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Now your Cortex éan have a Centronics port, two joystick ports
and 22 lines of programmable 1/O. The brains behind this
operation is Richard Roberts of MicroProcessor Engineering.

initially featured in ETl in

November and December
1982 and January 1983.The
currently available Cortex Il has a
circuit and PCB which are the
same as those featured in these
articles in all major respects. The
E-bus circuit is dealt with in ETI,
December 1982 and is designed
around the 74152001 chip which
handles the bus arbitration and -
control logic. This is IC89 on the
main board. Other chips involved
in the E-bus interface which may

T he Cortex project was

not be present on existing Cortex

boards are ICs 90 to 99.

The 74152001 is unavailable
unless you have very good
connections, so we have included
a small circuit (Fig. 1) which can be
built on a header and used to
replace the 2001. It works for both
the CRU (Communications
Register Unit) 1/O and memory
expansion, and requires no
modifications to the Cortex main
board. The circuit does not allow

7 | | |
4 114 |1

3 2[5 Vo Gun
]

CLK IC1s

a

o
4 :
O
NOTE:
R IC1 = 741574
- 0w IC2 = 741504

Fig. 1 Circuit of the header
to replace the 74152001,
=

for multiprocessors or bus time-
out as it stands ,but these features
can be added. For those who are
interested, a complete description
of the E-bus, together with many
examples of it8 use, can be found
in ‘E-bus System Desiﬁa‘, Texas
Instruments, Part No. MP402,

The 2001 replacement uses a
741574 dual latch to synchronise
the E-bus READY line to the
Cortex. One section of a 74L504
hex inverter is used to invert the
bus request signal to generate a
bus enable.

Construction Of
The Header

-As this is such a simple circuit,
we have not produced a PCB, but
advise the use of a small piece of
veroboard. Construction should
begin b cuttin%_.spots as shown in
Fig. 2. Then push 20 wire wrap
pins, ora 20-wa¥lwire wrap DIP
socket, into the header position
(top left). Solder these and the
two pin IC sockets into place, fix
R1 across pins 4 and 17 of the
header and then insert and solder
the wire links. Finally, push the I1Cs
into their sockets.

_ Installing The E-bus

" Plug the header into the
74512001 position — the 20-pin
IC socket on the main board
marked 1C89. For the E-bus to
work, the links to ground by 1C94
should be cut .Use a sharp knife to
break each of the four tracks from
ﬁins 2,4, 6 and 8 of this IC. If you

ave fitted the memory mapper
(IC26), the four wire links below it
should be removed. If any other

E-bus components (1Cs 90 to 99,
in particular) have not been fitted
then now is the time to fit them.
Switch on, and you should have
a working E-bus interface. If the
Cortex signs on, then it is likely
that the E-bus will be functioning
correctly. Any faults will ﬁrobably
be due to miswiring on the header
(check the wire wrag pins), or to
solder splashes on the main board.
The E-bus can be connected to a
backplane for easy insertion and
removal of cards, such as the one
featured here. Suitable backplanes
are widely available. They should
be-designed for 32+32 way
Eurocards (DIN 41612) and the
backplane will fit a 64-way right-
angled male A+C plug attached to
the main board of the Cortex. The
back|l:>lane sockets should be
female for use with the following
and subsequent expansion boards.
Alternatively, 64-way rightangled
female A+C sockets are available,
respectively of IC7 and the
Cortex board for direct connection
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Fig. 2 Veroboard layout
for the header. »




I —

‘of the parallel 1/O board through

the access port in the case.

" Construction

The PCB designed to
accomodate the interface is a
standard double-sided through-
hole plated Eurocard. Check the
PCB for any shorts, esPeciall on
the component side. Fit all the IC
sockets and DIN 41612 connector
followed by all the passive
components. If you are going to
use the board only as a Centronics
interface for the Cortex link out
the fifth switch position on SW1

%= The circuit used

in the parallel board’s
CRU interface (Fig. 3) is de to
be ally applicable when attaching
s to the Cortex E-bus. Address
decoding Is performed by ICs 2,3 and
5 — remem nf“ﬂ'lalwith'rlnoo
series devices the [east significant bit is
DA o Do
a te uts of ICs
3 enwrpes that tltep board can be
llufeped according to the following
table:

HOW IT WORKS

Two NAND gates in IC6 and two
he two active

inverters from 1C4
low si a!sS'E'LJia which go to

the enable pins of IC7 and IC8
re e:x (the TMS9901 input/
output devices). A third inverter

IC4 is used to produce CRUCLK from
CRUCLK on the E-bus.

CRU is gated on to the bus with a
three-state  buffer latched with
BRDSEL (I1C1b). The interrupt request
(INTREQ) line from the 9901s is
converted to the required open
collector signal by IC1a.

(address line A4, connector pin SWITCH No.Address Line  Address Ot;tgut to the printer is taken from
A15),otherwise fit SW1. Zlor\:v fit ; :g gc:gg: Ic7. - toh:? = th? data bitl’s, n':
e two D-connectors and t (o] s t USY input an
}ll?)c stri[g- I?efer to tﬁ: sy 3 :56 92“6.09: EE‘:IiLedAout ‘_u; of P8 iiipthe 5“}225
. . al ull-down resistor is pla
?how raph a,"d overlay diagram 5 Ad 0800h  on the III'J’SY line to produce ap'non-
l;ig. 4) for gmdance.cliffyou are 6 A3 1000h  busy lelsnalf whe:rh no priniler is
H connected. | ter requires an
gd?'re"m;?)i‘:%el: ;?;cer&nttﬁ:sg_ E:dmwc::e board at 800h (:‘smg; active low B‘efY andh:n a
conhnfhctcgs and wrap them, along O A 0 oy . i
with the Centronics port, onto
connectors on the panel. Last of
all, fit the ICs. None require any
pefll (5]
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Fig. 3 Circuit diagram of the Parallel 1/O board.
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sgecial anti-static handling and
IC8is only necessary if you want'
the separate 1/0O lines.

Testing

When you pfug the board into
the Cortex, remember that the . - =

Cortex doesn’t look like an E-bus
back-plane but an E-bus board. On
power-up the Cortex should act as
normal. If it doesn’t, your problem
will most likely be a short on the
address or bus control lines. If
everything’s okay (and assuming
that you have mapped the board
at 0800h), type UNIT 4 followed
by a carriage return and there
should be no visible response.
Power down, plug the printer
cable in and put the printer on
line. Type UNIT 4 followed by a
carriage return again and now, if
you press any key followed by a
carriage return, it should be
echoed to the printer. If this fails
check that glour printer requires an
active low STROBE signal and an
active high BUSY signal.

If this is not the case, you will
have to swap round P8 and P9
leads from pins 27 and 28,
respectively of IC7 and the '
STROBE and BUSY lines on socket
SK4. The easiest way to do this
would be to cut the tracks near
pins 27 and 28 of IC7 and near
pins 1 and 11 of SK4 and then use
short wire links to connect up the
tracks in the new configuration.

- The joysticks can be tested as
outlined below. After you have the
Centronics port working, any faults
will probably be due to minor
errors in the wiring or soldering.

Programming

The software to drive the
Centronics port is already in the
Cortex PROMs, which makes it
very easy to use, The command,
UNIT 4, enables the Centronics

rt and UNIT-4 disables it. The

rd must be maRped at 0800h
to work with the PROM-based
software.

Software to drive the joysticks
is quite simple to write using the
BASE and CRB commands. BASE is
used to set the address of the port
for use with the CRB function,
which returns a value from a
specified offset address. The port
is wired so that the following
offsets are low (value returned by
CRB=0) when the relevant
Joystick is active:
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Fig. 4 Component overlay for the Parallel 1/O board.

Offset Function Joystick
10 Right 1
11 Le 1
12 Down 1
13 Up 1
14 Fire 1
17 Fire 2
18 Up 2
19 Down 2
20 Left 2
21 Right 2

The offsets are arguments for
the CRB function, so a vernsimp!e
icture drawer could use the
llowing program with a joystick
in port 1:

100 BASE 0800H

110 X=100

120 Y=100

130 IF CRB(13)=0 THEN X=X-1

140 IF CRB(12)=0 THEN X=X+1
150 IF CRB(11)=0 THEN Y=Y-1

160 IF CRB(10)=0 THEN Y=Y+1
170 IF  CRB(14)=0 THEN

GRAPH: X=100: Y=100
180 PLOTXY '
190 GOTO 130

Line 100 sets the base address
and lines 130 to 170 test for :
movement of the joystick or fire
button.

Of the uncommitted 1/O lines
available from the second



TMS9901, 16 can be used as input
only. Applying an input current to

- an output pin can damage the
TMS9901. The signal SELB is
activated by address line A9 going
high and, therefore, the second
9901 is addressed 40h above the
base set on the board. All lines can
be read like the joystick ports after
char&fn& the BASE address to

0840h, Bits can be set or reset by

» the CRB command. To set each of
the 16 outputs in turn, run;

100 BASE 0840H
110 FORI=1To16
120 CRB(l)=1
130 NEXTI

For complete details of how to
use the TMS59901, consult
‘TMS$9901 Programmable Systems
Interface’, Texas Instruments (part
no. MP003).

Extensions

If you want further Centronics,
or other, ports on your Cortex,you
can patch a 16 word (32 byte)
long address table at memory
location 84h. Each 32-bit word

~holds either the address of a CRU
"~ mapped TMS9902 serial interface
chip, or the address of a machine

e program. If the lowest
significant bit is set in this word,
then the address is that of a
TMS9902. If the MSB is set, then
any output on that unit will have a
delay on return characters. On
current Cortex PROMs, the table is

as follows:

—___PARTSLIST____

(MAIN BOARD)
RESISTORS (all 1/3W, 5%)
R1 1k2
R2 10k’
RP1,2,3 7-pin 10k SIL resistor pack
2T 16V electrolytic
My ectr
y 10n, 0.2 pitch decoupling
SEMICONDUCTORS
Ic1 7415125
IC2,3 74LS86
IC4 741504
IC5 741530
IC6 74LS 00
IC7,8 TMS9901 .
| MISCELLANEOUS
SK1 64-w male A+C

DIN :YIG 2 connector
SK2,3 9pin right-angled, male D
g connector

n
SK4 13x2  right-angled  IDC
connector :
SK5,6  13x2 straight IDC connector
swi Ha{ DIL switch
two 40 pin DIL sockets, six 14 pin DIL
sockets, printer cable, PCB.

PARTS LIST
(2001 REPLACEMENT)

RESISTOR
R1 10k

SEMICONDUCTORS
IC1 741574
Ic2 741504

MISCELLANEOUS

Veroboard, wire-wr il.l! or wire-
:,r‘a:p socket (zo-wa;f hzo 14-pin DIL
ets, wire for links

Address " Unit Value Event Notes
h 01 808h  1/O to screen mc routine
86h 02 081h 1/0 to RS232 TMS9902
88h 03 . 181h 1/0 to cassette TMS9902
8Ah 04 754h  Centronics I/O mc routine
8Ch 05 000h not used *
8Eh 06 000h  not used *
90h 07 000h not used *
92h 08 000h  not used *
94h 09 000h not used *
96h 10 000h  not used *
98h 1 000h not used *
9Ah 12 000h  not used *
9Ch 13 000h = not used o
9th 14 000h not used *
AOh 15 000h  not used *
A2h 16 000h  not used *
If you want your Centronics BUYLINES

rinter on unit 5 instead of unit 4,
r example, change memory
location 8Ch to 754h, Typing
UNIT 5 followed by a carriage
return will now activate your
printer port.

Connections

- The following section gives the
pin outs for sockets SK1 to SK6.

The TMS9901 should be widely
available, as should all other chips. Con-
nectors and printer leads are available
from Maplin, Watford, Technomatic,

ewood, etc. The PCBs are available

exclusively from  MicroProcessor

EnFineerhg Ltd, 21 Hanley Road,
rely, Southampton SO1 5AP (tel:
0703 780084) ata of £13.00 for the

bare board, £36. ial lated
or £48.00 fully popur'l:d. ey

(N/C means not connected or
reserved).

SK1 A-ROW C-ROW
PIN Function
GND

1 GND

2 PRES BUSCLK
3 +12V -12V

4 IORST NMI

5 +5V +5V

6 +BATT N/C

7 N/C N/C

8 N/C N/C

9 N/C N/C

10  INTEN ALATCH
}1 XA0 XA1

XA2 XA3
13 A/D/INTO  A/D/INT1
14 A/D/INT2 A/D/INT3
15 A/D/INT4  A/D/INTS
16 A/D/INT6 A/D7

17 A/D8 A/D9
18 A/D10 A/DT
19 A/D12 A/D13
20 A/D14 A/D 15/CRUOUR
21  AREADY MEMEN
22 DEN READY

23 GRANTIN GRANTOUT
24 PWRFAIL BUSY

25 GND GND
26 +15V ANAHI
27 ANACOM ANALO
28 -15V CRUIN
29  #WE- +5STBY
30 +5V +5V
31 MEMWIDTH CRUCLK
32 GND GND

SK2 AND SK3
PIN FUNCTION
1 up
2 DOWN
3 LEFT
4 RIGHT
5 N/C
6 FIRE
7 +5V
8 GND
9 N/C

SK4

PIN FUNCTION
1 STROBE
2 DATA 1
3 DATA 2
& DATA3
8 DATA 4
6 DATA 5
7 DATA 6
8 DATA7
9 DATA 8
10 ACKNLG
11 ~  BUSY
12 PE
13 SLCT
14-24 GND

SK5 AND SKé

PIN FUNCTION PIN FUNCTION
1 INT7/P15 "2 INT6

3 INT/8/P14 4 INT5

5 INT9/P 13 6 INT4

7 INT10/P12 8 INT3 *

9 INT11/P11 10 INT2

11 INT12/P10 12 INT1:

13 INT13/P9 14 P6
15  INT14/P8 16 P5
17 INT15/P7 18 P4
19 GND 20 P3
21 GND 2 rn
23 GND 24 M
25 GND - 26 PO
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PROJECT: Cortex PIO

SPECIAL OFFER

For a limited period and only to readers of ETI, Powertran
Cybernetics Limited are offering the Cortex |l 16-bit microin
kit form at only £199 plus VAT.

This represents a saving of £50 on the Cortex Il, which is
undeniable value for money.

The Cortex was originally featured as an ETI project in 1982/83 and
since that time has continued to feature in the magazine. A wide
range of languages, utilities, games and hardware add-ons are avail-
able for the machine including Winchester and floppy disc con-
trollers, PASCAL, FORTH and word-processing. The entry-level kit
includes a sophisticated BASIC and MONITOR program infirm-
ware and the machine is equipped with cassette, R5232 and TV
interfaces.

To getyour Cortex I1,fillin the coupon and send it to Power-
tran Cybernetics Ltd., Portway Industrial Estate, Andover,
Hampshire SP10 3ET with your remittance for £199 plus VAT
at 15%, so that your letter is post-marked no later than 5
September 1985. It’s easy.

Please supply one Cortex Il kit at £199 plus VAT at 15%.
NAME:

ADDRESS:

SIGNED:
Offer valid until 5 September 1985.

ACCESS/VISA cardholders can order by phone: 0264
64455.

Please allow 21 days for delivery.
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