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Level Il

On a Z-80 System

Although the author used Radio Shack’s three-ROM BASIC,
the two-ROM version should work as well.

Richard J. Uschold
80 V/oodview Dr.
Port Orange, FL 32019

ince | have been a dedicated
Shardware hacker for many
years, | just had to build my own
computer. | started designing at

Christmas in 1976. By Septem- .

ber 1977 | had my computer
basically working, and by
Christmas 1977 it was working
in BASIC. It was a2K Tiny BASIC
interpreter, but it was better
than nothing.

After about a year of using my
Tiny BASIC, | decided | was

ready for a real BASIC. Since !
had chosen the Z-80 micropro-
cessor for my computer, | could
use any BASIC written for the
8080 or the Z-80.

There were a number of BA-
SICs available that required
from 8K to 24K of memory at
prices from $50 to several hun-
dred.dollars. | really liked the
idea of having the BASIC in
ROM so that | wouldn’t have to
load it from tape every time,
which seemed to take forever.
(Even with my 2400 baud cas-
sette interface, programs longer
than 4K become annoying!) This
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Fig. 1. TRS-80 keyboard connected to the address and data buses.
(Reprinted from the “TRS-80 Technical Reference Manual,”

courtesy Radio Shack.)
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meant | had to either use
EPROMs or buy the BASIC al-
ready in ROM. The EPROMs
would cost upwards of $80, plus
the price of the BASIC.

There was only one BASIC of-
fered in ROM that | knew of,
although | had heard rumors of
another one coming soon. The
rumors have since become fact,
and Livermore BASIC is now

available on an 8K byte ROM for

$95. | bought the other one,
Radio Shack’s Level Il BASIC,
for $89.10. (Several companies
offer ten percent off Radio
Shack’s original $99 price.
Radio Shack has since raised
the price to $120.)

Radio Shack’s Level Il BASIC
has another significant advan-
tage—software availability.
Since it is the most popular
microcomputer around today, it
has much software designed for
it. Also, many programs not orig-
inally written for it are being of-
fered in compatible forms (for
example, the CP/M disk operat-
ing system and the Electric Pen-
cil).

In this article, | will describe
how | interfaced the Level Il
ROMs to my computer, even

‘though my hardware bears little

resemblance to that of the
TRS-80. 1 will also give some
hints to those computerists
whose hardware doesn't resem-
ble mine either!

Preliminary Work

Before | bought the Level Il
ROMs, 1 did some preliminary in-
vestigation, which. included re-
reading articles that described

the TRS-80 hardware and soft-
ware. | also bought and read the
“TRS-80 Microcomputer Techni-
cal Reference Handbook” pub-
lished by Radio Shack. All of
this - material provided several
important pieces of information.

First, the TVT was a more or
less standard type of memory-
mapped interface, which, 1 fig-
ured, should present no prob-
lems.

Second, the keyboard was an
unorthodox arrangement with
the key matrix directly mapped
in memory (see Fig. 1). 1 figured |
could write a program to take
ASCIl data from my keyboard
and calculate the required mem-
ory bits to set so that the ROM
could find the bits in memory
and convert them back to ASCH
(a kludge, but it worked!).

Third, the cassette interface
was software timed and would
require a different clock rate on
my processor or else some soft-
ware patches to get the timing
right.

Finally, and perhaps most im-
portantly, the ROMs were locat-
ed in memory at address 0000H.
This meant | would have to move
my monitor, which was now
there, to another address. 1
moved it to FOOOH. This required
a reset vector other than 0000H
to initialize to the monitor.

The circuit | used was de-
scribed in the September 1977
Kilobaud (“Using an Invisible
PROM,” p. 106, by Jack Regula).
My version is in Fig. 2. | spent
the next month or so rewriting
and improving my monitor.
When | had it justright, | putitin
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69109 ; TRG-C8 KEYEORRD SYMALRTIR DNTEFRUPT RIUTINE
0110 ; BY RICHHD J. USCHILD

Listing 1. TRS-80 Keyboard Simulator program convert
Il BASIC ROM. Program is simpler than it might have

60129 0F OFT76R

@100 TYEINT FUSH WL S SAVE RESISTERS

80143 PUSH FF

£6153 FUH EC

8163 LD AICH MK KERD AHD LIER NS

©0178 QT (INTHGK), R 5FOR M7 SYSTER ORLY

00138 El

e21% YRR SOLERR A

0208 b8 LO0P CUNT

02210 LD HL 3GMH KERD MEMCRY FDDRESS

gic2 (LRLDF LD (A CLERR KERD RODRESS

fose net ,GEYEFATE NEAT RODRESS

63248 DR CLRLOP

%0258 LD LOFFH  ;KEY PRESSED BVTE

o268 D (LA OERIT

07278 IN R, (KERD, * ,GET DATR FROM KEYBORRD

%0268 A ;SHIE DATA

82298 BIT 7.6 SCRECK AL SHIFT BIT .

wazie IR 2, NRGHFT ,MT FLL SHIFT

80218 Al ;YES-SHIFT BIT DATA

00220 LD LS s SHIFT RUCRESS

00338 LD (L),R  +SET SHIFT BIT

00340 RES 7T SCLERR FLL SHIFT BIT

©3359 L AC GET DATA

@368 NRSHFT (P LFBRKT  GUFFER LIMIT CHARACTER

20376 JR RGARLIDE s0ALY ONE YRLID ABOVE THIS

83320 P AT SCHECK IF ALPHRRETIC

20390 JR S, NOALPH

00409 RRCR ;42 - YES, GENERRTE

00416 RRCA ;74 - SLDRESS BIT

62428 KRCR 9]

89438 R0 83 SHAGK FLL EAT THO BITS

80440 e A SFDJUST COUNT TRUE

83450 Lo B.R 5SET UP LOOP COUNT

00460 ¥R A SOLEFR A

20470 SCF ;CReGY TO BE SHIFTED IN

padcd CENALE FLA L ENERRTE RUDRESS BIT

82496 DRZ GENALR

86503 LA 5SEVE PDDRESS

@58 OATR LD ALC S PESTORE RSCIT DATA

0520 RO 87 WK ALL BUT THFEE BITS

#0530 L &R ,BINE TO COUNTER
@54 DATRA  XIR A CLEFR f

09559 SCF S CRERY TO BE SHIFTED IN
" 80359 e SEE CONT TRUE

poS76 CEHAT RLR ;GENEFRTE LATA BIT

B05Sh OINT CENDST

eS8 LD (L),A  $SET BIT IN REMORY

(] Ly L, oFFY ¥Ev PRESSED BYTE

82618 b (H.A  5SET KEY PRESSED BIT

a2 Nerl G PP BD S BESTORE REGISTER

#2638 P KEInTL  SFINISH Ev DOING NIRMAL

00549 SKEVEURRD INTERUPT ROUTLIE

06550 KFLFH CP °!7 ;16 IT CONTRIL?

02651 IR G ONTRL (YES

80570 BIT 3.A SNXERIC OR SFECIAL?

0z:50 IR N2 NN

02659 BIT 4.R SCHECE TF SHIFT

00729 LD BAGR 5 SRVE RLOFESS BIT

00710 3R, NS NOSHET

garzs 9T LD LB SHIFT FDERSS

09730 W Rl SHIFY &1T

s the ASCli data from my keyboar
been due to the logical placemen

4758 NISHT LD LB

00768 JK DRTA ‘

00770 NOWM LD B.20H  iSHE ROORESS ELT

00728 D 444 SCHECK IF SHIFT

03790 IR 2,SHFT 4

00529 ¥OR 14H S CHECK IF SHIFT

28190 IR 25T

00920 JR HOSHFT

0330 VALIDA P RUBQUT  STHIS IS BAK RRROM KEY
JR NZ,RYALID

65 CNTRL LD HLCTRLTB S TRELE ADDRESS

0360 LD B8 5LODP COUNT

©e370 CRIR ;SERRCH TRELE FOR PATCH

20538 JR N2, RVRLID 10T FOUND

exR Lb HL2346H ;CONTROL EIT FODRESS

©0960 L0 B.C SLORD LOCP COUNT

29918 JRDATAL  5CONPUTE EIT RAD FINISH .

©0928 CTRLTB DEFB SPACE

05338 DEFB RTARDH

@040 DEFB RUBDUT

0958 DEFB LF

20960 DEFS UPFIROM

00970 DEFB ESC

20320 LEFB B

2299 DEFE CR

1008 INTHSK EQU 13H

oio10 KBRD EV 4

91020 LFERKT ECY 58H

91039 RUBOUT EQU 7FH

21043 SPRCE  EQU 284

1053 RTARON EQU 9

#1069 LF EQU 18

91970 UPRROM  EQU 8H

e12%8 E5C  EQU AR

Mo EN EWS

21108 (R EQU 6OH

21118 ATSH  EQU 404

445 s

@1128 5 THIS 15 THE NORMAL KEVEGRRD IMTERUPT SERVICE ROUTINE

e113e ORG BFCICH

#1143 KEDINT PUSH HL

#1152 FUSH AF

@11c0 KBINTL LD HLKERDAT ;SRE FDDRESS FOR DATR

01170 N A, (KBRD) ;GET DATA

1188 LD (HLA SSRVE 1T

1190 F CTRZ ;10 RETURN T0 MONITOR

01209 LD 184 SENRRLE RLL INTERUPTS

e1210 OUT CINTHSK), R

21220 RZTOON 51T WS CONTRL 2

] DEC HL SPOINT TO STATUS WORD

81249 T @, (M) 5SET KERD FLAG

@158 POP RF

812¢0 POP R

8127 El SENRLE INTERLPTS

21280 RET SRETURS FROM INTERUPT

91299 TOMON  POP FF ;RESTORE REGISTERS

#1308 POP RL ; FOR SRVE ROUTINE

o310

1320 KERDAT  EQU OFeRe
g1336 CTRLZ  EQU 4fH
1348 RGSAVE EQU BFSLSH
o135 B

sSRYE REGISTERS AND GO 10 FONITOR

d to the memory-mapped bits expected by the Level
t of the keys in the keyboard matrix (see Fig. 1)-

5 SET ADDRESS BRI

EPROM, and | ordered the Level
11 ROMs.

Getting Ready

While waiting for the ROMsto
arrive, | wrote 2 couple of pro-
grams to simulate the TRS-80
hardware, and | made 2 couple
of hardware modificationstomy
computer in those areas that
could not be readily done with
software. The first program, in
Listing 1, simulated the TRS-80

memory-mapped keyboard. This
program is an interrupt driver

that must be used as such. The ’

program exits by jumping to my
normal keyboard interrupt rou-
tine.

As you can see, the normal
routine checks for a control-Z
character and jumps to the mon-
itor if it detects one. This is an
invaluable feature of my mon-
itor. This allows me to always
jump back to the monitor if for

some reason the executing pro-
gram hangs up (except if it dis-

* ables interrupts or destroys the

monitor RAM area).

It you don’t have an interrupt-
driven keyboard, you can't use
the program in ‘Listing 1, but
don’t worry, you can still put
Level Il on your computer. It is
highly desirable that you have
some method of interrupting the
computer, saving the registers,
etc., and jumping back to your

monitor. It is also necessary
that you use interrupt mode 2on
the Z-80, since the other inter-
rupt locations are used by Level
11 BASIC.

If you use Listing 1 with most
keyboards, you ‘will not be able
to enter the same character
twice in a row! The reason for
this is because when the pro-
gram sets the bits in memory to
simulate the TRS-80 keyboard, it
never resets the bits until the

Microcomputing, August 1980 53

T 8 B

e SR



i

2109 ;BRSIC INITILIZATION ROUTIYES €359 DJNZ DOTLCP 500 4 LINES
@110 RICHARD J. USCHILD 62508 DECE sCHARLOOP COUNTER
otz POG  EQY 1CH 82610 JR N2, CHARLP
0130 SPACE  EQU BFSSFH 00620 WARC ;GET DATA FOR NEXT Rl
€314 CHIN  EQU 8F8SH 09638 SUB 414 5GENERRTE NEXT DOT ROM
€156 JPIGRT EQY EFSIFH 60649 LD R 5SRYE NEXT DOT ROM
€2163 YIOVEC EQU 434EH 008650 0EC D ;MAIN LOOP COUNTER
3170 INITVT EQU EFDRM 00560 JR N2, MATILP
83188 VT ECU 13H 3670 IN R (PCG#3) 5PROTECT MEMORY
9193 PRTVEC EQU 40264 6068 3 BFSIC COMYFHD DECODE - THE KEXT THO LINES FRE PRETICULAR TO MY MOKITOR|
64208 LINEPP  EQU 42224 63698 CALL SPRCE 5 TYPES R SPRCE
€218 KEDVEC EQU 40i6H €708 CALL CHIN  CET f CHRRACTER FROM KEYEUARD RND ECHO IT
ex28 194 EQU BFCSOH €719 P C’ FOR CONTIME
20238 KBDST  EQU OFO3%H e JR 2,RETERS ;G0 BACK T0 EASIC
€240 RUBIUT EQY 7FH 85738 (4 U SFOR INITIALIZE
2253 BS EQU 8 89749 JP 2,000 ;INITIALIZE BRSIC
2o EN EUS 9758 PR 3FOR RESET
270 CHRCNT  EQU 402FH 20768 JR N2, JPIGRT ; ILLEGAL CHARRCTER
23220 TYPOUT  EQU 6F36EH 60778 3 THIS KOUTINE PRINTS ILLEGAL CHRRGTER MESSRGE RD RETURNS TO THE MONITOR FOR THE NEXT COHERD
22298 K EQU @FS4RH 89750 JP WHIVEC  5TRS-8@ RESET SUITCH
©3328 LVID  EQU 3 €0758 NOP
25318 TRHOLR  EQU 4812H 09599 NCP
23320 INTISK  EQU 134 0819 NoP
26338 BOOT  EQU 63FH 62928 NP
29348 SYPC  EQU 8FO5IH 05639 RETEAS LD KL, YIOPCH ; INIT YIDIO FRTCH
@153 DELAY  EQU 68H 8340 LD (VIDVEC), KL ; CHANGE TRS VECTIR
3368 CRET  EQU BDH 67850 CRLL INITYT  5THIS SETS UF M TVT RO :
03378 TRSCRS  EQU OFFH @0858 ; CLEARS THE SCREEN. THIS IS PRRTICULAR TO MY TVT RS IS THE NEXT LINE
83383 VIDIWP EQU GFestH 2870 LD A.GCEN N0 SCROLL, CURSER OFF
03398 LPRROA  EQU SBH : 02309 QUT (TVT+2).A
€540 WAIVEC EQU 66H : m;mlsr&nsscnmmswﬂwmsuxcmsunmmmmm’msm
£9419 ; GENERATE TRS-33 GRAFHICS 3900 ; CONPRESSION CODES (R 64 MCRE PROLESIRELE CHARACTERS
428 - ORG GFSESH ) €318 LD HLVIDIP ;JUZ TO 24A5 DOES SFACE
02430 BSIC  IN R (PCG+2) 5 DISRELE URITE PROTECT ON 83920 LD (HL),@C3H ;COMPRESSION CODES. JUP
3449 ;PROGRAMABLE CHARFCTER GENERRTOR 60938 I R 570 B47D DOES PROGRAMAFRLE
62458 LD KL 3FFH  ;LRST PRG CHR RDDRESS 82340 LD (HL),BR5H ; CHRRFCTERS. FRUM BASIC,
60459 LD C,BFFH  ;DATA FOR LAST CHARACTER £0958 IN H 3 POKE -3988,125 FOR PR
63478 LD D, 424 64 CHARACTER COUNT 0969 LD (ML), 84H  SCHRS, POKE -3938,166
2488 MAIMP LD E4 34 DOT ROHS PER CHAR COUNT e2978 sFOR TRES
%499 CHRRLP LD B,2 3 SHIFT LOOP COUNT 88359 LD KL, TRSPRT ;FRINTER DRIVER
25508 SFTLP RLC C SGET DATA T0 CARRY 60999 LD (PRTVEC), KL
@518 RRA ;ROTATE CRRRY T0 RCC 81629 LD HLKEDSUS  5KEYEGARD SUBTITUTE DRIVER
&528 SRA R ;C0PY BIT TO FOUR PLACES 1018 LO (KBOVEC),BL ;CHANGE TRS VECTOR
%353 SKA R 81028 O R S?
540 SRA A 1039 LD (LINEPP),A ;PRINTER LINES FER PAGE

-~ 6553 DINZ SHFTLP , ;DO NEXT FOUR BITS e1e40 NOP

& 5568 LD B. 4 54 LINES PER OT ROM CDUNT 61059 P P4 5THIS 1S THE SECTION IN
€570 DOTLOP LD (HL3,R  5LOAD DATA TO PRG OIR #1659 5 My MONITOR WHICH RESTORES THE REGISTERS AHD RETURNS TO THE MAIN
- @aSeB DEC KL SEUP TO NEXT RODRESS 1078 ; PROGRAN - AS FROM A CONTROL Z INTERUPT. .
Listing 2. The first part of this program genera tes the bit patterns necessary to program my programmable character generator so it sim-
ulates the TRS-80 graphics. The second part sets up my computer so it is compatible with the Level Il BASIC ROM.

RESET FFFO

next key is hit. If the next key is .

the same as the last one, the

7404 “;—’s: pot s : : same bits will be set and the

i D———‘{>———' s e BT s . ROM will think you have not re-
~ 0 COMPUTER leased the key yet!

nESET-L 7404 A O R CR G O i ::’:’tttrngs"“""
D I l ] | I ‘ There are several SO‘.U.IIOI'IS to
$ 6 G2 this problem. | modified my

LoGIC

Oht keyboard so it gives a second
| L data strobe when a key is re-
| r leased. This will strobe in a null
_ ; and the program will clear the
i ) ' memory when the key is re
g - L —\ 1 :} S T e leased. Another solution is to hit

5 1% ruLL up RESISTORS any key on the keyboard that is

|

% pa PB PC_PD PE PEN R
{

{

' LOGIC ONE

{

RESET FFFO

i aoanaR L not encoded by the program.
H FROM CPU CHIP
| o 62 This will clear the memory and
§ i leave it that way. This is only
i s necessary if you wish to hit the
; same character twice in a row.
1 *GOES TO SYSTEM SIGNAL : Actually, | don't really recom
i mend you use this program. lam
i Fig. 2. Alternate reset vector circuit. Address FFFO must be in PROM and contain a three-byte jump in-  only describing it since it is the
struction to the start of the monitor. way | started this project. Latef,

i .
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Photo 2. My completely home-brew sys tem. The first board contains
the TVT and programmable character generator. Board 2 has my
front panel logic, the interrupt logic, EPROM programmer, two serial
ports and the cassette interface, which supports Kansas City Stan-
dard, Tarbell, PE2400 Radio Shack Level Il and CUTS with a slight
mod. The third board contains the Z-80 CPU chip, 10K of static RAM,
3K EPROM, the clock switch and “No Memory” interrupt circuit.
Board 4 is a 12K static RAM board. The fifth board contains a
joystick interface, Level Il ROMs, alternate reset circuit, floppy disk
interface, real-time clock and sockets for 32K of dynamic RAM.

RMESETV-L

[D POWERS UP AT 2.3 MHz
onE
DATA BUS 1‘
02-M 2 s
> o *
CASSETTE PORT WRITE-H
(F1G. &) rars

MAIN
OSCILLATOR

P °
[N o
e rer4
3
]
<
In:
*3v
&
s 'y (133

2. 5MHz
OR OTHER

7474

CASSETTE
OSCILLATOR

178377 MHz
(3.379:2)

>

SYSTEM
cLocx

& GOES TO SYSTEM SIGNAL

Fig. 3. Clock switch circuit automatically switches the clock from
the normal frequency (2.5 MHz on my system) to 1.79 MHz when /O
port FF is written with bit 2 set. It switches back when port FF bit2is
reset. This bit is the TRS-80 cassette motor control bit.

1'll tell you what you should use
and what | am now using.
Another noteworthy feature
about this program is the shift.
The TRS-80 keyboard program

Photo 1. Level Il kit. ROMs have been removed from the circuit board. (Photos by Michael Tabellion).
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generates lowercase characters
if the shift key is pushed with a
regular key. It also generates
special control characters when
the shift is pushed with the ar-
row keys.

| handled this by using the
eighth bit as the shift bit. My
keyboard has an extra key that
sets the eighth bit when pushed.
Most keyboards don't have this.

The second program | wrote
while waiting for the ROMs is an
initialization of my system so
that the ROMs will think they are
hooked up to a TRS-80. Listing 2
essentially is the program, al-
though it is a little bit different. |
changed it slightly after | got the
ROMs and learned a few things|
didn’t originally know.

The first part of the program
initializes my programmable
character generator to simulate
the TRS-80 graphics characters.
The programmable character
generator is essentially the
same as the one described in
Byte magazine (May and June
1978). There are 128 program-
mable characters that can be
printed by sending the codes
80H-FFH to the video driver or
directly loading these codes in
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TVT memory area. The
3-80 has 64 graphics charac-
+s having codes 80H-BFH.
These corresponding charac-
ters are generated by the pro-
gram.

The next section, command
decode, checks for one of three
options: initialize, continue or
reset. The initialize section
jumps to the ROM so it can ini-
tialize the Level ll RAM area asit
requires. The reset jumps to the
ROM, where the reset button on
the TRS-80 would sendit. Thisis
used when the Level ] hangs up
and you do not wish to destroy
the BASIC program in memory.

On my system, | type a con-
trol-Z tc get back to the monitor
and then BR. B is the BASIC
command in my monitor that
jumps to the program | am now
describing. Risthe reset option.
The continue option initializes 2
few more things, which U'll de-
scribe later, restores the reg-
isters and continues where it
was interrupted (usually by a
control-Z). | frequently use this
to save BASIC programs with
my 2400 baud cassetteinterface
rather than use Level II's 500
baud cassette interface.

| made several hardware
mods to accommodate the Lev-
el Il ROMs. The simplest was to
move my RAM, EPROM and TVT
RAM to the proper locations.
The TRS-80 hardware manual
has a memory map, SO this was
no real problem. The other two
mods were a bit more involved.
Both of these mods are for the
cassette interface.

The first one (Fig. 3) changes
the clock speed during the
cassette operation. Normally
my computer runs at its rated
speed of 2.6 MHz; during a cas-
sette operation, the speed is
reduced to 1.7898 MHz. This is
about one percent higher than
the TRS-80 clock and is more
than close enough when you
consider the tolerance of the
cassette machine.

The required clockrate isone-
eighth the rate of my TVT clock,
so | didn’t require another
oscillator. The required clock is
also one-half the color burst fre-
quency. There are inexpensive
crystals available that you can
use; 3.579 MHz color burst
crystals cost less than $2.

The other changes are more
directly related to the cassette
interface itself (Fig. 4). The out-
put circuit is little more than a
couple of latches and a few re-
sistors. | also added some Tri-
state buffers so | could use the
same cable as my 2400 baud in-
terface. The first input circuit 1
tried is simpler than what the
TRS-80 has, with three fewer op
amps and many fewer resistors
and capacitors. The idea was to :

Clialiye i e e o

been using with my 2400 baud
interface as little as possible.

_ Well, | was finally ready for
the ROMs, which would not ar-
rive for over a month. i

The ROMs Arrive

After calling the company
twice, asking where my order
was, | finally received the ROMs,
which came on a small circuit
board with a 24-pin jumper cable

74129

68K

cable. No instructions cdaili<
with the kit; however, the hand-
book shows a schematic of the
circuit board (Fig. 5). There are
also other items, including an
unprogrammed DIP header and
a resistor, in the kit (see Photo
1). The DIP header alters the
ROM decode in the TRS-80; I'm
not sure what the resistor is
used for. Anyway, | didn't use
either of these.

po—3Yoo a2 3 s
i on—o a :»:— 4
ATA BUS g
2 —2102 o . 2 s 68K
3 az L —e
o3 —{03 0
a3pb— |
USE PIN 10 OR il ON T4I73 ° N 33K
#0m MOTOR CONTROL IF DESIRED TMTS
0
b
Q4 15 I_____—-——-—
[ —| 1 h
casseTTE PORT < 1] ic n 93
_ WRITE-H
(FIG. 3 AND 4)
e e . e s
ON

SYSTEM
ADDRESS BUS

g
Al porT rr-1 <2}
a2 —
a3 —]
A4 —]

—

—

a3
AS

AT

DECODE

33uF
_|{—%) AuDiO TO CASSETTE

+I\

EXISTING QUTPUT CIRCUIT

SUNRIININ SR S

T756F 22 .
I 1ok

FOR DELAY 74L04 (NOT Ls)

5
2
N\l
AUDIO FROM A nsia 347K 8.
Ao rre Qi AP ' 2 3 43 )
Al
g €0GE DETECTOR

EXISTING INPUT CIRCUIT

» GOES TO SYSTEM SIGNAL

SCHMITT TRIGGER
HYSTERSIS = 400mV

TO DEMODULATOR
AND CLOCX
REGENERATOR

TRS-80 CASSETTE READ

Fig. 4. Cassette output circuit similar to the TRS-80. | added the Tri-state buffers and changed the
resistor values a bitsol could wire it directly to my existing output circuit. You can use bit2 for cassette

motor control if you wish.
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Also included are three prere-
corded cassettes with some
very brief instructions on how to
use them. One cassette con-
tains Blackjack and Backgam-
mon. The other two cassettes
are for conversion of Level | pro-
grams and data to Level 1l for-

mat. | haven’t had a need for
these two yet, though | have
used the games a few times.
Finally, there is the “Level I
Reference Manual,” along with’
errata sheets, containing useful
information.

The small circuit board didn’t

seem to fit anywhere in my
system, so | wired up three
sockets and just removed the
ROMs. A friend had given me a
poor copy of a copy containinga
hex dump of the ROMs and par-
tial disassembly of the initializa-
tion portion of the program. The
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Fig. 5. Level Il BASIC schematic. (Reprinted from the “TRS-80 Technical Reference Handbook,” courtesy

Radio Shack.)
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* RAM during the initialization.

first thing I did was to check the
first few bytes in each ROM.
They matched! Next, | ran off 2
hex dump of my own so | could
read it without straining my
eyes. B
There was one more thing |
wanted to do before | actually
tried to execute the program§
contained in the ROMs. From alt-§
the information | had acquired, | i. z
knew that the TRS-80 used inter-
rupts only when it had the ex-
pansion interface connected.§
Also, itonly used interrupt mode § E
1 on the Z-80 chip. Since my:
system would only work if | used
interrupt mode 2, | searched the:
ROMs for any instructions that
affected the interrupts. There:
were two: a disable interrupts at:
0000H and an enable interrupts-§
at 06E4H. :
The enable interrupt instruc-
tion is actually the interrupt ser-
vice routine, which is moved to:§

s maa |

The routine merely enables in-§
terrupts and returns. This is-
modified when interrupts aref W
needed. What all this boilsdown k. h

to is that | shouldn’t have any §

problems with my interrupt- i
driven keyboard as long as [§ - -

start the ROM at 000tH. o
The Big Moment il
So, | tried it. The screen-g 3

cleared, and a short message-§
appeared in the upper-left cor-§
ner. It said, “&nry” vx—¢?_"
My computer was talking to me-
in Greek! There was obviously §
some incompatibility between §
the TRS-80 video driver and my- &
TVT. The Level Il manual tells §
me that the computer is sup-§
posed to say, ‘“MEMORY-:§
SIZE?__.” Anyway, | responded & -
with a “32000,” which appeared
on the screen just as | typed it.

Hmmmm, my keyboardg
kludge was working alright and:
the numerals printed correctly;’ g -
but the alphabet was in Greek! - §
hit the carriage return. Nothing-
happened for a moment, then B
another couple lines of Greek:E
appeared. 2]

You may be wondering where: @ -
the Greek was coming from-§
Well, that is an easy one. The: & =
character generator ROM LE
bought for my TVT has Greek E
characters and some special '

math symbols where the controf.

R R R
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16633 40F9 [. RESERVED, Next free byte for program text, simple
{able and ai
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: } PROGRAM TEXT
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ROUTINES TO BE ACCESSED FROM BASIC —
IF MEMORY SIZE SET
20479 (4K) 4FFF (4K) B s
32767 (16K} TFFF (16K) END OF ACTUAL MEMORY
_ 28673 = 36863 (20K) 8FFF (20K)
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the entry point of my video driv-
er. 1 was then able to determine
that the data was always in reg-
ister C; my driver required the
data in register A. | patched this
in and tried again.

Now | was getting data, but
everything was on the same
line! There were only carriage
returns and no line feeds! It
seems the TRS-80 video driver
automatically generates a line
feed when it gets a carriage
return. As it turns out, my video
driver generates a carriage re-
turn if it gets a line feed! So |
checked for carriage returns
and converted them to the line
teeds and tried again.

Now that was much better!

Everything seemed to work.
Well . .. almost everything. The
clear screen function did not
work. | know this used to work
when everything was in Greek.
Referring again to the Level Il
manual, | noticed they have a
table that describes all of the
control codes that are imple-
mented (Table 1).

1 had two choices: modify my
video driver to handle all of the
control codes or try to see if |
could patch their video driver sO
it would work. Half out of curios-
ity as to what they were doing
and why it worked {on a TRS-80)
and half because | didn’t really
feel like rewriting my driver, |
disassembled their driver.

As | had guessed earlier, they
are converting both upper and
lowercase letters to contro!
codes. The question is, “Why do
they do this and how come it
works?” The answer is in the
hardware manual. It seems they
thought it would be less expen-
sive to use only seven bits of in-
formation in the video RAM in-
stead of eight. They use one bit
to select graphics characters or
regular characters. That leaves
six bits for the ASCII code.

But the ASCll code is a seven-
bit code; how can that work?
They cheat a little. The seventh
ASCH bit is generated with a
NOR gate from two other bits.
This means that if they sent an

as a numeral or a special char-
acter. So they had to convert
lowercase to uppercase. It was
probably simpler toconvert both
upper and lowercase letters to
contro!l codes than to just
change lowercase to uppercase.

Anyway, as far as they were
concerned, that particular bit
didn't really matter because it
was not even in the RAM! Per-
sonally, | think they should have
spent the extra buck on one
more memory chip, then they
could have had both upper and
lowercase on the computer.

The final solution | came up
with was to duplicate the first
dozen instructions of theirdriver
and then skip over the section
that screws up the characters
and jump back to their driver.
The total patch is about 40
bytes. .

Listing 3 shows thatl havein-
cluded two more small patches
to the driver. The first changes
the up-arrow code from 5B
(which prints a left bracket(D) to
1C, so it prints an up arrow on
my TVT. Radio Shack mentions
in the Level Il manual that some
TRS-80s may print the up-arrow
as a left bracket. The second
allows me to bypass the space-
compression codes and print 64
more of my programmable char-
acters instead. This is ac-
complished by poking one byte
in a memory location.

The Cassette Interface

Having gotten the video driver
working made me feel very con-
fident. | was now ready to attack
the cassette interface. | placed
the Blackjack tape su pplied
with the Level Il kit in the
recorder (a Radio Shack CTR-40)
and typed CLOAD. I havea small
tape .controller box, which en-
ables me to hear the data while
the computer is reading it. This
is convenient because you can
tell the difference in the sound
of the actual dataand the leader
tone on the tape.

| turned on the recorder and
hit the return key. One nice thing
about the TRS-80 cassette driver
is that two asterisks flash inthe
upper-right corner of the screen
when the computer is reading
data. The asterisks first appear
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characters would normally be. e T |
b e e Fig. 6. Level Il TRS-80 memory map; (Reprinted from “Level Il BASIC Reference Manual,” courtesy :
send control characters to the ) ) . ¢
) Radio Shack.) | have added a few addresses | have discovered. =
video RAM; rather, they decode :
them and take the appropriate
action. For some strange rea- D/LEVEL II TRS-80 MEMORY MAP :
son, the TRS-80 video driver was ADD H
changing the normal alphabetic
codes to control codes before :
sending them to the video RAM. RECME HEXIDECIMAL
The First Program (in Greek) P LEVEL 1l BASIC ROM
1 know that some people think 12288 3000
that programming computers is -
like talking in Greek, but this is RESERVED
ridiculous! The Level Il manual 14302 3IDE ——  COMMUNICATION STATUS ADDRESS
has a short program in the back i PER R . f&%’:‘{‘&g“&g“c‘}?g‘g }Qgsgkﬁss :
which will display all of.the 14304-7 37E0-3 ————  DISK DRIVE SELECT LATCH ADDRESS :
graphics characters. | typed the 14308-11 37E47 ——}——  CASSETTE SELECT LATCH ADDRESS :
program into my CO{"PUPGF--- ::;:,_2;5 §Z§"C‘; PR i 'E%iw %ikc?,ﬁ?iﬁﬁm ADDRESS
in Greek! | changed it slightly, 14336 3800
so it would print all characters TRS-80 KEYBOARD H
not including the control codes. MEMORY 3
After | finished typing it, | listed 15360 3co0
it. Since | can’t read Greek, | TRSSOERT ‘
couldn’t tell if 1 had it right or _ VIDEO MEMORY
not, but at least the list com- :g;gi igg(f :
mand worked. . — lLF.VEL 11 BASIC FIXED RAM l
Next | typed *“txo;” that’s : L VECTORS (RST'S 1 THROUGH 7) :
RUN, for those of you who don’t 16402 4012
ko Greslk Characsers flashad 16405 4015 N KEYBOARD DEVICE CONTROL BLOCK
by on the screen, and scrolled DCB + 0=DCBTYPE
+ 1=DRIVER ADDRESS
off before | could read them. | + 2=DRIVER ADDRESS
ran it again, but | halted the +3=0
computer before everything :‘; g
disappeared. The special c_b.ar- L + 6 K
acters and numerals looked " i e NIBE b 5Pl AT CONTROL BLOCK
good. Then there were two sets . I~ DCB+ 0=DCBTYPE
of Greek characters where + 1=DRIVER ADDRESS (LSB)
the uppercase and lowercase : §:g§ggiég?§£(ﬁgsm
should be. Next came the graph- "+ 4=CURSOR POS N (MSB)
ics characters, which looked all # $=CURSORCHARACTER
right. .
Finally, therewere all of those ~ which had a detailed descrip- 1
spaces, as everything scrolled  tion of some of the RAM loca- g
off the screen. The Level Il  tionsused by the Level Il BASIC. Fh
manual has a good explanation 1 was interested in-a short sec- "
for the scrolling phenomenon. tion of 25 RAM locations con- 92
The codes, COH to FFH, are taining three device control i
space-compression codes for blocks. There were control
0-63 spaces. So, by printing all  blocks for the keyboard, the e,‘
of those codes, | had printed video display and the line print- 3
about 2000 spaces to the er. As you can see from Fig. 6, -
screen. | changed the program  among other things, each block o
so it did not print the space- contains a driver address. p:
compression codes and ran it Now 1 figured all | had to do s
again. This time it didn't scroll  was to change the driver ad- .
off the screen. dress to my own video driver, 4
and | would be in business. | ¥
Photo 3. Initial run of Level Il BASIC. Translation: Video Driver Patch » tried it. Nothing! | guessed that c
ngg‘;’;j’éiig’gf" L | remer‘nbered something |  they used a different register to :
READY had seen in the Level Il manual,  transfer the data byte. With this
> which showed a memory map, in mind, | set up a breakpoint at
60 Microcomputing, August 1980
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shown in Fig. 4.

computer doesn’t immediately
respond with READY; if READY
occurs before the data ends; or
if the asterisks do not flash. If
the asterisks flash slowly or er-
ratically, the load may be bad.
" “This clue takes some getting
used to since the flash rate is
not the same for all programs.
You have to get a feel for how
the asterisks normally flash.

If any of these symptoms oc-
cur, you will have to reload the
program. Several of these prob-
lems cause the computer to

A

Ol pF|
ok QP
Al
>
g22K

A

CASSETTE PORT WRITE-H

1
porT FF-L [2> m 3
= 5
scro-t [*

—

] 9 12 "

o7-H
DATA
Bus

T4TS (]

7404
i

—

SCHMITT TRIGGER
1S THE SAME AS
FIGURE 4

hang up. A reset must then be
issued to get back to BASIC.
During the next few weeks, |
tried all of my 100 programs. |
found that some of the tapes
read fairly well, while others
were very poor. These tapes
have the same programs record-
ed on both sides as a backup: 1
found that | couldn’t read some
programs at all; 1 could read only
one side correctly on some
tapes; and | could read both cop-
ies on others. | tried reading
some of these programs on a

8189 YIDPCH LD L (IX+3)

gi1es LD H, (I%+4)
01113 JP €, 94900
01173 LD R, (IX+3)
61133 RA

84143 JR 2, PATCHL
81133 LD (KL A

81163 PATCHL LD A.C

81190 5 PAYE, RHICH IS MOMES7AA.

be printed.

81059 ; YIDIO DRIVER PATCH - PRINTS UPPER RND LOMER CRSE
GET CURSOR POINTER

5GET CURSCR POINTER

5 1/M NOT SURE WHAT THIS IS
;GET CURSOR CHRRACTER

5GET CHARACTER
81179 ; THE FULLUMING FEW LINES ROJUST THE UP FEFOM CODE FRON THE
1183 ; TRS-5 CODE TO THE EQUIVALENT COOE ON THE CHRRACTER CENERATGR [

01229 CP UPARCK 3 THIS 1S THE UP ARROM CDDE
01218 JR N2, PATCH2 ;IS NOT UP RRROM

81229 I C 3YES RDJUST

81238 JP.g457H ;DON’T BYPASS UFFER, LIAER RDJ
@1249 PAT(HZ CP 7 » CONTROL?

81z JP C.8506H  ;YES, DO IT

81263 CP & s GRAFRICS?

81278 JP NG, VIDIF SYES, 0O 1T

ez JP 847CH ;ND, ALL OTHER

Listing 3. Patch to the TRS-80 video driver eliminates the section
that converts lowercase and uppercase character codes to con-
trol character codes. This permits both upper and lowercase to

ALTERNATE INPUT LATCH.
1 HAVE NOT TRIED THIS,
SUT IT SHOULD WORK.

Fig. 7. Cassette input circuit I am now using. The 2 kHz high-pass filter is switched in to read Radio
Shack tapes. The Schmitt trigger section is the same as in Fig. 4. The input latch is simpler than that

real TRS80, and some that |
couldn’t read worked.

Since my input circuit was
considerably simpler than the
one they use, | breadboarded
their circuit and tried it. It
worked much better. The volume
setting was less critical, but it
was still more sensitive than |
would have liked. With sorne ex-
perimenting, | found that | only
needed the high-pass filter sec-
tion of their interface. Since the
TRS-80 tape. format was so
much improved with the filter, |
tried it on my 2400 baud inter-
face. It bombed. My interface
became totaliy useless with the
active filter.

The reason | attribute to this

seeming Inconsistency Is that
the Radio Shack recording
method is an amplitude modula-
tion scheme, while my interface
is a phase modulation scheme.
The active filter adds too much
phase distortion for my inter-
face to work properly.

The final circuit | implement-
ed for my cassette interface is
shown in Fig. 7. The switch is to
select Radio Shack or other
recording methods. I'm not real-
ly sure if my circuit is more
or less reliable than Radio
Shack’s, but my circuit seems
adequate. Most of the tapes
read through with two or fewer
volume adjustments. Some
don’t need any adjusiments. |
don't use my Radio Shack inter-
face to save programs anyway,
since my 2400 baud interface is
nearly five tirmes faster.

One feature of the Radio
Shack cassette interface |
haven't built is the motor control
circuit. 've been using my cas-
sette interface for a year and a
half, and | don't think a motor
control is necessary. | do use
the motor control signal to
change the clock frequency and
to enable the output circuit
though. This works very well.

Keyboard and Printer Patches

| decided to get rid of that
keyboard kludge | was using. |
wrote the short driver in Listing
4. This program simply checks
the keyboard status bit and ei-
ther returns a null if it is not set
or returns tha character. It also
checks for and changes two
characters that were different
on my keyboard than what the

TRS-80 Key ASCIlI

BREAK SOH
- BKSP
- HT

i LF

t [
ENTER CR
SHIFT <«  CAN
SHIFT — EM
SHIFT ¢ sus
SHIFT t ESC
CLEAR Vs

characters also.

Hex Normal Keyboard

Table 2. Control codes generated by the keyboard driver on the
Level Il BASIC ROMs. Your keyboard must generate these

01 CTRL A
08 CTRL H
09 CTRLI
0A CTRLJ
58 [
oD RETURN
18 CTRL X
19 CTRLY
1A CTRLZ
1B ESCAPE
1F
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NEWDOS5/80

Powerful Disk Operating System for the TRS-802 designed for the sophisticated

user and professional programmer.
NEWDOS/80 is nor meant ro replace the present version of NEWDOS 2.1 which
sarisfies most users, bur is a carefully planned upward enhoncement.

® New BASIC Commands wirh varioble record lengths up ro 4095.

® Mix or march drives 35, 40, 77. 80TK.

® Security boor-up for BASIC or machine code application programs.

® Improved edinng commands.

® Enhaonced RENUMBER thar aliows relocation.

@ Device handiing for routing to display and printer simulroneously.

® CDE funcrion: smiking of C. D. and E keys allows user 1o enter a mini-DOS.

e Compatible with NEWDOS and TRSDOS 2.3.

® Superzap 3.0 and 2.1 utilities.

NEW DOS FOR APPLE® "APEX”

The complere APEX package with operating sysrem,
assembler, editor and user manuals. The package alsoincludes
acomplete ser of utilities fo maintain files on single or mulriple 59 9
drive sysiems. (Specify 5 inch Apple disk or 8 inch disk.)

RELATED SOFTWARE >
XPLO 79 TRS-80® SOFTWARE
FOCAL™ $59 NEW DOS* 35 frack................ 99
AJA Wq'd Processor............... 89
SAVE ON APPLE Il 16K AJA Business Progrom............. 1289

Disk Drive Alignmenr Program :.3409
Rodix Dara Base Program.... ¥99.95

FREE MTI MEMORY UPGRADE KIT TO 48K
WITH PURCHASE OF APPLE Il 16K

MOD | 8" DISK SYSTEM
® One SAS0CR DOS ond Cable
® 2 Dnve Chassis ond Power Supply

31095
TRS-80® DISK DRIVES

Pt
oS

wn

21195

369

16K RAM
MEMORY KIT

DISK DRIVE SALE!

$70 worth of FREE merchandise wirh pur-
chase of Shugart SAA00 with power supply
ond chassis. The disk thar Radio Shock sells
for $499.

SAVE $200 .. .vnnrueeeanenaneanns 3369 7.

TF-1 Pertec FD200, 40 mack ... $389 . t e
TF-5MPI B51, 40 mack .......... $389 5 DISK DRIVE SYSTEM
TF-70 Micropolis, 77 mack....... .. 5639 °? hugomSAZ00 e inrerface 32K
TDHAA Ducl sided, IS GHL ... $469 ~ o g Ty 1 3l 05

MAX Disk 2: 10 Megabyte ... $4995

SPECIAL PRICE ONLY 51 1 99

% BARE DRIVES FOR ANY MICROCOMPUTER X

Perrec FD200............... $282  FD250......ccccmuemmmerinnes 3359
Shugart SA400 ............. $279 - SABOO. ..ovvunmns saemmnimianns $479
MPEB52 . coves ts conmmimsnnn s $349  B5Tiiinsirennseissrineen $279

OKIDATA PRINTER
LIST $1009
OUR PRICE s699 g
PRINTERS
Cenmonis 779 .ovvvnninennnnnn. $1069
Centronis 737 ..... ... 3939
Cenrronics 701-1 31793
SPITWITEENEC ..« cos saisisicsions sosss smmsens sivimiannnia s wmem »
Base 2 Printer 80, 132 col. grophics/rracotors
ASK FOR FREE
CATALOGUE
5 £54 TECHNOLOGY e
' pparat, INnC.

3304 W. MacArthur :
Santa Ana, CA 92704 7340 E. Princeton Ave.
7 o Denver, CO 80237

744) 979-9923
L i (303) 741-4778
Telex #678401TABIRIN

ALL PRICES CASH DISCOUNTED ® FREIGHT FOD FACTORY
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when the actual data on the
tape starts, just after the leader
tone ends. They then flash as
each line of program is read.

Somewhat to my surprise, the
asterisks appeared and began
flashing as soon as the leader
tone ended. As soon as the data
ended, the computer typed
READY. | typed RUN. The pro-
gram started executing! It
asked me several questions, in-
cluding my name.

After my second or third re-
sponse, the program bombed.
Oh well, | knew it was too good
to be true. | adjusted the volume
on the recorder and tried again.
After several repeats of the
above, the program actually ran
all the way through. Ah, success
at last. Next, | tried making a
tape. | had to adjust the volumse
several times to get it to read
back correctly, but this also
worked.

The volume setting on the
tape recorder is critical. | usually
have to adjust it several times
before | can get a program to

load correctly.

| bought the Library 100 from
The Bottom Shelf, Inc-This is 2
five-cassette package of 100
assorted programs  for the
TRS-80. | have to adjust the
volume several times even to
read programs on the same
cassette. According to the hard-
ware manual, the data on the
cassette is saved with a
checksum. This is useful for
detecting load errors.

The only problem is that the
Level ll cassette loader program
does not check the checksum
and tell you when a bad load has
occurred. My own cassette
loader does this, and while |
don't have frequent errors, it
sure is nice to know that the
load is bad before you try to ex-
ecute the program.

I have discovered several
ways to help determine if a load
is good or not. The load will be
bad if the asterisks appear be-
fore or after the point on the
tape where the data actually
starts; if the data stops and the

Code Hex Function
0-7 00-07 None
8 08 Backspaces and erases
current character
9 09 None
10-13  0A-OD Carriage returns
.14 OE Turns on cursor
15 OF Turns off cursor
16-22 10-16 None
23 17 Converts to 32 character
mode
24 18 Backspace -+ Cursor
25 19 Advance > Cursor
26 1A Downward ¥ linefeed
27 1B Upward § linefeed
28 i1C Home, return cursor to
display position(0,0)
29 1D Move cursor to beginning
o of line
30 1E Erases to the end of the line
31 IF Clear to the end of the frame
Table 1. Control codes decoded by the video driver on the Level Il
BASIC ROMs. (Reprinted from “Level Il BASIC Reference
Manual,” courtesy Radio Shack.) I have added hex codes.
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gram’s attention is with aninter-
rupt. |f you have an interrupt-
driven keyboard, you could use
a program such as Listing 1 to
simulate the TRS-80 memory-
mapped keyboard, as | did at
first. Otherwise, you need some
other means of interrupting the
computer. This could be as sim-
pleasa switch to the interrupt
line on the Z-80. The interrupt
service routine could simply
change the keyboard driver ad-
dress and then return to the
Level Il program.

There are only two situations
where you could get by without
any interrupts. If you actually
connect. your keyboard the
same way as Radio Shack did,
you wouldn’t need interrupts. If
you already have a keyboard
connected some other way, re-
wiring it is probably unde-
sirable. Or, if you have a hard-
ware front panel, you could in-
terrupt the computer that way
and change the keyboard driver
address. While that is not really
very difficult, it is kind of a
bother to flip all those switches.
My system includes a front pan-
e!, and | didn’t want to do it that
way.

The method lusedto interrupt
the computer is a bit unusual for
a microprocessor. | have 2 cir-
cuit in my computer that gen-
erates an interrupt if the com-
puter attempts to read a mem-
ory address at which thereis no
memory installed (see Fig. 8).
This interrupt saves all the
registers, prints a “No Memory”

- DO ot

- D2 03

& SCAN LINES |- D4 1]
——" 4007S L—

ONE CHARACTER CELL IS 12 SCAN LINES BY 8 DOTS
THIS DRAWING IS APPROXIMATELY TO SCALE.

Fig. 10. Scale drawing of one character cell shows that each
graphics dot is approximately twice as tall as it is wide. The video
RAM bits that control each graphics dot are also shown. This format

matches the circuit in Fig. 9.

»* Reader Service index—page 241

message and jumps tomy moni-
tor. When the ROM tries to read
the keyboard, this interrupt is
generated because | don’t have
any memory there. From here |
simply type BC, a monitor com-
mand that stands for BASIC
Continue.

Listing 2 is the program. Its
function is very simple—it mere-
ly sets up the new driver ad-
dresses for the keyboard, TVT
and the printer. Then it restores
all the registers and returns to
where it was interrupted.

Designed for industry...

priced for the home

TVT Specifics

If your TVT is a memory-
mapped device with 16 lines of
&4 characters, you should have
no problems getting it to work
with Level 1l BASIC. You will
have to change its address to
3C00-3FFF. If you don’t have 2
programmable character gener-
ator, you will have to modify the
TVT to implement the TRS-80
graphics. The modification
should consist of only three ICs
as shown in Fig. S.

Fig. 10 shows the graphics-
character format. As you can
see, each character cell is divid-
ed into six blocks. Each blockis
controlied by one bitin the video
memory. The most significant
bit determines if a particular
character is a graphics charac-
ter or a regular character. The
multiplexers simply steer the
bits to the appropriate posi-
tions.

This circuit will work for TVTs,
which have a character cell con-

[ d
VE@E@ g@ﬁ The video 100 computei
monitors are ideal for all your personal and business needs.
These highly reliable 12" black and white monitors feature
a 12 MHz band width and 80 character by 24 line display.
Plug-in compatability with Apple, Atari, Radio Shack, O.S.1.,
Micro-Term and Exidy make these the perfect text display

for almost any system. UNDER $160.00

=
vid=o JIIB=8D e mode 5o tea-
tures an industrial grade metal cabinet with built-in disk
mounting capability and space for an 11" x 14" PC board
for custom designed electronics.

The solid state circuitry assures a sharp, stable, and
trouble-free picture. The front panel controlsincl ude power,
contrast, horizontal hold, vertical hotd, and brightness. Ad-
justments for size, video level, and width are located on

the rear panel. UNDER $200,00

VIDEO 100 AND VIDEO 100-80 SPECIFICATIONS
e 12" diagonal measure « Convenient front panel

£ 1 ATP AN Dt NSRRI

di"splay . controls
- \iigegsband width 122 MHz o5t impedence 75 Ohms
« 80 character by 24 line « 90% deflection picture tube
display

IR Sy AT AL AN 1408 1 VG I e

« Video 100-80 provides mounting space for mini floppy
disk.

« Resolution—Over 700 lines at center horizontally—
over 350 lines at center vertically. 59

LEEDEX CORPORATIO

2420-E Dakton St. Arlington Heights. lllinois. 60005+ 1312) 364-1180 - TLX: 25-3786 ;
Dealer discount available
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Listing 4. Keyboard driver replaces the one on the Level ll
mal keyboard interrupt routine in Listing 1. The printer pat

81548 CP 4eH 5=6A? [

1299 5 TRS-89 SUBSTITUTE KEVBOARRD DRIVER
21308 KEOSU8 LD HL KBUST ;KEVEORKD STATUS RDDRESS 81559 CAL (R INSERT R CR IF =64
e1318 BIT 8, (KL 21568 L AC ;CET DATA AGRIN
£1328 JR 1Z.KBSBL ;YES, 1TS READY 91578 TRSPRL  CALL TYPOUT ; OUTPUT CHAR TO FRINTER
213323 ¥R A i NOT RERDY 21550 INC (HL) ;BURP CHAR COUNTER

24343 RET ;RETURN MITH A BAL 81598 RET iDONE

24353 KESBL  RES 8, (HL) ;RESET STATUS BIT $1698 CR DEC HL ;POINT T0 LINE COUNT

1369 I H ;B POINTER TO DATA 81618 LD R (HL)  SCET LINE COUNT

24378 LD A (W) ;GET DATA e1€28 DEC HL ;PUINT TO LINES PER PAGE
AR P RUBOUT 1S IT R RUBQUT? 01629 A SBUKP LINE CUANT

21398 IR N2,KBSB2 ;N0 01648 CP (HL) AT LINT?

81423 LD fuB5 YES, LORD BACKSPRCE 21650 INC HL ;POINT TO LINE COUNT

21448 PET ;PND RETURN 21668 IR Z.NXTPAG 5YES, AT LIHIT

21428 KB3R2 (P EMA 5THIS 15 FOR CLEAR KEY 21678 CRL LD (HL),A  5SAYVE KEW LINE COUNT
81423 RET 2 ;NOT CLERR, RETURM 81688 e W sPOINT TO CHAR COUNT
81443 LD R 4FH ;YES, LGRAD CLEFR CODE 816% LD CHL), BFFH ;RESET (R oot

€148 RET ;AND RETURN 8i7e9 LD £, 60H ;CET A CRRRIFGE RETURN
#1453 ; PRINTER DRIVER FRICH 81718 JR TRSPRL ;DO CRRRIAGE RETURN

21478 TRSPRT LD ALC MOVE DATA TO CORRECT REG 81720 FORF  DECHL ;POINT T0 LINE COUNT
e145a LD HL, CHRONT ;GET FOINTER 91728 NXTPRG CALL CK ;THIS ROUTINE PRINTS K7
21499 cP ocH ;FORM FEED #1748 ;ARD MAITS FOR A CHARACTER FROM THE KEYBORRD BEFORE CONTINUING
e R ZFORF 5 INITIALIZE LINE COUNT #1753 ; THIS ALLOWS ME T0 PUT FNOTHER PRGE IN My PRINTER
21518 CP 0 ;CRRRIRGE RETURN e17¢8 ¥OR Al ;CLEAR A

81520 R R ;D0 CARRIAGE RETURN 81779 JR CRL ;FINISH BY DOING CR

] LD R GL)  5GET CHAR COUNT

ROM. It works in conjunction with my nor-
ch replaces the Level Il printer driver.

ROM expected.

Actually, there were more
characters that didn't quite
match, but | reprogrammed my
keyboard encoder EPROM to fix
those. The reason 1 didn’t fix all
of them on the EPROM is be-
cause | would have had to
change my monitor that used
those characters. | figured it
was better this way. Table 2
shows the control characters
generated by the TRS-80 key-
board.

The printer patch adds a few
features that my driver didn’t
have but are assumed by the
Level Il ROMs. The major feature
is to add extra carriage returns
when a line exceeds 64 charac-
ters in length. My first printer
patch did not do this, and when|
listed BASIC programs that had
multiple statement lines longer
than 64 characters, the extra
characters would not print. |
also added a lines-per-page
counter. When the line count is
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7407
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74
367 DATA BUS
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DATA TO BUS

NO MEM-R
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BOARD THAT DRIVES DATA BUS

Fig. 8. To use this uNo Memory” interrupt circuit, you must add a

gate to every board in your syste

m that drives the data bus. This cir-

cuit will generate an interrupt every time a nonexistent memory ad-
dress or input port is read. This should be the highest priority inter-

rupt in your system.
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at the limit, the program waits
for me to put another page inmy
printer.

The routine TYPOUT in List-

ing 4 CONveIla WM A= e =
the special code required by my
modified Olivetti Lexikon 82 -
typewriter. The form-feed check
in the program permits resetting
the line counter to zero. This
should be used before any new
listing, so It starts at thetopofa -
new page. From BASIC, the fol- .
lowing line will work: LPRINT
CHR$(12),.

Specific Hardware
Requirements

The single most important -
hardware requirement for your
system is the use of interrupts.
The reason for this Is the way
the keyboard is set up.Whenthe -
Level 1t ROM Initializes Its RAM -
space, it assumes that you have
a memory-mapped keyboard. If
you don't have a memory- -
mapped keyboard and you don’t
have interrupts either, there Is -
no way you can talk to thelevel -
1. program, and the computer
will be hung up. :

The only way to get the pro-
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sisting of 12.Jines of eight dots.
If your TVT has 12 lines of six
dots, simply tie the two outputs
from mux A to each of three in-
puts on mux B instead of the
four shown. If your TVT has a dif-
ferent arrangement of lines and
dots, you have several choices.

First, you could stretch or
shrink some of the graphics
dots so they fill the available
lines and dots in the character
cell. This may cause some
graphics dots to be different
sizes than other ones if the total
number of lines and dots are not
evenly divisible by three and
two, respectively.

Second, you could modify
your TVT so it has a line count
divisible by three and a dot
count divisible by two. This is a
bit tricky and should be attempt-
ed only after you have examined
the schematic and understand
the timing details of the TVT.
The first mod is simpler and
doesn't affect the timing, but
you should still closely examine
the schematic of your TVT be-
fore attempting to install the
change.

Third, you could forget about
the graphics. This is the sim-
plest solution, but since a lot of
game programs use the graph-
ics, you may not want to do this.
If you never play games, then
you don’t need the graphics any-
way.

I suggest you try the first solu-
tion before trying the second.
The slightly different size dots
will go unnoticed in many ap-
plications anyway. My own TVT
has a software-selectable char-
acter cell size. | can select 13 by
9or 12by 8.1 normally operatein

Let us know 8 weeks in advance so that you won't
miss a single issue of Kilob
Attach old label where indica
in space provided. Also include your mailing label
whenever you write concerning your subscription. It

the 13 by 9 mode and have found
it satisfactory in many graphics
applications.

If your video terminal is a
completely separate unit from
your computer, you obviously
don’t have a memory-mapped
device. This means you can't
use any part of the TRS-80 video
driver. You will have to either
write your own or modify theone
you are presently using. The
most important thing is to have
the control characters respond
correctly (see Table 1).

There are a few features in
Level Il BASIC that won’t work
with this type of setup. The
graphics functions, SET, RESET
and POINT, won’t work, al-
though you could send the
graphics characters to the
terminal like any other char-

acter. The PRINT@ and POS

commands won't work either.
Everything else should be fine
though.

Your First Run

When you first try to run the
Level Il BASIC, you may have a
different sequence of events
than ! do, depending on just how
your hardware is configured. As
you recall, my first run produced
Greek characters. | no longer
get Greek when | initialize the
BASIC ROM. The first thing that
appears is a “No Memory” mes-
sage. This occurs when the
ROM attempts to read the key-
board memory. | then type BC
(BASIC Continue).

As described earlier, this
changes some of the RAM loca-
tions just initialized by the ROM
and returns to Level Il BASIC.
From here, my system behaves

helps us serve you promptly.

O Address change only
O Extend subscription
O Enter new subscription

0O 1 year $18.00

0O Bill me later
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just like a TRS-80.

If you don’t have a “No Mem-
ory” interrupt on your system,
and depending on what your
TVT does with control charac-
ters, your system could produce
Greek characters, some strange
graphics characters or ab-
solutely nothing. The next
display will depend on what you
have in the keyboard memory
area. If this memory is all zeros,
you will only see one line of
whatever characters your
system is producing. If the
memory is all ones (FF hex) or
random data, you should see
several lines of these characters
continously being written to the
TVT and scrolling off the screen.

No matter what you see, you
should now hit your interrupt
button (control-Z, or whatever)
to put you back into monitor.
After typing the BASIC Continue
command, you should have a
blank screen.

The ROM is now waiting for
your response to the MEMORY
SIZE question, even though you
can’t see that message. Typing
anything should cause it to ap-
pear on the screen. Since there
may be several unknown char-
acters in the keyboard buffer,
you should first delete these
with the back-arrow key. When
the cursor stops moving back,
all characters have been delet-
ed. Now answer the MEMORY
SIZE question as you wish. If
you hit a carriage return with
garbage data, the ROM will ask
the MEMORY SIZE question
again.

One final note: if, on your
system, memory address
37ECH returns anything other

than 00 or FFH when read, the
ROM may attempt to boot the
disk. I'm not sure exactly what
will happen, but it will most like-
ly get hung up and do nothing. If
you have no memory at that ad-
dress, you should be OK, since
most systems read FFH or 00 to
nonexistent memory.

Conclusions

For someone with a Z-80
microcomputer system who is
looking for a good BASIC and
would prefer to have it on ROM,
Radio Shack’s Level Il ROM add-
on kit for their TRS-80 is a good
way to go. The price Is reason-
able—less than many BASICs
that only come on cassette. If
you consider the additional cost
of EPROMs to put another BA-
SIC on ROM, the Level Il BASIC
is less expensive than any other
I know.

That the TRS-80 is the most
popular microcomputer today
ensures that there will be more
directly compatible software
than any one person can use.
The ROM also contains a floppy
disk bootstrap routine. This
allows easy addition of one or
more mini-floppy disk drives for
a more versatile system. Radio
Shack’s TRSDOS may not be the
best, but at only $14.95, it cer-
tainly is the most inexpensive
disk operating system | have
ever seen.B
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