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PREFACE

This "Issue 0" Document is the current issue of a sallection
of my own notes and designs for an Interak Card using the
Zilog ZEBO280.

The docugment was formerly known as "The ZB0280 Dossier", but
as the dream approaches reality of Interak continuing in
development to become (in its ultimate form) a system with a
fast CPU addressing a 16 Megabyte address space, high
regsolution graphics etc, 1 thought it was about time I started
gathering the information in a form more nearly approaching
the form it will take in 2 final manuzl.

We are all hoping that the price of the ZB0Z280 will drop, but
at the moment it is a fairly expensive chip (ie half the price
of the 2.5 MHz ZB0-CPU when we first met itl})

Therefore it is only the few far sighted Interakers who have
such a chip - we managed to obtain a small gquantity of the
very first production chips available, and they are mostly now
in Interak experimenters' hands.

This decument will be made available to this intrepid band, so
that they will know what we are up to. I have organised the
information in the same way as I do for my other Interak
manuals so if you can find your way round them you can find
Your way round this.

Needless to say it is all new and unchecked - where I did not
know a fact, I simply made it up - so any feedback on the
contents of this document and the philosophy of the design
would be welcome; particularly practical experience, so that
Wwhen we get to "Issue 1" we will have something that is well
tried and tested.

I have now been involved with Interak since my youth {10 years
or more ago) and have the benefit of much experience of what
18 required in an Interak card design. If you have any bright
ideas on enhancements or improvements to this design then I
shall be glad to hear them, but please do not be offended iF I
appear to ignore them. As we at Greenbank carry the ultimate
responsibility for my successes and failures we have do do
things "our way"; it may lock to any Interak individual that
we do not listen to him, but we listen to everybody, and the
finished product becomes the result of an aggregate opinion
from everybody, with myself having the casting vote!

Dawvid M Parkins
October 19E8
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ERRATA

Issue 0.0 October 1988

page 2=4 “expence" should be "expensa"
page Z-16 wishing to (Paragraph Forming)
page 2-17 DIAGEAMS) (bracket miszsing)

page 2-2]1 Delete critical mention of ZBUS p 2-21; if our the
EE0D280 catches on, then ZBUS is well worth
considering, as it's made for the job. The point
is that we are not geing to kill the 280 off while
it still has a use.

page 3I-1 Re—word: It probably does matter if socket is wrong
way round

(various) page numbers need alteration; text writing and
inserting etc.

Fa

-2 "dpge sad bz "1 ac
I+ e B ;I'r Lt
JI"‘\‘.'I }i...l |-|“I 'i i”.,r r‘:‘rﬂ.‘,
g1 X Mzl

PAGE 1-5




XMZC=1 Interak ZB0280 CPD Section 1l: Title Pages etc.

SPECTAL HANDLING REQUIREMENTS
CHOS ETC. DEVICES.

Precautionary Notice

Some of the Integrated Circuits used on this card are supplied
packed in special anti=-static packing (tubes, foil, or foam),
and have a warning notice affixed to the packing.

Do not be alarmed, experience shows that damage due to mis-
handling wvery rarely happens.

The damage {53 due to static electric charges, being
transferred from an object or person through the leads of the
integrated circuit to the tiny chip inside. Only some types
of IC are vulnerable, e.g. MOS or CMOS types, and some of the
latest shallow diffusion high=-speed bipolar types.

The initials CMOS stand for "Complementary=-Metal-Oxide-
Semiconductor”. The oxide is, for example silicon dioxide -
an excellent insulator, which insulates the metal from the
silicon. (The design of the latest high speed CMOS has moved
on from the metal gate type uvsed originally, and the more
correctly the internal construction of the integrated circuits
is based on IGFETs: Insulated-Gate=-Field=-Effect-Transistors.
S50 far as I know nobody claims to manufacture CIGFET logic
circuits, so I'm neot going to stick my neck cut and call my
iecs anything but "High Speed CMOS5", even though the term is
something akin to calling a motor car a "Petrol Engined Horse
Drawn Carriage")

However the scale of IC chip manufacture is =0 small that
whatever the construction of the internal insulating layers
they are easily damaged by excessive static charges which
can "punch through" an insulating layer.

Sometimes the damage is not immediately noticed (which might
explain how some people disrvegard all precautions and appear
to get away wiith it), but during the months and years which
follow, contaminating chemical "ions" can migrate through the
hole and failure can eventualy result. The descriptive
American term for these chips is the “walking wounded®.

We would liken the risk of causing this damage to the risk of
getting caught “"speeding" in a motor car. Of course there are
pecple who disregard all speed limits and never get caught,
just as there are people who disregard handling precautions
with no adverse effects. But do remember, every so often you
meet someone who has been disgualified from driving dupe” to
being caught speeding, so do not let him handle your ICsl

The full set of handling precautions is given on the page
after next; as mentioned, not everybody follows them all to
the letter, but at least you cannot say you haven't been
warned!
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PLCC Package

Thiz board may mark the introduction of a new IC package to
some users: the PLCC (Flastic Leaded Chip Carrier). The CPU
on the MZIC-1 card is a 6H=-pin device, containing 140,000
transistor elements {compared with the 40,000 of the EZBDA-CEU
chip which we also use in the Interak system). However better
things appear to come in smaller packages: the ZIBOA-CPU
measures about 50 % 15 mm:; the ZB0OZB0 is about 25 mm x 25 mm,
which iz a smaller area. Examination of the Z802E80 (ocbeying
the handling precautions of course) will cause the stoutest
heart to sink for a moment: you will see that the connections
are only 50 thousandths of an inch apart, and they are clearly
intended for surface mounting technigues {(where the IC is
glued and soldered to the surface of the board, and if a
mistake is made, or s defect shows up you not only throw the
IC away you throw the whole board with itl)

Foertunately there is a socket available, with pins on normal
g.1" centres, which will accept the PLCC IC and allow it to be
used on conventional boards. It i=s easy to get the chip into
the socket, not so easy to get [t out (an expensive extractor
tool is necesgary; we shall probably sell these to those who
want them). The socket is intended only to get users ocut of
the jam the PLCC designers have got them into, you can see by
the very small dimensions that the socket design is itself a
miracle of engineering, sc treat it with the respect It
deserves — you do not gaily whack chips in and out every five
minutes as you may have become accustomed to in your
activities so far.

¥You will be amused to hear (when you get the bill for your
expensive socket, and the expensive extraction tool) that the
benefit of the BLCC package is that it is cheaper to
manufacture. I'm not sure wh is kidding whom, but like lams
to the slaughter, if we want to carry on playing in this field
we will have to pay the price; (come back 280 - all is
forgivenl)

This is all I shall have teo say about handling the PLCC chips.
On the next page is the full list of standard handling
precautions for CMOS etc devices (which of course apply to the
280280 too).

PAGE 1-7




XMZC=1 Interak ZB02Z80 CPO Section l: Title Pages etec.

HANDLING PRECAUTIONS TD AVOID DAMAGE TO
VULNERABLE INTEGRATED CIRCUITS BY STATIC DISCHARGE

Before unwinding any wire shorting together the pins of the
ICs, or removing the ICs from their protecting metal or anti-
Etatic carrier tube, container, or anti-static foam, please
read the following precautions:

1. Newver wse an isclated bit ("low leakage") soldering-iron
to work on & circuit with the ICs in place. The bit
should be earthed. If in any doubt, earth it by eclipping
on a small crocodile clip connected to earth. Similarly,
2ll test eguipment should bhe earthed before it is
connected to a finished circuit.

2 Work on an earthed metal plate about a few feet sguare,
(e2.0. & stainless steel kitchen sink, or cooking foil),
as a work-bench, when the time comes to install the ICs,

3. Keep all your tools on this earthed metal plate, and
connect yourself to it, either by touching, or by using a
piece of connecting wire formed as a wrist=-strap. (Note:
i1f vyou are using a wrist-strap, it iz considered less
hazardous to personal safety if the connection to earth
iz made via a 1 Megohm resistor.)

4. Before fitting the ICs, earth your circuit board, the IC
sockets, and yourself; make sure that the power supply
has been turned off and all electrolytic capacitors have
been completely discharged.

5. Hever leave unprotected ICs on a plastliec or other non-
conductive Burface and never store them in ordinary white
polystyrene without protection. (If a conductive tube or
similar container is used; it is not possible for a
damaging static potential to be built up inside such a
container, nor could such a charge normally be introduced
to the ICs from outside.)

B Damage is less likely in humid conditicns than dry ones.
Try to avoid nylon and similar clothing, seating and
carpeting, when working with these chips.

e Use some form of IC sockets if you possibly can, as once
the devices have been soldered, any guarantee which
existed becomes void. If it is essential to solder the
iCs, the supply pine should be soldered first, in order
that the internal protection circuits have the maximum
chance to carry out thelir task.
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MZC=-1 ADWANCED INTERAK CPU CARD FEATURES
* International Size Card (4.5" x 8", 114 x 203 mm)
* [UUses Tilog TAOZBO "Super E80" Microprocessaor,

* Provides enhanced performance in Interak systems,
Wwithout rendering existing cards obsolete.

* On chip memory management to handle 16 Megabyte
hddressing range.

* 0On chip I/0 Port space memory management to handle up
to 16 Megabyte of I/0 Ports (although in the Interak
system wWe choose only to take advantage of a space of
256 ports with an expanded space of 64K or 16 Megabyte
reserved for the unlikely event that it might be
needed )

* Programmable 10 bit Dynamic Ram Refreshing
* Fully Buffered in and out

* 16-20 MHz crystal input allows operation at high speed
(but scaling of bus timing allows all existing and
future cards made from "normal® speed peripheral
chips, RAMs etc to be accessed without difficulty)

* 0On board memory decoder provides for memory space for
up to 64K of on-board ROM (eg Boot EFROM), with
suitable legic to allow the ROM to seize contrel at
address zeroc at power on yet be mapped high up in
memory later,

* On board decoder provides 64K space for existing bus
Memory Reguest line to access existing cards without
bus contention, or need to modify the cards.

* (FUTURE) Plated-through holes, Epoxy-glass PCB.

* (PUTURE) Green Solder Resist on both "A" and B sides.

* (FUTURE) Gold-plated erdge connector on both A and B
sides.

®* (FUTURE) Silk screened component identification
printing to side B.

* ISBUS-A, ISBUS-B, and INTERAK 1 bus compatible.

* Buffered where necessary to reduce bus loading to 1
load per line.

* HNo manufacturer's name appears on the card, thus ideal
for OEM (Original Eguipment Manufacturer) use.
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2,1 INTRODUCTION

Introduction to ¥MIC-1 CPU Card Desiagn

This document describes a design for an additional CPU eard to
the Interak range.

The card is to be known gz "MIC-1", but while it is =till in
development it will have the prefix "%", ie for now it will be
HMEC=1.

The present design has been arrived at after much careful
thought, and experience with how Interak is sold and used.
The strength of the Interak system has always been that the
system is modular, reliable, easy to construct, easy to
understand. The most popular cards have been the gsimplest =
for example a simple RS5-232C interface. Less popular has been
for example the 0S-1 quad serial interface. This latter card
iz bristling with features and scphistication, options, jumper
links, programmable baud rates, interrupt daisy chain lines,
card selects, and so on. As a result it has ended up one of
the more complex cards and one of the more expensive (although
half the price of competing products from RS Components,
Farnell etc). However it is too sophisticated, and thus too
expensive for the typical Interak user.

The appropriate phrase is that the product has been "over
engineered"; our motto should be "keep it simple®!

I shall not burden the reader with the initial design I drew
up for the XMIZIC card. It had 40 or more chips., batteries,
interfaces, latches, switches, memories, CMOS RAMs, etc etc.
All very desirable, but completely over the top. Too
complicated te build, too complicated to use, and too
expensive to sell. The CPU card in a system has to last a
long time (10 years or so for example in the case of the
venerable Kemitron MZB-3 Z80 card) and so has to use chips
which will be arcund for years to come., Imagine if Kemitron
had used "state of the art" RAM chips on the MZIB-3 - we would
today be burdened with a row of 8 off 2102 Static RAMs to give
a massive 1K of RAM (and incidentally costing more than 50
times the guantity of modern DRARM).

The whole idea of a modular pluggable system is that things
can be plugged in and out of it, hardware and software too we
hope. If everything is built in to a given card then we are
forcing people to buy more than they want sconer than they
want, or we are riddling the card with options so nobody knows
what makes a standard system. And once in track on a card, ne
part of the circuit can be redesigned or modified without
throwing the whole card away.
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It is easy to think of "bells and whistles" to be added to any
new card (egq Real Time Clock, Electrically Erasable and
Programmable ROM instead of EPROM, interface to IEM type of
keyboard, printer and serial interfaces, CMOS battery backed
RAM, bus monitor and mapping lights, etec ete) , but I now
think the bells and whistles should be the subject of a
separate bells and whistles card. A change of kell or whistle
will then not necessitate scrapping the CPU card.

I have now returned from dream land, and have produced a
design which 1 believe is manufacturable. I have taken
advantage of the space I have released by simplifying the
concept of the card, to put on extensive buffering, so that
the card will be able to drive a full system without future
problems.

There is no plan to kill off the ZBOA-CPU, which is =ztill
selling in ever increasing guantities. Therefore a good deal
of thought is required to make sure that IB0 applications can
still be supported, programs developed, debugged etec, ditto
hardware, even on the new system.

Naturally we cannot make a Z80280 be a Z80, nor vice versa,
unless we cripple the ZB0280 or bolt on so many extra chips to
the Z80 that it becomes a ZBE028B0. Theérefore we can allow
ourselves to accept that say al Megabyte RAM card cannot be
addressed by the ZEBO. A few users have suggested th use of
memocry mapping chips such as the Texas Instruments 74L5612 as
used in the IBM AT for the same purpose. When we learn that
the current price of the 7415612 (see RS Components Catalogue)
is more than that of the ZB0280 then this takes a bit of the
shine off the idea. If we're going to buy a memory mapping
chip at all, we may as well buy the cne built into the ZB0280,
and get all the other features for free rather than pay more
for the 74L5612. On the other hand it is reasonable to expect
the Z80280 to be able to make use of the existing range of
cards, the B235A (SBC-1) card, floppy disk card, DRM-64 RaM
card, serial interface card and so on.

A new monitor program / disk boot will be required, but this
can be based on the existing DMON, without the need to
commission a new program. We already have the "Plus® version
of CP/M, which is well organised for handling a memory space
of grater than 64K, so we hope the alterations will be
relatively painless.

I believe I have now fully justified the philosophy of the new

design, and I now proceed to the specification without any
further debate:
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Specification {Design Goals)

About 20 chips
Full Z4=bit addressing
8 bit ZBD-style bus (to suit existing cards)

I1/0 controlled by existing NIOREQ bus line (to allow use
of existing 1/0 cards, keyboard, disk, tape, serial,
parallel printer, etc)

2B-pin socket for "Boot/Monitor" ROM {(This allows up to
64K EPROMs to be accommodated), smaller EFPROMS simply
repeat themselves in the one 84K space.

"Boot/Monitor™ ROM to remain in the memory map during and
after use, ie not to be switched out.

predefined 64K space in new memory map to activate the
existing NMREQ Interak 1 control line, ie to gain access
te all of the existing Interak memory mapped cards, e9d,
DEM=64, EFROM programmer, VDU-2E etc.

a1l other memory spaces (ie other than the "64K" ROM and
the 64K Interak 1) are accessed via the NEMREQ (extended
memory reguest) control line. This gives a new space of
16 MByte minus 128 KByte space, le 16646144 Bytes, which
should be enough for the time being.

Refresh, when carried out by the ER02B0, should activate
both the ordinary and extended memory reguest lines, ie
both NMREQ and NEMREQ. At all other times only one or
other of the memory reguest lines will be active, to
prevent conflicts.

In a similar manner to the allocation of 64K bytes to the
purpose of Interak 1 memory access, a portien of the
780280 I/0 space will be allocated to the existing 1/0
select control line, NIOREQ. If we think of the exizting
780 1/0 space as being 256 bytes (the "uzual" spece, not
the full 64K of space which even the 280 could access by
using the address bus ABE-ABLl5 to select extra I/0 port
addresses), then 256 bytes of the Z80280 I/0 space are to
he devoted to the needs of the existing cards. Accesses
to the I/0 space outside this range will be via the
"sytended" I/0 reguest control line, REIOREQ.

At power on (reset), the design will arrange things so
that the first instructions will be fetched and executed
from the on board ROM. Once the 280280 has control Ehe
memory mapping and management can be arranged (by
ecoftware instructions, operating the hardware) so that
the ROM is mapped high up in memory, allewing RAM to be
located in the system from address zeroc upwards. The
PAGE 2-3
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mapping of the 64K for the existing Interak system will
similarly be arranged high up in memory, clear of the
RAM.

The policy for the production of new Interak memory cards
will be as follows: Memory cards greater than 64K will
{necessarily) use the extended memory reguest line,
MEMREQ, and will not be suitable for use (except in the
moct limited of fashions) in a R4E ZHO0 system. This
applies too to cards which use the memory space, g
graphics RAM, RRM disks, Hard disk buffer caches, EPROM
programming areas, eto

The policy for the production of new Interak I/0 cards
will be as fallows: I1I,/0 cards will continue to use the
existing 256 byte 1/0 space, and a new table will be
drawn up giving guidance on general allocations of space
for specific purposes. In this way new I/0 card
developments will be suitable for use in either a Z80 or
a 280280 system. This is not to say that use of the
expanded Z802B0 space will be prohibited, but it will
only be used if there is a good reason, eg the card for
some resson will never be used in a ZA0 system - using
too many ports for example, or ports which control the
use of a card which is already a ZB0280-only card, eg
large graphics management. (The benefit of this policy
ig that address decoding for 1/0 cards may continue to be
B=bit; a larger space would force the expenge and
inconvenience of 16=bit decoding and the need to buffer
the extra address lines used in the decoding.)

The new card should be suitable for 16MHz {(preferably
20MHz) crystal operation in existing systems, and should
also be suitable for use with faster Z80280s (eg 50 MH=z)
should they ever be produced by 2Zilog. This implies
management of the bus clock scaling factor at power on,
and the provision of wait states ([if needed) for accesses
to existing Interak cards and the on board ROM. (The
wait states which can be programmed into the 280280 by
software are too coarse for this purpose as they cover an
B Megabyre range = all or nothingl)

Wait states for the I/0 space need not be generated by on
board hardware, If walt states are needed for an I/0
access the appropriate register(s) can be altered by
ZEQ02B0 software before the access is made. Any
individual I/0 cards which need wait states can of course
{and should) generate these themselves by controlling the
wait control line, HWAIT.

Reset will be automatic at power on, and also
controllable by a switch. The necessary additicons to the
reset circuit will be included to ensure that the
contents of DRAM are not corrupted by a reset operation
by the switch, and a suitable circuit will be devised to
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allow the "Bus Timing and Initialisation Register" to be
set antomatically at power on or reset,

Extensive use will bhe made of the high speed CMOSE 74HC
and T74AC families of logic, which are sxpected to take
over from T4L8 during the lifetime of this board.
Wherever possible chips which are available in all
families (including 74LS5) will be used, so that users can
use up existing stogks of 741Ls if they wish. However the
design will not be prejudiced by this; if HC logic is the
most suitable then this will be used.

The on board UART in the 2Z8H02B0 is not wvery
sophisticated, having no handshake lines, and combined
transmit and receive clocks etc., Its most likely use
would be for serial communication via a terminal or
another computer in a minimum configuration. No separate
baud rate clock will be provided in the design, and the
UART clock {(if uvused) will be derived from the ZBQ02B0
clock, via an internal counter timer circuit. It is
passible that a deviation from a good round number (eg 16
MHz or 20 MHz) for the crystal clock would make for more
accurate bawd rates, but if the error is likely ta hbe
less than a few percent, then the general untidyness of
using an "ugly"™ freguency clock will not be accepted.

The external parts of the "on-chip" peripherals will not
be built into the system; with the obvious excepticn of
the master clock input circuit, and the likely exception
of the UART for serial communication. (Indeed the TTL to
RE5-232 woltage lewvel translator chip type 145406 will be
built into the design for this purpose.) The remaining
on-chip peripherals, and my comments, are as follows:
CTC circuits = inputs and cutputs merely terminated in
holes on the pcb for a connector for external use if
reguired by the user (this of course does not prejudice
their use for internal scitware counting and timing).
Similarly the DMA gircuits, the Local Bus Reguest and
Control Circuits, the Global Bus Reguest and Control
circuits and the handling of the Extension Processor
mechaniam. Some of the signals may be hrought to the
edge connector where this seems appropriate, but largely
they will not be used in our systems.

The idea of multiple processors sharing Local and Global
resources, at first seems guite attractive, but the
method of managing this activity, arbitrating between
different reguesters of resources, and so on demands
special logic which is it is unwise to build into the
main sEystem board. For example once the ZBOZ2BO is
switched off for DMA accesses b0 proceed, or for a second
processor to gain access, who is going to look after the
refresh of the dynamic RAMs in the system?

I am not against the idea of many microprocessors in a
PAGE 2-5




XMZC=1 Interak Z80ZB0 CPU Section 2: Circuit Description

system, but I have my doubts about them all fighting for
and sharing the sSame resources. What use is the
introduction of say the M25 Motorway if too may people
fight to wpse it. At the best unwanted delays and
inefficiencies result, and at the worst the whole system
locks up and crashes are caused — a crash in a computer
is not perhaps as serious as & crash on the M25, but we
still don't want to take the rigk without a good reason.

There are {arguably) applications which wvan take
advantage of multi-processors all sharing the same
resources, but the management of such system design
pushes Interak too far away from its origins ("Keep it
Simple" - remember?) A very good bus and system design
already exists for those who wank it: the VME (Versa
Modular Europe) Bus, however it is an acguired taste
cards for VME applications often cost literally 10 (ten)
times that of a similar Interak card to fulfill the =ame
purpose.

As a final word on this subject: If we want our computers
to run faster we should add more memory (and use it
wisely, to avoid disk accesses) or add hard disk drives.
The effect of this will be far more dramatic than jamming
in extra processors on the same bus. (A Porsche (yuk) in

& traffic jam goes just as slowly if it has & normal one
engine or if it has two.)

(This ende the Introduction to the desiqn and the
Epecification List and discussion of besign Goals)
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2.2 MzC-1 CARD GEMERAL DESCRIPTION

Memory Mapping

The memory space accessed by the ZEO280 is 16 Megabytes. In
the diagrams which follow hexadecimal notation is used,
"low" addresses are at the bottom of the diagram, and "high"
addresses are at the top., This is in keeping with the
general jargon which refers to the “"top" of mewmery, and
"stack overflew"®., The higher we go the bigger the numbers
get.

(See diagram "Propozed Memory Map™)

Starting at the bottom, we have 4 Megabytes (000000=-3FFFFF)
which will definitely be RAM, almost certainly Dynamiec.

The use of the next 4 Megabytes [(400000-T7FFFFF) is less
certain. I am not sure what we will run out of first — RAM
for the glorious Memory Mapped Graphies, or general purpose
EiM. Leave this space blank for a while,

The next 4 Megabytes (BO0000Q=-BFFFFF) are reserved for
memory-mapped graphies purposes ("Video RAM").

The last 4 Megabytes (COO000=-FFFFFF) are largely used for
odds and ends; things which have not been invented yet.
Examplez are a memory mapped EPROM card, and EPROM
programmer. (I know we have designed an IS0 accessed EFPROM
programmer, but it proved too complex to £it on"one board; 1
am sure an easier technigue would be to have it memory
mapped in the same way as the original Kemitron PP-2 Design
used by ZYMON; "Keep it Simple"?) Other ideas would be in
debugging other systems, COQOO00=-FFFFF could include areas
which are an image of the system being debugged, and which
can be examined at our leisure in our system. An
intelligent hard disk interface, or a whole track floppy
disgsk buffer, could be devised, sach with thelr own private
(Z807) CPUs, with common RAM in this area. (Bee, I'm not
totally opposed to multi-processorsy; I Jjust like them
simple. )

At the very top of memory are two dedicated areas, each of
64K. First we have FEODODD-FEFFFF for Interak 64K, which
translates to our existing 0000-FFFF. When the ZBOZE0
accesses FEOOQO then the normal {(for the Z80280) extended
memory reguest control, NEMREQ, is not generated; instead
the original 64K Interak memory reguest, NMREQ, is produced,
thus enabling all of the cards in the 84K Interak we already
know and love. Outside this 64K range no NMRED is produced,
and so the old 64E Interak cards are not accessed. (It would
be disaster if they were because they would put their data
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KMZIC-1 Interak Z8028B0 CPU Section 2: Circuit Description

on the bus in contentien with that from the various 4 MByte
areas already discussed.

Finally we come tc the last 64K, FFOQ00-FFFFFF. This iz all
reserved for the on board ROM firmware. & 28 pin socket
will pe provided, which defines the maximum EPROM aize
readily available as being 64K. (There are bigger than 64K
EPROMs whiech will fit in a 2B-pin socket, but they
themselves use a paging mode, and are trickier toc access,
particularly at power-on time when there's already more than
enough paging goin on. EPROMs larger than 64K which have
conventicnal addressing reguire larger sockets, eg 32-pin or
40 pin. Let us say that 64K will be enough to get the
eystem booted up.}) Read operations from to FFOODOD=FFFPEEF
generate an extended memory reguest, NEMREQ, like the other
addresses in the 280280's range but the data on the bus is
not allowed on the card:; instead the data comes from the on
board firmware ROM, not the external system. Writes to
that address do in fact get out on to the system bus
(because there is little point in writing to an ROM, it
takes more than that to make its data change). This may be
useful some time in the future as it lends itself to easy
modification if somebody ever invents an ROM vou can write
to (in fact I think they already haUE}, or perhaps the uzse
of those "paged" EPROMS I mentioned.

There is something else to be mentioned regarding the on=-
board firmware: At power on, or reset, a special arrangement
of hardware ensures that not only does the ROM occupy the
address already mentioned (FFOOO00-FFFFF), it occupies every
address in the system. This is necessary to ensure that at
power on, when the microprocessor fetches its firet
instruction from location 000000, there is a program at that
address. After the ROM gains control, it can establish the
reguired memory map, wait states, etc, by means of the
special registers in the ZB02B0, and finally turn off the
mechanism which first established it at location 0000Q0D
onwards (and everywhere else). The "turning off" of this
power on mechanism is carried out under software control as
being the result of performing any I/0 Read ({ie "IN")
instruction. I/0 Writes ("OUT" instructions) are permitted:
it is only an I/0 Read which establishes the ROM in its
final position. The ROM program ¢an retain control, or
control can be passed to a program loaded from disk or tape
or via a serial port, or from ROM elswhere in memory.
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XMEC-1 Interak ZEBOZB0 CPU Section 2: Circuit Description

I1/0 Space Mapping

{Please see diagram "Proposed I/0 Map")

The total I1/0 space addressable by the ZB0280 is, similarly
to the memory space, 16 Megabytes. However this is not
often used, e¢ertainly not in our systems anyway.
16 Megabytes of I1/0 is just teo much. Typical I/0
peripherals, such as PID {peripheral input output) chips,
and UARTS (universal Asynchronous Receiver Transmitters)
only reguire a handful of port addresses. If we generously
allowed for an average of say 10 1/0 port addresses per card
then even an Interak rtack full of 1/0 cards would only
require 120 addresses. 16 Megabytes of I/0 would provide
for more than 100,000 such racks full of cards without ever
repeating an address.

Being aware of this, Zilog in the design of the original
ZED, {and now the ZH0Z80), decided to make better use of the
address bus lines. During an I1/0 access the eight address
bug lines AB8 to ABRLlS are treated in a special manner. On
these lines the contents of a register, either A or B, are
outpuk during an I/0 access. Conceivably these lines could
be used as an address (thus boosting the normal 280 I/0
port addressing range from 256 bytes to 64K, and the ZE80280
range from 64K to 16M), but most systems designers (me for
example) either ignore the feature or use it instead to
allow l6-bit data writes in a single output instruction. Inm
this last application 8 bits are output on the data bus, as
usual, and the other B bits are ocutput on the "unused"
address lines ABE to ABlS.

This feature is often disregarded because of a (perhaps
misguided) wish to keep programs compatible with ones which
run on eclose relatives of the ZBO, for example the Intel
products B0B0 (the Daddy of them all) and the Intel BOBS [a
half brother to the Z80). Intel are proud of boasting about
the BOBO, but they hardly mention the BOBS now - probably
sour grapes because the introduction of the 80B5 was
eclipsed by the runaway success of the Z80.

But back to the plot. Depending on how you look at it, the
780 then has either a 256 byte I/0 space addressed on lines
AB0 to AB7, (with an coptional additional B bits of data
output on lines ABB to ABl5), or if you like, it has a 64K
1/0 space addressed on the address lines ABO to ABlS. We
generally gquote 16 bit addresses in the form of a 4 digit
hexadecimal number, eg if the sixteen address lines in a
memory access were 1011000010110001, we can express this
address in hexadecimal notation as "BOBl". Because of the
two ways of looking at the addressing of the I/0 space (258
bytes or 64K) a hexadeximal address in the I/0 space 1s
often written for example "xxBl". Here the "xx" means
"don't care" in that it is the same I/0 port address on ABO
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XMZEC=1 Interak ZROZB0 CBPU Section 2: Circuit Description

to ART regardless of the contents of the address bus lines
ABS to ABlS. Of course there are times when we "do care",
but I like this notation myself because its slightly
ambiguous nature reminds me of the two wayes of looking at
the ABA to AB1S bus lines during an 1,0 transaction.

All this is so I can refer to the 1/0 port space in the
£80280. A= the ZBO0280 has an additional B address lines
(AB1l6 to ABZ23) the range of I/0 addresses is increased by
the same factor as was the range of memory addresses. 16
Megabytes of I/0 if you like, but more practically 64E, with
those middle 8 address lines aszs "don't cares"™, I
demonstrated earlier that 256 bytes of I/0 is guite
sufficient, so 64K of I/70 must be more than sufficient.
Therefore my view of the I/0 space available in the Z80280
iz that is 64K running from address 00xx00 right up to
FExxFF. Eilog have swiped the top few addresses (FExxFF to
FFxxFF) for their own use in accessing what they term the
"on chip peripherals" (thus explaining how they have added
to the Z80 facilities but retained the 280 operation codes).

In the discussion on the proposed memory map, I showed how
the space for the Boot ROM and the 64K Interak was pushed
high up into the attic, like an unwanted relative, out of
sight of the brave new world of Megabytes of RAM and the
like., Such unkind treatment is not to be the lot of the
256 byte Interak I/0 space. The I/0 cards are still fully
franchised members of the family; =such items as disk
interface, serial RS8=232, parallel printers, etc are all
still reguired in a large system, and so I have decided that
the 256 ports of the existing Interak system can be in
common with the first 256 ports of a ZH0280 system. As in
the case of the two control lines for the Memory SsSpace
("memory reguest" and “extended memory reguest™) we have two
lines for controel of the I/0 space: the conventional "I/ 0
Reguest", NICREQ, and "Extended I/0 Reguest"™, NEIOREQ. AN
access to one of the first 256 bytes of I/0 (ie hexadecimal
D0xx00 to D0xxFF) will generate the existing I/0 regquest;
outside this range (ie from D0lxx00 to around FDxxFF) the
extended I/ 0 reguest will be generated instead. I am a
little wague as to the precise upper limit, the Zilog
Technical Manual for the ZB0OZ2B0 should be consulted to see
exactly what behaviour results on the control lines during
accesses to the on chip peripherals, and to see Jjust how
many port addresses they occupy.
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Poliecy on Production of New Interak Cards

This document describes the design of one new Interak card:
the XMZIC-1 CPU card. Also planned is a new Z8B0 card, with
substantially the same performance as the existing MEB-3.
The future in Interak will sees the parallel development of
two tvpes of system: Z80 based, for those applicationa where
64K of RAM is enocugh, and ZB0280 based, where 64K isn't
encugh. We will become a little like a two car family - a
mighty Mercedes for the husband to take the whole family on
a tour to the South of France, and a2 modest litle Mini for
the wife to peop down to Sainsbury's in. (Or; to show I am
not a male chauvinisty the wife can go to the Scuth of
Frarnice whilst I enjoy myself at Sainsbury's.) Sometimes the
Z80280 will be the more appropriste, and sometimes the IZAO.

We shall also keep a weather eye on the Zilog/Hitachi 64180,
or Z180 as Zilog call it. This lies somewhere between the
280 and the 380280, having an address range of 1 Megabyte,
ie 16 times greater than the E80 but in turn only one
Bixteenth of the address range of the ZEO0280. Itz on board
peripherals are as good if not better than the E80Z80's, but
its compatibility with the Z80D is not so complete as the
Z80280"'s. (For example the ZB0Z80 can be arranged to power
en locking exactly like a 280, the 64180 has power on port
mapping for the on chip periperals which means that an
existing Z80 program will not run without some minor changes
to the I/0 addressing.)

The policy on new Interak cards will be as follows: Memory
cards (and cards which use the memory space) of 64FE or less,
will be designed sc that they can be used in either a §4K
ZB0 system or a leM EZBOZ280 system, controlled by the
conventional Memory Reguest lins.

Memory cards or cards which use the memory space, occupying
more than 64K will be designed to =suit only the E80280,
controlled by the Extended Memory Reguest line.

Most new I1/0 cards will be designed to use the first 256 1/0
ports, controlled by the conventional I/0 Reguest line, and
thus can be used in either T80 or EB0280 systems. If for
gome good reason (it would have to be good) cards needing to
use an I/0 port space of 64K were introduced then they will
be accessed via the Extended I/f0 Request line, and thus be
predominantly suitable for only the Z802B0 systems. (It
would be guite simple to include jumpering on small I/ 0
cards so that they were controlled either by the
conventional or the eXtended I/0 control lines. In this case
the system would allow an I/0 space of 256+256 to be
developed - this might be useful in development work when
there might be a conflict of development system port usage
and "target" system port usage)
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2.3 DIL SWITCH SETTINGS, LINKS, OPTIONS, etc.

It is a little early to be describing these as there is no
card in production.

However we hope there will be very little to be set up and
altered; probably no more than the following:

There are two 3=pin 0.1" pitch pin assemblies shown on sheet 4§
af the diagram. One is marked FE(L) and the other is marked
FF(L). These introduce wait states (independently of those
introduced by the contents of the control registers in the
280280, and independently of any that may be produced by other
cards in the system via the normal method of operating the
wait line in the system).

The easiest positions to describe are those where the links
are in positions 2-3; in this case there are no wait states
set and this part of the circuit has no effeck.

If a link is fitted te join 1l=-2 on the FE(L) pin assembly then
wait state(s) are introduced for any access to the 64K space
which uses the normal (ie not the expanded) memaory reguest
line for controcl. In an Interak system this will access cards
which only need & 64K space, and which generally will be
designed to work with a ZB0A-CPU., Adding wait states in the
memory area reserved for these "old 64K"™ cards will allow them
to be accessed correctly without the need to slow down the
rest of the ZIB028B0 system. With the link fitted the wait
state(s] will be introduced for accesses to (24-bit) addresses
FEOOOO-FEFFFF.

If a link is fitted te join 1-2 on the FF(L) pin assembly then
wailt state(s) are introduced for any access to the on board
ROM,; since this is located at (24-bit) address FFOO00=-FFFFFF.
At power on every access to memory is forced to the on board
ROM {as part of the "boot" procedure) and so wait states set
here apply over the whole memory map until the booting
procedure is finished.

In the initial stages we propose to test the ZBO0ZE0 with a 16
MHz crystal, and to run the bus at the same speed as before,
ie nominally the same as the speed of a Z80A-CPU running at 4
MHz crystal fregquency. Thus we are going no faster than
before, and the link on the FE(L) assembly can be set for now
on positions 2-3. 8K and upward EPROMs are all nowadays
supplied with access times shorter than 250 ns, so by the same
token the link on the FF(L) assembly likewise should ba 2-3,

{continued overleaf)
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fhlso on sheet 4 are shown the 8 jumper links which establish
the initial settings of the 280280 "Bus Timing and
Initialisation Register". (Bee Z2ilog Technical Manual Chapter
i, page 3=1, section 3.2.1)

Reading from ZD7 to ZDO the links perform the fcllowing
function (in what follows, "loading a bit with a 1" means link
l=2 on the appropriate pin assembly "0" means link 2-3):

207. Reserved by Zileog; always load a 0.

ZD6. BS Mode Enable bit; we do not use this mode so you
should load a 0.

Multiprocessor Configuration Enable bik; we do not
use this mode, so you should load a 0.

ZD4. Reserved by EZilog; always load a 0.

ZD3, ID2

These two act together and set the number of wait
states initially applied to the lower 8 Megabytes of
memory. Whatever the setting is here, it can be
overruled by scftware during the initialisatien
procedure in the "boot" ROM, so it does not really
matkter. To suit those hoarders who still have
stocks of slow old 450 ns EPROM=S, we can set these
bits up to give cone wait state, ie load a 0 to ZID3
and load a 1 to ZDZ.

£01, ZDO

These two act together to establish the speed at
which the FEB0280 will access the system bus. The
ISBUS back board in Interak, and all of the cards
designed for Interak at present reguire a bus
operating at what would be eguivalent to a Z80A-CPU
operating with a 4 MHz. On the ZB0280 with a 16 MH=z
crystal this is means that the reguired bus scaling
factor is one half. To achieve this load a 0 to
both ZD1 and ZDO.

Sammarising, the initial settings of the Register in the order
given above should he:

b7, ED6, ZD5, ZD4, EDL3, ID2; EIDl, ZIDO
0 C 0 ] 0 1 0 0

(Hote that for my purposes all 0's are perfectly acceptable,
and this is the gondition which the ZBO2B0 starts off in if
the method of holding the wailt line low during power up is
used, Thus in the event of trouble during your first
experiments it is probably OK not to bother with this feature
and te let the 280280 initialisation lock after itself).
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The remaining links requiring comment would be on diagram
sheet 5 if 1 had drawn any. They would be related to the
handshaking on the R5-232 serial in fout link, and anything
that turns up when we start to experiment with the CTC and DMA
channels.

Finally; in the finished manual I shall have to s=ay something
about the connections to components mounted on the front
panel, for example the proposed pinouts and connector for the
RS5-232 in/out channel (a 25-way D type of course), the LEDs
(if fitted on the panel), and the reset push button.
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2.4 DETAILED CIRCUIT DESCRIPTION

The circuit diagrams towards the end of this Manual will be
taken as. the basis for the detailed circuit description. The
purpose 0of this Manual sadly (for the reader, not the writer)
does not extend to being a course on digital ecirenit design,
and 2o it will have to be assumed that a certain amount of
background knowledge is possessed by the reader.

Mostly, the components on the diagrame and iIn the parts list
use the designation letters specified in ANSI standard Y32.z2-
1970. In a way these letters are fairly irrational (eg "J" is
a connectar, "Q" is a transistor, "U® an integrated circuit,
and so on), however as 1t is & standard it has been adopted
here. The component overlay diagram uses the =same
designaticons as for the circuit diagrams.

(FUTUERE) A block diagram is provided, which also serves as a
"map" showing the user where he may find the partiecular
section of the circuit in which he has an interest. Each of
the sections represents a logical unit of the whole ecirenit,
Particular care has been taken when preparing the diagrams to
ensure, as [ar as 1is reasonably possible, that the logic flow
begins at the top-left hand corner of the drawing, and
continues downwards from left to right. Another convention
which has been followed as rigorously as possible is to have
the inputs to the left of each circuit block and the ocutputs
to the right. Although this is a very logical and sensible
approach to drawing circuit diagrams, it is surprising how
often these ideas are disregarded, although perhaps not so
surprising to those who have ever performed the mental
contortions reguired to make a circuit diagram lie down on a
page and stop wriggling.

(FUTURE) In order to include the information whieh it is
desired to present on the circuit diagrams (pin numbers,
function names, power supply pins etc.), it has been necessary
to use several sheets of paper. However great care has been
taken in partitioning the diagram to turn this apparent
disadvantage into a positiwve advantage, by breaking the
circuit up into individual sub-functions which are more easy
to understand a step at a time. Even the order of the various
sheets has been given close attention, B0 that as far as
possible the scurce of a signal is shown on an sarlier diagram
before it used on a later one. &ll signals which connect to a
part of the circuit on a different page are given names, and
their source or destination is shown in the form (e.g.) SIG1
3/10,12(4);6/9(5). This (fictitious) example means the signal
called SIG1l is connected to U3 pins 10,12 on the circuit
diagram sheet (4), and alsc U& pin 9% on sheet (5) of the
diagram.

50 as not to interfere with the understanding of the logic
flow, not all power supplies are shown on the integrated
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cirecuit drawings. Instead, each sheet of the diagram contains
@ table of the integrated circuits on that sheet, their type
number, and their power supply connection pins. This does not
apply to power supply connections which represent a logic
level input, for example OV for a logic "0%, or +5V for a
logic "17; these are shown connected to the integrated
circuit pins. An effort has been made to show all pins of
gach integrated circuit, even the ones which are not connected
to anything else. Such pins are marked "NC", which means "not
connected"”,

(FUTURE) The Parts List is to be found at the very back of the
Manual, for easy reference. It is organised in two ways;
firstly by component reference number, which gives the
component value if the reference number is known, and secondly
by component walue, which gives the reference numbers of all
the components which have that value. The latter method is
more convenient when checking a kit of parts and assembling
the card; for example it is often useful to know where all of
the components of a given value should be located if you
finish construction and f£ind one or two items left over.
Later, you will want to know the value of a component of a
given reference number, and the first method of forming the
parts list will be more appropriate. .To minimise the well
known chore of searching all over a circuit board seeing if
you can find say Cl1l, or R17, which have become temporarily
invisible, the components on the component overlay have beepn
numbered in ascending numerical order, starting at the top
left-hand corner and working across and down to the bottom
right. (S0 if you are looking for an elusive R17, you will
know you are getting warm if you see R16 or R18: R17 won't be
far away.)

{FUTURE) To help users carrying out tests on the card, or wishing tc
modify it, both ends of such components as resistors and non-
polarised capacitors are identified on the circuit diagram;

for example if it is wished to check the output pin - of

(on sheet _ of the circuit diagram) it can be seen that it 1s
connected to end _ of _ , end _ of _ being connected to .

On the component overlay diagram and the card itself, viewed
on side B in "landscape" position with the edge connector to
the right, horizontally positioned components should be taken
as having end 1 to the left and end 2 to the right, and
vertically pesiticoned components should be taken as having end
ong. to the top of the diagram, and end 2 to the bottom. In an
effort to help users all components have been placed on the
card in a similar direction, so that for example all the ICs
are the same way round, similarly the electrolytic capacitors
and diodes.

(FUTURE) Section & of this Manual also includes various timing

diagrams, which may be an aid to understanding certain parts
of the cirecuit,
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As the circuit diagram has been drawn split up into logical
hlocks, these represent convenient sections into which the
circuit description may be divided.

(FUTURE) Sheet 0. The Block Diagram.

Detalled Circuit Description

w W % & ok b Kk ok & W ok % & A Ok ok ® Ok ok ok & Rk

WARNING! THE CIRCUIT DIAGRAMS ARE
FRESENTED ONLY FOQR THE PURPOSE OF
DEMONSTRATING THE FHILOSOFHY BEHIND THE
FPRESENT DESIGN. THEY CONTAIN A NUMBER OF
ERRORE AND INACCURACIES AND SHOULD BE
CHECKED THOROUGHLY AND REVISED BEFORE
BUOILDIMNG COMMENCES. (CONTACT DM PARREINS
ON D51-645 3391 IF ¥YOU SEE ANY ERRORS, OR
IF ¥OU WANT THE LATEST ISSUE OF THE

DIAGRAMS)
* * ® & ®* * £ * K% * * F * ¥ & F F & % * % %

W % F NN NN
* % ¥ F F B % N F W F W

-

The Circuit Diagram comprises 5 EBheets. This is easier for me
to draw and edit, and I have divided the circuit into
different logical units, which I find eazier to deal with
during discussion and gonstruction. If yvou prefer one big
diagram then I am afraid you will have to stick all the pieces
together yourself. If it then looks like one big ugly mess
which i= impossible to understand then all 1 can say is "I
told you sol™

Sheet 1. Address and Data Buffers

There are 24 address linss and 8 data lines on the EMEC-1
card. All are buffered on and off the card by HCS54lg. These
have been chosen because they have Z output enable lines which
are gated together internally, which saves on an external gate
whenever two control lines are used, they are also availlable
in other family ranges such as advanced high speed logic "ACT,
which may become relevant in the future, but most importantly
they have "flow through" pincuts which make it possible to lay
the ecircuit cut on one of our cards without suffering the
expense and complexity of a multilayer construction. GSeparate
input and output buffers are used on the data bus, instead of
a device such as5 HC245., This enables us to use different
family chips for input and ootput (useful at the moment whilst
the Interak buses are all TTL levels), and allows the
ingertion of series input protection resistor networks in the
input circuits without them appearing in the output circuits.

Cther items of note on this sheet of the diagram are the use
of a HC573 transparent latch to demultiplex the B lowest
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address lines (these are ocutput by the IB80280 on its data bus
to keep the number of package pins used to as "few" as 68),
and the general use of BUSACE(R) (dertived from the bus
acknowledge response from the ZBO02B0) to disable all of the
buffers.

Finally notice that the input and output buffers on the data
lines are controlled by separate signals. The 2802B0
generates two controls: QOE(L) output enable, and 1E(L) input
enable. This saves guite a bit of logic producing a set of
control signals which cater for everything, eg both interrupt
acknowledge inputs and normal read inputs, whilst avoiding bus
contentions. The Z80280 OE(L) signal is used directly as
Z0E(L) on the diagram, and the Z80280 IE(L) iz used to derive
the signal shown here as RDBUFF({L].

Sheet 2. Control Signals

This diagram deals with all of the CPU control signals, read
and write strobes, refresh, halt ete, and the input signals
such as Interrupts, Wait, etc. Inputs are on the left,
outputs on the right. The inputs are all taken from open
collector lines on the Interak bus and 2 plug in resistor pack
provides the necessary pull up., As the pull ups are being
used for a logic function rather than simply protecting a CMOS
input they have a lower wvalue, about 1 kilohm instead of
hundreds of kilohms. The series resistors are protection for
the inputs of the HC541 buffers.

The outputs on this sheet fall into 4 eclasses: (1) uvnased; (2)
those used on the board only which are are unbuffered so as to
cause no delayy; (3) open collector dirvers and (4) those
driving tristate bus lines.

The unused control cutputs ("Pause™ and "Reserved") are simply
unterminated. We have received a suggestion that the unused
control ocutputs should ke brought out to a connector for some
future purpose but alone they will be of little use: "Pause"
is used with an extended processor (which Zileg have no plans
to produce) - if they did it would surely need more than this
one signal to work it, total changes to the entire design,
buses, buffering etc, would be reguired. "Reserved" equally
is difficult to forsee being of fundamental importance now or
in the future,

The unbuffered outputs are ones which do not leave the card
but are used by other circuits on the card. The ZB0280 is a
CMOS (Complementary Metal Oxide Semiconductor) device and its
cutputs are therefore able to swing from rail to rail (0V to
+5V) and correctly drive the CMOS 74-series logic chips
correctly. Inverting chips are used where the active low
gsignal from the ZBOZED is more convenient for subsegquent
operations if it is converted to an active high signal.
Examples of the signals used directly without buffering are
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the inputs to the HALT LED drivers, and the signals ZIOREQ(L)
ZMREQ(L) ete, at the bottom of the diagram, Signals unbuffered
and inverted before use are ZBUSACK (L) and ZADS (L).

The third group are the group of outputs which drive so called
"open collector” bus lines. In the CMOS transistors used in
these modern integrated circuits there are no such things as
collectors, bases, emitters, but the term hangs o©on as a
reminder of the past. It still hangs on in the term used for
the positive supply in the integrated circuits: Veec (voltage
of collectors). These of us who call memory in a computer
"core store" are showing our great age - few modern computers
now have memories made from a core of magnetic rings. Another
odd idea from the old days is the distinction between HOM and
EAM memories; ROM means Read Only Memory, fai enough, and RAM
means Random Access Memory, again fair enough. But does that
mean that a random access may not be made to a ROM? In fact
modern ROMs can be accessed completely at random, it was only
the ancient ROMs in computers (magnetic drum stores, and the
like) which could not be accessed randomly.

If anything, the open collector lines should be called "open
drains" unsavoury as that scunds because the transistors in
Lthe integrated circuits used now have sources, gates, and
drains as their terminals. But I digress: in this design the
effect of an open collector driver is simulated by the
appropriate use of an HC125 tri=state buffer. To dg this the
input of the HCI25 is connected to OV, and the signal which is
to drive the open collector line is connected te the control
input of the HC125; when the control signal is low the output
is low, and when the contreol signal is high the ocutput is
tristate or “open".

The "open collector™ output bus lines shown here are NBaO (Bus
Available Qutput), HRST (Svstem Reset), and HNWAIT (Wait Etate
Control).

The ocutputs which drive tristate bus lines employ either a
HC34l or HCl25 bus driving integrated circuit. 7T4HC bus
drivers can sink or source & mA at logic 0 and logic 1 outputs
respectively. This may not sound a lot compared with the 74LS
types, but "HC" logic has the benefit that the amount of
current drive available during a transition from one logic
level is guite =substantial; in the ordeyr of 70 mA or s0;
ideally suited to driving the long lines on a bus. Up our
sleeve for the future if extreme levels of drive, or higher
speed is reguired is the availability of the same functien in
the “AC" (advanced CMOS) range = these have about 4 kimes the
gink or source capability. ({Incidently these very high speed
chips should not be substituted casually in all positions; the
higher is the speed and pulse currents often is the higher the
noise and interference generated, particularly in hand wired
prototypes.)

Perhaps unwisely, I have allowed for an input to the Bus
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Request of the ZB0Z80, which can render most of its outputs
high impedance. In order to terminate the inputs of the output
buffer chips etc under these circumstances, high wvalue (100k
or 5o0) resistors have been provided for the lines which
otherwise would "float". When the Bus Request input is
activated not only does the ZB0280 relinguish its own buses
but the whole XMZC-1 card should as well; this is the reason
for the signal called BUSACK(H) being connected into the
output tristate buffer control (on this sheet of the diagram
and sheet 1). The uninverted Bus Acknowledge signal itself of
course does not go tristate, so this iz connected to the bus
via a permanently enabled buffer, the bus signal name being
HEAD, Bus Available Output.

Despite all this there is little use for the Bus Request
mechanism 1in any system I can forsee. If this card
relinquishes the bus then we had better be pretty certain that
there is something else ready to take over - this implies
guite complex bus controller logic, arbitration mechanisms and
20 on. The matter is complicated further in that the ZTA0280
2lsoc has a "Global Bus Reguest" and "Global Bus Grant™ set of
contrel lines (these are alternative uses for the Counter
Timer In/Out 0, and Counter Timer Input 0, if you are
searching for them). Remember when turning over the bus to
some other bus master, that bus master becomes responsible for
refreshing the dynamic RAM, managing the normal and expanded
Memory Reguest and I/0 reguest mechanism, and so on. All
matters which are in conflict with our motto “"Eeep it simple”.

The Halt output, by way of a gimmick, drives a pair of LEDs,
"Red" means Halt, "Grezen" means Run. If a dual red and green
LED i= used it will change coclour in the same way, and would
even show as yvellow if there were regular transitions between
red and green. In present Interak systems "Halt"™ is never
used, but once interrupts are brought inte play, the Halt {or
waiting for interrupt or reset) indicator will have more
application. The ZB0280 has a sophisticated method for
trapping and detecting various other wvilolations of correct
operation. If nothing else the Halt indicator is useful for
indicating the existence of the ominous sounding "Fatal
Condition" (See Zilog Provisional Technical Manual Section 6
page 6-11.) This produces a Halt state which can only be
exited by a reset.

Pin 34 "Qpt" is connected to 0V. This establishes the
operation of the E80280 as being suitable for the EB0
environment. If this pin were connected to +5V then the chip
would behave as a "EBUS" type of processor, ie l16-bit data bus
and timing and control similar to that of Zilog's ZBO000 and
EA0Q0G0 offerings. The idea of using the ZB0ZE80 in this last
mode in the Interak system has been ruled out entirely. ZBUS
lacks signals like the ZEOQ clock, M1l and so on, (not that in
itself is a bad thing) so it certainly cannot be used with
existing catrds in the Interak range which reguire those
signals. Swuch items as the IZIBUS eguivalent of say the 280
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dual serial chips are often twice the price, so use of the
EBUS cuts us off from existing supplies of chips we know
about. Without the Z80 clock the edges of strobe signals
become important, and the noise, cresstalk, etc performance of
the bus becomes more critical (if there are bad edges on
strobes in a ZBO0 system it does not matter because
transactions are timed by the Z80 cleck, which operates within
the control pulses, after data has settled.

I do not mean to say there is not room in the weorld fer us to
design a bus other than the Interak ZBQ Bus, but 1if Eilog
succeed in killing off the 280, it would not do them any good
as far as I am concerned, I they let me (and the rest of the
Interak community) down on the 280 I am hardly likely to come
back for another pasting on the ZBUS!

Similarly if the design of this new card were to force all
existing users toe buy a new set of cards; then I would not be
surprised if they chose not to buy them from mel

Sheet 3. Boot ROM, I/0 and Memory Expansion Control Signals

Much has already be said of these matters and how the memory
I1/0 and Boot ROM spaces are mapped. 0On this sheet we see the
circuit to achieve all this. At the top left hand side of the
diagram i= an HC30 B8=input MWAND gate whose output is labelled
FE.FF{L) This goes low when the top =even address lines
2Al7-2A23 are 1, ie at the very top of the memory mag,
addresses FE0000 to FFFPFF, for the two B4K areas having
addresses FExxxx and FFxxx¥. (FExxxx is used to map in the
64K Interak system, and FFPxxxx provides 64K for the on board
ROM.,}) Which of the two it is to be depends of course on
adres=z 2A16, since that is the one which distinguishes FFxxxx
from FExxux. 2Al6 is taken to an HCD4 inverter so the output
of the following HCO2, (cutput labelled FF(H), goes low only
for addresses FFxxxX.

The signal path te the chip enable of the Boot ROM (for that
iz our destination in this part of the discussion) continues
as follows: in a further HCOZ the FF(H) signal is combined
with one called PWRON(H): this comes from a circuit on sheet §
which will be discussed shortly, and is a signal which is high
when the board is first powered on. If either (or both) of
the PUROM(E) or FF(H) lines are high, the cutput of this HCOZ
goes low. In this case TMREQIL) which is effectively connected
inte the HC3IZ2 OR-gate we come to next, will activate the Hoot
ROM chip Enable line {active low). In short, at first power
on and/or when addresses FFxx¥xxX are accessed, the on board
ROM is enabled. 1In fact only reads of that address cause the
ROM to output data because you can see that the ZRD(L) line i=s
connected ko the active low Output Enable control of the ROM.

There is a little bit further to go now before we can leave
the ROM. Its active low Chip Enable pin is inverted and
combined with the ZIE(L) (280280 Input Buffer Enable control
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signal) in a further HC32 OR-gate, whose output is RDBUFF(L).
If you refer to diagram Sheet 2 you will see that RDBUFF(L) is
the control for the data bus read buffer. Thus this follows
the ZIE(L) signal, allowing data reads from the system bus
except when the Boot ROM is enabled, ie at first power on, or
at any time when address FFxxxx is selected, the read
operation receives data from the Boot ROM, not the system bus.

So much for the Boot ROM. We now turn our attention to the
circuit which deals with the addresses FExxxx (which yvou will
remamber represent the 64K which is chosen to activate the £4K
Interak memory cards via the conventional Memory Request line
on the bug, all other addresses (16 MByte or so) beling
accessed via the Extended Memory Reguest line on the bus).
Most of the work is done in an HCLl33 dual 4=-line to 1 line
multiplexer. I am sarry for the obscure use of this chip
instead of conventional gating. Its benefit here is that it
contains & lot of gates of just the right kind to suit my
needs, thus saving space on the finished board, but its
outstanding benefit here is that passage of signals through
the innards of the HC153 takes much less time than the journey
through discrete gates which would perform the same function.
(And there isn't much time to spare; the decision on which bus
Memory Reguest line to activate — conventional or extended -
has to be taken befcore the EMREQ{L) <&fignal which gualifies
it. The addresses are issued only marginally before the
ZMREQI(L) lines. To ease things a bit I delay the ZMREQ(L)
signal by one gate, but it is a close run race.)

The outputs of the HC153 depend on khe inputs and the state of
the selection inputs 50 and S1. The reguired truth table,
which iz implemented here is as follows:

Address Bus 51 50 Qutput 2¥ ODutput 1¥
ie MREQ(L) ie EMREQ(L)
FEOQODO-FEFFFF b o 1] 1
FFODOO=FFFFFF o 1 1 o
(neither) 1 i 1 0
(neither) 1 1 1 D

When the ocutputs have settled, whichever one is active (the
conventional or extended memory reguest) is gated through by
ZMREQ{L) in the HC3Z gates and buffered on to the system bus.

So much this far in fact could of course easily have been
accomplished by descrete gates. Howewer there is a further
complication, and that is the refreshing of Dynamic RAM in
both the conventional and the eXxXtended memory areas. During
refresh this both of the two memory request lines need to be
activated simultanecusly ({(there is no commotion on the bus as
a result of this because of course the ZB0280 is wise enaugh
to withold the read and write strobe signals during refresh.

The ZRFSH(L) signal from the Z80Z80 is inverted and enters the
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two (active low) enable inputs of the HC153., At refresh time
the HC153 outputs are both disabled (they were enabled before
in our discussion so far). The output state when the HC153 is
dizabled is that both outputs are "0 QED.

The remaining circuit on this sheet is the similar one which
deals with the extension of the conventional IS0 Reguest Line,
by developing an "Extended 1/0 Reguest" control line. The
conventional I/0 Reguest is activated for I/0 accesses Lo
addresses in the range 00xx00 to 00xxFF, and the Extended I/0
Request line is activated for the rest, ie 0lxx00 to FFxxFF
(although at the very top of the 1/0 space, FExx00 to FFxx00,
the TB0280 hides its on-board peripheral addresses, and I/0
transactions here are not conducted cutside the Z80280.)

The technique is basically similar, but this time as it is
eight 0's we are decoding we can take adwvantage of a gate
which does not exist in the old 74L5 world, The gate to be
used here is an HCA4078, a combined B input OR and HNOR
function. When the top address lines ZAlé to ZAZ3 are all O
the INV output of the HC4078 is 0, ultimately activating the
conventional I/0 Reguest line on the bus; for all other I/0
addresses it is the NONINV ocutput which is 0, ultimately
activating the Extended 1/0 Reguest line on the bus. The
ZIOREQ(L) signal from the ZBO02B0 gqualifies the ocutput i1n the
HC32 gates after the output of the HC407B has settled. As for
the Memory Request lines there is 2 time when both the normal
I/0 Reguest and the Extended I/0 Reguest lines must be
activated simultanecusly. Thiz is during an interrupt
acknowledge - the EB0280 does not issue an address at this
time, so the system has no way of knowing which of the two I1/0
request lines should be activated: was the interrupt from the
conventional I/0 space, or the Extended I/0 space? The
solution is, by means of the operation of the Z=-input AND
gates, HCO8, to introduce a signal to force both I/0 lines low
tocgether, but only during an interrupt acknowledge cycle.
This is uniguely identified by the simultaneous activation (by
the ZB0ZBO0)}) of ZMI(L) and ZTIOREQ(L}), therefore it is
sufficient to ineclude ZM1(L} in the HCOB gates on the way to
the output. When ZM1l({L) is high, ie during normal I/O
acceszes, the operation of the circuit is as desribed, but
when ZIM1I{L) iz low both of the bus I/0 Reguest outputs are
active (low) if ZIOREQ(L) is also low. Again, the ZB0O280 is
wise enough to avoid the contention on the bus which would
result when both I/0 Reguest lines are simultaneously active
by witholding the ZRDS(L) read data strebe during an interrupt
acknowledge cycle.

kktik* WARNING There is a discrepancy between the timing
diagrams for I/0 transactions in the two 2ilog Publications
Preliminary Product Specification February 1987, and The
Preliminary Technical Manual March 1987. On page 78 of the
former, figure Bl "Z80 Bus Read Type Transactions"™ shows
IOREQ{L) active around the time AB=-AZ3 are changing, giving me
ne safety margin whatever te allow for the delays in my
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gating. Much more palatable is the diagram on page 12-11 of
the Technical Manual: Fig 12-10 "I/0 Read Timing®. This shows
I0REQ{L) becoming active a whole CLK cycle later, which gives
me plenty of time for my gates to process the which I/0
Request bus output decision. Until T can find out from Zilog,
or until I can get a ZBO028B0 up and running I shall cross my
fingers and assume the true timing is that in the Preliminary
Technical Manual. END OF WARNING ***k*kaaw

The cutputs MREQ{L) EMREQ(L}) IOREQ{L) EIDOREQ{L) are buffered
onto the system bus but buffers shown on sheet 2 of the
diagrame.

Finally, there is an cutput IORD(L) produced by the HC3Z at
the foot of the diagram, having at its input ZIOREQ(L) and
ZRO{L). This output goes low for any I1/0 read (ie INPUT
instruction). It is used on the power-on circuit on sheet 4.

Sheet 4. Power on Beset and Wait State Circuits

Compared with those for the 280, the reguirements of the reset
input in a 280280 are quite simple. The ZBD reset was not
internally synchronised with its instruction execution cycle,
and external hardware had to be added to synchronise a
hardware reset with an M1 cycle if the penalty of possible
corruption of a row of dynamic RAM data could not be accepted.
(Once a Dynamic RAM access operation has started it must be
allowed to finish completely, otherwise data in a whole row of
EAM locatisns could be spoiled.

Some systems expect to reload everything in entirety from RAM
at power on, or after a manual reset. This is perhaps
acceptable in an office or home "oersonal computer", but in a
development system like Interak it is not. Many home
computers (eg the IBM range) get over their reset difficulties
by not providing a reset switch at all, but thiz is rather
running away from the problem. If we are Lo preserve the
previous contents of dynamic RAM after a manugl reset then the
duration of a reset must be kept as short as possible - 1f
reset is sustained for more than a few milliseconds the data
in dynamic RAM is put at risk owing to the lack of refresh
activity in the 280280 during reset.

In this design the reset is limited to about 50 us by the use
of a section of an HC123 monostable. A pulse is produced
whenever the "B" input rises from logic 0 to logic 1. The “B"
input is suitable for a slowly rising waveform such as a
capacitor charging through a resistor. The diode ensures rapid
discharge of the capacitor even if the power to the computer
is interrupted only for a moment. The manual reset button 1s
connected via a 330 R resistor to limit the rush of current
which would otherwise pass through the switch contacts,
possibly reducing the life or guality of the switch
connection. (Short eireuiting a charged capacitor is bad for
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the capacitor too. We use aluminium types which can stand a
bit of abuse, but if you use tantalum, which are inferior in
this one respect you definitely shouldn't do it!)

The negative going reset pulse from the HC123 "not-Q" output
appears on the line labelled RESET(L); refer to sheet 2 of the
diagrams to see how this is buffered onto the reset line on
the bus, (NR5T), wvia an HC1l25 connected as an “"open collector"
driver.

Output Q@ of the reset monostable is a positive going pulse,
which is delayed slightly (the required figure is at least 2
processor c¢lock cycles) by the resistor and capacitor, and
inverted by the HCl. It then passes through an HCOB 2 input
AND gate (we shall deal with the other input in a moment) and
s0 on to an HC125 connected as an open collector driver to the
wait line on the bus, NWAIT. Thu= as the system comes out of
the "reset" condition, the wait line NWAIT (and ultimately the
wait line to the ZEOZ280 MPU) ies held low. This is a special
initialisation condition, (see Preliminary Technical Manual
Chapter 11, 3rd paragraph page 11-1), and allows the 780280 to
begin with data selected by the user loaded into its internal
Bus Timing and Initialization Register. The logic states of
the 8 data lines ZD0 to ZD7 at this particular moment are
copied into the internal register. On this sheet of the
diagram we see how this is achieved. & high value resistor is
connected to each of the data bus lines and the other end of
each resistor can be connected to either +5V or 0V at the
user's option, to set up the reguired initial conditions.
Some of these conditions can be altered later by program
instructions, but some are fixed at power on, so this is our
only chance to alter them if we want something different.

Whilst we are in the area of the wait state circuit I shall
just finish describing this, before returning to the power on
rezset arrangements.

The other half of the moncstable type HC1l23 is shown on the
lower part of the diagram. Connected to the "A" input (which
is the negative edge trigger input) is an HCOB, 2 input AND
gate. Two signals are available for input to the HCOB, and
may be selected by links on the asscciated 3 pin assemblies:
the signals are produced by the circuit on sheet 3 of the
circuit diagram; FE(L) corresponds to an access to the
original Memory Reguest area (ie 64K Interak mapped at FExxxx)
and FF(L) corresponds to an access to the on board ROM,

Of course enthusiasts of the ZB0ZB0 will be aware that it is
capable of applying wait states under program control, but
they are guite coarsely applied over large areas of B8
Megabytes. 64K is (relatively) small and the provision of
this hardware circuit will ensure that the ogcasional need to
access the 64K Interak space and the on board ROM will not
hold up accesses elswhere. Once the wait state monostable
fires the negative going pulse at the not-Q output passes
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through the HCOH gate and s0 on to the line labelled WAIT(L).
See sheet 2 of the diagrams to see how this is connected via
an HCLZ5 connected as an open collector driver for the NWAIT
gystem bus line.

211 we have to describe now is the power-on circuit. At the
top right of the diagram is an output PWRON(H) which is taken
Erom the upper one of a pair of 2 input WAND gates (HCOO)
connected as a cross—coupled bistabhle. In essence at power
on, or reset, PWROMN(H) i3 jammed high, which forces (see sheet
3 of the diagram where we sg¢ this signal used) every memory
access, regardless of its actual address to be routed to the
on board ROM (Boot ROM). Once the ROM has taken control and
established the desired conditions, memory map, timing etc,
the program which is running issues an I/O Read instruction,
eq IN A,(0FFH); this turns off the power on mechanism (ie
establishes PWRON(H] to "0") and thenceforth the on board ROM
appears in the memory map only at its designated address
(FExxxx).

The cross coupled bistable is zet to give a "1" output if its
lower input is taken to "0" (provided the other input is "1"}.
The upper input is taken from the 280280 master reset input
labelled here as ZRST({L). This therefore sets the bistable
every time the monostable is triggered, ie at power on, and
by the reset switch. The lower input to the bistable is
provided by the signal called "IORD(L)" which is derived from
an OR gate on sheet 3 of the diagrams. This is an HC32Z OR gate
whose cutput goes low when any I/0 read (INPUT) instruction is
executed by the processor. Thus as soon as this happens,
FWRON(H) becomes logic "0" which marks the conclusion of the
pPower on seguence. All future I/0 reads have no further
geffect, until the system is reset again, either by power on or
by manual operation of the reset switch.

Sheet 5. ZB0ZB0 "On Chip" Peripherals.

Included inside the ZB0280 chip are a number of peripherals,
which in ZB0 days would have been the subject of other
separate integrated circuit designs. Some of these we are
likely to use, some less likely.

At the bottom left ig the clock circuit. A fundamental mode
crystal is used of the reguired freguency although in the
finished design an alternatiwve crystal oscillator module will
be permitted. This is in case the freguency does approach the
roumoured 50 MHz; the on-chip design of a 50 MHz oscillator
may prove difficult (unless Zilog are cleverer than I thnk
they are].

Te the top left are the three counter timer channels. Channel
0D has an alternative use as a Global Bus reguest and Global
Bus acknowledge system. We shall disregard this latter use
because the use of these would necessitate a total redesign of
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the Interak system, making it a completely different product;
not likely to be greeted with enthusiasm by the owners of the
tens of thousands of cards already in ecirculation. For the
time being they will simply be terminated electrically and
physically. 0One suggestion we have received and which is
under considerationi is to bring these lines to an edge
connector on the front side of the card.

The counter timer channels can of course be used by the Z80280
without the need for external connection. There may be some
benefit in allowing a track pattern which would allow the
three channels to be chained together to make a very long
COUENCEer.

Belaoaw the CTC channels are the DMA (direct memory access]
channels. These again would cause guite a bit of alteration
to the Interak system if they were to be implemented into the
structure. Using these to any marked degree would force the
eystem to be too incompatible with the existing ZBQ set up,
and much of the charm of the system would be lost., I have not
investigated thoroughly, but I would imagine the DMA channels
are capable of doing work inside a ZB0280 system, without the
need for further hardware - a super fast Megabyte Block mowve
facility perhaps?

Finally to the right is the serial infout channel. This is
very simple in that it operates merely with data in and out
lines, ie no handshaking or modem control lines are built in.
One of the internal counter timer circuits can be used for
generating the baud rate (we may have to fiddle the erystal
freguency to get the baud rate 100% correct, or we could
gccept 1ts being a few pércent out), A 145406 TTL to and from
R5-232 level interface chip will be included. Software
handshaking (eg XON/XOFF) will be possible, but 1f hardware
handshaking is reguired we will have to look into the
possibility of borrowing some of the lines from the CTC or DMA
channels if we can find any which can be set and tested
independently.
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the Interak system, making it a completely different product;
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system to be too incompatible with the existing ZB0 set up,
and much of the charm cf the system would be lost., I hawe not
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Finally to the right is the serial infout channel. This is
very simple in that it operates merely with data in and out
lines, ie no handshaking or modem control lines are built in.
One of the internal counter timer circuits can be used for
generating the baud rate (we may have to fiddle the crystal
Ereguency to get the baud rate 100% correct, or we could
accept 1ts being a fev percent out). A 145406 TTL to and from
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called "flow-through" pin outs. These have all the inputs in
order on one =zide of the chip and all of the outputs on the
other. (Contrast for example the pinouts of say Lthe flow=-
through 74HC573 and T4HCS541l against the similar funetien
TAAC3ITI and 74HC244.) The use of these better pinouts will
make the construction of the prototype much easier toeo, and
the short neat wiring which will result can only improwve
matters regarding the "noise” and interference which dogs
handwired prototype designs of high speed circuits.

Mount the buffer chips (input and output) near the edge
connector. Ensure there 15 a decoupling capacitor between the
supply pins of each buffer, connected directly as possible to
the supply pins of the same ic.

The EB0Z280 must have similar decoupling (across its many
supply pins); keep the control lines away from the address and
data buses if possible, and keep everything away from the
crystal.
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3.2

SETTING UP AND TESTING

When a pcbhb is in production we shall go on and on in the
following vein:z

ll

Check that all components fitted so far are ‘in the correct
place, and have the correct polarlity where appropriate.
Re-read the constructiconal notes - important poeints are
preceded by the loud word "Note!", and can be checked again now.

Ingpect the board for dry joints, solder bridges and solder
splashes, paying particular attention to areas where tracks
run between IC pins. Shine a strong light through the board,
and use a magnifying glass if you have one.

APply power to the board and check that +5V 1s present and
correct at all the IC sockets, i.e. at the upper right-band
corners of each. If you consider you are likely to cause damage
by carrying out this test, or are very confident of vour
vorkmanship then omit this step at your own discretion.

ete, ete.

If you have just constructed a prototype card then you held in
yvour hand something that has never existed before in the
history of mankind. Treat it with care. The most critical
chip is of course the big one. All you can do to leok after
it is to check and recheck your wiring, and the translation of
the pins on the chip to pins con the socket. Before ywou plug
in make sure +5V and 0V are correctly wired (perhaps probe the
empty socket with a wolemeter whilst applying power) and then
plug the ¢hip in, the right way round.

Good Luckl
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3.3 FAULT FINDING, RETUEN FOR SERVICE

Not on your nelly: if it doesn't work, you keep it (I've
enough problems of my own thanks!)

There are a few things wyou can try; for example no matter how
scrambled you have got vour wires a microprocessor once
switched on pretty well has to do something. If there is no
activity at all then your clue is to look at the Halt line
output (although even a "halt® leaves many signals thrashing
aboput furiously), interrupt inputs, reset input, wait line
input, bus request and acknowledge, M1 (apcode fetch),
Refresh, CLE and so on. Only a complete write-off of a chip or
absent of inecorrect power supplies will produce a complete
zero of activity on every line.

The type of =socket I amusing has little holes specially for
the purpose of probing the signals at the pins of the chip.
This makes life a bit easier than having to guess.

More likely your problem will be that the chip is working but
not doing what you want. (This iz in faet the defipnition of a
bug, hardware or scftware.) All vou can d¢ is to burn
preogressively simpler and simpler test programsz into your boot
EPROM until you can isolate the trouble. At the very simplest
try "00" in every location of your EPRCM - even if you have
totally mixed up the order of the address and data lines then
the Z80280 should be able to find that data (since 00
backwards is still 00). If you find your boot ROM is not being
selected, fiddle and jumper the circuit until you force all
reads to come from the boot PROM regardless of where they want
to come from. Gradwally build up a program byte at a time
until you can see what is going wrong. For testing I like
little programs like: perform an I/0 instruction, and, go back
and do it again. There are many "reads™ even in such a short
prograim but there is only one I/0 instruction. The IS0 line
is the one to trigger your scope on then, to get a stable
trace whilst you are prowling round the other lines on the
circuit. A nasty fault is wrongly controlled buffers, where
for example a read and write operation is simultaneously
selected. If you have used sockets for your buffers, then you
can easily pull one or another out during testing, probing the
control lines to se just why it is the buffer which shouldn't
be enabled is being enahled.

If you are accustomed to testing boards with TTL {74L5 etc)
chips then note you need slightly different technigues with
CMOS. An open circuit 74L5 input shows a characteristically
odd signal on a 'scope - neither 0 nor 1, but something in
between. ©Open circuit CMOS on the other hand takes up the
voltage at the end of your scope probe, typically OV. On the
other hand CMOS is easy to push around; for example you can
test the operation of gates by sticking in a signal from your
{anti static) finger into an unterminated gate input and watch
the cutput toggle up and down at 50 Hz mains freguency; you
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can't do that with 74L5.

(Finally, you did tie pin 34 of the chip to ground didn't
you? It explains a lot of misbehaviour if yvou didn'k.)

Nothing can possibly go wrong, 9o wr*ng, g® wr*ng

There are a few known bugs in the ZB0O2B0, and goodness knows
how many unknown onés. 0One rumour I have heard is that the 20
MHz part will not function completely correctly with inpuot
frequencies above 16 MHz. (Although I read this in an issue
of a newsletter for a competing product to Interak, known as
the "SCB4" Scientific computer = they have decided to use the
Hitachi 64180, so perhaps have an axe to grind. Mind you, if a
Hitachi 64180 user criticises the ZEQZ80 it is a case of the
pot calling the kettle black because the 64180 is full of
little dodgy bits, so much so it proved necessary for the
manufacturers to produce a "i" (= even more 280 compatible)
version of that chipl. I shall try of course to gather as
much information as I can, and any bug lists I have will be
included with thie document.

Another peossible problem area onge you get going applies only
to those wicked programmers who think they are very clever in
using the "undocumented” instructions in the Z80 instruction
set. If you have used only legal instructicns you will be all
right. "So what, it works" may now be answered by "So what,
it doesn't, that's what!®
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Tips on S5oftware, and Boot ROM Design

The easiest way to start the system up for evaluation ig of
course to make it appear to the system exactly like the
existing MEZB-3 card. This implies a crystal of 16 MHZ {ie an
internal clock of 8 MHz) and a bus clock scaling factor of 2,
ie eguivalent to a 4 MHz ZBOA. By a happy coincidence, 2ilog
have so organised the power on initialisatiaon of the ZB0280
that it defaults to the above conditions, ie it appears at
power on exacktly like a 4 MHz Z80A. (I daresay that the use of
a 20 MHz crystal would not be prejudicial, but to be
absolutely certain 16 MHz is safest.)

Existing programs will not run without modification in this
design because of the simplifications I have made to the
power-on-jump arrangements of the existing MIBE-3 card. As an
example of the necessary iniltialisation procedure I shall take
ZYMON as an example, although the technigue will apply to DMON
or any of the programs which are used at present as on-bpard
fimware on the MZIB-3 card. First we will remind ocurselves of
the power-on procedure on the MIB=3:

ZYMON 2 is located in a 2K EFPROM from addresses EQ000~-
E7FF, although the decoding on the MIBE-3 card only
extends to a 4K select thus a repeat ("image" or
"ghost") of ZYMON appears at EROO-EFFF.

Hardware at power on in the MZB-3 ensures that a ZE0
instruction fetch from address 0000 actually comes from
EQ0D, s0 at power on E¥YMON is immediately in contrel.

ZYMON does the following:

Tests to see 1f it is indeed in ROM at E0DO0 (for
historical reasons - very early Interak systems had no
RAM at 0000 as even ZK was too expensive to waste, and
the ZY¥YMON EPRCOM could &lso be used at 0000).

If so a "natural Jjump™ is then executed to an address
on page E, ostensibly a few bytes, but in reality right
down from page 0 where the IB0 begins right up to ZYMON
on page E. The 280 program counter is now fetching
instructions from addresses on page E and thus the
hardware mechanism which forces Oxxx to become Exxxx at
power on 15 redundant.

This mechanism is digabled by executing any input
instructicon £rom Port FF, eg IN A;({0FFH). Accesses to
addresses 0000 onward no longer are routed to ZYMON but
take place in the system RaM which begins at 0000.

Initialisatieon of the power on sequence is now compleke
I¥YMON now has total control and proceeds in the way
detailed in the ZY¥YMON manual (copies itself to HAM at
0000, and jumps to RAM to run).
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ZYMOMN is still present in the memory map at addresses
EOOO-EFFF, but it may be switched off if not reguired
by any output instruction to Port FF, eg OUT {(O0FFH),A
When it is switched off whatever else in the system is
at address E000-EFFF (eg RAM) "shines through" and can
now be accessed in the normal way.

So much for ZYMOR etc. The following characteristics of the
new design mean that similar results must be achieved in
different ways:

At power on the XKMZIC-1 card ROM appears throughout

the memory map, ie 000000-FFFFFF, thus any access to
any addrese (including the starting address 000000}
will be routed to the on board ROM. So far this is
the same as the MEZB-3 ZAD card. A natural jump to page
E would in fact still be successful, although in the
new scheme of things this is not the whole skory.

Unlike on the MEB-3 card; the ROM cannot be turned
off. As explained earlier the ROM is always present
at address FFOOOOD to FFFFFFP. The Z80280, like the ZHO0
before it only "sees" a 64K space, and so the method of
removing the ROM from the sight of the EHEOZE0 is
merely to map it somewhere ocutside its current 64K
area of 1nterest; 1t does no longer has to be swilitched
off physically.

The method of turning off the power-on mechanism (which
forces initial accesses to 000000 to be re—routed to
the ROM) is different from that u=ed on the MZIB-3.
On the MEB-3 you will recall it was any input Erom Port
FF which accomplished this. In the new XMZC-1 design
the reguired instruction is anm input from any 170 port,
eq IN A,(xx]), ie it does not matter which precise port
is used. You may be alarmed at this if you know that
1/0 transactions dre reguired to initialise the memcry
management wunit inside the ZB0280; bhowever (see section
12.5.4 on page 12=-10 of Zilog's Preliminary ZBOZ2EOQ
Technical Manual) internal transactions to devices on
1/0 pages FExx00 to FFxxFF do not generate external hus
transactions. I am not sure other processors will be so
forgiving, therefore in case a more precise port
allocation is reguired later, I suggest that you keep
ta the traditional IN A,(FF).

Suggested initialisation procedure to bring in EYMON, DLMON etc
on the new card.

The smallest practical EPROM nowadays is BK, and taking
advantage af this I can simplify the following
discussion, and can demonstrate how a standard
initialisation procedure can bring in EPROM programs
which are byte for byte the same as they were, running
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at exactly the same addresses as they were. If you are
limited to ZKE EPROMs then you can follow the same
principle, but you will have to tinker with some of the
bytes in the ZEK program itself.

Burn a new EPROM with the new initialisatien in the
firat 4% (ie at location D000-DFFF) and the o0ld program
in the last 4K (eg ZK Z¥YMON from 1000=-17FF; use lOd0-
LFFF if the program is 4K; use a bigger EPROM or waste
less space on initialisation if the program 1s bigger)

Procedure:

1.

2.

Fower on, with EFROM on XMZIC-]1 card.

Initialise any E80280 control registers which need
initialising - wait states, mapping etc {use the
"LODCTRL" instructicn, see Chapter 3 in the Zilog
Techhical Manual ). Set the I/0 Page register to FF
ready to allow accesses to I/0 addresses FFPxxxx at
Step 3. Wote ROM is in blanket control at the
moment, RAM accesses, use of stack, memory Ltests
etc, are denied. Also prohibited at this stage (by
my hardware] is any I/0 input.instruction.

Alter memory management unit (by accessing internal
registers around addresses FFPxxF0, see Zilog
Technical Manual Chapter 7) to achieve memory
mapping as follows (use "address translation without
Program/Data Separation" which establishes mapping
in 4K pages):
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CPFU Address

Section

Mapped to

d: Software Deaign

FOOO-FFFF FEFDOO-FEFFFF ([64FK Interak)
EQOO=EFFF FEEDOD=FEEFFF (64K Interak)
D000-DFFF FEDDOO-FEDFFF (64K Interak])
COOO0=CFFF FECODOD=FECFFF (B4K Interak])
BOOO-BFFF FEBOOO-FEBFFF (84K Interak])
AOOO=AFFF FEADOD=-FEAFFF (B4K Interak]
9000-9FFF FES000-FE2FFF (64K Interak)
e000=8FFF FEBDOO-FEBFFF (64K Interak)
F000-7FFF FE7000-FEVFFF (64K Interak])
6000=6FFF FEGOQD=FEGFFF (64K Interak)
S000-5FFF FEZQ00DQ-FESFFF (64K Interak)
4000-4FFF FE4000-FE4FFF (64K Interak)
3000-3FFF FE30Q00=-FE3FFF (64K Interak)
Z000-2FFF FEZO000-FEZFFF (64K Interak)
1400~ 1FFF FFlO00=FFLFFF (ZYMON in ROM)
Coo0e-0FFF FFOOQOO-FFOFFF (Initial'n ROM)

The restrictions (see of filog Manual page 7-6 last
paragraph) on keeping toc an untranslated page when
changing an MMU register can be ignored here,
because at power on my circuit always routes every
access to the on=-board ROM, s¢ the transition is
guite smooth from the code running in the
initialisation ROM at power on, to the same code a
few bytes further on in the same ROM. Turn off the
power—on initialisation mechanism by executing an IN
A,{0FFH) instruction,

Where are we now? At thiz stage we have turned off
the power-on initialisation mechanism, we have
enabled the memory management unit, mapping the
majority of the 64K Interak RAM into the upper 14
pages of the current memory map and BE of onbbard
ROM intoc the lowest two 4K pages. The CPU program
counter has moved on from location 0000 and is
running at shall we say location 0100 or D200 or so.

Now execute a block move, copying page 1 (ie 1000-
lFFF, containing ZYMON 2 in ROM at present) to page
E {ie E000-EFFF, the usual starting point for ZYMON
2)

We are almost ready to jump to EOO0O0 to begin
execution of the Z¥YMON 2 program, but there is one
more procedure to face. At the bottom 2 4K pages we
still have BK of the on—board ROM. We need to alter
the page descriptor registers one more time ko map
out the ROM on pages 0 and 1 and to map in the
remainder of the 64K Interak system RAM.
Unfortunately it is not so easy as that, because it
iz @ rule which must not be broken in ZED0280
gystems, Ethat we don't remap memory when we'ra
actually executing code in it!
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What we do next 1s this:

Transfer a fragment of code (the fragment which
performs this last piece of remapping, then jumps to
E0O0Q to begin ZYMON), from its address low down in
ROM to somevwhere in RAM, using a block move
instruction. Pick a place in RAM where it does not
matter too much if it gets corrupted, for example
well away from the transient program area and jump
tables used by CPM. For example I use rrrr. Now jump
to the fragment of code which hacs been copied; so
long as it is outside the area of the bottom 2 4K
pages the final plece of remapping will continue
without incident and the memory map becomes Interak
RaM from 0000 te FFFF, with an image of ZIMON at
E0OO-EFFF. The reguired changes to the page
descriptor registers are those needed to produce the
following result:

1000-1FFF FELOQO-FEL1FFF (Interak)
Q0Oo0-0FFF FEQOOO-FEDFEFF (Interak)

Befoare the final jump to ENO0OQ, remember to use the
LOCTRL instruction one more time to restore the I/0
Page Register back to its initial walue of all zero,
to enable I/0 accesses to address the Interak 170
cards. (See section 3.3.4 on page 3-5 of the Zilog
preliminary Technical Manual.)

There is one remaining thing to be done if ZYMON 2
is indeed the program to be used for this
demonstration. Inspection cof the listing for ZYMON
2 (2YMON 2 Manual Issue June 1982, page 15) reveals
that ZYMON 2 begins by testing the conkents of
logation EOOQ to see if they are ROM, jumping to a
label "ZERO"™ if not. I =suggest that location 000B in
the listing (ie EQ0O0B in the memory) be changed from
l0H to 00 before the Jjump is made. Of course if
ZYMON was seriously going to be used on the XMIC=1
card (not very likely, as there seems little demand
for a 156 Megabyte tape-based system) then suitable
change({s) can be made to Z¥YMON 2 before it is burnt
into the EPROM for this card. (Even at 2400 baud,
my caleculations reveal that it would take abouk 20
hours to load a 16 Megabyte program from tape into
RaM. )
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5.1 APPENDIY 1: LIST OF ISBUS CONHNECTIONS
{(WITH PARTICULAR REFEREHCE TO MZIC-1 CARD)

1l MNIOREQ 170 Reguest (Qutput from CPU)

Input/Output regquest line. Active low. Indicates that the
address bus lines ABO to ABT hold a valid address for an I/0
access. (During an interrupt acknowledge ecycle, and only
then, HNIORD is produced at the same time as MM1(OCF); at all
cther times HNM1({OCF) is produced together with NMREQ or
NEMREQ, never with NIOREQ.)

The B address bits define which one of 256 ports are to be
accessed. The XMZIZ80-1 card can access up to 64K of IJ0
ports (even 16 Megabytes if pushed to its ultimate). To
prevent these ports conflicting with the existing 256 ports
WIOREQ is denied to the bus during accesses to the extended
cpace: inetead a signal METOREQ "extended I/0 reguest” is
produced.

Both MNICREQ and HEIOREQ are produced simultaneocusly during
an interrupt acknowledge cycle. This is the only time they
ever occur together.

2A NMREQ Memory Reguest (Output from CPU)

Memory reguest line, active low; indicates that the lé-bit
address bus, ABO-ABLS, holds a valid address for & memory
agcess, le an access to one of the firvst H4K memory
addresses 13 1IN pProgress.

The XMZ2B0-1 card also provides a further 8 address lines
(ABl6-ABZ23), defining a 16 Megabyte memory space. To prevent
the addresses in the larger space conflicting with the
exiskting 64K space NMEEQ is denied to the bus during
accesses to the extended space; instead a signal NEMREQD
"extended memory reguest® is prodaced.

Both NMREQ and NEMEEQD are produced simultaneocusly during an
memory refresh cyele. This 1s the only time they ever occur
together.

32 HNWDS Write Data Strobe (OQutput from CFU)

Write line, active low. Indicates that the data bus has
valid data to be written to a memory location or output to
an 170 devics,
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4n  NRDS Read Data Straobe (Output from CPU)

Read Line, active low. Indicates that the CPU wants to read
data from a memory location or I1/0 device.

5a-20n ABl15-ABO0 l16-bit Address Bus (Cutputs from
CEL}

These are the address lines for a normal memory access (ie
when NMEREQ or NEMREQ are present). In ISBUS "&" systems
these 16 are all that are used , but in ISBUS "B" systems
there are a further B8 lines (ABl6=-AB23) defined for
addresses. The positive logic convention is used, i.e. a "0"
is represented by a low voltage and a "1" by 2 more postive
voltage. The address lines are usually driven from the CPD,
but if the CPU card is rendered high impedance (disabled)
these lines can be driven from other controllers f[e.g.
Direct Memory Access (DMA) devices).

When the access 15 to the 1/0 space (ie when HNIOREQD or
WEIOREQ are present) the lower 8 lines, ABV-RBO, carry the
address of the I/0 port being accessed and the other address
lines carry information which depends. ¢n the particular
microprocessor instruction being executed f{usually the
contents of a CPU register on lines ABB-ABl5, and further
addressing information on lines ABl6-A23).

A final use of the address hus is to carry &8 "refresh
address" for dynamic RAMs. This is issued at a time when the
MPU is not using the bus (ie immediately after an opcode
fetch, while the instruction the opeode represente 1s being
decoded) and allows an easy refresh of dynamic RAMs. The
indication that the address bus bears a refresh address is
provided by the NREFS5H signal. HNHMREQ and/or NEMREQ are also
present but WRDS and HNWDS are denied so that an actual
memory &access does not take places. As a result it is
possible therefore to refresh an unlimited quantity of
memory cards at once, with the same refresh signals.
(Unlike the refresh address produced by the ZE0-CPU which is
only 7 bits, (ie ABO-AB&) the ZB0280 produces a l0-bit
Refresh, thus allowing easy use with larger than 64K dynamic
RAM= )

21a HNRST System Reset {Open Collector to or from
CPU)

This signal is active (ie low) when the reset switch on the
CEU card is reset. It is used to reset circuitry on all of
the cards in the system which reguire such a signal. If the
reset line is brought low by the action of a device other
than the CPU then the CPU is &also reset., The line is
normally held high by a 1k pull-up resistor on the CPU card.
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{The Kemitron MZIB-3 CPU card does not comply with this
cpecification in all details.)

S50 ag not to run the riek of damage ko data in the dynamic
RAMs when the reset switch 1s eoperated, the CPU card
produces a short duration pulse rather than a permanent
signal for the duraticon of the reset switch operation.
Furthermore the Z802B0 internal timing ensures that its
reset does not begin until the end of an internal cycle, and
thus the CPU never resets during a memory access (because an
incompleted access could corrupt a row of data in a dynamic
RJ&I.H}!

The manual and power-on reset is normally produced on the
XME280 card, where the appropriate timing components are
specified and fitted; if the alternative iz adopted of
applying a reset via the open collector NRST line, then the
duration of this reset should be limited to about 50-100us
to reset other peripherals satisfacteorily whilst still
preserving the contents of dynamic RAM.

22A-2%A DE7-DBEQ0 8-bit Data Bus (Bidirectional, 3-state)

These are the data lines used for B=-bit bidirectional data
exchanges between the CPU or Controller and Memory or
Input/Output Cards, Positive logic is used (as for the
address lines previously described). This is an 8-bit
system and these 8 lines are the only 8, but for systems
using a l6-bit bus there are a further 8 lines defined on
the "B" side of the bus.

joa {Unallocated) baisy Chain 1 In (Daisy Chain
Input)
3la (Unallocated]) Baisy Chain 1 Out (Daisy Chain
Qutput)

These two lines allow an additional and as vet unallocated
prierity daisy chain to be set up. Viewed from the plug in
card side of the edge conhector, the cutput of the card on
the left is connected to the input of the card on the right.
The convention used will be active low.

The two lines Daisy Chain 1 In and Daisy Chain 1 Out are
linked in track on the XMZ2B80-1 card.

32h HWRFSH DREAM Refresh (OQutput from CPU)

Refregh line, active low, indicates that the lower 10
address bus lines ( ABUO-AB9) hold a refresh address for
dynamic RAMs. It is the duty of the CPU or Controller card
to ensure that refresh addresses are issued freguently
enough for proper refresh of dvnamic RAMs in the system. It
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the dynamic RAM card in use has its own refresh counter the
CPU or Controller is relieved of this duty; the MNEFSH
signal can then merely be used to signal to the dynamic BaM
card that now is an appropriate time for a refresh to take
place. The Z802B0 can be programmed for various different
refresh rates ete, including no refresh., Waturally this
programming must suit the RAM in use.

313A CLE System Clock {Oueput From CPU)

This is the single phase system clock produced by the EE0ZBO
to sysnchronise transactions with other cards in the system.
It can be the same as, or one half, or one guarter the
freguency of the internal clock used by the ZB0280 itself,
which in turn is one-half of the fregquency pf the crystal
cscillator or input to the ZB0280, Depending on the crystal
usedthe scaling factor chosen (by jumper links on the
XMZ280-1 card) should be such as to correspond to the clock
used in a EZE0A system, ie 4 MH=

34A NWAIT Wait State Reguest [Open Collector Input to
CPL) .

This signal, 1f active (ie low) during a specified time
during a Z802B0 machine cycle indicates that an addressed
device reguires "wait® states to be inserted inte the
current Memory or I/0 operatiom. This is usually teo
accommodate slow devices which require an increased time
before data can be provided or taken, but another use for
"walit"® states is to allow synchronisation between the CPU
and the Memory er I/0 device if timing is critical (e.g. for
some floppy disk controllers, or VDU designs). IEf the CPU
is providing dynamic RAM refresh, prolonged use of "wait"
setates should be avoided as it may predjudice proper
refreshing of the dynamic RAM. (There is no need to panic on
this point = Ehe maximum wait state allowed can hbe
calculated fairly easily for specific cases.) A 1k pull-up
resistor is fitted on the CPU card.

The ZE0ZEQ allows for wait states to be added into the part
of the cycle which establishes the settling time Eor the
“"interrupt priority daisy chain®, see Technical Manual on
ZBOZ2BO for details.

35A +12v +12V Power Supply Rail
36A +12V +12V Power Supply Rail

Together with their "opposite numbers" 35B and 36B on the
other side of the connector, these are the conductors of
+12V regulated d.c. power from the power supply to the
system. Generally these rails carry no more than an Ampere
or two, and if this is the case there is no need to
reinforce the copper traciﬂanstﬂf bus board.
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3i7a Pol Polarisation Slot

This line is not avallable for signals as this position is
removed for polarisation. An important secondary purpose for
the polarisation key fitted in each connector at this
position is to pull the cards into line - to prevent
individual connectors shorting between adjacent contacts.

3BA =12V =12V Power Supply Rail
398 =12V =12V Power Supply Rail

Tagether with 38B and 39B on the other side of the
connector, these are the conducktors of -12V regulated d.c.
power from the power supply to the system. Generally these
rails carry much less than an Ampere, and if so there is no
necd to reinforce the copper track on the bus board.

408 OV 0V Power Supply ERail
41a 0V 0V Power Supply Rail

Together with 40B and 41B on the other side of the
connector, these provide the return path to 0V and Earth for
the currents flowing in the +12%¥, 45V and -12V rails.
Usually the algebraic sum of these currents is more than the
absolute value of any one of them, so these rails carry most
current of all. If the current iz substantial, say 10
Amperes or more, it may be advisable to reinforce these
rails with lengths of heavy gauge tinned copper wire e.g. 18
swg. This is guite easy to do because the wire can lie
between the two adjacent rails provided for this voltage on
each side of the connector.

42K +5V +3V Power Supply Rail
438 +5V +5V Power Supply Rail

Together with 42B and 43FB on the other side of the
connector, these are the conductors of +5V regulated d.c.
power from the power supply to the system. If the current
drawn from this rail is substantial, say approaching 10
Amperes or more, it may be advisable to reinforce these
rails with lengths of heavy gauge tinned copper wire e.g. 18
ewg. This is guite easy to do because the wire can lie
between the two adjacent rails provided for this voltage on
each side of the connector.
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"B" Side Connectors

1B NEIOREQ Extended IS0 Reguest (Qutput from
CPILI)

Extended Input/Output reguest line. This is an active low
signal which is only used in systems with an extended I/0
space (i.e. using addresses ABl6 to ABZ3). It has a similar
function to the NIOREQ line on 1A of the bus, but NEIOREQ i=
only issued when the extended port space is brought into

Play.

Indicates that address bus lines ABO to AB7 and ABl6 to AB23
tand ABE to ABlS if they are used for I/0) hold a walid
address for an I/0 access. (During an interrupt acknowledge
cycle, and only then, NEICRQ is produced at the same time as
NM1(OCF); at all other times NM1(OCF) is produced together
with NMREEQ or MEMREQ, never with NIOREQD.)

Both WIOREQ and NWEIOREQ ate produced simultaneocusly during
an interrupt acknowledge cycle. This is the only time they
ever ogcur together.

2R HEMREQ Extended Memory Heguest (Output from
CPRU)

Extended Memory Reguest. This 18 a signal (active low) which
is used to control access to the 16 Megabyte Memory Space
{(i.e. 24-bit Address Bus). It has a similar functicn to the
NMREQ line on 1B of the bus, but NEMREQ is only issued when
the extended address space is to be used.

Both RMREQ and HEMREQ are produced simultanecusly during an
memory refresh eycle. This is the only time they ever occur
together.

iB NADS Address S5trobe {Cutput from
CPU)

This is an active low signal which has been allocated for
possible future use. Onee 32=-bit (and beyond?) CPUs are
introduced, the idea of separate address and data buses
(i.e. 32+32=64 bits) becomes unwieldy; it is possible that
the normal implementation will be to use a multiplexed
address-data bus. As ISBUS has 16 data buzs lines defined,
and 24 address bus lines, i.e. 16+24 = 40 lines in total
this will be more than enough for 322-bits. When this
happens, &n extra strobe will be reguired: HNADS, which
indicates that the address-data bus holds a 32-bit address.
When HADS is complete over the bus will then be driven with
the data corresponding to that address.
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The possibility of non-multiplexed 32-bit address and data
buses has not been ruled oowt, but if they are introduced
this will need very extensive alterations te the bus
signals. Indeed &0 much will have to change that the user
may then have to say goodbye to the old cards forewver. A
better idea in owur view, if a lot of investment has been
made in non 64 address and data kit systems, is that then
more than one CPU be run simultanegusly, on separate buses,
sharing the computational load between each other.

Notwithstanding the abowve, the Z80280 does have an address
strobe signal; used for demultiplexing those elements of its
address and data buses which share common package pins. In
cagse the signal is of use to any user it has been brought
put to this bus pin, but we ourselves do not anticipate
using it.

48 NOIRIN Direction In (to MPU) {Qutput from
CPU}

The ZH0O280, like its predecessors the ZB0 and the 64180
inputs data at times other than during ceonventional I/0 or
memory reads. {Time eg when an "interrupt vector"™ is being
fetched, or in the case of the CPU chips which operate DMA
(Direct Memory Access), when data is being read from memory
for that purpose). In the past the regquired buffer control
gating has been tedious to implement; the ZB02B0 carries
this put internally, and has a pin called input enable for
controlling the input buffer. To preserve compatibility
with more mundane processors, eg the ZB0, which is far from
being dead yet, we probably will not use the direction
signal, but it is brought out here for the benefit of those
ueers who do reguire it.

It is an active low signal, ie it goes to a logic "0" when
the direction of data transfer is towards the CFPU.

5B NM1(DOCF) M1l (Opcode Fetch) {Output from
CPU)

This is the Ml signal from the Z80280 CPU. It is used to
indicate that the CPU is fetching an op-code. (M1l 15 also
assgerted by the CPU with IORQ during the special conditions
of an intercupt acknowledge cycle.)

6B (Unallocated) Extended Signal 1
7B  (Unallocated) Extended Signal 2

Although it is an irritating feature of a bus standard to
have unallocated lines, these are sc at present. They
should not be employed for the user's own purposes, as this
may conflict with whatever signal is allocated to them in
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the future. The direction and purpeose is naturally
unepecified at the moment, but if in the future they carry
control signals they probably will be active low, and
cgutputs from the CPU card.

BB WZCMAINS EZero Crossing (Mains} (Cutput from
CPU in direction, although not produced on CEU card)

This is not impliemented on this card.

This signal is & series of short pulses {active lowl;
synchronised with the zero crossings of the ac mains input
to the computer. It has three main purposes - firstly for
triggering ac power controlling devices and the like (so
that ac powered circuits can be switeched on only when the
mains wvoltage is passing through zero thus avoiding current
surges and unwanted generation of electromagnetic
interference} - secondly to provide advance warning of an
imminent power failure (since when the ag mains fails there
Wwill be a peried of continucus "zero crossing" before de
power fails) - and finally to offer a simple timing pulse of
known repetition freguency which is independent of any
software (this can be used for example to set a "watchdog"
timer to alert of or restart a "looping” or "crasheg"
program).

9B MNHNMI Mon Maskable Interrupt (Open Collector to or
from CPU)

Active low, non-maskable interrupt line. 1k pull-up
resistor fitted on the CPO card.

10B NIKTA Interrupt A {open Collector to or from

CEU)

Active low, maskable interrupt line, lk pull-up resistor
fitted on the CPU card.

11B WINTE Interrupt B (OCpen Collector to or from
CEO)

. This is & further active low line similar in function to
Interrupt A, lk pull-up fitted on the CPU card.

12B NWIRKRTC Interrupt C (Cpen Collector to or from
CRU)

This is a further active low line similar in functiocn to
Interrupt &, 1k pull-up fitted on the CPU card.
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138-208 aBl6-nB23 Extended Address Bus (TTL Level Output
from CPU)

These provide an extra 8 positive logic address lines to
extend the memory space memory space to 16 Megabytes. The
extra lines are produced by the CPU card. When these lines
are used the HWEMREQ (Extended Memory Reguest) =ignal
replaces the ordinary NMREQ signal of a non-extended (64K)
system, to prevent any conflict where the old 64K system
memoary space is shared with the new 16 Megabyte system.
MMEREQ is issued for a 64K space within the full 16 Megabyte
space. The precise memory address range chosen on this card
for the 64K space is FEQODO=FEFFFF.

SEimilarly these address lines provide an extended I/0 Port
Address space, activating NEICQREQ (Extended I/0 Reguest) for
the larger space, and denying the smaller NIOREQ (I/0
Reguest signal of earlier systems.] The precise memory
address range chosen on this card for the smaller
{unextended) I/0 space is 00xx00-00xxFF, wher "xx" means
don't care, or is the special case of the outputs of one of
the CPU register during an I/0 transaction where this
feature is being used to provide the ultimate 16 Megabytes
of I/0 addressing.

21B MBUSREQ Bus Reguest {Open Cellector Input to
CPU)

This is an active low signal which is output by some other
card {e.g. Direct Memory Access Controller) to reguest the
KMZ280-1 to relinguish its control of the bus. Most of the
bus ocutput lines from this card then go tri-state, at which
point it generates the signal NBUSAE (g.v.) Care must be
taken when using this technique to ensure that arrangements
for dynamic RAM refresh (for example) are properly made as
the ZBO2BO0 on this card is effectively switched off,

(We have chosen that the ¢lock signal from this card 15 also
rendered tri-state, so if one is needed by other cards it
should be provided by the new controller of the bus. Beware
also that the guestion of what effect interrupts should have
is very vague.)

22B-29B DBl5-DB8 Extended Data Bus (Bidirectional, 3-state)

Not implemented on this card, which is designed exclusively
for B-bit operation, in order to maintain compatibility with
the entire range of cards produced over the last decade or
0.

If they had been used their purpose would have been as
follows: When systems reguire a lé-bit data bus, these lines
carry the upper 8-bits of that data. They are directly
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opposite the bus lines for the lower 8-bits and this enables
easy conversion of existing B-bit cards to use the uppper 8-
bits instead, so that cards can be used in pairs to provide
an easy upgrade to le=-bits. The pesitive logic conventlon is
used, as described for the address lines on the "A" side.

30B NIEI Interrupt & Daisy In (Daisy Chain Input)
31B NIED Interrupt A Daisy Out (Daisy Chain Qutput}

These active low signals are usged by I80 peripherals to form
an interrupt daisy-chain for determination of interrupt
priority. This is done in accordance with the rules set out
for the Z80 family peripheral chips by the the manufacturers
of the chips.

On this ecard the two lines NIEI and WIEDQ are linked in
track.

32B NBAI Bus Available Daisy In (Daisy Chain open
collector input)

On this card this signal is used in conjunction with 21B
WBUSREQ and 33B WBAO (gv). If both the Bus Reguest line
NBUSREQ and the Bus Available Daisy In line WBAI are low
simultaneously then the 280280 finishes its current
cperation and relinguishes its buses, ie the cneg on the
pins of the CPU chip itself and the aones on the XMZZ2B0-1
card. It also drives low its Bus Available Daisy Out line,
NBAO which is part of a daisy chain, thus the next card to
the right (viewed from the front of the computer if the
cards are mounted in the conventicnal fashion) receives
permission to use the bus. The permission passes down the
daisy chain until the card is reched which reguested the use
of the bus. (All of this is entirely hypothetical as we
have no immediate intentions of using this feature. The
necessary arbitrationbetween the various bus "masters"
which we can imagine, and other matters like dynamic RAM
refresh, timeocut of prolonged transactions and so on, is by
no means as s=imple as this discussion has made it appear.)

A possible practical use we could forsee would be during
experimental work with a new processor card where memory
contents, disk accesses etc could be carried out using the a
familiar system and control passed to and from the new card
during the debugging phase.

13B KBAD Bus Available Daisy Out (Daisy Chain open
collector output)

This active low signal forms a daisy chain with BAI. The
cutput from this card is held at a logic "0" when the ZTBOZAO0
has received and fulfilled a regquest to release the system
bus. WBAQ iz high when this card is using the system bus.
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Because NBAI and NBAO form part of a daisy chain, the
physical order cof the cards using it will determine their
priority to access the bus.

34B 2XCLE 2 x MPU Clock (Qutput from CPU)

This is not implemented on this card.

We originally had planned that this line would carry a clock
of twice the freguency of that on bus line 33A (ie B MHz for
a IBOA-CPU, and that the signal CLE on pin 33A would be
derived from this eclock:; CLK clock changing state oan the
negative transition of ZXCLE. Events have overtaken us in
the design of this card. Zilog hawve included in the ZB0280
on chip peripherals, a complete clock ascillator and control
circuit. The ocutput cleck which like us they call "CLE® is a
gcaled factor of the input to the chip, and they have made
no provision for a double freguency bus clock. This is not
a matter of great importance to us, as we have not designed
any cards which need a double freguency bus clock, and we
have no plans to do so.

IS5B +12V +12V Power Supply Rail 368 +12V +12V
FPower Supply Rail

These are connected to the same +12V Power Supply Raill as
described for connections 358 and 36& on the "A"™ side of the
connector.

i7B Pol Polarisation Slot -

This line is not available for signals as this position is
removed for polarisation. Also it is used with the key
fitted in each connector to pull the cards into line and
prevent individual connectors shorting between adjacent
contacts.

I8E =12V =12V Power Supply Rail 3%B -12V =12V Power
Supply Rail

These are connected to the -12V Power Supply Rail - see the
description for connections 3BA and 3%A on the "A"™ side.

408 OV 0V Power Supply FRail 41B OV 0V Power
Supply Rail

The OV Rail is on these two pins, and the 40A and 41A on the
"a" side. See the description for 40A and 41B for full
details.
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428 +5V +5V Power Supply Rail 438 +35V +5V Pawer
Bupply ERail

These, and 424 and 43A on the other side of the coennector

form the +5V Power Supply Rail. See the description for 42A
and 428 for more information.

berived Signal

WINTAK: This signal indicates that the CPU is acknowledging
an interrupt and expects an interrupt vector to be placed on
the data bus.

The NINTAK signal can be produced as the cutput of an "OR"
gate (e.9. 74HC3I2) which has NIOREQ and NM1{OCF) connected
to its inputs. As it can be produced in this way anywhere
it is needed there is no need to allocate a bus line to it.
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8.2 APPENDIX 2
DISCUSSION OF CMOS INTERFACING
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5«3 AFPENDIX 3: WAIT STATE GENERATION.

The subject of wait state generation has been covered
implicitly at wvarious appropriate stages in this Manual. The
purpose of this Appendix is to make some general points on the
subject, and to explain specifically why the variocus
arrangements for wait states were made as they were.

Why have Wait States?

(8pace reserved for general diseussion, =zimilar to LEP-1
Manual Appendix 2)

Why use a Monostable to Set the Wait States?

(Space reserved for general discussion, similar to LEP=1
Manual Appendix 2)

Timing Diagram

(FUTURE) A detailed timing diagram is given in Section . of
this Manual. It shows the various waveforms on the standard
bus when an access 1s made to an address which triggers the
walt state generation circuit on this or another card.
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2.4 APFENDIX 4: MIC-1 AFPLICATIONS.

(5pace reserved for general remarks similar to LEP-1 Manual
Appendix 3.)
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i APPENDIX 5: EDUCATIONAL ASPECTS.

Although the Interak System represents a "real" computer
rather than an artificial microprocessor training aid there
are some distinct benefits in demonstrating various aspects of
digital logic design on such a "real" computer where the
student can appreciate that the theoretical technigues, such
as truth tables, Boolean locgic and the like have some
practical application.

+ + = « &« 2 ®to etc (Space reserved for general discussion
as in LEP-1 Manual Appendix 4)
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5.8 APPENDIX 6: BOOT ROM SPECIFICATIONS

Az I was talking earlier of the regquirements of a new ROM to
run on this card I think it is time to draw up some formal

specifications.

Unfortunately lack of experience with the ZB0280 in our system
means that I cannot give specific guidelines yet on how the
memory management should be handled by application programs,
whether or not the ROM should contain any elements of an
operating system and so om

However, here is a framework on which to build:

The program should begin like this:

WADooo Jump to program cold start

wooo3 Jump to program warm stark

}(}Dﬂﬂd- BSCIT text:
Wame of program PREEXERKE  KXE"
Date of creation "YYMMDD"
Version Number ®LNHN"
Latest update "YYMMDD"
Copyvright notice o) EXEKEXEK . "
Supplier Name/Code PRMENENK
Supplier Phone Ml234567890"
Supplier Town, Postcode "XEXNX ..123"
Author MName/Code PHEENEE . "
Author Phone "1234567B90"
Author Town, Postcode "XXXXX ..123"
Epare W S

wiHHHH (a good round hexadecimal number)
ROM Location "0O0Z4ABCD
Last byte of Code "OONNNNNN"
Last address in ROM P1234560D"
Check Sum of ROM mla34"
Processor type nzzza"
Processor speed "ogoo"
Epare " s

¥¥HHH2 (a good round number)
Start of program
Jump Tables
Data Tables, eg lookup tables
Text Strings used in program
Main Program loop
Subroutines used by Main Program

End of Program
Fill to end with FF bytes

Any other suggestions, comments let me know.
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P APPENDIX 7:

LATEST 280280

Section 5: Appendices

INFORMATION

In this section

ig included any extra
on the ZB80280,

notes of bugs, changes
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Ihis document is a list of known bugs on the 2280 silicon, Revision G

1. Possible Ceche Corruption

This bug happens only when the 2280 is used the 280 bus mode. Ib can
he attributed to Lhe fact that the 22B0 is designed as a 16-bit
device with its internal logic geared towsrds the transfer of words
instead of bytes.

In the 280 bus mode with the gache enabled, a memory tead of word
guantity data (rot instruction) causes the cache to be updated
sncorrectly. This happens anly 1f Lhe word data address 18 even
aligned. This 15 best esplained in the following example:

The stack printer (x5P) 1s pointing to location 1004H. The contents
of external memory (not cache) locations 1004H and 1005H are "HR" and
"CC" respectively. When a "POP HL" instruction 1s executed, the

problem will exhibit itself,
For carrect operation, the following events should occul:

al Memory Read Transaction with address “001004" wvalaid at time of
address strobe [AS)., When read (RD) is ssserted, Lhe data bus
ehould contain "BB." Cache location "001004" should be updated
to "BB" and validated. Register L should now contain "BB" as
well.

b} Memory Read Transaction with address "D01005" valid at Lime of
address strobe (AS). When read (AD} 1s ssserted, the data bus
shoguld contain "CC". Cache location "DON0D5 should be updated
to "CC" and velidated. Register H should now contain "CC" as
well,

to the errata, the following takes place instead:

Telephone 402 57,5723

a) Memory Read Transaction with addr
time of address sttobe (AS],
data bus contains "HE."

L now contains "BB" as well.

&% MNe second Memary Read Tranmsacti

the Fact bhat the cache now has "valid" data at location

and supplies that data te the
contains "BE™ as well.

gsg "0O01004" wvalid asserted at
When tead (RD) is asserted, the

Cache laocation "001004" inadvertently
gets updated to "10" (contents of A15-AB) instead of "BE."
location "001005" gets updated to "BB™ instead of “CC.™

Cache
Register

on takes place externally due to
"0at0os"

instruction. Register H now

Mack Eq"[(TMf
pHLlPPIHE-"*
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This anﬁnmully can be citcumvented through any af the Toblowing
melhods

a; Use 2-Bus mode inslead of ZBO.

by Erngure that ward dasta is pdd-aligoed.  Thos will foree twe tesd
eycles ta occur inh otder ta felch the data (282-bus mode |

¢, Erngure that no code tesiges in the same 1e-bele memary scave
(O=F0 thal datzs resigea on (A23-33 cannob be Lhe samo ZBC Bus

made .
d.: Digable cache (I80-bus. made .
2. HBurst Mode Memory lransactions [(I-bus mode only)

Il has been discovered Lhal tne burst memory cycle does not Funct son
g3 described when gn the X2 god X4 pus clock modes. It does function

a5 spEE|F.yq in thne X1 bus clock made, Whal happens 15 Lhat Lhe 1E
gignal behaves as 1F b whie & normal memory access oscle.

This shoulg nat impacl ans applicatiane because the burst made is
usged for haogh pecflormance, and Lhe higheslt performance should be
pheeried wilh the 11 bus clock mode,
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SECTION 6&:

DIAGRAMS AND TABLES
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6. MZC-1 BUS ALLOCATIONS

ISBUE SIGHALS USED OR CREATED ON XMEZC=1)

Overleaf is & list of the ISBUS signals with specifie
reference to this card.
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ISHE-1 SIQMAL ALLCCATIONG
No. Mare Type Signal Descriptien MNo. Name  Type Signal Description

1A NICRED (1) I/0 Request IE MEIFER) (1) Extended I/0 Pequest
24 MMRED {I_]'E"LE[TDL'},-'EE:]'IE'; 2B MNEMRED {ljﬂ:‘t&!‘lﬁ.‘d[‘iﬂfﬂt}'mt
3L MITE {1) Write Data Strobe B OMNAMS (1) Address Strobe

48 MRS {1) Fead [Bta Strobe 48 NCOIRIN (1) Direction In (& MED)
A ARLS (1) Address Bus 15 58 N{OTF) (1) M1 (Opoode Fetch)

B4 AR14 (1) Address Bus 14 EB -*- (1) Exterded Signal 1

75 EB13 (1) Address Bus 13 B % {1) Exterded Signal 2

BA am12 (1) Aidress Bus 12 BB —% (1) Zero Cromsing (Mains)
an pRll (1) Address Bus 11 98 MMI (0} Non Mackable Intermupt
108 AELD (1) Address Hus 10 108 MINTA (2} Interrupt A

11 59 (1) Address Bus 9 1R MINTS (C) Imtermupt B

128 ARg (1) Address Bus 8 LB NINTC 0} Intermupt C

13 287 (1) Address Bus 7 138 8523 (1} Exterded Aiirecs Bus 23
14k ARG (1) Addres=s Bue & 14B AR {1) Bxtended Aifress Bus 22
15h ARS (1) Address Buos § 15B AR {1} Exterded Address Bus 21
1a2d BE4 (1) Addrecs Bus 4 168 ARX) (1) Extended Adfbress Bug 20
174 AR3 {1} Address Bus 3 178 219 (1) Extended Address Bus 19
18A AB2 {1} Address Bus 2 186 AB1E (1) Extended Address Bus 18
18a pal (1) Address Bus 1 19B ME1T (1) Exterded Address Bus 17
208 2O (1) Address Bus 0 208 hEls (1} Externded Aidress Bus 16
21A NEST  (O) System Reset Z1B MEUSFEQ  (0) Bus Request

23 187 (2) Data Bues 7 s (2} Exterded Data Bus 15
23 [B6 [2) Data Bus 6 B —*= {Z) Exterded Data Bus 14
245 [B5 (2) Deta Bis 5 248 =%= (2) Exterded Cata Bis 13
254 B4 {2} [eta Bus 4 258 =t (2) Externded Deta Bus 12
26A B3 {2) Cata Bas 3 26 —*— (Z) Exterded Data Bus 11
278 |2 {2) Data Bus 2 Z2TH =% (2) Extended Data Busg 10
284 1Bl (2] Data Bus 1 28 =% (2) Exterded Data Bus 9
HA B0 (2) Imta Bs O 2B =% (2} Bxterded Cata Bus B

304 —*- (D) Deisy Chain 1 In B =% (D) Interrupt A Taisy In
I1n -+ () Deisy Chain 1 Qut 1B =* (D) Interrupt A Daisy Out
324 NRFSH (1) [REM Refresh 3B AT (D) Bus Available Dmisy In
33 0K (L} MEU Clock 338 MBRED {njaﬁmﬂmmm
34A NARIT  (0) Wait State Request 348 -*- (1) 2 x MEU Clexd

35y w13V \P) +12V Bower Supply 358 +1F7 (P) +12ZV Fower Sumly
Jeh +12V (P) 12V Power Supply 368 +12V (B} +12V Fower Suply
37A Fol = Polarisation Slot 3B ol — PBolarisation Slot
38A =137 (P) =12V Fower Supply 3B =12V (B) =12V Fower Suply
398 -1 (P} <12V Power Supmly 3B -12v (F)} =13V Fower Suply

408 0w {B) OV Fower Supply 408 oV (F) OV Fower Sugply
41 oV (F) OW Pover Sumly 418 v () OV Fower Supply
428 +57 (P} 45V Rwer Suoly 428 457 (P} +5V Bower Sugply
438 +5v {B) +5 Bower Sumply 438 +5V (F) 45V Fower Supply

‘0" = Open Collector; "I' = Unidirecticnal Bus; "2 = Bidirectional Bus;
"' = Maisy Chain IndAut; "P" = Fower Suplyy
"-*-" = Signal not implementsd on this beard
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6.3 6H-pin Chip Pins to Socket Translation

Here is a chart which shows how the pins on the PLCC carrier

integrated circuit translate to the pins on the socket.
hkk WIRNING THESE ALL REQUIRE CHECEING *=**
PLCC PINS
9 = = =1 & - - - &1
10 60

SOCEET PINS

g9 7 5 3 1 &7 &5 B3 61

10 11 ] B u 2 68 6B B4 62 BO

iz 13 50 58
14 15 57 56
16 17 55 54
18 19 83 52
20 21 51 50
22 23 49 48
24 25 47 46

26 28 30 32 34 36 38 40 42 45 44

27 29 31 33 35 37 39 41 43
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¥MZC-1 Interak ZE0280 CPU Section 7: Parts Lists
COMPONENT BPARTS LIST FOR MZC-1 CARD

This part of the manual will have our normal parts list
section, ie the dual listing which has proved so popular:
listing by component identification, and also by component
value.

Meanwhile, here is a provisional parts list:

Sheet 1

2 off B pin resistor pack 2k2 (4 separate resistors)
1 off 9 pin resistor pack 100k (8 resistors, 1 common)
1 ZB02B0=-10VSC

5 T4HC541 Octal Buffer

1 T4HCS573 Octal Latch

Sheat 2

2 off 330R resistors (for LEDs)

3 off 8 pin resistor pack 2k2 (4 separate resistors)
1 off 9 pin resistor pack lk {8 resistors, 1 common)
2 off 9 pin resistor pack 100k (8 resistors, 1 common)

5/6 T4HCL 4 Hex Schmitt Inverkter
174 T4HC32 2 input OR

4 T4HC125 Quad Buffer

1 TA4HC541 Octal Buffer

4 T4HC573 Octal Latch

1 LED Red

1 LED Green

Sheet 3

1 27128 16K Boot EPROM

1/4 T4HCOO 2 input NAND
4/4 T4HCO 2 2 input MNOR
2/4 T4HCOA 2 input AND

1 TA4HC3IO B input NAND

B/4 T4HC32 2 input OR

1 T4HC153 Dural 4-1 multiplexer
1 74HC4078 8 input OR=NOR

BRGE T=1




¥MIC=1 Interak ZBO0280 CPU Section 7: Parts
Eheet {4

2 off B pin resistor pack 100k (4 separate resistors)
1 330R for reset swWwitch

1 100k for reset

3 Timing Resistore (3 values)

1 Aluminium Elec Timing capacitor

3 Timing Capacitors (3 values)

1 1n40n2

2/4 T4HCODO 2 input HAND

2/4 T74HCOB 2 inpput AND

1/8 T4HCL 4 Hex Schmitt Inverter

1 74HC123 Dual monostable

14 3=pin assemblies + links

Shest 5§

2 47p capacitors

1 16 MHz Crystal

1 145406 {(optional for RS-232)

Fi Variocus connectors, jumpers etc for RS-232

Collated IC list:

el e e - N e e e

L]
L

145406 [opticnal for RS=-232)
27128 16K Boot EFPROM
T4HCOO 2 input NAND

74HC02 2 input NOR

T4HCOR £ 1lmnput AND

T4HCL14 Hex Schmitt Inverter
T4HCI0O B input NAKD

T4HCa2 2 input QR

T4HC123 Dual monostable
T4HC12S5 Quad Buffer

T4HC153 Dual 4-1 multiplexer
T4HCS54]1 OQOetal Buffer

T4HC5T73 QOetal Latch

T4HC4078 B input OR-NOR
ZA0280-10VSC
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