
and LDOS 5.0 and 5.1 have a simlar structure.

Doubl e- Density Catches On

Doubl e-density operation became popular with the PERCOM
DOUBLER. LNW Research rel eased the LNDoubl er soon after. After
that, a wide variety of doublers appeared. Even Tandy has
introduced a doubler. Eight-inch drives becanme popular with
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the OM KRON CP/ M adaptor and eight-inch adaptor board. When
the LNDoubler 5/8 was announced, eight-inch support for
doubl e-density had already been developed by Mcrosystens
(DOSPLUS  3.4) and by  Apparat (NEWDOS80 VERSION  2).
Doubl e-density al so provided its own problens. Shugart SA400
drives (early Tandy drives) would only access 35 tracks, and
the drive heads did not have adequate resol ution f or
doubl e-density operation. The OLD Shugart SA800, 801 8-inch
di sk drives (newer 800, 801's work perfectly) also did not
have the resolution for double-density operation. The newer
Shugart drives, and alnpst all other drives, can handle
doubl e-density operation with no problem

Nurmber of tracks, head-stepping rate, and bead-load delay
have also been drive paraneters that have caused sone
interfacing problens between operating systenms and di sk
drives. Drives should be configured such that when the notor
cones on, the heads |l oad regardless of the drive select. Be
sure to set the stepping rate (programmble in DOSPLUS and
NEWDOS80) to the appropriate setting. These operating systens
are initially set at 40ns (mlliseconds) and should work with
any disk drive as initially configured.

Configuring 5-1/4 Inch Drives

The pulled-pin cable wll wrk adequately wth four
singl e-sided drives, but fails to function with the dual -sided
drives, since pin 32 (side select) is only available to the
last drive on the cable. A pulled-pin cable nmay be "fixed" by

renoving the keys in the cable-connectors (small piece of
plastic that prevents the connector from being plugged in
backwards) and turning the cable around. The pulled pins wll
then beconme unused ground lines, and all the drive selects
will be available on each connector. This nmeans that the
drives thenselves nust be designed to acconpndate the drive
sel ection on the drive and not on the cable. A der drives did
not have four drive-select positions, but this is not
i mportant since we are using up to 3 dual -sided drives.

Table B.2 shows the pin specifications for the 34-pin drive
bus.

Pin # || Descri ption

2 Not Used

4 Not Used

6 Not Used

8 | ndex

10 Drive Select 1

12 Drive Select 2

14 Drive Select 3

16 Mot or On

18 Di rection Sel ect

20 Step

22 Wite Data

24 Wite Gate

26 Track O

28 Wite Protect (Active Low)
30 Read Data

32 Si de Sel ect (Dual Sided Drives)
34 Not Used

The follow ng describes the configuration shunt settings
for the nost popular nminifloppy disk drives. Doubl e-sided
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drives already use pin 32 for the side select.

MPI Di sk Drives
This description follows for these nodels only:

51, 52, 91 and 92

Shunt Descri ption No Pins Pulled Pins Pul |l ed
1 Head | oad on sel ect Open
2 Drive select 1 Onif drive O On
3 Drive select 2 Onif drive 1 On
4 Drive select 3 Onif drive 2 On
5 Mux Open Open
6 Drive select 4 On if drive 3 On
Note: If drive 4 is selected, a junmper nust be installed

between pin 32 and pin 6 of the edge card. For double-sided
operation, do not use nore than three drives total.

Tandon Di sk Drives
Model s TMLOO- 1, TMLOO- 2, TMLOO-3 and TMLOO- 4

Shunt Pins at 1E

Shunt Description Correct Setting
1 Head | oad on sel ect Open

2 Drive select 1 Onif drive O

3 Drive select 2 Onif drive 1

4 Drive select 3 Onif drive 2

5 Drive select 4 Onif drive 3

6 MUX Open

7 Not used

8 HM On

Note: If drive 4 is selected, a junper nust be installed
between pin 32 and pin 6 of the edge card. For doubl e-sided
operation, do not use nore than three drives total.

Si enens/ Wangco Mbdel 82

Shunt Descri ption Correct Setting
1 Head | oad on sel ect Open

2 Drive select 1 Onif drive O

3 Drive select 2 Onif drive 1

4 Drive select 3 Onif drive 2

5 Mux Open

6 Not used

7 Head | oad, notor on On

Note: If configuring for drive number 4, a wre nust
connected between pin 32 of the edge card and pin 1 of IC 1D
Al the rest of the drive selects should be off.

Teac Mbdel FD50 Series

Switch Descri ption No Pins Pulled Pins Pul |l ed
HS Head | oad on sel ect Open

DSO Drive select O Onif drive O On

DSl Drive select 1 Onif drivel On

DS2 Drive select 2 Onif drive 2 On

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_4.html

Page 15 of 37

12/4/03



LNW80 Microcomputer Operations Manual Page 16 of 37

MX MUX Open Open
DS3 Drive select 3 Onif drive 3 On
HM Head | oad on notor On On

Note: If configuring for drive nunber 4, a junper nust be
installed between pin 32 and pin 6 of the edge card. For
doubl e-si ded operation, do not use nore than three drives
total.

G her 5-1/4 Inch Drives

If you have a drive that is not |isted above, refer to the
user manual for that disk drive. Mdst drives are simlar to
one of the above types.

Ei ght -i nch Drives

Ei ght-inch disk drives have a 50-pin edge card to interface
to a 50-pin cable instead of the 34-pin cable wused on the
5-1/4" drives. It is then necessary to use sone type of
cabl e- adapt or between a 34-pin cable connected to the rear of
the LNWBO and a 50-pin disk drive cable for the 8" drives.
This 34-to-50 pin cable-adaptor is available from your
conputer retailer wunder the LNWpart nunber 1096, and it has
two gol d contact edge cards which nmate the 34-pin cable and
the 50-pin cable. The 34-pin cable nust not be of the

pul l ed-pin type since missing pins will not allow drive sel ect
lines to pass to the 8" drive 50-pin cable. Here is a draw ng
toillustrate a typical multidrive setup with both 5-1/4" and

8" disk drives. Note that an 8" disk drive nay be the system
di sk (drive select 0) if the 5/8 SWTCH inside the LNWMO is
positioned to the 8" side. (See Figure 5.4 - 5/8 switch in
action).

Configuring 8-inch Drives

The LNWBO is designed to interface with 8" disk drives
wi thout the drives thenselves requiring nmodification. As with
5-1/4" disk drives, drive select shunts or switches on the
drives thenselves, as well as term nation resistors nust be
properly configured. Note that termi nation resistor packs are
still only required on one of the disk drives. A properly
configured disk drive and cable requires only the sinmple
connecti on between the 34-pin cable, the cabl e-adaptor and the
50-pin 8" drive cable, Proper configuration for drives and
cables should be provided by your conputer dealer. In the
event that the conputer retailer cannot provi de this
configuration or you have drives that are not configured
properly or there is sone aspect of the configuration that you
do not understand, this section is witten for you.

Ei ght-inch Disk Drive Specifications

Ei ght-inch disk drives are different fromfive-inch drives
in many ways. As nentioned earlier, the interface between the
drive and t he controller is a 50-pin bus. The pin
specifications for the 50-pin bus are given bel ow

Table B.3 - Pin Specifications for the 50-pin 8-inch

Drive Bus
[ Pin# | Description |
2 Ground or Lower Wite
4 Not Used / Reserved
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6 Not Used

8 Not Used
10 Two Sided (Not Used)
12 Di sk Change (Not Used)
14 Si de Sel ect (Dual -sided drives)
16 Activity / In Use
18 Head Load (Not Used)
20 I ndex
22 Ready (Not Used)
24 Not Used
26 Drive Select 1
28 Drive Select 2
30 Drive Select 3
32 Drive Select 4
34 Direction Sel ect
36 Step
38 Wite Data
40 Wite Gate
42 Track 0O
44 Wite Protect (Active High)
46 Read Dat a
48 Not Used
50 Not Used

Note: In the eight-inch drive manuals, - "NOT USED' may be

referred to as alternate 1/0 or reserved.

If the drive that you would like to use has a cable
interface that differs radically fromthe above, then it is
possi bl e that you do not have a Shugart-conpatible disk drive.
If that's the case, then it will not properly interface with
the LNMBO. The followi ng drives are the ONLY drives that have
been wused extensively with the LNWBO conputer and the DOSPLUS
3.4 operating systens

Table B.4 - 8 Inch Drives Tested Wth LNWB0O & DOSPLUS 3. 4.

| MANUFACTURER || MODEL NUMBER || S| DES |
Shugart SA800/ 801 Si ngl e
Shugart SA850/ 851 Dual
Qune DATA TRACK 8 Dual
Tandon TMB48- 1 Si ngl e
Tandon TMB48- 2 Dual

Ei ght-inch drives also provide nmore configuration options.
Luckily, nmost of the manufacturers have retained the Shugart
notation for the nost part. The proper configuration for the
drives is such that the drives have not been nodified in any
manner, and the junper (or trace) options are installed just
as the drive is delivered fromthe factory.

Sone 8-inch drives that are sold through nany mail - order
disk drive firns, are specially confi gured f or ot her
conputers, and nmay not operate on the LNWO0 as confi gured.
Make sure that the drive that you purchase is configured just
as it came fromthe factory OR CONFI GURED SPECI FI CALLY FOR THE
LNWBO COMPUTER. The proper configuration for the drives |listed
in Table B.5 is detailed bel ow

Shugart SA800/801:

There is a bit of confusion between the Shugart SA800 and

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_4.html

Page 17 of 37

12/4/03



LNW80 Microcomputer Operations Manual

SA801. The correct drive is the SA800. An SA801 can be easily
converted to an SA800 by noving the shorting plug on the
drive’s PCB fromthe 801 position to the 800 position. The
sunmary of the correct option settings is |isted bel ow

Table B.5 - Correct Option Settings for Shugart

SA80 0/80 1.
Trace Descri pti on Correct
Desi gnat or Setting
T3, T4, T5, T6 Term nation for nmux inputs Open
For last drive on cable Cl osed
T1 Term nation for drive sel ect Cl osed
T2 Spare term nation Open
DS1 Drive select 1 - drive 1 Cl osed
- others Open
DS2 Drive select 2 - drive 2 Cl osed
- others Open
Ds3 Drive select 3 - drive 3 Cl osed
- others Open
DS4 Drive select 4 - drive 4 Cl osed
- others Open
RR Radi al ready Cl osed
RI Radi al i ndex 6 sector Cl osed
RI,S Ready, |ndex, Sector alternate|| C osed
HL St epper power from head | oad Cl osed
DS St epper power fromdrive Open
sel ect
WP Enable wite protect feature Cl osed
NP Di sable wite protect Open
8, 16, 32 8,16, 32 Sectors (801 only) Don't care
D Al ternate input-in use Open
2,4,6, 8,10, Nine alternate 1/0 pins Open
12, 14, 16, 18
D1, D2, D4, DDS|| Drive sel ect decode option Open
A B, X Radi al head | oad Cl osed
C Al ternate input-head | oad Open
z In use fromdrive sel ect Cl osed
Y In use from head | oad Open
DC Al t ernat e out put -di sk change Open

NOTE: The above options are selected via pins or circuit
trace. CLCSED neans that either a Berg pin-shorting-plug or a
circuit trace is making continuity. OPEN nmeans that a
shorting-pin is not present or that the circuit etch is
broken. For nore information, refer to the SA800/801 di skette
storage drive CEM manual .

Qunme Data Track 8

The Data Track 8 (DT-8) is a Shugart-conpatible, dual-sided
disk drive that is conpatible with the LNWBO conputer. It has
virtually the same option settings and factory configuration
as the Shugart SA850. It should require no nodification other
than the setting of the drive selects and the pr oper
termination, The termnation resistors consist of tw (2)
dual -inline IC type packages mounted in sockets on the disk
drive's PCB. They should only be installed in the last drive
on the cable. Renenmber that only one set of ternination
resistors is required for both 5" and 8" drives. A 16-pin dip
shunt is provided for the seven nost commonly used trace cut
options. These options include:
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Table B.6 - Qume Data Track 8 Option Settings

Trace Descri ption Correct
Desi gnat or Setting
R READY | N THE MJUX MODE CLOSED
| I NDEX | N THE MJUX NODE CLOSED
HL STEPPER PONER FROM HEAD LOAD CLOSED
A DRI VE SELECT ACTI VE CLOSED
B DRI VE SELECT ACTI VE CLOSED
X HEAD LOAD ACTI VE ON DRI VE SLCT|| CLOSED
z I N USE FROM DRI VE SELECT CLOSED

This shunt should be installed with no positions broken.

OTHER OPTI ON SETTI NGS

Table B.7 - O her Option Settings for 8 Inch Drives.

TRACE

DESI GNATOR DESCRI PTI ON CORRECT SETTI NG

DS1 DRI VE SELECT 1 FOR DRIVE |: CLCSED
OTHERS: OPEN

DS2 DRI VE SELECT 2 FOR DRI VE 2: CLOSED
OTHERS: OPEN

DS3 DRI VE SELECT 3 FOR DRI VE 3: CLOSED
OTHERS: OPEN

DS4 DRI VE SELECT 4 FOR DRI VE 4: CLOSED
OTHERS: OPEN

RR RADI AL READY CLCOSED

RI RADI AL | NDEX AND SECTOR CLCOSED

R, | READY, | NDEX ALTERNATE CLCOSED

HL STEPPER POVER FROM HEAD LOAD CLCOSED

DS STEPPER POVNER FROM DRI VE SELECT OPEN

WP ENABLE WRI TE PROTECT FEATURE CLOSED

NP DI SABLE WRI TE PROTECT OPEN

D ALTERNATE | NPUT-1 N USE OPEN

6,8,10, 12,

16, 18, 24 SEVEN ALTERNATE |1/0 PINS OPEN

D, D2, D4, DDS DRI VE SELECT DECCDE OPTI ON OPEN

A B, X RADI AL HEAD LOAD CLOSED

C ALTERNATE | NPUT- HEAD LOAD OPEN

z I'N USE FROM DRI VE SELECT CLOSED

Y I N USE FROM HEAD LOAD OPEN

2S ALTERNATE OUTPUT DI SK 2 SENSE  OPEN

DL DOCR LOCK LATCH OPEN

Bl - B4 TWO, DOUBLE SI DED DRI VE SELECT OPEN

S2 HEAD SELECT FROM SI DE SELECT CLOSED

Sl, S3 CONFI GURATI ON FOR HEAD SELECT  OPEN

NOTE: The above options are selected via pins or circuit
trace. CLCSED neans that either a Berg pin-shorting-plug or a
circuit trace is making continuity. OPEN nmeans that a
shorting-pin is not present or that the circuit etch is
broken. For more information refer to the Qume Menory Products
Data Trak 8 Maintenance Manual .

Tandon 848-1 and 848-2

These drives are the single (-1) and dual -sided (-2) disk
drives that occupy one-half the space of a standard 8-inch
drive. These drives also feature DC-only operation. These
drives do not have a head-|oad solenoid as a standard feature
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(the heads are loaded all the time). WE RECOMMEND, for the
sake of nedia and head wear, that the spindle notor should be
configured to be turned on and off by the MOTOR ON |line on the
out put of the LNWBO disk controller. This nodification
procedure is detailed in the next section. The TMB48 is fully
Shugart-conpatible, with the foll owi ng exceptions:

Table B.8 - TMB48 Exceptions to Shugart Compatibility
| PIN # || DESCRI PTI ON || COMVENTS |

6 MOTOR OFF W LL BE MODI FI ED TO BE MOTOR ON
18 NOT USED I'S HEAD LOAD ON OTHER DRI VES

The factory options are configured via a DIP shunt at U3,
pins and circuit traces. The factory settings require no
changes with the exception of drive selects and the renpval of
the termnation resistor DIP pack fromall the drives except
the last drive on the cable. Table B.9 is a summary of the
factory sel ected options.

Table B.9 - TMB48 Factory Sel ected Options

Trace Description Correct

Settings Settings
R READY I N THE MUX MODE CLOSED
I I NDEX I N THE MUX MODE CLOSED
HL STEPPER POVER FROM HEAD LOAD CLOSED
A DRI VE SELECT ACTI VE CLOSED
B DRI VE SELECT ACTI VE CLOSED
X HEAD LOAD ACTI VE ON DRI VE SLCT CLOSED
z IN USE FROM DRI VE SELECT CLCSED

This shunt should be installed with no positions broken

O her Options

Table B.10 - O her Options for the Tandon 848-1
and 848-2 Drives.

TRACE
DESI GNATOR DESCRI PTI ON CORRECT SETTI NG
DS1 DRI VE SELECT 1 FOR DRI VE 1: CLOSED
OTHERS: OPEN
DS2 DRI VE SELECT 2 FOR DRI VE 2: CLOSED
OTHERS: OPEN
DS3 DRI VE SELECT 3 FOR DR1VE 3: CLOSED
OTHERS: OPEN
DS4 DRI VE SELECT 4 FOR DRI VE 4: CLOSED
OTHERS: OPEN
RR RADI AL READY CLOSED
RI RADI AL | NDEX AND SECTOR CLCSED
R, | READY, | NDEX ALTERNATE CLCSED
DS STEPPER POWER FROM DRI VE SELECT OPEN
WP ENABLE WRI TE PROTECT FEATURE CLCSED
NP DI SABLE WRI TE PROTECT OPEN
DC ALTERNATE DI SK CHANGE OPEN
D ALTERNATE | NPUT-1 N USE OPEN
z IN USE FROM DRI VE SELECT CLOSED
2S ALTERNATE OUTPUT DI SK 2 SENSE OPEN
DL DOOR LOCK LATCH ( OPTI ONAL) OPEN
Bl - B4 TWO, DOUBLE SI DED DRI VE SELECT  OPEN
S2 HEAD SELECT FROM SI DE SELECT CLCOSED
Sl, S3 CONFI GURATI ON FOR HEAD SELECT OPEN
Y  (OPTI ONAL) I N USE FROM HEAD LOAD OPEN
HL ( OPTI ONAL) STEPPER POVNER FROM HEAD LOAD CLOSED
MC1 MOTOR ON CONTROL FROM PI N 4 CLCSED

Configuring the TMB48 for MOTOR-ON Controlled Operation

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_4.html

Page 20 of 37

12/4/03



LNW80 Microcomputer Operations Manual

If the TMB48 that you are using does not have the HEAD LOAD
SOLENO D OPTION OR it is desired that the TMB48 notor control
oper at es Iike a mnifloppy (for noise or nedia wear
consi derations), the followi ng procedure can be performed to
configure the drive to operate in this manner:

1. Moudify the Disk Drive:

Install a junper fromPin 6 of the drive’'s 50-pin edge card
(a pad is provided at MC2) to U35-10 (available at one side of
junmper strap M2). This can be acconplished using a 30 A WG wire
of sufficient length soldered properly and nechani cal | y
secured with sone type of glue or tape to keep it close to the
surface of the PCB. Refer to the silkscreen on the circuit

board and, if possible, the schematic diagrans (Tandon Dwg. #
210092-00) and the technical documentation on the drive.

2. Install a Junper on the 34 to 50 Cabl e Adapter

The motor-on control (fromthe 5-1/4" 34-pin cable) should
then be routed to Pin 6 of the 50-pin 8" disk drive bus so
that the notor-on control will drive the 8" disk drive(s).
This can be acconplished by installing a junper (soldering a
small wire) across the pads that are conveniently provided on
the 34-to-50 pin adaptor-cable LNW STK# 1096. To find these
unnmar ked pads, sinply trace Pin 6 of the 50-pin side to a
"dead end" pad. Another pad is |ocated nearby and shoul d be
connected to Pin 16 of the 34 pin 5-1/4" side of the adaptor
boar d.

O her Consi derati ons.

Now that the 8" drives act sinmilar in nature to the 5-1/4"
drives, there is a snmall problem with the DOSPLUS 3.4
operating system DOSPLUS does not wait for the drive to conme
up to speed on the 8" disk drives (since this burdens the
performance of the other type of drives). In order to use
DOSPLUS, a patch is required to allow the disk drive adequate
time for the drive to come up to speed. Here it is:

5-1/4 or 8 Inch System Di sk

Using the DISKZAP wutility programin DOSPLUS, nodify the
followng two bytes ON A BACKUP OF YOUR DOSPLUS MASTER
Dl SKETTE:

Track: F
Sect or: 3

[ Bytes || was |l Should Be

CF 20 00
DO 09 00

Table B.11 - Zaps to 5-1/4 or 8 Inch System Di sk

APPENDI X C. DRAW NG PROGRAM FOR LNWBASI C MODE 1

10 '... DRAW NG PROGRAM - This program all ows you to draw
20 '...lines and circles on the screen

30 CLEAR200: CLS: PCLS: MCDE 1

40 GSUB #" MENU'

60 DRAW B, W40, 96" ' Start at centre of screen
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90 CLS: PCLS

100 | N$=" UDLREFGHBZCSO'

120 A=PEEK( SH4099) | FA=0THEN120
140 A$=CHRS( A)

160 AX=l NSTR(| N$gAS$)

180 ON AX GOsuUB
500, 500, 500, 500, 500, 500, 500, 500, 600, 700, 800, 900, 950
190 GOr0100 '...Erroneus entry disregarded
499 '...Miin draw section

500 B$=A$

520 DO

540 DRAWAS+" 1"

560  A=PEEK(kH4099) : A$=CHR$( A)

580 UNTIL (A$

900 | NPUT" Narme of graphics screen to be saved ";S$

910 PSAVE S$: CLS: RETURN

950 I NPUT"Nane of graphics screen to be |oaded "; 08

960 PLOAD CG$: CLS: RETURN

1000 4" MENU'

1010 PRI NT @, STRI NG$( 64, 131)

1020 PRI NT @5, " DRAW NG PROGRAM MENU"

1030 PRI NT @128, STRI NG$( 64, 131)

1040 PRINT @59, "By pressing any of the keys UDL,R E F, G or
H, you may draw lines as indiated in the diagrant

1050 DRAW B, N100, 120"

1060 DRAW N, U20, N, D20, N, L20, N, R20, N, E20, N, F20, N, G20, N, H20"

1070

PRI NT@60, "H'; : PRINT@64,"U";: PRINT@69, "E"; : PRINT@51,"L";: P
RI NT@62("R";

1080 PRI NT0780,"G';: PRI NT@84,"D";: PRINT@89,"F";

1090 PRINT@80,"Z = Zero (erase) last line " RINT@44,"B =

Move to new start point";

1100 PRI NT@O0O, "Press space-bar to halt a line";

1110 PRI NT@08,"C = Draw circle";

1120 PRINT@96,"S = Save graphics screen";: PRINT@®28,"0 =
Load graphics screen”;

1130 A=PEEK(&H4099): |IF A=0 THEN 1130 ELSE RETURN

notes

APPENDI X D

Vi deo Di spl ay Wirksheet

Vi deo Di spl ay Wor ksheet
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notes

APPENDI X E
GLOSSARY

access
The operation of seeking, reading or witing data on a storage
unit (in this case, the diskette).

access time
The time that el apses between any instruction being given to
access sone data and that data beconmi ng avail able for use

addr ess
An identification (nunber, name, or label) for a location in
which data is stored

al gorithm
A conput ational procedure

al phanuneric (characters)
A generic termfor nuneric digits and al phabetic characters.

al phanumeric string

A group of characters which may include digits, alphabetic
characters, punctuation characters and special characters, and
may include spaces. (Note: a space is a ’'character' to the
conputer, as it nmust generate a code for spaces as well as

synbol s.)

ASCI |

Abbreviation for American Standard Code for I nf or mati on
I nt er change. Pronounced: ’'ass-key'. Usually refers to a
standard nmethod of encoding letter, nuneral, synbol and
speci al function characters, as used by the conputer
i ndustry.

assenbly | anguage
A machi ne-oriented |anguage for programming menpnics and
machi ne readabl e code from the mmenonics

base
Quantity of characters for wuse in each of the digita
positions of a nunbering system

base 2
The 'binary’ nunbering system consisting of nmore than one
synbol, representing a sum in which the individual quantity
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represented by each figure is based on a multiple of 2

base 10

The 'decimal' nunbering system HVD consisting of nore than one
synbol, representing a sum in which the individual quantity
represented by each synbol is based on a multiple of 10

base 16
The ' hexadeci mal’ nunbering s stem HVD consisting or nore than
one synbol representing sum in which the individua

quantity represented by eac synbol is based on a multiple of
16.

bi nary
See ' base 2'

bi t
a. single '"binary’ digit whose value is 'zero' or

one .

Bool ean

This word isn't really bere (for you fol ks who paid attention
to the general information section). A form of algebra applied
to binary nunbers which is sinmlar in form to ordinary
algebra. It is wespecially wuseful for |logical analysis of
bi nary nunbers as used in conputers

' BOOT' -- BOOTSTRAP

A machine |anguage program file that is put onto every
di skette by the ' FORMAT' routine. This routing is invoked when
reset or power-on occurs. It automatically |oads the necessary
prograns (SYSO/SYS) to cause the conputer to respond to the
DOS commands; i.e., the nachine is ' BOOTSTRAPPED or ' BOOTED
into operation,

buf f er
A smal |l area of nmenory used for the tenporary storage of data
to be processed.

buf fer track
A track on a diskette used for the temporary storage of data
or program material during a recovery process.

bug
A Software fault that results in the mal function of a program
May al so refer to hardware mal functions

byt e
Eight 'bits'. A 'byte' my represent any nunerical val ue
between '0' and ' 255'.

command file
A file consisting of a list of conmands, to be executed in
sequence.

conti guous
Adj acent or adj oi ning

control code

In programm ng, instructions which determ ne conditional junps
are often referred to as control instructions and the tinme
sequence of execution of instructions is called the flow of
control

CRC error

Cyclic Redundancy Check. A neans of checking for errors by
using redundant information used prinmarily to check disk I/0
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while verifying

dat a base

A collection of interrelated data stored together with
controlled redundancy to serve one or nore applications. The
data are stored so that they are independent of prograns which
use the data. A comon and controlled approach is used in
addi ng new data and in nodifying and retrieving existing data
within a data base. A systemis said to contain a collection
of data-based information if they are disjoint in structure.

dat a- base managenent system
The collection of software required for using a data base.

data el ement
Synonynous with 'data item or 'field’

data type

The formin which data is stored; i.e., integer, single
preci sion, double precision, 'alphanuneric' character strings
or 'strings'.

DEC
Initials for Directory Entry Code.

deci mal
See ' base 10'.

direct access

Retrieval or storage of data by a reference to its |location on
a disk, rather than relative to the previously retrieved or
stored data.

DI RECT STATEMENT (I N FI LE)
A program statenent that exists in the disk file that is not
assigned a |ine nunber.

DI RECTORY
A table giving the relationships between itens of data.
Sonetines a table or an index giving the addresses of data.

di spl acenent

A specified number of sectors, at the top or begi nning of the
file, in which the 'bookkeeping’ and file paraneters are
stored for |later use by various program nodul es.

di stributed free space
Space left enpty at intervals in a data lay out to pernmit the
possible insertion of new dat a.

doubl e precision
A positive or negative nuneric value, 16 digits in |l ength, not
including a decinal point (Exanple: 99999999999999. 99).

DUMP

To transfer all or part of the contents of one section of
conputer nenory or disk into another section, or to sonme other
conput er devi ce.

embedded pointers
Pointers in the data records rather than in a directory.

entity
Sonet hi ng about which data is recorded.
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ECF

Initials for "end of file'. It is conmpn practice to say that
the EOF is record nunmber nn or that the EOF is byte 15 of
sector 12. Hence, it is a convenient termto use in describing
the location of the last record or last byte in a file.

ext ent
A contiguous area of data storage

file

A collection of related records treated as a unit; The word
file is used in the general sense to mean any collection of
informational items simlar to one another in purpose, form
and content.

file paranmeters
The data that describes or defines the structure of the file.

FI LESPEC
A file specification and may include the 'file name', the 'the
file nane ext ensi on', ' password', and " di sk drive'

speci fication

field
See 'data iteni.

file area
The physical location of the file, on the disk, or in menory.

header record
A record cont ai ni ng conmon, const ant or identifying
information for a group of records which follow

hexadeci mal
See ' base 16’

i ndex
A table used to determ ne the location of a record.

i ndi rect addressing

Any method of specifying or locating a storage |ocation
whereby, the key (of itself or through cal cul ation) does not
represent an address. For exanple, |ocating an address through
i ndi ces,

I NSTRI NG

Refers to the capability of locating a substring of characters
that may exist in another character string. An exanple would
be: Substring = 'THE String = '"NOWIS THE TIME' . An | NSTRI NG
routine would locate the substring and return its starting
position within that string. In this exanple, it would return
a value of eight.

i nt eger
A natural or whole nunmber with no decimal point..

inverted file

A file structure which permts fast spontaneous searching for
previ ous unspecified information. Independent lists or indices
are maintained in records' keys which are accessible according
to the values of specific fields.

inverted |ist
A list organized by a secondary key HVD not a primary key.

I PL
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Initials for Initialize Program Loader; a program usually
execut ed upon pressing of the 'RESET’ button.

key

A data itemused to identify or locate a record or other data
gr oupi ng.

| abel

A set of synbols used to identify or describe an item record,
message or file. COccasionally, it my be the same as the

address in storage.

| east significant byte
The significant byte contributing the smallest quantity to the
val ue of a nuneral.

list
An ordered set of data itenms. A 'chain'.

| oad nodul e
A program developed for loading into storage and being
executed when control is passed to the program

| ogi cal

An adjective describing the form of data or gani zati on,
hardware or system that 1is perceived by an application
program programer, or user; it may be different than the
real (physical) form

| ogi cal dat a-base description

A schema. A description of the overall data-base structure, as
perceived for the users, which is enployed by the data base
managenent software.

logical file

A file as perceived by an application program it may be in a
conpletely different formfromthat in which it is stored on
the storage units.

| ogi cal operator

A mathematical synbol that represents a mat hematical process
to be perforned on an associ ated operand. Such operators are
"AND , "OR, '"NOT’, 'AND NOT' and ' OR NOT'.

| ogi cal record

A record or data itemas perceived by an application program
it my be in a conpletely different formfromthat in which it
is stored on the storage units.

LSB
See | east significant byte.

machi ne- | anguage
See assenbly | anguage.

mai nt enance of a file

(1) The addition, deletion, changing or updating of records in
t he database.

(2) Periodic reorganization of a file to better accomopdate
items that have been added.

noni t or

A program that nay supervise the operation of another program
for operation or debugging or other purposes.
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nost significant byte
The significant byte contributing the greatest quantity to the
val ue of a nuneral.

VSB
See nost significant byte.

mul tiple-key retrieval

Retrieval which requires searches of data based on the val ues
of several key fields (some or all of which are secondary
keys).

ni bbl e
The four right nost or left nost binary digits of a byte.

nul |
An absence of information as contrasted with zero or blank for
t he presence of no information.

on-line

An on-line systemis one in which the input data enter the
conputer directly from their point of origin, and/or output
data are transmtted directly to where they are used. The
intermediate stages such as witing tape, |oading disks or
off-line printing are avoi ded.

on-1ine storage

Storage devices and especially the storage nmedia which they
contain under the direct control of a computing system not
off-line or in a volune library.

operating system

Software which enables a conputer to supervise its own
operati ons, automatically calling in prograns, routines,
| anguage and data as needed for continuous throughput of
different types of jobs.

parity
Parity relates to the nmaintenance of a sanmeness of |evel or
count, i.e., keeping the sane nunmber of binary ones in a

conputer word to thus be able to performa check based on an
even or odd nunber for all words under exam nation.

physi cal

An adjective, contrasted with logical, which refers to the
form in which data or systens exist in reality. data is often
converted by software fromthe formin which it is physically
stored to a formin which a user or progranmmer perceives it.

physi cal data base

A data base in the formin which it is stored on the storage
medi a, including pointers or other neans of interconnecting
it. Miltiple logical data bases may be derived fromone or
nmore physical data bases.

physi cal record

A collection of bits that are physically recorded on the
storage nedium and which are read or witten by one nachine
i nput/out put instruction.

poi nter

The address or a record (or other data groupings) contained in
another record so that a program nay access the forner record
when it has retrieved the latter record. The address can be
absolute, relative, synbolic, hence, the pointer is referred
to as absolute, relative, or synbolic.
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primary entry
The main entry made to the directory.

random access

To obtain data directly fromany storage |ocation regardless
of its position, wth respect to the previously referenced
information. Also called 'direct access'

random access storage
A storage technique in which the time required to obtain
information is independent of the location of the infornmation
nost recently obtained

read

To accept or copy information or data frominput devices or a
menory register; i.e., toread out, to read in

record

A group of related fields of information treated as a unit by
an application program

rel ati onal operator
A mat henatical synmbol that represents a mathematical process
to perform a conparison describing the relationship between

two values (e.g. < less than . . . .> greater than
equal . . . and conbinations thereof).
search

To examine a,series of itens for any that have a desired
property or properties.

secondary i ndex
An i ndex conposed of secondary keys rather than prinmary keys.

sect or
The snal | est addressabl e portion of storage on a diskette.

seek
To position the access nechanismof a direct-access storage
device at a specified |ocation.

sequential access
Access in which records nust be read serially or sequentially
one after the other; i.e., ASCII files, tape

singl e precision
A positive or negative nunerical value of 6 digits in I|ength
not including a decinmal point (Exanple: 99999.9).

sort

To arrange a file or data in a sequence by a specified key
(may be al phabetic or nuneric and in descending or ascending
order).

source code
The text from which executable code is derived

systemfile
A program used by the operating systemto manage the executing
program and/ or the conputer's resources

sub-strings
See | NSTRI NG
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t abl e

A collection of data suitable for quick reference, each item
being wuniquely identified either by a |label or its relative
posi tion.

tally
To add or subtract a digit froma quantity.

t oken
A one byte code representing a larger word consisting of 2 or
nore characters

track
The <circular recording surface transcribed by a read/wite
head on the disk.

transaction

An input record applied to an established file. The input
record describes sone "event" that will either cause a new
file record to be generated, an existing record to be changed
or an existing record to be del eted

transpar ent
Conplexities that are hidden fromthe programmers or users
(rmade transparent to then) by the software

vect or

A line representing the properties of magnitude and direction

Since such a 'line' can be described in mat hematical terns, a
mat hemati cal description (expressed in nunbers, of course) of
a given ‘'direction' and 'magnitude' is referred to as a

‘vector'.

verify

To check a data transfer or transcription

wor ki ng storage
A portion of storage, usually conputer main nenory, reserved
for the tenporary results of operations

wite
To record information on a storage device

zap
To change a byte or bytes of data in nenmory on on diskette by
using a software utility program

| NDEX
I'NDEX
* = Discussion
# = Programlisting
- A-

AC Power 41

Adapter Board, 34 to 50 pin #35, 138
Aer oconp 127

Al ternate Source 100
Anpere, Andre 74

Anal ogue Si gnal 79
Anal ytical Machine 74
Android/Nim 108
Apparat |nc. 93,128
AUX | nput 27, 28

ASCI | 18, 107
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Assenbl er 8

Assenbl y Language *8
Asynchronous Transni ssi on #76
AUTO (vari ous DGCSes) 11, 96

Auto Switch 16, 97, 101, 104, 107

-B-

Babbage, Charles 74
BACKUP 11
Basi c *8

- interpreter 91
Baud 19, 28, *75

- rate switches 80- 81
Baudot 75
Boot sector 10
Boot strap | oader 10
BREAK (key) 16
BU LD (Dospl us 3.4) 11, 96

-C

CAPS LOCK  *17
Carrier Wave 79
Cassette Interface 9, *27
- specifications 116
Cassette Recorder 27,28
Cat hode Ray Tube 22
Central Processing Unit *6, 18
- specifications 111
Centronics 71

CHAI NBLD/ BAS 103
Char act er

- size 26

- position 48, 58
CHARM 12, 25, 26

CLOAD 29
CLEAR 17
Cl ock I
Col or

- test program 44

- field 66

- mappi ng 107
Comuni ty Col | ege 87
Conpatibility 106
Comput er *6
Comput er Languagea *7
CONFI G (Dosplus 3.4) 96,97
Configuration Sw tches 81, 82, 83, 84
CONTROL key 16
CONVERT (Dosplus 3.4) 106
CONV2 (Dosplus 3.4) 107
COPY ( Newdos80) 11, 98,99, 101
CRAVE ( Basi c) 29
Cup (tea or coffee?) 74
Cur sor 24

-D

Dat a Conmmuni cati ons Equi pnent 77,80
Dat a Term nal Equi prment 77

DB25 socket 71, 80

Debug Il

DEFKEY 18

Di gital Signal 79
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DI N Pl ug 27
Dip Sw tches 80
DR 11
Directory 10
Di sk Basic 5
Di sk
- care 40
- description 38
- eight inch 95, 97
- system 102

Di sk Controller *20 Disk Drives *33-38

- configuring 5 1/4" 128
- configuring 8" 131-138

- connecting 5 1/4" 34
- connecting 8" 35
- doubl e sided 127

- MPI 129

- Qune 134

- selection 126
- Shugart 128, 133-134
- Si enens/ Wangco 130
- Tandon 130, 136
- Teac 130
- tutorial 125
Disk Interface *33
speci fications 115

Di sk Operating System 5,*10-11, 33,91, *82-105

Di skzap 11,16, 138

DO 11,103

Docunent ati on 92
DOSPLUS (vari ous versions)

5,9,17,32,71,84,9l,92,93,94, 95-96, 97, 104, 106, 128, 138

- and LNWasic 96
- systemdi sk 138
Doubl e density 20, 93, 95, 98-99, 128

-E-

EAR | nput 27, 28

Ear phone Jack 30

El ectric Pencil 12,17, 32

El ectronic I ndustries Association 74
El ectrons 120

ENTER 15

Envi ronnent 87

Expansi on Port 20

Ext ender Cabl e 34, 035

-E-

Farvour, Janmes 72

Files 10

Fi ve/ Ei ght Swi tch *37-38, 102
F1, F2 keys 17

FORMAT (various DOSes) |

-G

Gr aphi cs *47-69
- cell 48
- characters 25
- machi ne | anguage 57
- nodes 47
- mode 0  *47.58
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- node 1 *48, 60

- node 2 *50, 63

- node 3 *50- 54, 64

- nmode control 57
RAM accessi ng 59

- test 46

-H

Hal f - bi t 83

Handshaki ng 77

H gh Menory 87
- protection 91

Hi gh/ Low Swi t ch *16, 19, 28, 94, 97, 101, 103, 104, 107
- test 46

Housekeepi ng 90

I nput / Qut put devi ces *6

I nput / Qut put panel *20, #21, 80, 101
Interpreter 8

| nverse video *25, 57

- K-

Keyboard 6, *15
- specifications 111
KILL (various DGCSes) 11

-L-

Left Arrow 17
Level 2 5, 90, 91
Ldos (various versions) 5, 32, 93, 95, *103- 105, 128
- and LNwbasic 104
LDOSPATCH 104, 105
Li brary 10
Li ne Count 72
Li ne Printer
- adjusting printer controls 73
- availability 72
- interface 70,71
- parallel 70,71
- serial 70,*77, 87
- specifications for interface 116
LLIST 71
LNWBasi ¢ 5,9, 17, 84, 95, 96, 106, 107
- specifications 117
LNDoubl er 5/8 93, 102, 128
Logi cal Systens Inc 103, 105
Lower Case Program 32
LPATCH CMD 105
LPRINT 71
LX80 Interface 93,103, 104

-M
MAP/ BAS (LNWBasic) 107-110
Menory *7
- bank switching 60
- size? 41,91
- specifications 111
- ,text 64
- test 45
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utilization 90
M C I nput 27,28
M crosoft 18,72
- Basic interpreter specifications 112
Modem *78- 80
- status register 85
Modul ation 79
Moni tor 22,23, *122-124
- adj ustnment 42
- nonochrome *122-123
- NSTC Conposite Video Col or *123
- RGB (Red Green Blue) *123-124
Morse, Sanuel 74
Mul tidos 32,93,95, *105

- N

Newdos (various versions) 5,16, 32,92,93,94,95,*97-103
- and disk drive setup 99-103
- and LNwhasic 103

Noi se 82

NTSC 22

color 44

-0-

bj ect code 8

Om kron 105, 128

Operating system *10- 11
0S- Dos 94

Qutside Interference . 121
Overlays 7,92

- p-

Page Length 71
Parallel Printer 19
- see also Line Printer
Parity 81, 82,84
PDRI VE (Newdos80) 97-102
PEEK (Basic) 72
Percom Data Co. 93, 127
Per tec 127
Pi xel 47

PO NT (Basic) 66
Power Supply 121
Power Up *41
- Ml functions 42
Power Of f 45
Pr onpt 24
Pulled Pin Drive Cables 126

-Q
Qui ckey (LNWBasic) 17
R

Radi o Frequency nodul at or 22
Radi o Shack 27,91, 93
Random Access Menory *19, 91
Read Only Menory *18, 90
Real Tine C ock 117
Recei vi ng (RS232) 81
Red Green Blue 22,023

- nonitor 45,50-52
RESET key 15, 66
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RGB (see Red Green Bl ue)
Ri ght Arrow 17
ROM (see Read Only Menory)
Rubber Pinch Roller 28, 30
Run- Ti ne 7
RS232 5,19, *74- 89
- & Serial printer 77
- specifications 116

-S-

Scr een #61
- inner 6 extension 62
Scrol ling *24
Scrolls 6
Sect or 39
Serial Printer (see Line Printer)

Serial Ternminal Program (see Term nal Program

SHI FT key *17

Shooti ng Troubl e 120
Shugart 125, 127

Spool 11

Start Bits 81

Stop Bits 81, 83

Super basi c 105

Synchroni zation Pattern 29
SYSTEM ( Newdos80) 97

-T-

Tape 27,28
Tape Noi se 28
Tel et ypes 82

Term nal Emul ation Capability 116
Term nal Program
- assenbly | anguage 85
- BASIC 87
Term nati on 125, 131, 134
Text Characters *25
Tone Control 30
Tracks 39
Transfer Speed 28, 30
Transm tting (RS232) 81
Troubl e Shooting see Shooting Troubl e

Trsdos (various versions) 5, 16, 92, 93, 94, 95, 103

TRS80
- Model | 17, 80, 81, 92, 94, 107, *125
- Model |1 106, 107
- Model 111 106, 107
- Extended Col or Basic 110
V. 22
-U

UART (see Universal Asynchronous Transmtter

U trados 94

Uni versal Asynchronous Transmitter Receiver

- control register 84

- receive register 85

- status register 85
Uility prograns 11

- V-

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_4.html

80, 81, *83-84

Page 35 of 37

12/4/03



LNW80 Microcomputer Operations Manual

Vi deo di spl ay 6, *22
- specifications

- output specifications

Vi sicalc 17

Vol t age Fl uctuations 121
Vt os 32,93,94

-W

Wait States 46
Word Length 81, 82

-Y-
Yen 17

-Z-

Z80A M croprocessor 6, *18, 111

114

notes

notes

notes

http://www.xs4all.nl/~fjkraan/comp/LNW/mom/mom_4.html

Page 36 of 37

12/4/03



LNW80 Microcomputer Operations Manual

USER S RESPONSE SHEET

manual Title: The LNVWBO Omner's Manual

Manual Dat e: Cct ober, 1982 Date of This Letter:
User's Nane: Tel ephone ( )

Conpany: O fice/Dept.:

St reet Address:

City/ State/ Zi p Code:

Pl ease list any discrepancy found in this manual by page,
par agraph, figure or table nunber in the follow ng space.
If there are any other suggestions that you wish to make,
feel free to include them Thank you.

manual Location Comment / Suggesti on

FOLD ON TWO LI NES (LOCATED ON REVERSE SI DE), STAPLE AND MAI L

FOLD
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LNW RESEARCH CORP. 2620 WALNUT AVE.
TUSTIN, CA. 92680
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