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CORTEX PART 1

Announcing the ETI Cortex, in all its 16-bit splendour. This
advanced design uses up-to-the-minute technology and forms
the basis of a powerful home or business system.

habit at ETI. We were the first

magazine to publish a DIY
computer (the Triton). And we
were the first magazine to publish
a full-feature 16-bit computer, and
at a price that makes a lot of
commercial machines look a bit
sick. The Cortex forms the basis of
a versatile computer system that
expands with your imagination
and is based on state-of-the-art
VLSI technology; the ‘why use five
chips if one will do?” philosophy.

Setting records is getting to be a

Processing Power

The processor is a high-speed
16-bit device which possesses a
unique system of RAM-based
registers. The Cortex kit is supplied
with a full 64K bytes of dynamic
RAM (ie 32K words of 16 bits), and
24K of BASIC and assembler in an
overlaid memory organisation (we'll
explain what that means later). The
high definition colour VDU has a
separate 16K of RAM outside the
CPU’s 64K memory map and some
extraordinary features that result in
superb graphics capabilities. Disc
drives may be interfaced easily as
the controller chips fit on the PCB,
and the resident BASIC can be
overwritten by disc-based
languages; the first that will be
available is UCSD Pascal. The latter
features will make the system
particularly attractive to business
users, and Cortexes (Corti?) will be
available ready-built as well as in kit
form.

The heart of the Cortex is the
TMS9995 CPU. As with all the
components in this project it was
selected from the wide range of
currently available CPUs on a
price/performance basis. The 9995
is based on the unique memory-to-
memory architecture of the
TMS9900. Thus it has the same

architectural features of this
powerful 16-bit processor and an
enhancement of its rich, mini-
computer style, instruction set. It is
fabricated in state-of-the-art N-
channel silicon gate MOS
technology, enabling single 5V
operation and high speed (12 MHz)
to be achieved in a compact silicon
area.

As well as the 16-bit CPU,
fabricated onto the same chip are a
number of extra features that make
this device the obvious choice for a
large number of general purpose
applications. 256 bytés (128 words)
of on-chip RAM enables four
complete, fast access register files
(workspaces) to be implemented in
full speed memory. A clock
generator is also included to
minimise the number of external
components. Also available are a
timer/event counter, a prioritised
Interrupt Interface and a 16-bit flag
register which can be output on the
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I/O control bus. The 1/O bus is
completely separate from the main
memory map, and enables 32K of
individual I/O bits to be
manipulated individually or
simultaneously in groups.

Artful Architecture

The term ‘memory-to-memory’
implies the fundamental difference
between traditional eight-bit CPU
architectures and that of the 9995.
That is, all transfers in the machine
are from one main memory location
to another. Only three 16-bit
registers exist on the CPU itself; the
Program Counter, the Status
Register and the Workspace Pointer,

The Workspace Pointer contains
the address of the start of a block of
RAM anywhere in the main memory
map. This address is designated
register zero; the next 15
contiguous memory locations are
designated Registers 1-15. These
registers may then be used by the




programmer as scratch registers. A
large number of instructions exist
that make maximum use of the
reduced addressing needed to
access these. For example MPY R4,
R5, performs a 16-bit multiply of the
contents of Register 4 with Register
5 and stores the 32-bit result in
Register 5 (most significant word)
and Register 6.

What advantage does this give a
programmer over other
architectures? Well, in addition to
providing no restriction on the
choice of addressing modes (register
0 can still be accessed as memory
location 7XXXX) the power comes
when an interrupt or other
subroutine call occurs. It is
obviously desirable, especially on
receipt of an interrupt, to be able to
react as rapidly as possible. On a
register-oriented machine it is
necessary to save the contents of
the working registers in main
memory, a slow operation requiring
a large number of reads and writes
to push the registers onto the stack.
On the 9995 the context switch
occurs by changing the value in the
Workspace Pointer. This points to a
new area of fresh registers ready to
process the interrupt. The full ’
context of the previous operation is
retained in the previous workspace
registers, which, being in main
memory, are still preserved intact. A
return is similarly implemented

easily and rapidly by restoring the
old Workspace Pointer value. In
many real time control situations
with a large number of external
events occurring this architecture is
the only one that allows for efficient
processing.

External Affairs

The system clock is externally
generated and fed to the CPU via
the XTAL2 input. A clockout signal
is also provided that is one-fourth of
the crystal frequency (3 MHz). The
64K bytes of system memory are
directly addressed by A0-A15. Here
the convention is that AO is the
most significant bit. AO-A14 are also
used to directly address the separate
1/O structure of the Communication
Register Unit (CRU). The bit to be
accessed is held on A0-A14 and the
data is present on A15. The data is
then clocked out by CRUCLK.
Reading a CRU bit into the CPU is
achieved in the same manner but is
read into the CRUIN line.

The data bus is multiplexed
from the internal 16-bit architecture
to eight bits externally, DO-D7. A
memory access is signalled by
MEMEN and data direction is
controlled by DBIN. WE indicates a
memory write. For the control of
slow memories a READY line signals
to the CPU if the memory is ready
to complete the current access. If
not, the CPU waits for another

CLKOUT cycle before continuing.

In the Cortex all these features
are used to provide the fastest
BASIC available to a home
constructor. Even then the speed is
still limited by I/O transfers. This
can be seen as evidenced by the
amount of time the ‘idle” LED is on.
This LED is directly driven by a
status decoder that indicates when
the CPU is no longer executing any
instructions but is waiting for an
external interrupt.

Dynamic Designing

We don’t doubt that all you
digital dabblers have watched the
plummeting price of memory in our
advertisers’ pages, and the most
dramatic trend has been in dynamic
memory (DRAM). This is partly due
to the simplicity of the basic cell
design in a DRAM; and this
simplicity means in turn that the
most dramatic cell density increases
have been and will be made in
DRAMs. With 16K DRAMSs prices
have pretty much levelled out at the
bottom of the curve, but the 64K
DRAMs are in hot pursuit.

L
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Fig. 1 Block diagram for the complete Cortex.
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CORTEX PArT 2

Build yourself a better brain: in this article we explain the
remaining Cortex circuitry and the construction of the main

board.
TABLE 1

erial 1/0O on the Cortex is
S handled by a versatile

UART, the 9902. The CPU , TRANSFER DIVISION | MONOSTABLE
communicates with the UART via DDEN |, SIZE RATE RATIO PERIOD COMMENTS
its serial 1/O bus, based on the (kH2) (1C87) s)
Communication Register Unit or 0 0 125 12 50 51" single density
CRU, which requires only three 1 0 250 6 i-0 51" double density
wires; thus the device fits.easily 0 1 250 6 I-o 8" single density
into an 18-pin package. The 9902 is 1 1 500 3 05 8" double density

fully programmable and the range
of variations is so great that it's
outside the scope of this article.
In the Cortex the chip is
configured to handle RS232 eight-
bit codes with even parity and 1%
stop bits; the communication rate
can be set from BASIC using the
BAUD command and the device
is activated using the UNIT
statement. The parameter for
UNIT is a 16-bit word, each bit
corresponding to a channel that
can be either on (1) or off (0).
Channel 0 is the keyboard/
screen channel; channel 1 is the
9902 that is already wired into the
PCB. Channels 2-15 are
implemented in software and
only require the addition of extra

NOTE

IC16 IS 74LS07

1C61 IS 741874
1C62,63 ARE 74LS251
1C64 IS 74L.5259
1C65 1S 74LS32

9902s on the CRU bus. . The Cortex
powers up set to UNIT 1.
Executing UNIT 2 disables the
keyboard and passes control to
the 9902. UNIT 3 enables both
simultaneously.

Construction

The main board and the
keyboard both have plated-through
PCBs, ie there are tracks on both
sides and connections between the
sides are made by the copper that
has been plated onto the sides of
each hole. There are therefore no
track-link pins; it is, however, good
practice to apply solder to EVERY
hole to reinforce the connections
which in some cases carry power.
This happens automatically when
boards are ‘flow soldered’ by

(LSB) 4

KEYBOARD
DATA s

ice2

L

~HOW IT WORKS— I/Q

The 1/O map space is split into two
 regions; the bottom region is for on-
| board 1/O devices and the top region
causes an off-board access. (The CPU
| has an internal /O area of 16 bits, some
of which is reserved for specific hard-
ware functions; the rest is free for the
user.) The on-board 1/O area of the Cor-
tex is decoded by 1C34 into eight 32-bit
islots, of which only four are used. Two
islots (CS A and CS C) are used for the
' Asynchronous Communications Con-
trollers (ACCs), the third (CS B) for tne
parallel 1/0 for the keyboard data, flags
and control lines (such as ‘ROM’, men-
tioned in the Memory section), and the
fourth for the DMA controller IC8 (CS
D).

1C63

SIZE =
DENSIT;EZ—

CRUCLK

CEVELd <2
-——ﬁ’ \-/.D_P
e ] INT
KEYBOARD | 7T D c61a
DATR »———rcik =| . iC16¢ LED4
_VALID R e tl U TIME  Raq
STROBE 7 fs 3R,
+5V ic16d w2 o
TEVEL 1wk B g;
INTEN w3t R ol T0 EN<—;’—-03 -
IC61b SIZE <21 Q4
4ds ok ROM <2 a5
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Fig. 1 Circuit diagram for the keyboard and control port.
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LEVEL 4

NOTE 1C67,68 ARE TMS9902 1C72 IS TLO84
IC3 IS 74LS86 1C69 IS 74LS74 IC73 IS 74LS73
o 1C4 IS 74LS00 1C70 1S 74LS89A 1C74 1S 75188
1C66 1S 74LS07 IC71 1S 75189A Q6 IS BC212
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€20  Rag R48
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s1C74a TRANSMIT(3)
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P L P XOUT 10| 1C74b REQLESTIC ic72 12V
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IC66b,, CRUCLK »—-2 CRUCLK ~RIN R53 10u
oty . B S © [
T \ces i Ic71¢ j'o ® 12v
: 2 e 5V
‘-———‘_"’—'—_O +
10u
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Fig. 2 Circuit diagram of the RS232 and cassette interfaces. Circled numbers are RS232C socket numbers.

HOW IT WORKS — RS232 AND CASSETTE PORT

The RS232 port consists of 1C68, a
TMS9902 Asynchronous Communica-
tions Controller (ACC) and the TTL-to-
RS232 signal level shifters (1IC74a,b and
IC71b,c). IC68 is a completely software-
controlled device; its baud rate can be
set at anything from 46 baud to over
100,000 baud. The number of bits to be
transmitted or received can alsn be
changed, as can the type, the parity and
number of stop bits. The CPU drives the
ACC through the serial 1/0 (CRU) bus.
The ACC is decoded as a 32-bit block,
each bit being selected by the five ad-
dress lines A10-A14.

The cassette interface uses another
ACC, 1C67. First a 4.8kHz op-amp
oscillator (IC72c) drives a level shifter
(1IC71d) before being divided by two in
the first flip-flop (IC73a). This ensures

that the waveform has a unity mark-
space ratio. The serial output from 1C67
then controls the action of the second
flip-flop, IC73b, via the EXCR gate 1C3b.
When the output is high, IC73b acts as a
shift register, passing through the
2.4kHz tone; however, when the ACC
output goes low then synchronously at
the next clock pulse, IC73b starts to
divide by two, hence generating
1.2kHz. The key point here is the syn-
chronous switch from one tone to the
other. The signal is high-pass-filtered
and attenuated by R46, R47 and C23
betore passing to the tape recorder.

On playback the signal is first
amplified by a factor of 100 and buf-
fered in 1C72b before going through an
all-pass filter, 1C72c. This is necessary
because of the nature of tape recording.

When square waves are recorded on
tape they are accurately captured;
however, on playback frequency
equalisation is carried out in the tape
recorder but the phase relationship is
destroyed, resulting in a ‘spiky’ sine
wave. This is corrected by the linear
phase-shift-versus-frequency
characteristic of the all-pass filter. Thus
the original square wave shape is
recovered at the output of 1C72a. This is
then level-shifted by IC71a and used to
trigger a monostable (IC70a). At the end
of the monostable period (312.5uS) the
_state of the signal is sampled by the D-
type flip-flip 1C69a. As the half-periods
of the two tones lie either side of the
monostable period, each tone generates
the opposite logic level at the sample
point.

HOW IT WORKS — FLOPPY DISC CONTROLLER

The TMS9909 (IC76) is a highly complex
micro-controller, designed to work in
conjunction with the TMS9911 DMA
controller to transfer data from floppy
discs. The FDC can control up to four
drives which can be a mixture of two
sizes or types.

All signals that go to the drives are
open-collector buffered by 1C80,82,83
and terminated by a resistor pack on the
last drive in the chain. The signals from
the drives are terminated on the board
by a resistor pack and then buffered by
iC84.

The raw data pulses from the drive,
after being buffered by I1C84a, are
stretched by a monostable (1C70b) by an
amount dependent on the data transfer

- rate selected by the ‘SIZE’ 1/O bit and
t!’le ‘DDEN’ (double density enable)
signal (see Table 1). The output of the

monostable is used to control IC77, a
digital phase-locked loop. The output of
IC77 is, in the unlocked state, half the
input clock frequency. When the loop is
locked to a signal then the PLL inserts or
deletes clock pulses in the pulse stream,
thus shifting the average frequency. The
programmable divider 1C87 and divider
1C69b are controlled by the ‘SIZE’ and
‘DDEN’ signals to select the correct
clock frequency. The raw data is
synchronised by 1C88 to the PLL clock
and then fed to the FDC. The FDC
separates the interleaved clock and data
bits from the pulse stream and sends
data bytes via single byte DMA transfers
to main memory.

Mini-floppy (51”) drives require a
motor control signal to start and stop the
disc rotating. Upon starting, the disc will
not be ready for data transfers for one

second while the disc gets up to speed.
To reduce the time required to access
the disc repeatedly IC79b keeps the
motor running for five seconds after it is
de-selected and [C79a provides the
initial one second ‘not ready’ signal to
the FDC. For standard (8”) drives that
don’t generate a ‘ready’ signal there is a
set of four jumpers.

The BASIC interpreter has a ‘BOOT’
command which causes the FDC to read
the first track from disc 1 and execute it
as a machine code program. This could,
for example, then search for and load
the UCSD interpreter. In order that the
system can boot from any type of disc
there are two jumpers called ‘SIZE’ and
‘DENSITY’ which are read by IC63. This
enables the BASIC interpreter to set up
the FDC correctly.
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NOTE
IC3 IS 74LS86 VO ooy
1C69 IS 74LS74 3
IC70 IS 74LS8IA IC84a_~1 | 150R e
IC76 IS TMS9909 3 R65 -
IC77 1S 74LS08 o
IC78 IS 74LS32 1c8ab_~1, | 150R 20
1C79 IS LM333 = O TCK00
1C80.82,83 ARE 74LS07
IC81 IS 74LS04 1C84c 3 26
1C84 IS 74LS244 7 i O WRTPROT
1C85 IS 74LS139 D 24
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Fig. 3 Circuit diagram for the floppy disc controller section.
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Fig. 6 Circuit of the keyboard; note that the component numbering is separate from KEYBOARD
all the previous circuitry.
HOW IT WORKS — E-BUS The keyboard is a separate unit

The E-BUS is a powerful and com-
pact bus which allows many intelligent
cards to share a common resource of
memory and I/O cards. In order to share
out the resources on the bus, each card
has a priority according to its position.
This is done by passing a signal down the
bus which goes into each card as GRAN-
TIN and comes out as GRANTOUT to
form the GRANTIN of the next card. A
second signal, BUSY, tells each card if
the bus is in use or free. If the bus is free
and a card requires the bus, it disables
the lower priority cards with the GRAN-
TOUT signal and if the GRANTIN signal

-and BUSY are OK it asserts BUSY and

enables its data and address bus buffers.

Once the bus transfers are complete
or if a higher priority card requires the
bus, then the card will relinquish con-
trol. All these events are synchronised by
a backplane clock, BUSCLK. Each data
transfer that takes place must signal its
completion using READY. ‘

The 74152001 gate array (IC89) con-
tains the bus arbitration and control
logic to gain and release the bus with
timeouts upon error conditions. If the
card cannot gain control of the bus after
128 clock cycles, it aborts with a timeout
interrupt. Also, if after 16 clock cycles
the transfer has not been signalled as
complete using the READY line, the con-
troller completes and issues a timeout
interrupt.

The E-BUS has provision for a
multibit interrupt code si_ nalled by the
INTEN signal. This interface only pro-
vides a single interrupt level using the
INTEN signal. The data, address and in-
terrupt signal are multiplexed onto the
same pins to conserve connections. The
ALATCH signal is used to enable the ad-
dress latches when the address is on the
bus. Then either DEN or WE will be
signalled, to show that either a data read
or write is occurring and that data is now
on the bus. The INTEN signal can be
used to latch the interrupt code.

C,ortex
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| counters.

providing a fully encoded output. Most
of the work is carried out by the 2376
keyboard encoder (IC4). This IC
contains a 50 kHz oscillator and two
ring counters of eight and 11 stages, the |
outputs of which form an XY matrix |
across which the switches are
connected. By this means each key is
sequentially scanned. The closing of one
of the switches for a sufficient length of
time for switch bounce to be completed
causes the scanning to stop; a ‘valid’
signal now appears on the strobe
output. The encoder also contains a
2376-bit ROM (hence the IC name)
arranged as three groups of 88 words of
nine bits. The shift and control inputs
select one of the three groups and the |
individual word is addressed by the ring

IC3 is a data selector. D2 is either the
output B6 or B8 depending on whether
upper or lower case characters are
selected by the CAPS LOCK switch.
Repeated entry of a character is
accomplished by multiple strobe signals |
from IC1, which is a dual monostable
arranged as an oscillator and is enabled
by a high level on the clear inputs.
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Fig. 7 Circuit diagram for the power supply.
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*SEE "HOW IT WORKS - PSU"

HOW IT WORKS — PSU

The computer main board and keyboard
together require a 5V at 3 A supply,
together with low current + 12V rails.
One amp plastic voltage regulators on
small finned heatsinks are used for the
12 V supplies; for the 5V supply a1 A
regulator is also used but the current-
carrying capacity is boosted by
bypassing it with a 15A power
transistor, the base current of which
passes through the regulator. R1
prevents the off-load input current of.

the regulator from turning on the
transistor when there is no load during
testing. The resistor also increases the
speed of operation of the transistor. The
1uf capacitors are for the stability of the
regulator and the 100nF capacitors are
used to remove fast transients orginating
from the mains. The zener wdf clamp
any spikes that reach the output.

R3 and R4 increase the output voltage of
the 5V supply and may be needed if the

volts at 1C48 are low (less than 4.8V);
otherwise omit R3 and replace R4 with a
link.

To simplify the addition of floppy
discs these are powered from the same
board. The drivers require about 0A7 at
5 V which is also supplied by Q1; they
also require +12 V at 1A6 with higher
surges at switch-on, and this is provided
by a separate section using Q2
controlled by IC4.
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== PROJECT—

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

he Cortex 16-bit computer
Twaf. designed in late 1982
and was featured by ET1 in
the November 1982, December
1982 and January 1983 editions, It
is based on the TMS9995 16-bit
microprocessor with a full 64K
byte main memory atd a separate
16K byte mémory for the colour
taphics display, The imachine can
e 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, T?w F-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 |/0O,

With regard to I/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.

Cortex

"~ 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
eipht bits to a peripheral, it is
necessary to transfer the bitsto 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 (memaory enable) control
sipnal 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 1/0 operation, the
multiplexed address/data lines are
forced to output the address

throughout the 1/0 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
CRUQUT on the least significant
address line (A15 by the TI 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 Fip, 2, the
Cortex I/0O 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 74 LS-
2001 pate array. This device is
used to control access to the bus

AUSCLK —] " I I l . l il I | l . |
! ,
’ y
ADDR/DATA X BIT ‘N’ ADDRESS )( . BIT N4 Y ADDRESS
!
|
MEMEN. /
|
|
| INPUT INPUT
CRUCLK. ! \~ : J \_ ;
: ouTruT outrut
|
/ o\ < VALID >
CRUIN 'l { ‘.’!QPLLR ) -t i
| |
| |
cRUoUT X VALID OUTPUT X VALID OUTPUT

]
o

B68AS

Fig. 1 Timing diagram for multi-bit transfers,
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Address

0000
0002
0004
0006
. 0008
000A
000C
000F

0010 to0OTE
0020 to 001 F
0040 1o D07 E
a0a0 to 00BF

00CO to017F
0180 10 0181

01CO 10 01FE

020010 07FE
0800 to OBOF

ns1o

0812

0814 to 1EDTE

TFDC 1o FFFE

)

charartors,

Input Function

NOT USED?
NOT USED
DISK StZE JUMPER
DISK DENSITY JUMPER
FLOPPY INTIRRUPT 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 THUS
external via FBUS

external via FBUS
Centronics

starus via FBUS
external via ERUS

1670 CPU internal
1F12 T "
1614 " " level 1 interrupt flap
1016 " " " k| " '
1([” ” ” " 4 " "
1EEA " " .
1EEC " " “er

1000 1FD8 « " not used
1TDA CPU internal MIT flag

external via LBUS

Output Function

"HASICT LED )
KEYBOARD ACKNOWLEDGE
BRUSINTERRUPT ACK
ERUS TIMEOUT ENABLE
DISK SIZE
EPROM ON/OFT
"BELL ENABLE
NOT USED

DUPLICATE OF AROVE
DUPLICATE OF ABOVE
NOT USED
TMS 9902
R§232 PORY
NOT USED
TMS 9902
CASSETTE PORT
TMS59911
DMA CONTROLLER
external via EBUS
Contronics data
via EBUS
Centronics strobe
via FRUS
external via ERUS

extornal via FRUS
CPU internal timer contrbl
timer interrupt
enable

" "

L3 " LEd
" L sed
" v not used
CPU internal
external via FBUS

Some systems may have this used for loppy disk interface
Cortex Basic uses this bit to enahle the dis

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

play on the TV screen of all control

Fig. 2 (above) Corfex 1/Q map.
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T3 PRINT

for multiple microprocessors and
to synchronise all data transfers, as
well as to provide time-out con-
trols to avnid a permanent lock-up
of the hus Howevet, 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 [C94 pin 9 to IC11 pin
13, ‘ :

3. Connect IC94 pin 19 to 1C27
pin 2; ‘

4. Connect 1IC89 pin 18 to 1C89
pin 19, ' ;
For this modification to work, the

HOW IT WORKS ___
= W

1€12,1C1h and 1€2 decode address bits
Ad to A1 inclusive. Two outpuls from
1C2 are used each of which will go low
when one of their particular group of
eipht addresses {§ accessed. Note that
the address decoding is not complete
and may well re¢pond at other locations
(2K interval). The Y1 oulput from 1C2
taddress DOBAK to 00BFh) enables the
output of ICA (7415251) the 1 of 8 selee-
tor, This device selects the signal on the
inJml 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 <tate will
signal whether the printer is ready to
receive data,

The data to he output to the printer
appears on the CRUOQUT line in serial
form, Thishastobe converted to parallel
form before heing presented to the prin-
ter, Thisis done by 1C3 which is an eight
bit  addressable lateh  (7415259),
Address lines A12, 13 and 14 determine
which hitis to be writteninto 1C3 and the
output Y0 of 1C2 gated with CRUCLK in
1C1d actually causes it 1o happen, To
wrile a mmclele eight bits of new data
requiree P:f‘ toulpul cycles. Once this
has been done the data is ready to be
acted upon by the printer. 1C5 is another
7415259 like 1C3 and one hit ofits output
isused as a slrobe signal to telt the prin-
ter that the datais ready. Outpul QO is
used in this tase; itis normally low and is
uni:cd high undersoftware control. This

appens when a1 and then a0 is output
tn 0088h,

For the fransfér of one character the
sequence is as follows: eight bits of data
are wrillen imta the eipght locations in
1C3, The data then appears in parallel
form atits output And is available to the
printer, The DATASTRORE is laken high
and then low to signal to the printer that
valid data is roarf. 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
untitit goeslow again. Now new datacan
he sent to 1C3 and the process re-
pealed.

Note thal some printers give a low on
the status line to indicate the BUSY con-
dition, this can he accommodated by
connecting the FBRUS CRUIN line 1o 1C4
pin 6 instead of pin 5. More difficult is
when the STROBE had Yo be inverted,
this reruires an additional inverter,

L Lo
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PROJECT : Cortex Centronics —

following devices must be present
on the PCB (if your Cortex does
not have all the options available,
then some of these may be mis-
sing, so you will need to check):
1C90 (741508), 1C91 (741532),
IC92 (741574A), 1C93 (741500),
1C94,95,96 and 99 (all 741.5244),
If you wish to use memory
expansion, then you must break
the links next to 1C26 and drill out
the' shorting links next to 1C94,
and ensure that you have 1C97
(741.5245) and 1C26 (741L5612).
Note that all the component
numbers used here are those
given in the original Cortex article.

It’s Already There

Although the Cortex has an
RS232 interface for a printer or
terminal, it also has the software
necessary to drive a parallel data
printer port. The hardware neces-
sary to implement this was left off
the main PCB to save space. Build-
ing the interface described here
will therefore free the RS232 for
other tasks, and make it possible
to use the more common Centron-
ics printers.

The circuit diagram for the

INTEN- (LEVEL 1)
XAQ (MSB ADDRESS)
XA2

A0

A2

A4

Ab

1/0O AB/D8 (DATA MSB)
170 A10/D10

170 A12/D12

110 A14/D14

O DEN- (MEMORY READ)
I GRANTIN

elsloie ciak
KD s bt g s e ok
CORNCNAWN DD ODNC U &Lk —

NRNNNN
B N -

N
o

GND

N
~N

- 28

O WE (MEMORY WRITE) 29
+5V 30

i 31

GND 32

110 ROW A PIN
GND OV
/0 PRES- (RESET-)
+12V
(0] TORST- (1/O RESET-)
45V

ROW C

GND OV
BUSCLK (3MH2Z)
=12V
NMI-(NON-MASKABLE INT)
A5V

ALATCH (ADDRESS LATCH)
XA1

XA3

Al

A3

A5

A7

A9/D9

A11/D11

A13/D13
A15/D15/CRUQUT (LSB)
MEMEN- (MEMORY ENABLE)
READY- (MEMORY READY)
GRANTOUT >
BUSY- (BUS BUSY)

GND

CRUIN (1/O INPUT)

Y
CRUCLK (I/O WRITE STROBE)
GND

170

0-0335350000000

170

Fig. 4 EBUS signals and their uses.

interface is shown in Fig. 3 and the
circuit itself is discussed in the
‘How It Works’ section.
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In the slightly delayed second part of this article, we present the
construction and use details. ‘
(Nofmollﬂ connect ‘()

he overlay of the PCB is "
T shown in Fig. 4. There have g ' @ ‘:
been three modifications PRI Bt :

between this and the original CRUIN vt W 8 u3 I
circuit given in the June ETI, Firstly, CHRUCTR s : |
the address lines A4 and A8 were T D— A |
the wrong way round in the JT B B 1ca ;
original circuit diagram and this PP i P S 4
has been corrected. o | 1 Biga'y j
Secondly, an extra package, fe e ‘ 5egs |
[C6, has been added, of which : ,
only one inverter gate is used. This T A i : E 1c5 3
is to provide a complement of A0 et g ‘
STROBE as well as STROBE itself B ok 588 |
on the Centronics output; this is to Aid B : |
increase flexibility, as some 28 (¥ -, ;
printers will require the A e o f
complement rather than the e - |
original. e 5 — ‘
Finally, and also to increase ’ “‘88' HM |
flexibility, the W and Y outputs of OV i 85883855 é
IC4 are link-selectable; using the Y sovaac il e \ & / @) |
output, the BUSY IN line is ST ;
gIR |2 :
515 12 i
@ 5 R o @ |

— PARTS LIST______

Fig. 4 Overlay diagram for the PCB. The points marked DO, D2, D3 etc and Q1,

CAPACITORS Q2, etc on the PCB (not the connector) are for the unused locations that readers
C1 100n ceramic may wish fo make use of. Note that there are two additional decoupling capacitor |
@ 1”&:3‘30' i location points, in the unlikely event of any supply line problems arising. |

d inverted to become the CRUIN f
SEMICONDUCTORS signal; using the W output, it is |
IC1 741532 not; one or other of these will be BUYLINES
:5"2; ; ;:tg;;g appropriate to your printer.
1ca’ 7415251 {js%el(vj(lﬁ??xslitr(\)kiagji z/'?: gs;n(')rg'gygg} A full kit of parts for this project will be
1C6 741504 " = A : available through Powertran
. USlﬂg the speg.sal FCB' Cybernetics Ltd, Portway Industrial ||
MISCELLANEOUS asgemblypf the circuit should be Estate, Andover, Hants SP10 3ET. {
15-way D-type connector socket & quite straightforward, but do make Powertran hold the copyright on the
plug; PCB; connector o suit printer; sure you get the links in the right PCB so it will be available only from
ribbon cable, etc. ] places and be careful with 1C them. '

orientation. Some clearances are a :

Cortex TIL - Pc:\qe 20




PROJECT : Cortex Centronics w

Fig. 5 Test program for the
interface, to print a row of 1¢  BASE @8ggH ! I/0 BASE ADDRESS
‘Als.
2f CRB (8) = ¢ ! RESET STROBE
3 CRF (8) = ¢ 41H ! O/P ASCII 'A!
455 IF CRB (9) = 1 THEN GOTO 49' ! WAIT FOR FREE
5 CRB (8) =1 : CRB (8) = ¢ ! PULSE STROBE
6¢ GoTo 3¢ ! LOOP
bit tight, so do check carefully for keys together will cause all output | O/P  ADDRESS
any solder bridges after you have to be reset to UNIT 1 only. YO 0800 Parallel data output
finished. The BASIC program shown in Y1 0810  Single bit I/O
Fig. 5 can be used; this should % 83%8
print a stream of letter‘A’s. .
In Use Having built the pririter inter- Y4 0840  Unused
Once the interface is con- face you will have noticed that Y5 0850
nected between the computer there are seven spare I/O bits and Y6 0860
and the printer, then typing in the if the printer is not in use then Y7 0870
command UNIT 4 will enable seven other parallel data ports

printing, while the command

with separate strobes and status

bits can be used with a common
data port. Also six other I/O
address slots are decoded by 1C2
as shown:—

UNIT — 4 will disable printing, If
the printer fails to print or a paper-
out condition arises, then pressing
both the GRAPH and RUBOUT

We look forward to receiving pro-
jectideas from readers that make
use of these!

p— .
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ASSEMBLY INSTRUCTTIONS

{Please read thoroughly before starting assembly)
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General notes on kit construction
Identifying parts

Before assembling any part of the kit. familiarize yourself with the components. Clear yourself plenty of space in a spare,
room and sort out the parts according to the check list but do not mix up the packs. Read all the parts and putthem in order

Resistor Colour code

Colour 1st & 2nd Multiplying
band/ring factor
Brown 1 10
Red 2 100
Orange 3 :8880
" 4 Yellow 4
1’ st BAND 2’ nd BAND MULTIPLIEK figers : -t
1" st RING Blue 6
MULIPLIER SPOT Mauve 7
2’ nd RING Grey 8
White 9
+ Black 0 1
Gold 1/10

example: 390K = orange white yellow (39 X 10000 = 330000 ohms)
Note: K = kilohm (1000 ohms) M = megohms (1000000 ohms)

rather than writing 5. 6K for 5600 ohms usually 5K6 is written as it avoids the risk of missing the dot and reading 56K

Capacitors. these may be marked as pico farads (P or pF or nothing at all) nano farad (n or nF) or micro farads
(UF or p or mF)
1pF = 10-'2 farad = 1O'6pE = 10-3n
1nF = 10-9 farad = 10-3uF = 0.001pF = 1000pF
JpF = 10-6 farad = 1000n

il

Some capacitors are colour coded. The bead tantalum types are coded in uF the striped polycarbonate types are coded
in pF

Soldering

Soldering is really very easy but strangely if a constructor runs into problems with his kit it is the soldering which is nearly
always at fault. To solder well it is best to understand the principles of soldering.

Solder is an alloy (of tin and tead) which is electrically conductive and has a fairly low melting point (about 190°C) making
It suitable for joining together pieces of metal (except aluminium) both mechanically and electrically without causing
heat damage Solder supplied for electronic construction is in the form of wire which has small cavities containing ‘flux’
which is a chemical which when hot and freshly melted will remove from the pieces being joined the oxide layer and
other dirt which otherwise would prevent the solder wetting the surfaces - if the solder does not wet the surfaces the
joint will be unsound both mechanically and electrically - you then have a ‘dry’ joint.

To solder well the iron must be clean - wipe the tip on a damp sponge whenever it has a lot of black rubbish (burnt flux) onit.
WARNING some beginners books talk of filing the bit or rubbing it on abrasive paper - good modern irons have iron plated
bits which will be ruined by this procedure. To solder a component into a circuit board, insert its leads and bend them
slightly to hold the component in place. We do not recommend flatenning the leads onto the board (except for the very
thin leads of polystyrene capacitors - the ones which look like rolled up Sellotape) because doing that makes removal
much more difficult if you later find you have fitted it into the wrong space. Next trim the leads to about 2mm from the
board. Now comes the easy bit which so often goes wrong.

Some constructors cover the iron with melted solder and attempt to transfer this to the joint. Apart from the risk of solder
spreading across the tracks. solder carried on the iron no longer has active flux to clean the joint which is necessary
for the solder to be able to wet the components.

The way to make solder work for you is to touch the solder onto leads and tracks which are hot enough to melt the solder
and release active flux onto the joint, so place the tip of the soldering iron onto the circuit board track touching the
component lead at the same time, wait about a second then place the solder where the track, lead and soldering iron tip
meet. The solder will then flow around the joint. Make sure the lead is surrounded by solder then remove the solder and
iron. Now look at the joint and you will see that you DO NOT HAVE A BLOB OF SOLDER around the lead - you will see
solder smoothly tapering off in thickness as it spreads away from the joint.

Soldering wires to component tags

On some components to which wires are attached there are holes in their tags. To solder a wire to these wrap the wire
(insulation stripped off the last 4" first) through the hole so as to hold the wire in place then heat tag and lead simu!
taneously and apply solder to where the lead. tag and iron meet and do not remove the iron and solder until the joint i<
smoothly covered which may take a few seconds with thick tags or thick wire.

G1




Soldering wires to pins on PCB’s

This calls for a different technique as it is not normal to make a mechanical joint before soldering. Holding a wire. 2
soldering iron and solder in place simultaneously requires 50% more hands than most people are born with so instead
of attempting that, it is usual to pre-coat the pin and lead with solder and then join them with heat. This pre-coating
is called ‘tinning’ - heat the bared wire with the iron and apply solder to where the wire and iron meet until the wire is
coated - next repeat this for the pin. Hold the wire against the pin (pliers or tweezers help in some difficulttoreach places).
with the solder resting on the table, with the end bent up'so it can be touched with the iron without burning the table melt
a SMALL amount of solder onto the iron (this'is the ONLY time loading the iron is permissible) and as fast as possible
apply the iron to the joint and remove as soon as solder is seen to have joined the wire to the pin but do not yet remove
your grip on the wire. As solder cools it passes through a semi molten stage (eutectic) when visually it may appear solid
but is in fact very weak and if the joint is disturbed at this stage it will be permanently weakened and likely to fail later

Cleaning of the circuit board

The importance of cleaning the track side of circuit boards cannot be overstressed. Unless all the resin has been cleaned
from the joints it is very easy to miss spotting an unsoldered joint, a dry joint or shorted tracks.

To remove the flux brush the soldered joints with a stiff brush (a 4" wide paint brush with its bristles cutdown to 14" length
is 1deal) and a suitable solvent. Proprietary board cleaners are available - RS Components are one such supplier and
this can be obtained from many component dealers. however, cheaper alternatives are also available. Acetone can be
purchased readily as solvent/brush cleaner for polyester resins from Strand Glass Co. the fibre glass specialist. Snopake
thinners are available from stationery suppliers (Snopake is the white correcting fluid used by typists) Nail polish
remover also gives reasonable results and Boots own brand i1s good value.

When cleaning. keep the solvent off the component side of the board as 1t could remove the markings of the components
and possibly damage them (particularly likely with polystyrene capacitors). Solvent could flow through any spare holes
on to the component side of the board so these should be soldered over before cleaning. Check the board when dry
under a bright light (in our laboratory we use a 6’ fluorescent fitting mounted 22" above the test bench) look very closely
(a magnifying glass helps) at each joint and also all regions where tracks are close to each other. Sometimes very thin
whisps of solder fall across a pair of tracks and these have to be looked for very closely. Even with very careful soldering
a surprising number of faults can be revealed by this examination.

G2




INTRODUCTION

The Cortex should be built in the following seguence:

1. Keyboard
2. Powerboard
3. Case

4., Main Board

5. Final assembly

This sequence should be followed because the main board is

by its nature very delicate, and should be handled as little

as possible. Also the soldering is critical and as much

practice as possible is desirable. The case should be constructed
before the main board so that the constructor can fit all
ancillaries to the main board and become as familiar as possible
with the case layout.

cortex T - PQS& 15




CASE

KEYBOARD ASSEMBLY

The CAPS LOCK switch is physically different from the rest and is
wired in with wire links. The switch is supplied attached to a
bracket which is secured to the Q, W switches. When soldering on
the wire links be as gquick as possible to avoid overheating which
could damage the switch.

Before fitting the 2 switches for the space bar cut off the horizontal
parts of the cross on the stem with side cutters and trim off any
remainder with a razor blade or Stanley knife. If this is not done
then the space bar will not fit securely. Also remove the square
flange with side cutters to prevent it fouling with the space bar.

In the space bar cut out the cross part where the switches fit in.

— ReMONVE HORITZONTAL

Wperove FLEKia:

e

L

-~

/W REMOWVE CROZU
/

L ' 0

It is important that the switches fit squarely and evenly on the
board. The best way to achieve this is to solder only one pin of
the switch, fit the keytops and then whilst holding the board press
in turn ea¢h switch whilst reheating the soldered joint. When all
are evenly and squarely fitted the remaining pins can be soldered.

Solder on I.C. holders as shown in the diagram in the reprinted
magazine article. Solder on resistors, capacitors and transistors
in that order. Do not fit I.C.s yet. Fill each through plated
hole with solder.

Attach the support bars as shown below using 4mm plain spacers and
3 x 12mm screws. The support bars are in turn attached to the case
via 12.7mm threaded spacers and two 3 x 7.5mm screws.

1

—

= NS

1 SERCATEL URUMD b

T 7 —— , PR mﬁ\

: [ KeEYACARD SUPPOKT
i
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KEYBOARD PARTS LIST

Resistors (all %w,5%)

R1,2,6,8,9
R3
R4
R5
R7

Capacitors

cl;2,5
C3,4
Cé6

C7

Semiconductors

ICl
IC2
IC3
IC4
Q1,2

Miscellaneous

4k7
18k
12k
680k
100k

220n 35V tantalum
4u7 16V tantalum
4n7 ceramic
33p ceramic

74LS123
74LS08
74LS157
2376
BC182L

PCB; 67 off momentary push-to-make switches; one off
latching push-to-make switch; set of 67 double shot

moulded key tops;

IC sockets; switch mounting bracket;

mounting pillars etc.




Fit keyboard to case with screws loose., Fit cover and ensure
sufficient clearance around keys. Adjust as necessary. Remove
cover and tighten threaded spacers to support bars in correct
position, Remove keyboard by removing the top screws from the
threaded spacers. The keyboard should now be easy to refit.
Place keyboard in safe place.

POWER BOARD

1. Solder capacitors onto P.C.B. ensuring correct polarity.
2. Solder on resistors and plug pins.

3s Solder on diodes.

4. Bolt regulators to P.C.B. ensuring that the heat sinks are

sandwiched between P.C.B. and regulators. Add a smear of
silicone grease or heat sink compound between regulator
and heat shunt., Solder power transistor flying leads to
board.

PARTS LIST

POWER SUPPLY

Resistors (all %w, 5%)

R1, 2 10R
R3 100R
R4 4R7

Capacitors

cl, 7, 1%, 15 100n polyester

Cc2-4 4700u 1l6v axial electrolytic
cle, 17 4700u 25v axial electrolytic
c8, 12 2200u 25v axial electrolytic

cs, 6, 9, lo0, 13,

14, 18, 19 In 35v tantalum

Semiconductors

icl 7805

1c2, 4 7812

ic3 7912

01, 2 TIP2955
Dl1-4, 9, 10 1N5402
D5-8 1N4002
zZD1 BCW70 5v6

Miscellaneous

PCB; one off three way connector; two off five way connectors;
transformer (13.5-0-13.5 at 3A, 9V at 4A); fuse holder clips;
four off TV5 heatsinks.

Cortax IT- PSS 21
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CASE

Fit Power Board P.C.B. to case using six 3 x lémm screws. These
screws should be pushed up through the bottom of the case and
attached with two 3mm nuts, to give P.C.B. sufficient clearance.
Place P.C.B. over screws and attach with 3mm nuts and serrated

washers. Main board 1s similar but screws are reversed.

Fit transformer. Cut down and solder onto 5 way plug the heavy
transformer cakles, as shown. Fit switch fuse holder and T.V.
socket to cover. Ensure that the earthing tage is fitted under
the T.V. socket mounting screw and that the paint is scraped away;
to ensure good case earth. Wire up mains supply through the
switch and fuse to Power Board as shown in diagram. Mains wire

to Power Board should be approximately 400mm long.

Bolt Power transistor to case ensuring that the mica washer and
plastic bushes are used. Silicone grease or heat sink compound
should be used on all contacting faces of power transistors and
regulators.

Solder on T.V. cable to T.V. socket.

Fit 4 red L.E.Ds and the two push buttons (P/Bs).

Solder the long leads of each L.E.D. together keeping the lead
as short as possible. Solder one side of each P/B together.

Solder the eight differently coloured wires to the L.E.Ds and
P/Bs as shown on diagram: -

P/Bs Left Reset button Blue

= Centre ‘Warm start button Green

" Right Both buttons Black
IAQ RUN LED (short lead) White
MAP MAP LED " n Orange
TIME TIME LED " n Pink
IDLE IDLE LED " Y Yellow
+5V ALL LEDs(Long leads) Red

Gather up wires and using a nylon tie and adhesive holder attach

the loom to the underside to the cover about 50mm from the L.E.Ds.
Twist the loom slightly and add a nylon tie every 75mm. For the last
120mm split the loom into P/Bs and L.E.Ds and slide over sheathly.
Solder or crimp the 0.1" shell connectors onto the end of each lead.
Press into the shells until connectors click home.

Wire the other 5 way Power Board connector using the 350mm wires
as shown. Twist these wires together and solder onto 4 way connectors
in this order:-

+12V Orange
+5V Red
ov Black
-12V Blue

Plug these leads onto Power Board. Solder the two 225mm orange
leads to the loud speaker. Twist wires together and solder 0.1
connector onto to end. Push connector into 3 way shell using the

outer two slots. Using the double~-sided adhesive pads (3) stick the
loudspeaker down to the case next to the transformer.
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MAIN EBOARD

Before starting ensure that you have a reasonably large, clean
and well 1lit working area. Work slowly and methodically. A
mistake at this pint can be very time consuming to rectify.

1. Refering to the magazine article note the I.Cs used in the
basic computer they are marked with a B. Solder on all
these I.C. holders ensuring that all the end cutouts are to
the right hand side. Do not over solder.

2. On the under side of the board on I.C. 70:-

A) Link pins 3 and 16 using insulated wire.

B) Solder 1lnf ceramic capacitor acress pins 1 and2, keeping
leads as short as possible. Press capacitor flat against
board. (C31).

3. Solder on all resistors. Solder (32 in parallel with R77.

4. Wire in 1links 1 - 4 using insulated wire.

5. Solder on crystals (XTAL 1 - 12MHz, XTAL 2 - 10.7MHz)
Push the body flat against the board and wire into place.

6. Solder on modulator.

7. Solder on cassette port.

8. Solder on 4 way power connector.

9. Solder on 5 way LED connector and 3 way P/B connector.

10. Using the remaining 3 way connector clip out the short centre
tag. Solder into the Piezo hole connector.

11. Solder on inductors (L1 = 4uH7, L2 = 22uH, L3 = 33uH)

12. Solder on capacitors. (Suggest make disc capacitor the last
iten to be soldered as they are easily bent over).

13. Solder on diodes. Broad yellow band is cathode.

14, Solder on transistors

15, Fill each through plated hole (hole connecting only tracks on
each side of board) on wide (power) tracks, with solder.

l6. Examine board carefully to ensure that there are no components
missing and that there are no solder errors.

17. Do NOT put I.Cs in,

18. Place seven, M3 screws through the board, place two nuts on the
underside to act as spacers from the chassis. The board is
attached to the chassis by placing the seven screws through the
slots and securing with a third nut and washer.
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PART LIST

Main Board

Resistors (all %w, 5% except where stated)

R1,2 470R
R3-5,11,15 ,32,56,59 4K7
R6-8,20,21,28,41 330R
R9,12,13,39,40,
55,61,46,52 10k
R10,14,45,47,58

63,77 1L00R
R16-19 560R
R22 120k
R23,24,26,31,36 1k0
R25,29,33,68 2K7
R27 390R
R30 1k5
R34 680R
R35,60,74,75 2k 2
R37 lk pre-set
R38,53,54 100K
R42 6k8
R43 3k9
R44 39k
R48~50 8k2
R51 1MO
R57 : 22k
R62 27k
R64~67,71 150R resistor array
R69 5K6
R70 12k
R72,73 3k3
R76 10R

Capacitors

cl In0 ceramic

c2,18 4u7 16V PCB electrolytic
c3,7,25,26 10u 16V PCB electrolytic
c4,5,6,9,10,13,17 100n polycarbonate

Cc8 47u 10V PCB electrolytic
cli,12,16 33p ceramic

cl4 39p ceramic

cl5,27 22u 16V PCB electrolytic
cl1l9 100p ceramic

c20 22n polycarbonate

c21 4n7 polycarbonate

c22 330n polycarbonate

c24 5n6 polystyrene

c28 100u 16V PCB electrolytic
C29 330p ceramic

Cc30 470u 10V

c23 2n2 polycarbonate

C31 In ceramic

c32 10n ceramic

cvl 6-30p trimmer

Electrolytics of higher voltage rating may be used.

—~




L1
L2
]‘J 3

Semicondutors

Icl1,6,12
IC2,17,18,61,

88
Ic3

Ic4,21,31
IC5,22,30

IC7,24
1Ic8

Ic9,10,84

98
ICll
Ic13,77

IC15,34,35
Icl6,66,80,82,83

IC1l9
Ic20,79
ICc23

IC25,65,78

IC26
IC28,;29
I1C32
IC33,85
IC36-43
Ic44,97
IC45-47
1cag
IC49-56
Ic57,58
IC59
IC60
IC62,63
ICh4
IC67,68
ICc70
IC71
IC72
ICc73
IC74
Ic76
IC86
ica7

01,3
02,5
06

Dl~-5

.4

au’7
22u
33u

741,504

741,874
741,586
74L,500
7418502
74LS10
TMS9911

7AL5244
TMS9995
741,508
74,5138
741,507
7415164
LM339
741,520
74L532
7415612
74L527
TMS4500
74L,5139
TMS4164
741,8245
TMS2564
TMS9929
8118
40168
LM1889
4013
741,5251
74L5259
TMS89902
7415123
75189A
T1,084
741,573
75188
TMS59909
74L5297
74L5163

BC182
BC212
BC212
1154148
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FINAL ASSEMBLY

Your machine should now be in the following condition:-
Case - with Power Board, transformer and speaker fitted.

Cover - attached to case by power transistor leads and
mains lead.

Main Board - separate with no I.Cs fitted

" n n " "

Keyboard-

Leaving main board and keyboard out, plug in and turn on machine.
Using a Voltimeter check power supply output (+12,-12,+5) .
Switch off.

Place main board in case.

Plug in power supply, speaker, LEDs and P/Bs. Ensure correct
orientation of each plug by reference to drawing of main board.
Mark each plug and socket with a touch of paint to ensure correct
future orientation.

Switch on. Check power supply output. Should be unchanged.
Switch off. Disconnect power supply. Short power supply with
100R resistor. ) '

Insert all I.Cs on main board and connect the power supply.
Switch on. The TIME LED will flash about once per second. Check
the supply voltages. X

Connect a suitable T.V. receiver to the T.V. socket. Tune in
receiver.

The television vertical hold control and the preset resistor on
the main board may require slight adjustment for a steady display
on wich will be written:-

CORTEX BASIC REV 1.1 C 1982
* Ready

If you seem to get nothing but a grey/blue screen, persevere with
the adjustments (tuning, and preset resistor), you can do no
damage by taking these to extremes.

When a steady display is achieved, switch off. Insert I.Cs into
keyboard and connect to main board with cable provided.

Ensure caps lock is depressed. Switch on and type in the following:-

10 FOR Y = 0 TO 191

20 FOR C = 0 TO 15

30 COLOUR C,7

40 PLOT C*16, Y TO 7 + C*16,Y
50 NEXT C

60 NEXT Y

RUN
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Adjust the tuner, pres

resistor

best display.

Switch off.

Attach keyboard to cas
over to avoid fouling).

Place cover on case and screw downe.

o

—
3
=

[
)
(]

P/B

o

FITTING THE RS232C INTERFACE

board lavyout.

Carefully remove Main Board.

Solder on I.C. holders

I.Cs marked R.

Bolt right angled connector to board.

Link connector pins 19 and 20.
Replace Main Board.
Fit I.Cs.

Test printer

Re-assemble machine.

S

(I.Cc 74 & I.C 68).

and preset capacitor for the

connector may have to be bent

Referring to main

Solder connector.
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10.

Note

1.

2.

CORTEX R.G.B. INTERFACE - ASSEMBLY INSTRUCTIONS

Assemble the components on the P.C. board, using the component
list to identify the components.

Make up the connecting leads as shown in the diagram.
Remove the P.C. board from the Cortex.

Secure the hexagonal threaded spacers in positions A and C,.
Solder in position D a five way P.C. mounting plug.

Replace board in Cortex.

Plug the 5 pin connector on lead A on to the connector D on the
Cortex P.C. board. The black wire goes to the pin nearest the
transformer.

Mount the RGB board on the spacers, the top mounting screws go
through the large holes on the edge of the board and into the
spacers A and C.

Plug the 4 pin connector on lead A on to connector PL1, the
black wire goes to pin 4.

Clip out the centre short pin on the three pin male connector.
Solder to board in 12V - OV position. Connect the red and
black wires to the outside positions of the female part of the
connector, Mark the two parts of the connectors to ensure
correct orientation., Solder the other ends of the wires to
the +12 and OV lines on the power board.

Feed the 5 pin flat socket on lead B through the spare DIN
socket hole on the rear panel of the Cortex, fix the DIN

socket to the rear panel of the Cortex, and then plug the 5 pin
flat socket on to PL2, the black wire goes to pin 1.

Make up a lead as in diagram C using the DIN plug supplied, to
connect to the LINEAR input to your monitor.

Test using the last program on page 37 of the Cortex
Construction Manual.

Some boards have errors in the component overlay:
C19 should have its negative leg nearest the edge of the board.

TR13 should be mounted with the same orientation as TR12 =~ do
not bend the legs.
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THIRD ANGLE PROJECTION

MANUFACTURE TO BE IN ACCORDANCE WITH FEEDBACK
WORKSHOP / ASSEMBLY / TEST CODE OF PRACTICE

i &7 =
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3 sl \/B
7
— / % \
SN 4 PN
SOCcKET SocCKET
BLACK GREEN
LEAD A
- P -
GREEN
Y
RED .
\ //
Vi
3 2
; %
7 5
S PIN DIN 5 PIN
SOCKET BLACK BLUE ORANGE SOCKET
LEAD B8
RED
GREEN To
2 3 RLUE RGCE
’ W SYNC MONITOR
[N GND
DIN
S PIN PLUG
5 LEAD C
MATL
FEEDBACK LIMITED
ISS|DATE| SIG |BNo| CH |APP TTLE pOoWERTRAN
B S CORTEX RGR INTERFACE
ALL DIMENSIONS IN mm
TOLERANCES
FROM 0 TO 10 + 0,1 DR DATE SCALE
OVER 10 TO 50 + 0,2 CINISH CH
OVER 50 TO 250+ 0,3 4
ANGLES # APP
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CORTEX R.G.B. INTERFACE.

PCB COMPONENTS.

Resistors:

22 ohms
82 "
150 "
220
330 "
390 "
470 "
560 "
680 "
1K 1"
2.2K "
2.TK "
8.2K "
10K "
18K "
27K "
39K "
47K "
100K "
470K "

Capacitors:

Semicon

47nF Ceramic disc.

100pF " 1
4:7pF 1" 1"
ZZOpF 1" "
470nF Polyester.
10uF Electrolytic.
47uF Electrolytic.
ductors:
Transistor Z2TX213
1 ZTX108

Diode BAX13

All resistors are 0.125W, 5%.
R20, R45.
R27, R41, R52.
R7, RS.
R18, R33, R43.
R22, R36, R46.
R25, R28, R39, R42, R44, R50, R53.
R34.
R16, R17, R47.
R10, R19, R21.
R4, R9, R13, R26, R35, R40, R51.
R29, R30, R31, R32.
R23, R37, R4S8.
R2, R6, R24, R38, R49.
R5.
R12.
R14,
R11.
R3.
R15.
R1.
All voltage ratings greater than 12V,
C1, C15, C17, C18, C20.
C2.
C3.
C4, Cs5.
C6, C7.
C8, C9, Clo0, C11, C12, C13, Cl14.
C16, C19.

TR1, TRS, TR12, TR16.

TR2, TR3, TR4, TR5, TR6, TR7, TRY,
TR10, TR11, TR13, TR14, TR15, TRI17.
D1, D2, D3.

Integrated circuit CD4011BE ICA.

" " CD4066BE ICB.
Inductor 47uH, 0. 35A. Ll.
Connector, Male, 4 way. PL1.
i " 5 way. PL2.
Terminal pins, 1mm, 2 off,
Printed circuit board. 1 off.
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OTHER COMPONENTS.

DIN Plug, 5 pin, 240%
DIN Socket, 5 pin, 240°.
Connector, Male, 5 way.
Connector shell, 5 way.
Connector shell, 4 way.
Crimp terminal, Female.
Board spacer.




Disc Drive

10.

11,

12.

13.

14.

15.

16.

Carefully remove the main board.
Solder on the 34 way right angled socket.

Connect pin 32 on the 5" connecter to pin 14 on the 8" connector,
You need only do this if you intend to use double sided drives.

Solder the IC sockets onto the main board., Insert the relevant
IC's ensuring correct position,

Fasten the socket of the three way mains connector, through the
hole at the rear of the cover, Tighten., Connect this socket
to the 3 pin plug on the Power Supply board. This is to power
the disc drives.

Install the main board and fasten cover,

Switch on Cortex and check for normal operation. If it does not
power up check for solder splashes and incorrectly inserted IC's,

Make up the power cable as shown. Connec¢t to computer and test
for correct voltages on pins.

Take the two piece metal cabinet and stick on the six 'sticky
feet'. This avoids the disc drive warping.

Screw the ribbon cable clamp in position under the edge connector,
using two M3 X 12 pan head screws.

Screw the disc drives into positien on the base using four M3 X 8
pan head screws for each drive.

Clip the 34 way ribbon cable to each drive ensuring that the red
conductor goes to terminal 1. Push the cable down onto the clamp
base and clip the top on, thus clamping the cable.

Connect the power cable to each drive and exit through the half
round notch with the tie inside the case,

To configure the drives for i and 2:

a, If only one drive is used the terminator block (14 pin DIL
prackage marked 150 } should be left in place. The jumper
link should be in position marked O or DSO. The jumper
position are next to terminal 1 on the ribbon cable connector.

b. For two drives the left hand drive (as you look down) is
number 0 so the jumper link should be installed in this
position and the terminator block removed,

The right hand drive shnould have the link in position marked 1
and the terminator block should be left in position.

Screw down the top cover of the disc drive enclosure.

Place the assembly c¢n top of the Cortex cabinet. Plug the 34 way
and power cables into the Cortex.

fhoe A4

ok
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17, Switch on. The normal power up screen should appear. If not
check for correct connection of power supply and 34 way cable.

18, Follow instructions accompanying software,




Centronics Construction and Installation

Construct the Centronics board as per the magazine article.

The board is designed to mount over the power supply P.C.B on

the CORTEX II using the Hex pillars and screws provided. Remove
three of the fixing nuts on the power P.C.B. Replace these with
the hex spacers and tighten. The Centronics board mounts over
these pillars and is screwed into place using the pan head screws.

If you have an old type Cortex it is suggested that the board is
fixed, upside down to the top cover of the case between the disc
drives, using double sided sticky pads provided and ensuring that
the solder side of the board does not touch the case! Connection
in this case must be made between the printer and board by flying
lead. Ensuring that the flying lead cannot pull the P.C.B away
from its fixing.

The Centronics P.C.B is connected to the main board using the 17~
way ribbon cable provided. Care must be taken when soldering to
the main board that no twoe lines are shorted together.
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FAULT FINDING

1, 2, 3, 4 - Main Processor

5 - Video

6 - Keyboard

7 - Cassette Interface
8 - Disc Drives

If you are reading this section your Cortex has failed to work.
At this stage it is assumed that the TIME LED is not flashing.
If it is go on to section 5. It is well worth checking the
values and orientation of all components at this point. Also
check both sides of the board for solder splashes and clippings
from components. A common source of error is an IC leg outside
the holder! Use a bright light to check the board. Use a
recommended flux solvent to thoroughly clean the board.

If you still cannot find any construction errors then proceed

as follows: Obtain a LOGIC PROBE (Approximately £20). Preferably
T TR If you already have an oscilliscope you will not need this
instrument. Normally a LOGIC PROBE has two LEDs which indicate
the status of a particular pin when the probe tip is applied to
the pin in operation. The probe should give 4 logic states.

LEDS H L
HIGH 1 0]
LOW 0 1
NOT CONNECTED 0] 0]
PULSING 1 - 1

The probe is extremely useful for any digital work.

The four LEDs on the front cover give a good idea of the likely
problem. These LEDs should go on in the following sequence.

RUN IDLE MAP TIME
A,
about 0.25SEC 0 0 0 1
B,
about 1 SEC L 0 0 1
C. 0 1 0 1 FLASHING APPROX.
1Hz
T.- If RUN does not come on at all check RESET signal (Pin 1 on

IC20) should be HIGH. Press the reset button should see signal
go LOW for as long as the button is depressed. Recheck this
on pin 22 of IC1l1l. Should have same results.
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If RUN LED stays on for approximately lsec and goes out and
IDLE does not come on (and possibly a continuous BEEP) check
the EPROMS (IC45, 46, 47) for a leg outside the holder or a
bad connection.

If RUN LED comes on and stays on. Then remove IC32 and IC44.

a) Check READY (Pin 23 on IC1ll) should be high. If low then
check EXT CRU (Pin 6 IC28) should be 0. If not check for
a short in data lines (See Sec G.)

b) Check address lines on EPROMS (ICs 45, 46, 47) all should
by cycling immediately after RESET. If one line is not
then check for short.

c¢) Check DATA lines on EPROMS, these should all be cycling
(Pins 11 - 19). If one is not then check for short.

d) Chip select 2 (CS2 Pin 27) on each EPROM should pulse at
least once after RESET.

e) Check each EPROM (Pin 22) this should be initially low
after RESET. After 1 sec should go high if it does then
go to section 4.

f) If remaining low remove power from board and using a
Multi-meter on 1K m range check for 0 ., between address
lines. Note: to confirm short circuit reverse meter
probes and recheck.

g) Repeat for data lines. Using low . range. If your Multi-
Meter has a high voltage battery (»1l5v) then for safety
remove data ICs i.e. 11, 15, 28, 45, 46, 47 and 48.

Turn power off. Remove IC36 - 43. Check for short circuit
between Memory Address lines (MA) (Pins 13, 14, 19, 21, 24,
27, 32, 33 with Multimeter) Check for short circuit between
Pin 2 on each RAM chip.

If the above check out then suspect a component fault.

If state C on LEDs is reached then majority of LOGIC is
working.

Connect TV to channel 36.
Should show:-

CORTEX BASIC Rev 1.1 () 1982
* READY

If you get a blank screen and no sound, adjust R37 (preset).
If still no picture then put logic probe on SYNC (Top of R25)
If pulses exist then check all component values, polarity and
soldering. If no pulses remove D5 and recheck. If pulses
occur replace D5 in the correct orientation.

o
If a black and white picture exists rotate CV1 through 360
slowly and check for colour.

If still no colour change R22 from 120K to 220-330K.

If still no colour replace R38 with 220K preset and adjust
as necessary.
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If graphical characters appear rather than alpha-numeric then
check presence of Q2 and that pin 10 of DIL connector is low.

On power-up if the keyboard does not respond then it is possible
that there is a short in the keyboard array. This is in effect
like a button being continuously depressed.

To find the short simply press the REPEAT key. This should
tell you which tracks are shorted.

With no keys depressed then Pin 8 = 15 of IC4 should be
cycling. When a key is depressed these pins should freeze.
If not cycling check key array for short.

Ensure that pin 3 of IC70 is taken to 5v and a 1lpf capacitor
is soldered between pins 1 and 2. (IC70) on the underside of
the board. The following program will test the hardware.
Type in the following program: -

1¢ BASE @180H
2¢ CRB (16) = 1

3 CRB (17) = 1
49 WAIT 5@
50 CRB (17) = @

60 WAIT 5¢
7¢ GOTO 3¢

Plug in cassette and start recording
Type RUN

After 30 seconds press ESCAPE.
Rewind cassette and playback.

Look with a logic probe on Pin 3 of IC67. This should be
toggling between 1 and 0 every 0.5 sec.

Adjust volume to give a clean toggle with no jitter.

If no suUccess ensure that the cassette has correctly recorded

the test signal generated in the program, listen to the cassette.
The recorded sound should be alternating. high and then low every
0.5 sec. If not check that whilst recording pin 3 of IC67 is
toggling. If the pin is low then the cassette recorder is not
connected. To check the working of the cassette interface place
the probe on pin 2 of IC67 whilst the test program is running.
This should be toggling.

If no toggle replace R44 with 100K preset adjust as necessary.

If still no success try using a computer compatible recorder.
Avoid Dolby.

Assuming that 5%" Disc Drives are being used as supplied.
It has been known for some domestic TVs to affect the drives.
Move TV away. READY jumper diodes should not be connected.

Obtain a 10MHz oscilliscope.

Put in BOOT disc.
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Type BOOT. At this point the drives try and read data from
track zero. If it fails then the read/write head moves in 3
tracks and then out 3 tracks and tries again, You should

hear the head oscillating when you type BOOT on the disc drive
with its LED illuminated. Monitor signal on Pin 5 of IC70.

This should be 2 u sec wide 50% duty cycle. Adjust R70 to being
within 5%. Note: a blank or corrupted disc will not give 50%
duty cycle. If a very small duty cycle check that C29 is
connected to Pin 7 of IC70.

Check RKM (Pin 26 of IC76) signal is phase locked with above
signal (there is some jitter).

Check that pin 5 of IC76 goes low periodically. This shows
track zero has been reached.
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CORTEX II POINTS ARISING 23.1.1985

e —— e —

. Please note:

The transistors supplied in some kits for the main board
are BC182L and BC212L instead of BC182 and BC212. They
are electrically identical but the pin-outs are different
as shown below. The leads require bending to ensure they
go into the correct holes in the P.C.B.

o B

oc

oL
BC182L BC18§2
BC212L,  Pin View BC212




