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THE BIG ONE!

16-BIT COLOUR COMPUTER

serial 1/0
ports

e UCSD PASCAL
on disc

® High resolution
graphics

e Powerful resident
BASIC

I
e Separate 16K video RAM ‘
e Addressingup to 1M |
oUp to 60K of user memory

e Floppy controller option
e Programmable baud rate

C....RADIO....ROBOTICS...

..AUDIO....COMPUTING....MU:



16 BIT COMPUTER

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 project (the System 68)
and we were the first magazine to
publish a one-board home
computer (the Triton). Now we’re
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.

Incidentally, we made a slip of
the typewriter last month. What we
meant to say was ““Chips designed
by Texas Instruments . . ."" Sorry for
any confusion caused.

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
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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-aft 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 bytes (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

I/O control bus. The I/O bus is
completely separate from the main
memory map, and enables 32K of
individual 1/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
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A complete Cortex system.
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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
I/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, l[IDO-[k))7. 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

—_—PROJECT

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 1/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 DRAMs prices
have pretty much levelled out at the
bottom of the curve, but the 64K
DRAMs are in hot pursuit.

More importantly from the
technical point of view, certain 64K
DRAMs offer upward compatibility
to the next generation of 256K
DRAMs. (Why are the steps
quadrupling: 16K to 64K to 256K?
Because DRAMs have a two-part
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Fig. 1 Block diagram for the complete Cortex. ’
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