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M D EX 8 0  MO D I F I C A T I O N S  T O  T E R M I N AL D R I V E R  F O R 8 0  C OLUM� NODE US I N � 
Y A M AHA R  V9938 V I D E O D I S P LA Y P R O C E S S O R 

CHA N G E S I N D IC A T E D  W I T H ***�** 

T erminal handler for the C ortex screen (9938 )  

********** 

Last update ********** 

John W alker 

Stephen.Pelc 
Tim Gray 

April 1989 

July 1978 

Jan 
Apr 

1983 
1989 

Modified for th e Cortex (C) Microprocessor Engineering 1983 

vdp 

pnt 

p gt 

devadr 

te s t 

begpgt 
endpgt 
limpgt 

c op y l p 

i dt 
copy 
copy 

"TRM-CORT" 
" sy sdef " 

"cru-cortex" 

dstk rIO 

d�vice equates 

equ o fl20 

********** 

address of video display chip 

equ 02000 ********* address of pattern name table 
in vdp video ram 

equ 080 0 address of pattern generator 
in vdp video ram 

equ crrs232 cru address of 9902 uart 

equ 0 non-zero for test hooks 

copy ascii patterns to give inverse characters for a sci i 
characters in the range 020 .. 07f 
N.B. the specified addresses a l low for the addition of 
pnt (pattern name table address) in subroutines 'rchar' 
and 'wchar'. 

equ 
equ 
equ 

1 i 
Ii 
Ii 
mov 
bl 
inv 
mov 
bi 
inc 
Inc 
c 
j I 

space*8 
(space+080)*8 

0100*8 

r3,pgt+begpgt-pnt 
r4,pgt+endpgt-pnt 
rS,pgt+Iimpgt-pnt 
r 3, r I 
rchar 
rO 
r 4, r 1 
wchar 
r3 
r4 
r4,rS 
copyip 

2.1· L 

source address 
destination address 
limit address 
copy start address 
read bytr f r om ram 
invert dal<ij 
copy dest address 
write back 
step to next 

all done ? 
no, do next byte 

table 



.. 

Set 80 column mode on the V9938 VDP assume already 
to text 1 mode by Cortex basic 

initialised * 
* 

1 i r12,08004 
bl @sendad 
i i rl2,0820B 
b l  @sendad 
1 i r12,08720 
bi @sendad 
Ii r12,08902 
bl @sendad 
1 i r12,09209 
bl @sendad 
Jmp c l r s 8 0 

sel1cJaci swpb r12 

movb rl2,@vcJ[J+l 
swpb r I 2 

movb r12,@vcJp+l 
r t 

console definition table 

mode 

name table 

colours green on black 

pal 50 Hz 

p o s i t i on 

vcJp (lddr sctu[J 

* 
* 

* 

* 

* 

* 

* 

* 
* 

* 

* 

* 

ut$COll* daLa 
d8ta 

Ul$COfl 
0 

link to master console 
1 for serial i/p 

I (� 1'111 W �i 

l. rill:; t ,I C k 

1 i 11 C b u f fer 

datLl ° 
datil crrs232 

data Dba **** * *  .• ** 

dalu 80 *.**.* * * * �� 

data 24 

dala 80*24 * * * * * ** * * 

dal'l 0 

d8lCi 1 
data 0 

d a t ,I 0 
dala 0 
dati" 0 
d ,J I :l fJ 

w () r k p CJ C I' ,HI d !; t <1 C k ,I [' C d 

b �C"3 
h S �-J 

52 
52 

I j fl e b u f reI' r u r s c [' () J I r () u l. J n (' 

e [ld 

1 II r' r C':; t I) f , 11 ( ' '(' 1'111 i II; 1 I d I' i \1 I' [' I,· 
" \1' f , 

1 for �3erial o/p 
address of serial 9902 u(lrt 
data for 9902 tx/rx t i me r (480D) 

characLers/ruw 
rows / screen 
characters/screen 
currenl posiliu[l 
1 for cursor 

saved cursor 
esc 3 pe e h a r a c l (' r c 0 LJ [1 t 
sec 0 n cJ c h 3 rae t c r 1 n esc d p e �3 (' q LJ e r 1 l' L' 

new row number 
new columll [lumher 

W()['kc3P;1('l' f()r h;llldl('r�; 
stack 

r c �; (' r 1/ C l h ; If': ; / l' () W b Y L c �) 

W II"jl)wHf) i:; ;111 HI) 1'1111111111 \,1'1:; 11111 II I I.,j Illclll\tJ !" I!J:l1 k ill i III t 11(' Ilf'�1 HI) i !I i III!III 

: ; I . !' I ' I � I 1 11; I I I (I I I' [ , 



--- -------- - --- - -�------ -------�----�-�----- ---------- 1 

F I L E S  R E Q U I R E D  TO R E -CO N F I G U R E  M D E X 80 

Filename T ype L ocn S ize U sed e R C  
d ir 0 40 4 

A S M  1236 114 
B O O T $ . S AV 2006 100 
C O N FI G . A S M  720 2 0  
C O N F I G . R E L  1226 10 
C O P Y 1 2 00 26 
CRU-CORTEX 40 20 
DISC-CORTEX 740 400 
DISC.REL 152 2 36 
LINK 13 5 0  5 6 
MDEX.LNK 560 10 

MDEX.REL 570 1 50 
MDEX80. 5D5D 1576 100 
PPRINT.REL 1568 8 

PRINT-CORTEX 360 200 
PR l NT.REL 1986 20 

SHELL$.OBJ 1140 60 
SPRINT.REL 1558 10 

SYSDEF 1976 10 
TEMPl$ 1676 300 

TERM-CORTEX 60 300 
TERM.REL 1 4 6 4 50 
WINDOW80 2106 300 

disc$2.dev dev 0 2560 

Updated versions of MDEX80 and WINDOW80 are available fr o m  the user gr oup 
for £5.00 each if you alr eady have the or iginals. 

If you already own a licenced ver sion of S.G.K. the modified source will bE 
included. 

If you already own QBASIC the modified source -for Window will be included. 

Please specify disk format r equired. 

11 .4-
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HOEX DISC STRUCTURE A. Ro well 

The MDEX operating s ys tem emp l oy s a s impl e disc structure to hold 
files. Any MOEX di s c, regardle s s  of it s capacity, i s  treated a s  a 
linear ar�ay of 128 byte b lo c k s . In a s ingl e d ensit y disc there is one 
block to every di sc s - e. c to r but in a double de n s i t y disc t h er e ar e two 
blocks p er sector and the disc d ri v er software takes care of the 
p a c k ing and un packin g of the b l oc k s tran s parently to the user. To 
explain the disc st�ucture a typical 80 tr ac k , d oub l e sided, double 
density disc is examined, the contents of this disc a r e as follows : 

2/ 56 Files Max, 19 Used DSDD BOT 
Filename Type Locn Size Used CRC 

MONITOR 
110 NIT 0 R . 0 B J 

MONITOR.SRC 
HI8UG 
M 0 NI T 0 R . 5 Y 11 
JUNK 

MDEXMON.SRC 

XOPS.INC 
DISASM. INC · 
�1DEXMON 
MDEXMON.OBJ 
STOP.SRC 
STOP.OBJ 

MDEXMON.BAK 
DSKDMP.BAS 
D.SKDMP .OBJ 

DSKDMP.LCF 
DSKD�1P 

dir 0 8 3 
txt 8 400 319 
obj 408 1 00 94 

txt 508 BOO 203 
pgm 1308 32 3 2  
txt 1340 100 6 
txt 1440 100 37 
txt 1540 400 277 
txt 1940 150 85 
txt 2090 200 1 24 
pgm 2 290 300 39 
obj 2590 250 57 
txt 2840 20 2 
obj 2860 6 1 
txt 2866 400 277 
txt 3266 400 68 
obj 3666 200 151 
txt 3866 20 1 
pgm 3886 200 158 

disc$2.dev dev ·0 5120 1934 
Blocks : 4086 Used, 103 4 [1034] 

The starting point on the disc is the 1st block in the directory, this 
is located in block 0 and has the following contents 

Disc 2/ Block: 0 (0000) 
00 2E20 20 20 2020 2020 20 2 0  2020 0000 0008 ( . 
10 4403 4D4F 4E49 54-4F 5220 2020 2020 0008 [D. [vI 0 NI TO R 
2U 0190 0000 4D4F 4E49 544F 522E 4F42 4A20 [ . . IJIO NI TO R. 0[3 J 
30 0 1 98 0064 0000 4D4F 4E4,) 544F 522E 535 2 [00 . d 1-10 NI TO R. SH 
40 4320 DlFe 0320 0 4 60 4849 4255 4720 2D 20 (C , HI 13U G 
50 2020 2020 051C 00 20 I F 48 4 D4F 4E49 544F [ . H r"m NI TO 
60 522E 53594D20 053C ·0064 20 20 4A55 4E48 [ R. S .{ �1 . ( . t1  JU NK 
70 2020 2020 2020 2020 05AO 0064 IF48 £5E5 [ • d . H 

The dir e cto r y  consists of a list of 18 byte entrie s with 7 entries per 
block. Each en t r y cOl"'lt.a-ins the following information : 

bytes 0 . . 11 Filename, left justified and space filled 
bytes 12 . .  13 Block Number of start of file 
bytes 14 . . 15 Number of blocks allocated to the file 
byte 16 Not used - contains randOm value 
byte 17 F l'Hjfj - only used for directJry itself 

The first thing to notice is that the first entry in tne directory is 
the file name " . " which is the directory itself. The starting block 
number of the directory is always U but the number of blocks allocated 
to the directory depends upon the number of files the directory is 

'2\. S 

] 
] 
] 
] 
] 
] 
] 
] 



PH EP'd to hold. The flag byte is valid only for the directory entry 
a�d specifies the number of sides and the density of t he disc as 
follows: 

00 - S i n gl e S id ed, Single Density 
02 - Double Sided, Single D en sit y 

01 - Single S id ed, Double D en sit y 

03 - Double Sided, D ouble Densit y 

Thi s byte i s  setup by PREP a nd i s  u sed by v ar i ous utilitie s to 
determine the c a p a city of the di s c  (although they assume that the 
di s c s  a re 8" and theref ore get it wr ong ) . 

The direct ory then c ontinue s with "real" file entrie s in the s a me 
form a t , wh en the 7th entry h a s  b een u sed the dir e c t ory c onti n ue s  in 
the next block. The last two b y t es in a di r e ctory blo c k are not used 
and contain random data. The directory is te rmin at ed b y an entry 
where the first two bytes are set to h�x FFFF. If a file is d el eted 
the first two bytes of the entry are s et to zero to indicate t h a t the 
di s c  space allocated to the file may be re-used. The remainder of the 
used part of this d ire c tory is as follows : 

2 / Blo c k: 1 ( 0001 ) 
EX r·1O N. SR C 
XO PS . 1 NC 

] 
] 

Disc 
00 
10 
20 
30 
40 
50 
60 
70 

4044 4558 4D4F 4E2E 5352 4320 0604 0190 
10E6 584F 5053 2E49 4E43 2020 2020 0794 
0096 10E6 4449 5341 5340 2E49 4E43 2020 
082A 00C8 10E6 4044 4558 4D4F 4E20 2020 
2020 OSF2 012C 3026 4044 4558 4D4F 4E2E 
4F42 4A20 DAlE OOFA 162E 5354 4F50 2E53 
5243 2020 2020 OB18 0014 5341 5354 4F50 
2E4F 424A 2020 2020 OB2e 0006 5341 E5E5 

UlO 
[ . . 
[ .. 
[ • "* 

o I SA SM . I 

MD EX 110 
0 ,  =& 1'10 EX 

ST 
SA 

NC ] 
N ] 

[ 
rOB J 

[ RC 
[ .0 BJ . , 

1'10 N. ] 
OP .5 ] 
S T OP ] 
SA· ] 

D i s c  2/ Bl o c k: 2 ( 0002 ) 
00 4044 4558 4D4F 4E2E 4241 4B2G OB32 0190 
10 IF48 4453 4844 4050 2E42 4153 2020 OCC2 
20 0190 0201 4453 4844 4050 2E4F 424A 2020 
30 OE52 00C8 0201 4453 4844 4050 2E4C 4346 
40 2020 OFIA 0014 0201 4453 4B44 4050 2020 
50 2020 2020 OF2E 00C8 0201 FFFF 06AO OOAC 
60 C002 06AO OOD4 1F48 OOCO 0201 5354 4F50 
70 2E4F 424A 2020 2020 OB2e 0006 5341 E5E5 

[ MD 

[ • H 
[ .. 
[ • R 
[ 
[ 
[ . . 

EX �IO 
OS KO 

OS 

[ . a B J 

N. BA K 
MP . B AS 
KO MP .0 
OS KO MP 

OS KO 

• H 
. , 

• 2 

BJ 
.L CF 
MP 

STOP 

SA 

The termin ator f or the dire ct ory i s th e entry at loc a ti on hex 5A in 
blo ck 2. 

TEXT FILES 

T ext files under MOEX are implemented a s  a serie s of c h ar a c ter s 
delimited b y c arr age return (hex ad ) bytes . The characters are p ac ked 
int o the bl o c k s, c r o s sing blo ck b ound arie s as and when required . The 
end of file i s  in dicated by a hex 04 by te and occurs imme di at ly after 
a carrage return. The only way to find the end of a ,text file is to 
search for the 04 byt e from the begining. An-example file is 
"OSKDMP.LCF" which looks like :· 

.. . 

; link contro l file for DSKDMP vO.O 
in 2/dskdmp.obj 
in ®l/qlink 
end 

and on disc is held as 

1-
] 
] 
] 
] 
] 
] 
] 



Disc 2/ Block : 3866 (Ofl�) 
00 3 B20 6C69 6E68 2063 6f6E 7472 6f6C 20'66 ,[; 
10 696C 65 2 0  666f 7220 4453 4B44 4050 ;itfi 6'li 1 
20 302E 3000 696E 2032 2f64 7 36B 6460 .l0ZE [0. 
30 6f62 6AOD 696E 2040 3l2F 7l6C 696E �BOD [ci'b 
40 656E 64 00 04ff f fff fFFF Ffff F FfFffF.f'[ en 
50 FFFf FFfF fFF F FfFf fFFF FfFf fFff ff.FF C/. 
60 FFff Ff fF FfFF FFFF FFFf ffff ffFf FFFT [.� 
70 FFFf FfFF FFFf,· FfFf FfFF tFff FFFF FFFF [ .. 

PROGR AM FILES 

Ii nk 
e ' fa 
O. in 

j. in 
d. 

. . .. 
' , . . ' . .. 

c 
r 

2 
® 

" 

on tr 
OS KD 
/d sk 
1/ ql 

01 
MP 
dm 
in 

. . 

f 
v 

p. 
� . 
. . 
. . 

Pr o gram files consist of a single head er block followed one or m ore 
bl o c k s  of memory im a qe . ' The header blo c k conta in s inform ati o n  a s  t o  
th e size and load address of the progr am to g ether with its initial 
program counb,er' value. An exampn� progra m file is nOSKOMpn and: the 
first t w o  bldcks of th e fil� l o o k  like thi s ::< 

"i 

Dis c 2/ Bloek: 3886 COf2E) 

] 
] 
] 
] 
] 
] 
1 
] 

00 FFFF OOS.o 0000 0100 4E4A 0000 0100 0000 [ .. NJ ] 
10 0000 OOOD 0000 0000 0000 000 0 0000 0000 
20 0000 00000000 0000 0000 0000 0000 0000 
30 0000 0000 0000 0000 0000 0000 0000 0000 
40 0000 0000 0000 0000 0000 0000 0000 0000 
50 0000 0000 0000 0000 0000 0000 0000 noon 
60 : 0000 0000' GOOD 0000 0000 0000 0000,0000 
70 0000 0000 0000 0000 0000 0000 0000' 0000 

Disc 2/ Block: 3887 (Of2F ) 
00 06AO lBE6 lO BE 0018 2382 800 1 ' 0010 3031 
10 3233 3435 363 7 3839 4142 4344 4546 4376 
20 IBE2 lOBE 0019 l OOA lO2A IBEO lOBE OOlA 
3 0 2382 8001 0009 7072 696'[ 742E 6465 7600 
40 437 6 IBDE lOBE OOIB 2382 800 1 0001 4EOO 
50 4376 IBOC lOBE ,ODIC 20E8 0002 20F2 1630 
60 102 A IBOA lOBE 0010 20E8 0002 lODE 0080 
70 20F2 2E22 102A IB08 lOB E ODIE 205A 102A 

Th e head er blo c k  c onta ins the foll owin g 
byt es 00 • .  01 Pr o gram file id'enti f ier h ex 
by t e s  06 .. 07 Pr o gram l oad addre ss 

byt.es 08 .. 09 Program l ength in by t es 

[ .. 
[ . . 

[ .. 
[ .. 
[ . . 

[ . . 
[ .. ' 

[ . . 
[23 45 67 
[ . . 

[ II • 

[Cv 
r cv 
[ . * 
[ n * . 

FFFF word 

] 
] 

. 'j .�. .] 

H. 
89 AB CD 

* 

pr in t. 
H. 

01 
EF Cv 

d e  v. 
N. 
.0 

-z * 

] 
] 
] 
] 

] 
] 
] 
] 
] 
] 
] 
] 

b ytes OA .. DB In itia l WP valu e ( 0000 - Uses standard WP i nstead ) 
by tes �C • .  00 Initial PC valu e 

Th i s  example file i s  f or a pr o gr am t hat loads at hex 0100 and is hex 
4E4A b y tes l o g (requir e s  158 b l o c ks ) and is ent ered with the sta nd ard 
workspace and a pro gr am �ounter of h ex 0100. The m emor y im a g e of the 
program is held in the 158 bl o c k s f o ll o win g the h eader . 

1..\ ·7 
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MDEX UTILITIES D� SK 2 
, 

. 

A. ROWELL 

THIS DISC CONTAINS ADri ITI ONS FOR THE MDEX UTILITIES DISK, 
THE DISC CONTENTS ARE : 

ARASM 

ARASM 

ARASM 

ARASM 
OBJSCAN 

.DOC 

.DEF 

.SRC 

.OBJ 

THIS fILE 
' 

QBASIC %INCLUDE rI LE TO. DEFINE ARASM ROUTINES 

SOURCE OFARASM ROUT I NES ' - ' 

OBJECT OF ARASM ROUTINES 
OBJECT FILE SYMB OL EXTRACTION PROGRAM 

MD UPDATED VERSION OF "THE MD PROGRAM 

ARASM.* THESE FILES PROVIDE A SET OF SUPPORT ROUTINES FOR THE QBASIC 
PROGRAMMER AND ALLOW THE OPERATING SYSTEM JSYS CALLS TO BE 
MADE FROM A QBASIC PROGRAM TOGETHER WITH FUNCTIONS EqUIVALENT 
TO MOVB,SLA;SRA,SRL,SRC ASSEMBLER INSTRUCTIONS. ALSO 
INCLUDED ARE BUFFER ALLOCATIaN AND DEALLOCATION ROUTINES. 
PLEASE INCLUDE A COPY OF THESE ROUTINES WHEN SELLING QBASIC 
SINCE EXAMINATION OF THE SOURCE FILE SHOWS HOW TO 'INTERFACE 
BETWEEN QBASIC AND ASSEMBLER AS WELL AS BEING GENERALLY 
USEFULL. 

OBJSCAN. * THIS PROGRAM WILL LIST OUT THE SYMBOL REFERENCES AND 
DEFINITIONS OF OBJECT FILES, USEFULL WHEN TRYING TO FIND OUT 
WHERE SYMBOLS ARE USED. THE PROGRAM PROMPTS FOR FILENAMES AS 
IT RUNS, TO STOP THE PROGRAM JUST ENTER A BLANK RESPONSE TO 
THE REQUEST FOR AN OBJECT FILENAME. IF THIS PROGRAM IS NOT 
ALREADY ON THE MDEXUTILITIES DISC THEN PLEASE ADD IT TO 
IT. 

MD UPDATED VERSION OF THE MD PROGRAM, PLEASE UPDATE THE MDEX 
UTILITY DISC TO HAVE THIS NEW VERSION 



The Corte x Users Manual under the section "Saving and Loading in 
Sour ce Format" says in effec.t that li st i ngs can be transferred to and 
from the RS-232 interface by simpl y changing the unit number. RS-232 is 
unit 2. In theory therefore a suitable II Read/Write " device can, via 
RS-232, be used for the st orage and retrieval of basic programs in 

"Source Format " .  Reliabili t. y and speed could be atta i ned using a 

Streamer Mode .Cassette tape unit as the read / wri t e unit. The normal 
audio casset te deck with standard audio read and �r i te amplifiers 

leaves much to be da�ired as far as speed and reliability are 
concerned. Ho wever a

' 
propper streamer mode unit together with a 

suitable controller w9uld in all probability cost an arm and a leg. 

It a pp ears a c heape r solution is po ssible if the following 

description of a method of ap p l y i ng " Manchester Encoding " to a norma l 
audio cassette unit is anythi ng to go by. Note however that the author 
of the original article states " the cassette deck is the limiting 
factor, so a high-fidelity type tape-deck is recommended ". 

ARE INCOMPATIBLE DISK FORMATS KEEPING YOU FROM TRANSFERRING FILES 

FROM ONE COMPUTER TO ANOTHER 7 THIS UNIVERSAL CASSETTE INTERFACE CAN 

SOLVE THAT PROBLEM. AND AT 4800 BAUD, IT CAN DO IT IN A HURRY! 
An easy- t o - build cassette interface, which we'll call a Streamer, 

is very fast�and is h i ghly reliable. If your computer has an RS-232 

port, you can use the Streamer to tr ansf er data to any other computer 
similarly equiped . YOLI can transf er any program, I-Jritten on any 
computer, to any other computer using a compati ble language. For 
ex ample , the author of the original articl e routin ely writes and debugs 

assembly-language programs at work on an In tel devel opment system, and 
br ings them home on a ca sse t te so that they can be run on his 

"homebrevJ " 8080 based compLlter . He has also trans f erre d BASIC lis t ing s 
from a 6502 based sys tem to ca sse tte so that the programs could be run 

on his system. (Of course , while the BASIC implemen tati on may vary f rom 
one syst em to another, those differences are, in some c ases , easy to 

work around.> The same thing can be done with other high-level language 

program s , like FORTRAN or PASCAL : The listings can be trans f err ed from 
one c omputer to cassette tape and then they can be loaded into your 

next comput er , without worry of diskette compatibility. Obviously, 

do i ng the same thing in the se days of endless 5 1/4 inch diskette 

formats would be virtu all y impossi ble if the systems were not 
identical. 

If you're looking for something to replace floppy-disk drives, you 
should f i rst understand that a streamer is not a random-ac ce ss drive 

l ike a floppy disk -- the tape moves in one dir ec ti on only, and files 

must be accessed sequentially. 
The Streamer makes no provision for motor control, which greatly 

simplifies its construction and interfacing, but restricts its 
opera ti on to the manual mode. 

MANCHESTER encoding ensures high per f ormance --- the data - tr ans fer 

rate is 4800 baud or bps ( Bi ts Per Second). What that means is that a 
16 -Ki lobyte program can be loaded in as little as 38 second s . The 
Strea mer is reliable, too --- the cassette deck is the limiting f actor , 
so a hig h-fi del ity type tape-deck is recommended. (The author of the -
o ri gin al ar t i c le used a $69 ste r eo unit very successfully). 

�.\ . ..  q 1-



Along with its sp eed and universality, the Streamer has another 
attractive f eature : it can be bu i lt for about $60 ( Feb ,.1985 ). All 

the electronic p art s are standard, and all are readily available. 
The Streamer is one of the si mp les t add-ons to any computer system . 

As long as your c omput er has an RS-232 port c apabl e of a transmission 

rate of 4800 baud and a recept i on rate ·of 9600 baud , and as long as you 

have some sort of so f tware to support s tor i ng and loading, you shou ld 

have no probl ems . The tape machine can be a relatively cheap p ort ab le 
but then you may have to ha lve the transfer rate. If you have a tape 
deck as part of your stereo system, it's probably ideal. 

The supporting software may be the SAVE and LOAD commands with a 

BASIC interpreter, as long as they can be routed to an RS-232 por t . 
BASIC programs can also be conveniently saved by LISTing them out to 

the Streamer, and read back in through an RS-232 port assigned as the 

console . The latter method has the advantage of al l owing BASIC programs 

frrim different machines to be loaded , as the ASCII listing is, in 

effect, the s ame information that would be entered through the 

keyboard. The same Can be done with source files, or , for that m a tte r, 
any ASCII file. 

Machine-language program st orage and retrieval can be handled by any 
of a great many approaches, at lea st one of which is probably res�dent 
in the computer you now use. The routine the author uses on his system, 

like many others, transmits in sequence a delimiter stream, a load 

adress, 255 bytes of dat a, and then a checksum . That is fol1ovled 

immediately by the ne�t load address , data, che cks um , and so forth, 
untill all the data is done. When the tap e is played back to the 
compu ter , each ch ecksum is c omp ared with a calculated checksum, and any 

error c auses the routine to halt. 

If you ever run across data errors when loading progr ams b a ck in to 

your computer, the cause is pr obably a dirty t ap e head (either erase 
or read/write) or a dirty capstan. 

You must configure your RS-232 port to work with 8-bit data words 

and the correc t baud rate which is always 9600 for accepting data into 
the computer and either 4800 or 2400 for output ing da ta f rom the 
computer to the Streamer . <Your CORTEX BASIC pr ovides for you to 
specify the baud rate as r equi red with the BAUD command. The memory 

word 5546H must be changed by progr am to specify RS-232 bit usage as 

requi red by the streamer -- see pages 4 and 5 of Cortex NEWSLETTER No. 
2). The ei g ht bits, requ i r ed by the Streamer, can be all data, seven 
data and one parity b i t , or seven bits, no parity, and at least two 

st op bits. The only rea l requirement is that start bits must be at 
least nine bit-times apart, such as with eight data bits and one stop 
bit. In storing 7-bit ASCII files, it is normal to follow with a parity 

bit. The Stre a mer will treat the eighth bit as part of the data, 

faithfully record i ng it and p l ayi ng it back. The Streamer itself does 

no parity checking; it simp l y records the data and returns what is 
presented to it. 

The audio out put of the Streamer is de s ig n ed to present a sign a l 

c omp at i bl e with the audio input of a Hi-Fi type tape-deck. Since modern 

decks have input level controls, the control should be ad jus ted for 
best per formance . Unlike convention al cassette i nterfaces, the 
ad j ustment is n ot critical at all. To determine your optimum 

ad j ustment, use the t a pe counter to record segmen ts at various 

settings, t hen play th em back, not i ng any recovery errors . The errors 

should occur at the ex trem e s of the level control s ett ings . Simp ly set 

the cont ro l appro>:imately half way between where errors occ ured. 

The Streamer can be used with low-cost portable.tape re cor der s, 
with some loss of performance : Bec a u se of their lo� er bandwidth 

c apabi l ity , the S tr ea mer may n e ed to be oper at ed at 2400 baud instead 
of 4800 baud (which is the sp eed at which you should be able to operate 

Hi-Fi t yp e tape-decks). The audio signal out of the Streamer is ab out 

0.9 volt peak to peak, which su i ts most decks just fine. But you'll 

probably have to reduc e that level if you want t o  apply it to a 

. ) 
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portable recorder. You c�n do that with e ithe r a re�istive voltage 

divider at the recorde r 's input, or by �imply reducing the value of one 
resist or on the streamer PCB. The resistor 's standard value is 2K2. You 
could try substituting with values between lK and 100 OHMS (This 
resistor bypasses some of the output signal to ground near the output 
socket connection point, and is shown on the schematic as R24). 

At the aud io input connection point on the PCB a lK potentiometer 
is provid ed in case extremely poor quality information requires an 
additional "tweaJ(". Normally this is left in the fully-clockwise 
position and never touched . You could probably replace it wi th a normal 
lK resistor provid ed you then add a jumper frdm the audio input 
connection point to the negative side of the 10 MFD input capacitor. 

The double-sid ed PCB uses square pads to d enote the positive side 
for the capacitors a�d the cathode (banded) end for the diodes. The 
circuit re quire s a positive voltage of bet we en 8 and 16 volts and it 
typically draws about 30 mAo That can be supplied from a separate 
power-supply unit or e xisting power in eit he r the computer or the tape 
deck can be used. If the power is stolen from t he computer an unused 

wire in the RS-232 cable can be used (pin 13 ?). The schematic shows 
how you Can use a minature closed circuit phone-jack and wire it in so 
that you can have the option of drawing power through the RS-232 cable 
or t hrough the phone-jack from some external source. On-board a 

negative voltage (slightly le ss in magnitude than the positive voltage 

used) is prod�ced by means of a Charge pump and used for RS-232 
inte rfacing. Most of the circuit runs off +5 Y which is also produce d 
on the board .' 

Mou�ted on the housing will be a DPDT switch (2400/4800 Baud), the 
DC input, audio input, audio output jacks and the 25 way cannon 
conne ctor (RS-232). Two PCB mounte d LED' s. (HMARK" and "SPACE") are 
visible through hol es in the housing. 

Neithe r resistor nor capacitor value s are critical. De-coupling 
capacit ors are shown on the PCB parts place ment pictorial as C5 , C7, 
C17, CIS, C20, C22, C23 and C24. Preferably all shouI-d -b-e identical 
either all .01 or .1 micro-Farad. If the DC supply used is not 
filte re d the on-board smoothing capacitor, C14, should be at le ast 220 
micro-Farad to smooth out the ripple s. (If the Input DC is already 
smoothe C1 4 can be as low as 100 micro-Farad). Normally C14 would not 
e ve r  need to be larger than 330 micro-Farad but if you have a larger 
one to hand use it by all means if space permits. Ca p aci tor C15 should 
be between 47 and 220 micro-Farad - it is largely a matter of PCB space 
available and quality of DC input. None of the other capacitors are 
use d for timing and they can have tolerances of up to 20X. The resistor 
values m�y have lOX tole rance and you may even go to either the next 
higher or the next lowe r standard value . Because home-made PCBs cannot 
be "throi..tgt"l-pl ated" and because the PCB artwork shown e>:pect s 
through�plating the following procedure is essent ial. Use good quality 
WIRE�WRAP IC SOCKETS. Take careful note of the correct orientation CBe� 
pictorial) as some IC's "face the wrong way". The longer legs enable 
you to solder the sockets in with the body sufficiently raised above 
the PCB surface to enable propper soldering of the socket legs to the 
copper pads on both sides of the PCB. Essentially all components 
(excepting the capacitors and crystal) must have their "legs" "soldered 

in" on both the "sold er" and "component" sides of the PCB (provided 
pad s occur on both sides). At 15 locations, ind icated by a smallish 
free standing black d ot on the parts placement pictorial, the "pads" 
have been e>:panded (most 1 y at capaci tor si tes). Here you must dr ill a 
small additional hole for a through-pin (or wiF-e) to be soldered in (to 
the expanded pad .  on both sides of the PCB). Be sur. to position the 
holes such that no tracks are severed and the correct opposing pads are 
connected together. A further 16 points (indicated by large black dots 
on the pictorial) reguire similar through connections. The normal CMOS 
handling precautions should be taken against static charge damage to 
the IC' 6. 

,. 
f 



CLOCKING 
The CirCUIt's clock is made up of a 2.4576 MHz crystal and an 

EXCLUSIVE-OR gate A6 (connected as an inverter). The clock's output is 
divided by B6, a 4040 ripple counter , for the various frequencies 
needed by the r est of the cir c ui t . The output s at pins 2, 3, and 5 of 
B6 are baud-rate clocks for the UART <Universal Asynchronous 
Receiver/Transmitter). The CMOS 6402 is the UART used. The UART uses a 
clock at 16 times the data rate, so the sign als at pins 5, 3, and 2 
(which are 153.6 76.8 and 38.4 KHz) correspond to UART baud rates of 

9600, 4800, and 2400, res pect i vely . The UART transmitter (which sends 

data back to .the computer) always runs at 9600 baud, so its TRANSMITTER 
REGISTER CLOCK, <pin 40) is directly conn ected to pin 5 of B6. However, 
since data from the computer to the Streamer may be either 2400 or 4800 
baud, a swi tch is provid e d to select different RECEIVER REGISTER CLOCK, 
(pin 17) connections. 

To enable "room" for compensat ion for poss i bl e sl igh t "drift" in 
the f re q uenc y of t he si gnal received by the UART (from the computer) 
the speed of the bits to the ca ssette tape is stepped up slightly. If 
the incoming signal is at 4800 bps the output to t ape is at 5486 bps. 
While for 2400 bps the output to tape is at 2560 bps. Idle bit times 
betll-Ieen "bytes" become an i ntegr al number of stop bi ts. (Thi s nLlmber is 
"integral" bec ause the Manchester encoding techni que cannot handle 
fractions of a bit which the UART can in stop bits). The convention is 
that stop bits are "Marks". 

Larger vari ations occur at play b ac k . T a pe speed at r ecord ing time 

can be considerably different to tape spe ed at playback. Therefore 

while reading from cassette the clock is recover ed from th e recorded 

si gna l . (Possible because Manchester encod ing is bit-synchronous.) The 
data bit s from the t a p e are gat her ed in one at a t i me, grouped into 
8-bit words, and returned to the computer at 9600 bps. 

Synchronous counter A8 provides the Streamer with tape -dat a rates. 

For a RS- 232 rate of 4800 bps, the tape is recorded at 5486 bps ; . while 

at 2400 bps, the tape-data rate is 2560 bps . A8 and 88 form a counter 

that divides by either 7 or 15, dependin g on the bit rate selected by 

the DPDT switch. Since its input,is 6 14 . 4 kHz, its outp ut will be 

e it her 87.77kHz or 40.96 kHz, six teen times the tape bit rate. That 16x 
bit rate will be used by both the receiver and the tr ansmitter 

sections. 

THE RECEIVER 

The UART has two separate functional section s ; an NRZ receiver 

with p a ra l lel output� and a parallel-input NRZ transmitter . <NRZ st ands 

for Non-Return to Zero wh i ch is another encoding representation). The 

receiver sect i on of the UART, in conjunction with C7, C8, E7, G6, F8, 
88 and HB comp r ise the RS-232-to-Manchester converter . Comparator G6, 

along with its associated d i scr ete components, converts i n comi ng RS-232 

data to TTL-level NRZ code. That code is appli ed to the serial i np ut 

(pin 20) of the UART receiver sec t i on, which is clocked (on pin 17) at 
t he appropriate rate for RS-232 stand ard compatibility. 

An 8-bit shif t register (E7) and a f l ip -flop (F8) are connected 
together to form a 9-bit parallel-load shi ft regist er . Their seri�l 

i nput , pin 11 on E7, is held high so that marks are clocked through 

when nothing is parallel-loaded. Once the UART receives a ser i a l word 

from the computer, C7 synchroni�es the UART to the tape-data rate from 

C8, loadi ng E7 with the e i ght bits from the UART, and F8 with a low for 

a start bit. The 9-bit reg ister combination now inclu des a start bit 
and eigh t data bits. 

The shift reg i ster is clocked at the tape-bit � ate from C8, pin 14. 
As soon as it is synchronously l6aded by C7, it begins shifting out the 

loaded d ata at the tape r ate, and follows it with as many marks as 
necessary until the next word is load ed. The effect of the circuit is 
that it simply changes the dat a rate of the re c eiv ed word , the shift 
register output from Fe is still NRZ encoded ,  but now at the faster 
tape-data rate. 
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N R Z-TO- M A N C H ESTER C O N V E R S I O N .  The rel a t i o n ship betwe e n  the two cod e s  may n o t  be 
ap p arent.  s o  we shoyld  m e n t i o n  t h at M a n c h e ster er'\cod l n g  I s  based o n  the  p r e s e nce o r  ab s ence of 
t r a n s i t i o n s-not o n  high o r  low l e v e l s .  

T h e w a v e - f o r m  ( 2 n d ) s h o w s  a n  e x a mp l e o f  NR Z c o d e  a n d  a b o v e  i t  i s  

s h o w n  th e t a p e -r a t e  c l o c k .  T h e s e  s i g n a l s ar e c o m b i n e d  b y  NAND g a t e  G 8  
t o  p r o d u c e t h e  w a v e - f or m s h o w n  j u s t b e l o w  t h em .  T h i s  s i g n a l  i s  a p p l i e d 

t o  H a , w h i c h i s  c o n f i g u r e d  a s  a t o g g l e f l i p  f l op .  T h e f l i p f l o p w i l l  

t o g g l e  w h e n e v e r  t h e  N A N D  g a t e  ou t p u t  i s  h i g h  a n d  t h e  2 x  c l oc k  m a k e s  a 
p o s i t i v e t r a n s i t i on .  T h e o u t p ut o f  t h i � f l i p  f l o p i s t h e  r e su l t i n g 
M a n c h e s t e r c od e  a s  s h o w n  i n  t h e  l a s t  ( l o w e s t ) w a v e - f o r m .  R e s i s t o r s R 2 4  

a n d  R 2 5 , w i t h  c a p a c i t o r C 1 9 ,  r ou n d  o f f t h e  M a n c h e s t e r b i t s  an d r e d u c e 

t h e i r a m p l i t u d e  f or a p p l i c a t i on t o  t h e  t a p e  d e c k .  

T H E  T F: A N S M  I T T E R  

T h e  t r a n sm i t t e r  s e c t i on o f  t h e  U AR T , w i t h  t h e  r e m a i n d e r o f  t h e  

c i r c u i t e l e m e n t s ,  r e c o v e r  t h e  M a n c h e s t e r  c o d e  f r o m t h e  t a p e a n d  c o n v e r t 

i t  t o  s t a n d ar d  R S- 2 3 2 . T h e  t a p e  s i g n a l  i s  r out e d t o  R 1 , a p o t e n t i o m e t e r  

( n or m a l l y f u l l on ) . I t  i s  t h e n l i g h t l y f i l t e r e d , c ou p l e d  t o  a n  

a m p l i f i e r s t a g e ( 8 1 ) a n d  p a s s e d  t o  a Sc h mi t t t r i g g er ( B 2 ) , wh i c h  

o u t p u t s  T T L - l e v e l Manc h es t er d a t a  at p i n 1 .  A l l t r a n s i t i o n s  i n  t h i s 

s i g n a l  h a v e  t o  b e  d e t e c t e d . T h e  c i r c u i t w h i c h d o e s t h i s o u t p u t s a p u l s e  

o f  a b o u t  1 m i l l i s e c on d a t e a c h  t r a n s i t i o n .  R 1 2 ,  C6 a n d  C 2  a c c o m p l i sh 

t h i s .  M a r k s  a r e r e p r e s e n t e d by t r a n s i t i o n s  a f u l l b i t - t i m e  a p a r t , w h i l e  

S p ac e s h a v e  t r a n s i t i on s  o c c u r i n g t w i c e  e a c h b i t t i m e .  

T h e  d i a g r a m o n  MA N C H E S T E R  t o  NR Z c on v e r s i on i s o n  t h e f o l l o w i n g  
p a g e . T h i s  i s  h o w  i t  i s  d o n e  : -

A 4 b i t  up / d o w n  c ou n t e r  ( 0 1 ) i s  u s e d  h e r e  a s  a s yn c h r o n o u s  o n e - s h o t . 
I t  i s  c on t i n u a l l y  c l o c k ed a t  i t s C O U N T  i n p u t  b y  t h e  16K t a p e  r a t e  f r o m 

B 8 , a n d  out p u t s a l ow p u l s e f r om i t s C a r r y  o u t p u t  ( p i n 7 )  wh e n e v e r  i t  
r e a c h e s  a c oun t of 1 5 .  E a c h  t i m e a t r an s i t i on i s  r e c e i ved , h o w e v e r , t h e  

ou t p u t  o f  C 2  p r e s e t s t rl e  c o u n t e r t o  a v a l ue o f  f our . S o , a s  l ong- a s  

s p a c e s  a r e  b e i n g  rec e i v ed , t h e  c o u n t er i s  p r e s e� e v e r y e i g h t  or so 

c l o c k  p u l s e s , s o  i t  n ev e r  r e a c h e s  t h e  c ou n t  of 1 5  b e f o r e  i t  1 6  a g a i n . . 
p r es e t  t o  f our . Ma r k b i t s ,  o n  t h e  o t h er h a n d , h av e t r �n s i t i on s o n l y  

h a l f a s  of t en a s  s p a c e  b i t s ,  s o  t h e  c o u n t e r  w i l l  r e a c h  i t . t e r m i n a l  
c oun t , a n d  o u t p u t  a c ar r y , w h e n  a m a r k i s  r ec e i ved . I n  t h e  d i � g r am 
over l eaf the m i d d l e w a v e- f or m i s  t h e  ou tp u t f r om t h e  6yn chronou 6 
o n e - s h o t , D 1  ( th e  p u l s e s  i n d i c at e  t h e p r e s e n c e  o f  a m a r k J no p u l se 
i nd i c a t e s  a . p � c e ) . 
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R ECEIVER TIMI.NG DIAGRAM. The Manchester s i g n a l  received from the tape Is s h o w n  I n  a 
(after  c o n d i t ioning by IC1). The output of the transit ion detector ( I C2-a) I s  shown In b. Each tra n s l

.
l Ion of 

the Manchester code p rodu ces 8 po sit ive p u l se.  The carry output from IC6 (u sed to dete r m i n e  b i t  

se n se) I s  shown I n  c .  The recovered. c l o c k  Is  s hown. I n  d, whi le  t h e  reconstructed N RZ code at t h e  

output  of IC8-a I s  s hown I n  e. 

0 4  i s  t h e  c l oc k - r ec o v e r y f l i p - f .l o p .  Th e c l o c k  s i g n a l  i s  d e r i v e d  

f r om t h e  r e c e i v e d  d a t a ; t h e  S t r e a m e r ' s  i n t e r n a l  c l o c k  i s  u s e d o n l y  t o  
t e s t  t h e  s e n s e o f e a c h  b i t ,  i n  k e e p i n g  w i t h  t h e  b i t -s yn c h r on o u s  n a t u r e  

o f  t h i s M a n c h e s t er c o d e . W h i l e  s p a c e s  a r e  b e i n g  r ec e i v e d , C2 p u l s e s  t w o 

t i me s  p er b i t ,  t og g l i n g 0 4  t w i c e .  W h e n a m a r k i s  r e c e i v e d ,  i t s s i n g l e 

t r a n s i t i on t o g g l e s t h e  f l i p - f l o p ,  a n d  t h en t h e  c a r r y f r om 0 1  p r e s e t s 
0 4 . Th a t  c o r r e c t s  t h e  p h a s e  o f ' t h e  c l o c k  s o  t h a t , a s soon a s  a m a r � b i t 

i s  r e c e i v e d , t h e  c l o c k  r u n s  i n  t h e  c or r e c t p h a s e .  T h e  c l oc k  o u t p u t , D 4 , 
p i n  6 �  i s  s h o w n  a s  t h e  w a v e - f o r m ' s e c o n d  f r o m  t h e  b o t t o m . _ 

Th e s e n se o f e a c h b i  t i s d e t e c t e d by 0 3  - t h e  w a v e - f or m  o f  i t ,s 
o u t p u t i s  a t  t h e  b o t t om o f  t h e  d i ag r a m . W i r e d  a s  a n  R -S f l i p - f l o p , ii 03.  
i s  set by t h e  m a r k -d e t e c t o r o u t p u t f r o m  0 1 , and r es e t  by c l o c k i n g f r o m 
t h e  i n v e r t e d  d a t a  c l oc k  � r om 0 4 , p i n 5 .  Th e c l o c k  a n d d a t a  i n p u t s  a r e  

a p p l i e d t o  05 , wh i c h i s  w i r e d a s  a n  8 - b i t s e r i a l - l o a d  sh i f t  r e g i s t e r . 

A t  t h e e n d  o f  a n e i g h t -b i t wor d , t h e c on t e n t s  of t h i s s h i f t  r e g i s t e r  
a r e  t r a n s f e r r e d t o  the UART t r a n sm i  t't e r , w h i c: h  t h e n o u t p u t s  N R Z  c O.d e a t  

9 6 0 0  b p s .  
. 

A b i t c: ou n t er i s  m a d e  u p  o f  F3 a n d  F 4 . T o  u n d e r s t a n d  t h e i r 

op e r a t i on ,  a s s u m e  t h a t F4 h a s  i t s 0 4  ou t p u t  ( p i n 6 )  h i g h . Th a t  ou t p u t i s  

c OAn e�t e d  t o  i t s ENABLE i n p u t , wh i c h m e a n s t h a t  i t  w i l l  n o t a c: c: e p t  a n y  
i n p u t c: l oc k s  u n t i l Q 4  g o e s  l ow a g a i n ( L e . , u n t i l l  -i t i s r e s e t ) .  I t  

w i l l  r e m a i n i n  t h a t  s t a t e u n t i l a s t a r t  b i t ,  a sp ac e , i s  d e t ec t e d . 

On t h e n e x t oc c u r en c e  of a s t a r t  b i t f r o m t h e  b i t - sen s e d et ec t or 
( 03 )  a n d a c l o c k  f r om 0 4 , F 3 ' s i n ver t e d  o u t p u t  ( p i n  8) g o e s  h i g h .  , S i n c e  

t h a t ou t p u t  i s  c o n n e c t e d b a c k  t o  t h e RESET i n p u t o n  F 4 ,  t h e  r e s e t , 
op er a t i on t a k e s  p l a c e , wh i c h d r op s t h e ou t p u t f r om 0 4  a n d  r e-en a b l e s  
t h e  c oun t er . A s  t h e  0 4  o u t p u t  g oe s  l ow ,  F3 b e c o m e s  p r e s e t , b r i n g i n g i t s 
i n v er t ed ou t p u t b a c k  l ow a n d  r e mov i n g  t h e  r e se t c omman d f r om F 4 . I t  i s  
h e l d p r e s e t  u n t .i l  F4 h a s  c: oun t ed e i g h t  c l o c k  p u l a e s , c or r e sp o n d i n g t o  

e i g h t  b i t s  b e i n g  c l oc �, e d i n t o  t h e  sh i f t r e g i s t e r . A t  t h e t er m i n a l  c o u n t _ 

o f  e i g h t , 04 a g a i n g oe s  h i g h ,  a n d  t h e  o p e r a t i on d e sc r i b ed ab ove -
r ep e a t s . T h e  04 ou t p u t i 5  a l s o c on n ec t e d t h r o ug h R f 3 and C9 t o  F 5 , 

wh i c h i s  c on n ec t e d a s  a n  i n v e r t er . Wh en t h e  i n v e r t er out p u t  5w i t c h e s 

l ow ,  i t  i ii  d i f f er en t i a t ed b y  ce and R 1 4 ,  p r o d u c i n g a n lMj at i ve p u l tSe on 

t h e.  UART 1'lSim i n p u t . T h a t  c au ae a  t h e  t r a n s m i t t er sh i f t r eg i 5ter t o  l o a d  

t h e  d a t a  f r om 05 , a n d  t h en t o  c om men c e i t 5 t r a n 5m i 5 s i o n  t o  t h e  
c omp u t e r • .  

· r 4 - .  
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. T h e  NR Z o u t p u t f r o m t h e  U A R T  t r a n s m i t t e r i s  c on d i t i on ed b y  85 a n d  
t r a n s i s t or Q 4  t o  i n v er t t h e  d a t a  ( RS - 232 i s  i n ver t ed ) a n d  t o sw i n g 

po s i t i ve a n d  n e g a t i v e l e v e l s ,  a l so r e q u i r ed by R S -232 c on v en t i o n s .  
Em i t t er f o l l o wer s Q2 an d Q3 f i n c t i on i n  a t o t em-p o l e c on f i g ur a t i on t o  

g i ve c urr en t d r i v e  w i t h ou t  un d u l y l o a d i n g t h e  s u p p l y  wh en oper at i n g 
i n t o  a m i s-m a t ch ed i mped a n � e .  

T h e  i n d i c a t or LED ' s  a r e  t u r n ed on w h e n  a b i t o f  e i t h er mar k or 

s p ac e  s e n s e  i s  . r ec e i v ed f r o m  t h e  t ap e .  Th a t ' s  a c c omp l i sh e d  by AN D - i n g 

t h e  d a t a l i n e s  from 03 w i t h  t h e c l oc k  l i n e f r om 0 4 , a s s u r i n g t h a t , wh en 

an LED i s  on , a r e a l  d a t a  s t r e a m  i s  b e i n g proc e s sed . Wh en d a t a  i s  b e i n g  

d ec o d ed , b o t h  L E D ' s  w i l l  f l i c k er a t  a h i g h r a t e , g i v i n g t h e  a ppear a n c e  

of b o t h  b e i n g  o n . Dy r i n g a n  i d l e  t i me , w h e n  t h e  N R Z  d a t a  wou l d b e  
m a r k i n g ,  on l y  the MARl(. L E D  w i l l  b e  o n  ; i f  t h e  t a p e  i s  b l a n k , n e i t h er 
wi 1 1  c o m e  .on . 

" 

T R O U B L E SHOO T I N G 

I n i t i al t r oub l e-sh o o t i n g c an b e  a c c om p l i sh ed w i t h  an or d i n a r y  
20 , 0 0 0  ohm s / v o l t ( or b e t t er ) v o l t -oh m - m i l l i a m e t e r . Con n e c t  t h e VO M ,  o n  
i t s h i  g h e s t  c u r r en t  s e a l  e ,  b e t. "lJe en t h e S t r e a mer a n d  i t s p ower supp l  y .  

Th e Str eamer sh ou l d d r aw i n  t h e  r a n g e o f  1 0- 1 3  m A , a n d  n o  L E D ' s  s h ou l d 

b e  o n �--A v er y _  h {gh c u r r e n t  wou l d i n d i c a t e  a s h o r t or c omp on e n t i n  
b ac k w a r d s , -w h i l e  . .  a l o w c.l-u'- r en t  w o u l d i n d i c a t e  a n  o p en i n  e i t h er t h e  
p ower s u p p l y  l i ne s  or t h e g r ound r e t ur n . 

I f  t h e  a b ov e  t e st i s  suc c e s s f u l , r emov e t h e  m e t er a n d  c o n n � c t  t h e  

S t r e am er d i r ec t l y  t o  th e p ower su p p l y . .  Mea s u r e  t h e +5 vo l t  sup p l y a t  

a n y  c onv e n i e n t p l a c e . I f  i t  i s  abov� 5 . 2 5 ,  or bel ow 4 . 7 S ,  H 3  m a y  b e  
d ef e c t i ve .  N o w  m e a su � e t h e  v o l t a g e  a t  t h e  e n d o f  R2 1 c l o se st t o  0 2 . 
T h e r e  s h ou l  d b e  a n eg at i v e  vo l t ag e w i  th a m a g n i  t u d-e 5 1  i g h t  1 y 1 e s s  t h a n 

t h e  i n c o m i n g  p o s � t i v e su p p l y . I f  t h e r e  i s , t h a t  i n d i c a t e s t h e  c l o c k , 
t h e  n eg a t i v e sup p l y ,  a n d  B6 a r e f u n c t i on i n g .  M e a s u r e t h e  v o l t a g e  on H e , 

p i n  I S . I f  i t  r e a d s 2 . S vo l t s , t h en t h e  M a n c h e s t er e n c od er i s  wor k i n g .  

Con n e c t  t h e  en c o d e r ' s  AUD I O  OUTPUT t o  t h e  A U D I O  I NPUT . A d j u s t  R l  t o  
t h e  n o r m a l  f u l l -on p o s i t i o n . ( I f you a r e  u s i n g  t h e  su g g e st e d P C  b oa r d , 
t h i s i s  t h e f u l l -c l oc k w i se p o s i t i on , v i e w e d  f r om t h e  boa r d ' s  ed g e . ) I f  
t h e MARK L E D  c om e s  o n , b o t h  t h e  e n c od e r  a n d  t h e  d ec od er ar e wor k i n g .  

T h a t  i s  abou t a l l t h e  t e s t i n g  t h a t c a n b e  d on e  w i t h  a VOM . I f  a l l - l OO K S  
g ood , i t  sh ou l d wor k p r opper l y t h e  f i r s t t i me .  

I f  a n  o sc i l l oscope i s  a v a i l a b l e f or t e s t i n g ,  muc h  mor e ex t en s i v e  
t r oub l e sh oo t i ng m a y  b e  a c c om p l i s h e d  b y  r e f er r i n g t o  t h e sc h ema t i c  a n d  

t h e  t h eor y o f  op e r at i o n .  A wor d o f  c a u t i o n ,  h owever ; t h e  b i t seq u en c e  
t h at a p p ears a t  t h e  outpu t o f  F e  w i l l  b e  i n  a d i f f e r en t  or d er t h a n t h a t 

r ec e i v e d . Th a t  " b i t. s h uf f l i n g "  w a s  d on e  t o s i mp l i f y t h e  b o a r d  l a y -ou t . 
T h e  r e c e i v e d  b i t. s ,  t h en , w i l l  b e  i n  a s c r a mb l e d or d er u n t i l  05 c or r ec t s  
t h em .  

e , f, C ' I I T  l) 1 I\ C.  C ' fl C q ' i  i J l f. (  
GR I D  
R e f . ( n  q ) . ' 

GR I D  
Ref • .  n 1 . 

A6 I C  2 d 4 070 or 7 4 C 8 6  Q u a d  XOR E7 I C 1 3  8 s t a g e  st at i c S I R  
AS I C  4 4 (129 p r eset . U / O  Ct r . F l  I C  7 b 4 0 1 1 Quad . NAND g a t e  
B l  I C  1 a LM392 or LM2924 OP-AMP F2 I C  7 a a s  above 

B2 I C  1 b a s  a b o v e  COMPARATOR F3 I C  9 b 7 4 C 7 4  Du a l  D - t y p e  F / F  
B6 I C  3 4 0 4 0  12 st g . b i n .  Ctr. F 4  I C  S a 4520 Du a l  4 b i t C t r . 

Be I C  2 c 4 070 or 7 4C86 Q u a d  X OR F5 I C  2 b 4070 or 74CS6 Qu a d  X OR 

G2 I C  2 a a s  a b o v e  F 8 I C 1 2 b 74C74 Dua l  D-t y p e  F / F  
C7 I C 1 2  a 7 4 C 7 4  Du a l  D-type F / F  G t  I C 1 4  a LM339 Q u a d  COMPARATOR 
CB I C  S b 4520 Du a l  4 b i t C t ,- . G 2  I C 1 4  b ali above 
D 1  I C  6 4 029 pr e s e t . U / D  C:tr . GS I C 1 4 c , a li  above 
02 I C  7 c 40 1 1 Q u a d . NAND g a � e  G6 I C 1 4  d as above 
D3 I C  B a 4027 Du a l  J -K F / F  G8 I C  7 d 4 0 1 1  Quad . NAND g a t e  
D4 I C  9 a 74C74 Du a l  D-t ype F / F  1 - H3 I C t 5 7BL05 Low Pow . R e g  • • 
D5 I C I O  40 1 5  Du a l  4 b i t S �  S I R : H8 I C  8 b 4027 Dua l  J -K F / F  
Eb I C t t 6402 UART ( I n t er s i  1 ) , 
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XTAL = 2 . 4 5 7 6  MHz 
D l  t o  D5 = l N9 1 4 D i od e 

Q l  , Q3 = 2N3904 

R l  = l K .n. PCB moun t ed t r i mmer p o t en t i o m e t er 
LEOs = St a n d ar d  red LEDs 

. Q2 , Q4 = 2N3906 
1 0 K ..n. � 8  3 4 7  

1 K ..n.  2 5 6 
47 K ..a.- - 1 2  2 1  27 

2 . 2 K .n:  * 2 4  
330 .0. 3 1  
1 00 K A  1 0  

1 M..Q 9 
1 0  Mn 1 5  

0 . 1Y- F 
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R e s i st or Numb er s Cap a c i t or Numb er s 

}J 
1 "'"'  ... ' 
1 1  

R 
1 4 1 8  1 9  2 2  2 3  25 2 6  3 0  
1 6  1 7  20 28 29 5 P i c o  F c e r a m i c 

• O VA'  F c er am i c d i sc 
. 00 1)L F c er a m i c d i sc 

2 0  P i c o  F c er am i c  d i . k 
2 5 0  P i c o F c er a m i c d i � k 

* l OOp.. F -+- 330)J- F E l ec t r o l y t i c  
* 47)J' F -t-- 220� F E l ec t r o l yt i c  2S 

1 0J.'- F E l e c r  t o l  yt i c 2S Vo l t 
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I "  4-1 12 I N C H ES ·1 
FIG. 6-THE SOLDER SlOE of the stre.mer circuit bo.rd. Nobt th.t .qu .... pad . .... used he ... lor the 
ume .... son IS on the component aide. 
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FIG. 5-THE COMPONENT SIDE of the double-slded strea mer  clretJlt boa rd.  Notl that the aqua"' !*ia 
... p,.. .. nt the positive end of electrolytic capacttora or the banded (cathode) end of dlodea. 
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C O R T E X  U S E R S  G R O U P  E X T R A  

T I T L E  - M I D I  I N T E R F A C E  F O R  T H E C O R T E X  B Y  C R W HE E L E R 

N O T E  1 W H E N U S I N G T H E ' T E S T O U T ' P R O G R A M T R A N S M I S S I O N S  C A N  B E  S E N T  

T O T H E  K E Y B OARD I e  - T O  S E N D  M I D D L E  C O U T  O F  C H A N N E L  1 
I N P U T S T A T U S  1 4 4  

N O T E N O  6 4  
V E L O C I T Y 6 4  

M I D D L E  C S H O U L D  S O U �D O N  K E Y B O A R D  

I N P U T  S T A T U S  1 4 4  
N O T E  N O  6 4  

V E L O C I T Y 0 
M I D D L E C S H O U L D  S W I T C H  O F F  

P R O G R A M  C H A N G E S T H A T  C A N  BE M A D E  I N  P R O G R A M 
I N P U T  S T A T U S  0 0  

N O T E N O  ( G R O U P  N O ) 1 9 2  
V E L O C I T Y  ( S W I T C H N O ) 0 - 1 1 9  

W H E N  U S I N G T H I S  P R O G R A M U N P L U G O U T P U T  F R O M  K E Y B O A R D  T O P R E V E N T  

S Y S T E M  R E A L  T I M E  T R A N S M I S S I O N I N P U T I N G  T O  T H E  S C R E E N  

W H E N  R E C I E V I N G - W H E N  O P E R A T I N G T H E  T E S T  I N P U T  P R O G R A M  T H E  F O L L O W I N G 
S H O U L D A P P E A R  O N  T H E S C R E E N  

9 0 4 0 4 0 9 0 4 0 0 0  

� 1 � 
S T A T U S  C H A N N E L . N O T E N O . V E L O C I T Y  O N . S T A T U S . N O T E  

S T A T U S  R A N G E  = > 9 0  T O  ) 9 F  
C H A N N E L S  = 1  T O  1 6  

P R O G R A M C H A N G E  D A T A  N O N  E X C L U S I V E , G R O U P  N O  
S W I T C H N O  

W HE N  O P E R A T I N G T E S T I N P U T P R O G R A M M A K E  A P R O C R A M  
C H A N G E , T H E  F O L L O W I N G M I G H f  A P P E A R  O N  S C R l E N  

C 50 1  
� .,l"  

G R O U P  N O  . S W I T C H N O  

T H E  U S E R G R 0 U P W 0 U L D L I K E  T 0 H E R  E r R 0 1"1 A N Y  0 N [ W I 1 H 'M I D I P R 0 G R A M S 



o x  

L I S T 1 0  T O  5 0  
1 0  M W D [ G 5 5 4 � ) a 2 1 4 H 9  
2 0  b A U D  2 , 3 1 2 5 0  
2 5  L O A D  O , !' I N H S T "  
3 0  P R I N T "" 'C " : '- T< I N T  " R E A l)',  T O  k l U . I lI l  M I D I T k A N SM J T I ON � "  
3 5  P x I N T : PR I N T  
4 0  C A L L  0 7 1 6 2 H  

PN ON 

H ON I T O R  R l V. 1 . 1 1 9 8 2  
[ l U 7 1  6 2  7 1  D 2  ,/'I T,:9 ""/ 
7 1 6 2  0 2 0 1 L I  R I , > O O O O  

7 1 6 6  0 2 0 0  L I  R O , > 7 � 0 0  

7 1 6 A 0 2 0 C L I  R I 2 , > 0 0 8 0 

7 1 6 £ 0 2 0 2  L I  R 2� > 0 0 0 0  

7 1 7 2 I F I 5  T &  2 1  
7 1 7 4  1 6 F t  JN t > 7 1 7 2 
7 1 7 6  3 6 0 1 S T C R R I , 8  

7 1 7 8 I E I 2  S b Z  1 8 

7 1 7 A 0 2 8 1 C I  R I , > f l O O  

7 1 7 £  1 3 f 9  J E Q  > 7 1 7 2 
::. 7 1 8 0  D4 0 1 HOV& R I , .R O  
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T . Gr ay , 1 8 1  St at i on Dr i ve ,  Four Ashes , Wol ver hampton , West Hi d l an d s , WV 1 0  7BU . 
E . Ser wa , 93 Lon QI Knowl Lane , Wedne.f i el d , Wo l verhampton , West Hi d ' s ,  WV l 1 l JG .  

Tel ep hon e , :  Ti m . Gr ay 09,2 79 1 32� Ted . Serwa 0902 732659 

D E A R  C O R T E X  U S E R  
I AM  T AK I NG T H I S  OPPOR T U N I T Y T O  WR I T E T O  YOU TO  L E T  YOU  

K N OW H O W  T H I NG S  A R E  F A R I NG O N  T H E  C O R T E X  U S E R  F RO N T  
T H E  F I R S T  C H A N G E S  T O  N O T E  A R E  T H E  N E W  ADDR E S S  AND 

T E L E PHONE N UMBE R OF T I M GRAY . S E C ONDL Y WE A R E  S T I L L A C T I V E 
A S  A U S E R  GROUP  AND CAN G I V l T ECHN I CAL AND SOF T WARE SUPP ORT  
F O R  T H E  C O R T E X  C OMP U T E R . W E  W I L L  S T I L L B E  I S S U I NG A NEWS 
L E T T E R  I F  T H E RE IS SUFF I C I E N T  I N T E R E S T  AND AR T I C L E S  SEN T I N  
B Y  C O R T E X  U S E R S  

ONE I MP O R T AN T  DA T E  T O  MAK E  N O T E  O F  I S  S A T U RDAY- NOVEMBER 

24TH WHEN WE W I L L  COMB I NE W I T H  THE T I  4/A USER GROUP TO HOLD 

A COMP U T E R  WOR K S H O P . T H I S  W I L L BE A T  SNEYD COMMUN I T Y  S C HOOL 

V E R NO N  WAY ( OF F  S N E Y D  L AN E ) B L O XW I C H  WA L S A L L . 

T H E  WORKSHOP W I L L  S T AR T  A T  10.00 AM AND F I N I SH A T  17 .30 
N E W  I T EMS F O R  T H E  C O R T E X  ON DEMON S T RA T I ON ( W I T H T HE H E L P  O F  
C J Y O UN G ) W I L L  B E  A H A R D  D I SK S Y S T EM C O R T E X  , MOUSE I NT E R F AC E  
SATE L L I T E W E A T H E R  P I C T U R E S , I BM F ORMAT P I C T U R E S  

I F  Y O U  CANNO T A T T E N D  W E  WOULD S T I L L  L I K E T O  H E A R  F ROM YOU 
IF YOU S T I L L  U S E  Y O U R  C O R T E X  

C O R T E X  U SE R  G R OUP 
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CORTE X USERS GROUP 

WELCOME TO THE NEW CORTE X USERS GR0UP • THE FOLLOW I NG 
ARE D I RECT I ONS FOR SNEYD SCHOOL 

E X I T  .JUNCT I ON 1 1  OF MOTORWAY AND FOLLOW S I GN FOR A462 

T AKE THE F I RST TURN I NG TO THE LEFT AFTER THE ROAD HAS 
PASSED OVER THE MOTORWAY 

YOU SHOULD NOW BE I N  SNE Y O  LANE 

TH I S  ROAD I S  STRA I T  W I T H A T I GH T  BEND AT T H E  E N D  , T HE 
TURN I NO FOR THE SCHOOL I ::; ,JUt; T BEFORE THE BEND ON 
THE LEFT HAND S I DE 

I F  YOU ARE TRAVELL I NG ALONG THE AS T AKE THE A 4 60 
TURN I NG ( CANNOCK TO WOLVERHAMPTON ROAD ) TH I S  W I LL 
BR I NG YOU ONTO JUNCT I ON 1 1  
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