N

Standard
features -

High speed 24K byte extended basic interpreter
Powerful TMS9995 16 bit microcprocessor

48 bit floating point gives 11 digit accuracy
High resolution (256 x 192) colour graphics
Screen memory does not use up user memory
space

16 colours available on the screen together in
graphic mode

Fast line drawing and point plotting basic
commands

High speed colour shape manipulation from
basic

Full textual error messages
String and Array size limited only by memory size
Real time clock included in basic

Interval timing with 10mS resolution via TIC
function

Named load and save of basic or machine code
programs

Auto-run available for any program
Powerful machine code monitor

Assembler and Disassembler included as
standard

Auto line numbering facility
Full renumber command
Simple but powerful line editor

Flexible CALL statement allows linkage to
machine code routines with up to 12 parameters

Basic programs may contain spaces between
key words to make programs readable without
using more memory

Over 34K bytes available for basic programs
Extended basic includes IF-THEN-ELSE
Interfaces for screen and cassette included.

Supports bit manipulation of variables from
basic

Error trapping to a basic routine included
Basic supports Hexadecimal numbers
Separate 16K video RAM for graphics
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BUILD YOUR OWN

&\ (&Y A
> 16 hit,64k RAM
colour computer

With this powerful machine (featured in Electronics Today
International as a constructional project) you have access to
highly advanced systems and software developed specially by
MPE Ltd for the CORTEX. For business, education, R & D —or
simply increasing your knowledge and understanding of
computers — it beats comparably priced off-the-shelf machines
hands down!

STATEMENTS PRINT TIME  RENUM MAG MWD ) INT POS o
R /-
ELSE ? SQR MOD >
ON . LOAD  TEXT  DIM 2{’,’3“‘“"’5 * FUNCTIONS 305 Rnp >=
GOTO 1UNIT MOTOR PLOT _ LET g7 ! FNA-FNZ  Tic KEY <
GOSUB BAUD ESCAPE UNPLOT DEF GONT 5 ABS SGN OPERATORS <=
POP CALL NOESC COLOUR NEW MON % ADR BT OR <
REM DATA  RANDOM CHAR _ "END perparrens § ASC crRe Ok -
FOR READ _ ENTER SPRITE BIT » ATN CRF anp +
NEXT RESTOR LIST SHAPE CRB TO . SIN MEM L AND /
ERROR RETURN PURGE SPUT  CRF TAB | COS MWD NOT
INPUT STOP ~ NUMBER SGET ~ MEM STEP g EXP LEN A
THEN FRA LNOT
MCH | xOR

Self assembly kit

£295

All prices exclusive of
VAT. Carriage paid.

Optional Extra

Floppy disc interface electronics £86.50
Hardware kit & connectors for disc drives £49.50

RS232 interface kit £9.20 i
Pair of 5%4" disc drives SS; £300.00 i
Pair of 5Y4" disc drives (DS £500.00 - and 216 page users manual.

All goods subject to availability.

POWERTRAN cyernetics it

Portway Industrial Estate, Andover SP10 3ET. Tel: 0264 64455

to POWERTRAN CYBERNETICS LTD, Portway Industrial Estate,
Andover, Hants SP10 3ET.

Please send me

| enclose cheque for

pocessid LI I LT LT TTTTTITTI111]
A/C No. Allow 21 days for delivery
Name
Address

Tel.

i

i

- H

or charge to: i
E

g

5

j

7




" CORTEX
" CENTRONICS
" INTERFACE

Any follow-up on the Cortex is long overdue, for which we
apologise. We're now about to start setting this to rights.

was designed in late 1982

and was featured by ETl in
the November 1982, December
1982 and January 1983 editions. It
is based on the TMS59995 16-bit
microprocessor with a full 64K
byte main memory and a separate
16K byte memory for the colour
graphics display. The machine can
be expanded by simply adding
chips to provide features such as
floppy disc support and an expan-
sion bus for extra memory, input
and output. This article details
how to use the EBUS bus expan-
sion to plug an external board into
your Cortex to provide a parallel
data interface for a Centronics
printer.

The E-BUS was developed to
provide a compact, high-perform-
ance and flexible interface for
both memory and input/output
expansion. The E-BUS system mul-
tiplexes both addresses and data
information onto its lines at dif-
ferent times, so as to keep the
number of lines needed as low as
possible. It can be shared by mul-
tiple microprocessors for access to
common memory or 1/O.

With regard to 1/O expansion,
some explanation of the com-
puter’'s operation is necessary.
When doing input and output
operations, the CPU does not
communicate in eight or 16-bit
words, in contrast to most com-
mon processors which support
dedicated I/O commands. In-
stead, the 9995 sends and re-
ceives just one bit at a time. This
means that multi-bit input and
output functions, like those
needed for a Centronics printer for
instance, have to be built up or
broken down one bit at a time.

T he Cortex 16-bit computer
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However, this operation is made
simpler by the fact that each bit
can be sent to or received from a
unique address. So, to output
eight bits to a peripheral, it is
necessary to transfer the bits to a
latch or similar device with eight
successive single bit operations.
Only then can the peripheral be
told that the data is ready to be
acted upon.

An input cycle occurs when the
MEMEN (memory enable) control
signal goes high (inactive); the bit
address is output on the address/
data bus and the single bit of data

- is sampled on the CRUIN signal.

An output cycle is similar, except
that the data bit is output on the
CRUOUT signal and the CRUCLK
control signal pulses active low.
For multi-bit transfers, the cycle
repeats with the address incre-
menting each time. A timing
diagram for this is shown in Fig. 1.
During an 1/O operation, the
multiplexed address/data lines are
forced to output the address

PROJECT

throughout the I/O cycle so no
address latches are required,
consequently the ALATCH
(address latch) control signal
remains high. The data bit to be
sent appears as the signal
CRUOUT on the least significant
address line (A15 by the Tl con-
vention) when an output
operation is performed. The
remaining 15 address lines define
32768 addresses to which it can
be sent, although the Cortex and
the 9995 CPU use some of these
addresses internally (see Fig. 2, the
Cortex I/O map).

A data bit to be read in is taken
via the CRUIN line. Up to 16 bits
can be input or output by a single
instruction, the specified number
of bits being processed serially to
or from the target addresses.

The E-BUS

The kernel of the E-BUS inter-
face on the Cortex is the 74LS-
2007 gate array. This device is
used to control access to the bus

ADDR/DATA BIT 'N" ADDRESS

|
|
X BIT ‘N+1' ADDRESS
|
J

MEMEN- /

-/

CRUCLK-

INPUT
\—OUTPUT—/

..mUTj_
\—OUTPUT

/ VALID \ VALID
CRUIN \_ INPUT )T < INPUT >“

CRUOUT VALID OUTPUT

X
e
X

VALID OUTPUT

>E——

e
666nS

Fig. 1 Timing diagrarﬁ for muiti-bit transfers.
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Address

0000
0002
0004
0006
0008
000A
000C
000E

0010 toO0TE
0020 to 003 E
0040 to 007 E
0080 to O0BE

00CO to017E
0180 to01BE

01CO toO1FE

0200 to O7FE
0800 to 080E

0810
0812

0814 to TEDE
TEEO
T1EE2
1EE4
TEE6
1EE8
T1EEA
TEEC

TFOO0 to 1FD8
1FDA

1FDC to FFFE

*

*%

characters.

Input Function

NOT USED*
NOT USED
DISK SIZE JUMPER
DISK DENSITY JUMPER
FLOPPY INTERRUPT FLAG
KEYBOARD INTERRUPT FLAG
DISPLAY INTERRUPT FLAG
EBUS TIMEOUT INTERRUPT
FLAG
KEYBOARD DATA
DUPLICATE OF ABOVE
NOT USED
TMS 9902
RS232 PORT
NOT USED
TMS 9902
CASSETTE PORT
TMS 9911
DMA CONTROLLER
external via EBUS
external via EBUS

external via EBUS

Centronics
status via EBUS
external via EBUS
CPU internal

" " level 1 interrupt flag
" " * Kk
koK
" " not used
CPU internal MID flag
external via EBUS

Output Function

“BASIC"” LED
KEYBOARD ACKNOWLEDGE
EBUS INTERRUPT ACK
EBUS TIMEOUT ENABLE
DISK SIZE
EPROM ON/OFF
“BELL” ENABLE
NOT USED

DUPLICATE OF ABOVE
DUPLICATE OF ABOVE
NOT USED
TMS 9902
RS232 PORT
NOT USED
TMS 9902
CASSETTE PORT
TMS9911
DMA CONTROLLER
external via EBUS
Centronics data
via EBUS
Centronics strobe
via EBUS
external via EBUS

external via EBUS
CPU internal timer control
timer interrupt
enable

" ”

" *k Kk

” - not used
CPU internal

external via EBUS

Some systems may have this used for floppy disk interface
Cortex Basic uses this bit to enable the display on the TV screen of all control

*** Cortex Basic uses this bit to disable the scrolling of a text display on the TV screen.

Fig. 2 (above) Cortex I/O map.

AO0(MSB)/13a O
A1/13c O

NOT USED

A2/14a O
A3/14c O

A7/16c O

A8/17a O=—————————oG1

Y3
A10/18a O————————uB SELECT Y2
A11/18¢ O———————1 A

A12/19a O

A4/15a o b

A5/15¢ O >
ez e

A6/16a G2A Y6

afla

@

G2B ¢ ENABLE | Y5
va

w|

DATA 1

=~

alal TTTTT

Y1

Ic1d

o

Fig. 3 Interface circuit.

NOTE:

IC1 1S 7418532

IC2 1S 74L8138
IC3,5 ARE 74L5259
IC4 1S 7418251

A13/19¢c O

A14/20a O—

CRUOUT(A15)/20¢c O

CRUCLK/31¢c O—

CRUIN/28¢ Q——————m

IORST/4a O

+5V/5a

c1
+5V/5e Toon PIN 14 PIN 16
GND/1c PIN7  PIN'S
GND/1aZLI—’

IC2345

: ¢ LATI(?: i ﬁ
7|8 [ SELECT | Q675>
)" PARALLEL rg
Q4 DATA
1a] = DATAOUTY 4 ; o ol
SERIAL Q2=
15 DATA IN Q1 T>
CLR Qo —>
9 ica
c D7 |—
10] o L DATA e
11 SELECT @
A D5 f— w
DATA IN{ D4— z
o D3f— =
= wout D2{— o
STROBE D1 —— BUSY
Y ouT DOf—
3 Ic5
c
2 LATCH 87 [
718 [ SELECT |
A Q55—
13| SERIAL Qa—
T2|DATA IN Q3f—
—1G Q2f—
15| DATA
CLR Q== STROBE
Qof—> ouT

for multiple microprocessors and
to synchronise all data transfers, as
well as to provide time-out con-
trols to avoid a permanent lock-up
of the bus. However, for simple
expansion of the Cortex facilities,
itis possible to avoid using this
device. Four changes to the main
PCB have to be made, as follows:
1. Cut the connection to 1C99 pin
18 and connect this pin to 1C94
pin 11;

2. Connect 1C94 pin 9 to IC11 pin
13:

3. Connect 1C94 pin 19 to IC27
pin 2;

4. Connect IC89 pin 18 to 1C89
pin 19.

For this modification to work, the

— HOW IT WORKS ___

1C1a, IC1b and 1C2 decode address bits
A4 to A11 inclusive. Two outputs from
1C2 are used each of which will go low
when one of their particular group of
eight addresses is accessed. Note that
the address decoding is not complete
and may well respond at other locations
(2K interval). The Y1 output from 1C2
(address 0088h to 008Fh) enables the
outputof 1C4 (74LS251) the 1 of 8 selec-
tor. This device selects the signal on the
input specified by the least significant
addresslines and passesit to the CRUIN
line. This would normally be the printer
status line in this case and its state will
signal whether the printer is ready to
receive data.

The data to be output to the printer
appears on the CRUOUT line in serial
form. This has to be converted to parallel
form before being presented to the prin-
ter. This is done by IC3 which is an eight
bit addressable latch (7415259).
Address lines A12, 13 and 14 determine
which bitis to be writteninto 1C3 and the
output YO of 1C2 gated with CRUCLK in
1C1d actually causes it to happen. To
write a complete eight bits of new data
requires eight output cycles. Once this
has been done the data is ready to be
acted upon by the printer. I1C5 is another
7415259 like 1C3 and one bit of its output
isused as a strobe signal to tell the prin-
ter that the data is ready. Output QO is
used in this case; it is normally low and is
pulsed high under software control. This
happens when a1 and then a 0 is output
to 0088h.

For the transfer of one character the
sequence is as follows: eight bits of data
are written into the eight locations in
1C3. The data then appears in parallel
form at its output and is available to the
printer. The DATA STROBE is taken high
and then low to signal to the printer that
valid data is ready. The printer signals
that is is BUSY by taking the BUSY
STATUS line high. This is read by the
computer and no further action is taken
untilitgoeslow again. Now new data can
be sent to 1C3 and the process re-
peated.

Note that some printers give a low on
the status line to indicate the BUSY con-
dition, this can be accommodated by
connecting the EBUS CRUIN line to 1C4
pin 6 instead of pin 5. More difficult is
when the STROBE has to be inverted,
this requires an additional inverter.
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— P RO JECT : Cortex Centronics

following devices must be present
N : R PIN ROW C /0
on the PCB (if your Cortex does Ko WA
not have all the options available, GND OV 1 GND oV
then some of these may be mis- 170 PRESJ;%EE/SET—) g BUSCEI?Z(%/MHZ) o}
Isg‘gg(') 58}{%‘0‘%’;" I”Ce(;d (t7°4CL2§§I)<): o) IORST- (1/O RESET-) 4 NMI-(NON-MASKABLE INT |
’ ’ +5V 5 5
1C92 (741S74A), 1C93 (741500), — 6 —
1C94,95,96 and 99 (all 741.5244). = g -
If you wish to use memory - 5 -
expansion, then you must break | INTEN- (LEVEL1) 10 ALATCH (ADDRESS LATCH) o)
the links next to IC26 and drill out O XAO (MSB ADDRESS) 11 x§1 8
the shorting links next to 1C94, O XA2 12 XA3
and ensure that you have 1C97 8 ﬁg ]i ﬁ; 8
(7415245) and 1C26 (74L5612). & S o
Note that all the component O A6 16 A7 O
numbers ised hereare thosk, S bivoppAANes | 1 os %
given in the original Cortex article. /O A12/D12 19 A13/D13 Vo
I/O A14/D14 20 A15/D15/CRUOUT (LSB) 1/0
Ireadv Th — 21 MEMENi (MEMORY ENAB)LE) 0
It's Already There O DEN- (MEMORY READ) 22 READY- (MEMORY READY, [
Although the Cortex has an [ GRANTIR %i SSQ&JT(SSSTBUSY) |/OO
RS232 interface for a printer or GND 55 GND
terminal, it also has the software = ge; =
necessary to drive a parallel data — —
printer port. The hardware neces- O WE (MEMORYRITE 20 ERUIN GO (NFLE '
sary to implement this was left off Fsv 30 45V
the main PCB to save space. Build- — 31 CRUCLK (I/O WRITE STROBE) o}
ing the interface described here GND 32 GND

will therefore free the RS232 for
other tasks, and make it possible
to use the more common Centron-

Fig. 4 EBUS signals and their uses.

interface is shown in Fig. 3 and the
circuit itself is discussed in the

Next month we will publish the

ics printers.

PCB, overlay, parts list and buy-

The circuit diagram for the

"How It Works' section.
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FOR HI-FI & ELECTRONICS ENTHUSIASTS
CONCEPT ELECTRONICS LTD

51 Tollington Road, London N7 6PB
Mail order only
We are the specialist of electronic kits and rack mounting cabinets. A catalogue with
complete range of products including pre-amp modules, power amp modules, pre and
power amplifier modules, complete kits of amplifiers, equalizers, reverberation
amplifiers (with cases), alarm clocks, appliance timers, CB amplifiers, test equipment,

control modules, music generator, battery flourescent light and high quality rack

mounting cabinets etc. with illustrative pictures now available at the cost of 35p +

25p p&p.

ional rack mounting Panel Size Rear Box Price
i i i WH (inch) WHD AL  STEEL

19x5 17x45x10 27.54 2354 &
19x4 17x35x10 2524 21.24
19x3.5 17x3x10 24.09 20.09
19x3 17x25x10 2409 —
19x25 17x2x10 2294 18.94
19x6 17x55x12 28.69 24.69
19x5 17x45x12 2754 2354 . H -
1% 4 17x38%15 5524 2154 Buy Sparkrite Brand Leading Auto Electronics
19x3.5 17 x3 x12 24.09 20.09

in self-assembly kit form — And save pounds!!

17 x35 165x3x9 2179 17.79

17x25 165x2x9 2064 16.64 ® Electronic Ignition systems — contact triggered and contactl
17x4 155x35x12 2524 21.24 ® Eloctr icCg s Yt Svet okl s dlt i
173 155x25x12 2409 20,00 onic Car Security Systems —including a new ultrasonic unit

Please add £2.50 p/p per item @® Car Drive Computer —with 12 functions
\ #* Wholly made of black anodised aluminium sheets % Suitable for high quality

amplifers and many other purposes # Top, side and rear cover removable for access

. . o SEND FOR FREE LITERATURE PACK — TODAY!
\ fnign RManGad wih o alossionc) Pancis % Wi vonmonon nadaluminlun 8 SOPHISTICATED

feet. KITS TO CHOOSE
The low cost steel version is also available. The size and features as well as the front FROM

panelis the same as the aluminium cabinets except the rear box is manufactured from s
steel painted in black.

CONTROL MODULES
i il 1
ey
i )
BE O

TY-7 Electronic touch switch
£2.90 Kit £4.50 Ass.

HI-FI AMPLIFIER MODULES

To:

B SPARKRITE (A Division of Stadium Ltd.), Queensway, Enfield, EN34SD. Wi

TA-323A 30W + 30W stereo amplifier
£18.95 Kit £23.95 Ass.

TY-11 Light activated switch TA-820 60W + 60W stero amplifier l Telephone. 01-804 4343 .
£2.20 Kit £3.50 Ass. £27.50 Kit £33.50 Ass. NAME ..o ’
TY-18 Sound activated switch TA-920 70W +70W stereo amplifier l I
(Clap switch),  £4.50 Kit £5.95 Ass. £35.50 Kit £42.50 Ass. ] ADDRESS ... .o oo [l
TY-38 Sound activated switch
(voice-switch)  £5.50 Kit £7.50 Ass. B |
TY-41 Infrasred temote control I e s s e s £ SRS e e e e emnnenenennmnen
(Receiver and transmitter) Eu
£17.20 Kit £21.95 Ass. N BN DN B BN BN BN BN WE B BN BN BN BN BN B mR M BN B
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