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ycomp is a low cost computer
Lard using a Motorola 68000
microprocessor with 16-bit data
. It is designed for use either
g an evaluation/educational tool
as the processor board of a
E;er system, connecting to a

e range of readily available
ipheral cards through its G64
erface bus.
;'ograms can be entered using
rminal to gain access to Kay-
gomp’s 23 function monitor pro-
Kaybug. There’s also an
potional line-by-line assembler
: Eilable to speed up program
development. Alternatively, the
hoard also links to a host compu-
{with assembler/compiler faci-
fities. Communication software is
ude in the monitor program.
The 53000 microprocessor has
j 32-bit internal structure. Eight
data and seven address general-
purpose registers are available to
the programmer, all 32 bits wide.
tslexternal address bus is 24 bits
which gives a linear address
Tange of 16 megabytes, Fig. 1.
Motorola evaluation kits for
§ the original eight-bit 6800 i.c.
i were available for around £150.
| There i-. a similar kit for the 6809
L Micropocessor but it was not
Mtroduced in the UK. For the
68000 microprocessor, Motorola
produce a design module costing
1500 — a tenfold increase over
[ g::l price of a 6800 evaluation
0Of course the 68000 design
Module is a far more complicated
Product than its older equivalents
and designed to allow evaluation
@ wide scale. In many applica-
tiohs though this complexity is
Mot necessary and there is cer-
Winly a need for alow cost evalua-
N system.
| designed Kaycomp so that it
“ould be built in its basic form for
t“"‘ﬂer £100. In this form it has
‘W0 RS232 serial interfaces and
f_f’?eral-pumose i/o lines pro-
ded by 2 68681 i.c., a monitor
bit“’mf a small ram and a full 16-
68000 i.c. When expanded,

}000 hoard

he £100 Kaycomp — Bob Coates, 68000
computer board for engineers, students
and enthusiasts — is developed using

terminal and takes a G64 bus interface.

the board has 128Kbyte ram,
64Kbyte eprom, two serial inter-
faces, a 68230 peripheral i/o
device and a bus interface which
allows connection to standard
peripheral cards.

Large systems nowadays can
have many processors and direct
memory access controllers work-
ing together on the same bus to
multiply processing speed. I con-

‘sidered that this feature was not
essential to learning about and
evaluating the processor and
leaving it out saved a lot of peri-
pheral logic. If you are interested
in the type of work that requires
multiprocessing, £1500 won't
normally be a problem.

An external bus interface prob-
ably isn't essential for training
and evaluation either, but I
included one to increase the use-
fulness and versatility of the
board. VME bus is the obvious
choice for a 68000 processor
board but the cost of implement-
ing it is very high. To illustrate,
one manufacturer produces a
single Eurocard wire-wrap board
for prototyping containing just
VME interface chips for £600.

My choice was the European
G64 bus designed for Motorola
eight-bit processors. The inter-»
face circuit consists of just three
t.t.1. devices. G64 is probably the
best supported eight-bit Euro-
card bus, with over 200 different
cards available from many differ-
ent manufacturers, but it is not
well known in the UK yet. The
main UK manufacturer is Syntel
of Huddersfield which produces a
wide range of processor and peri-
pheral cards, back planes, rack-
ing systems, etc.

Kaycomp overview

Figure two illustrates the sys-
tem. Kaycomp in kit form is doy-
ble-Eurocard sized, measuring
234 by 160mm, and its p.c.b. is
double-sided but to keep costs
down, it is not plated throughas a

board of this complexity normally
would be. Layout is however for a
plated-through p.c. board which
means that some soldering on the
top side of the board is necessary.
Sockets for i.cs must allow sol-
dering on the component side
too.

In order to keep costs down,
some systems use a reduced-bus
version of the 68000, the 68008,
which although internally the
same as the 68000 only has an
eight-bit data bus and a 20-bit
address bus. I decided against
using this version. The board
accepts either the 68000 or an
enhanced version, the 68010,
running at up to 10MHz. The
68010 is a virtual memory. ver-
sion of the 68000. This feature
cannot be used with Kaycomp,
but the 68010 also executes some
instructions faster and has some
extra ones too.

Memory consists of two eprom
and two ram sockets. Two of each
byte-wide memory are required
to give a 16-bit data width. Links
allow eproms. with standard

by R.F. Coates

Our front cover shows the
68000 board in its fullest

form with G64-bus interface

— this is the basic version.

Fig.1. The 68000 has a 24-
bit external address bus
giving an address range of
16Mbyte.
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68000 BOARD

Two serial ports

G64 bus
Optional
G64 bus
interface
2 |
On~board bus ~— 16 dota, $ address :
Optional Up to Up to MC 68000
MC68230 64K byte 128K byte MC68681 dual uart cpu
peripheral rom eprom
interface/ I
timer
' X'I?l Clock
: U generator
% i/o 10 i/o lines ]J
lines it it -
RS232 Alternative Optional
interface c.pu. clock crystal

Fig. 2. Kaycomp uses a full
68000 processor and two
peripheral i.cs from the same
family. Using these instead
of more common 6800
peripherals means higher
performance and increases
the board’s value as an
evaluation tool.

Fig. 3. Kaycomp can be used
by simply connecting a dumb
terminal but in this
configuration, it is effectively
connected in the terminal
line from the host computer.
In this way, software
developed using 68000
assemblers and compilers on
the host can be fed directly

JEDEC pin configurations from
2732 to 27512 to be fitted, giving
arange from 8 to 128Kbyte. Note
that not all larger eproms con-
form to the standard pinout, not-
ably those from Mostek.

Ram sockets currently accept
either 2 or 8Kbyte static rams,
i.e. either 6116 or 6264, to give
either 4 or 16Kbytes. The board
is laid out though to accept 16 and
32Kbyte devices for when mono-
lithic i.cs become available,
which will give up to 64Kbytes of
ram. Hybrid 16 and 32K devices
are available now but they tend to
be expensive. Reasonably priced
hybrid 32Kbyte rams consisting
of four small-outline 6264 i.cs on
a ceramic substrate are produced
by Digital Memory Systems, the
DMS8832-15PC, and by Hybrid
Memory Products, the HMS
62832.

To allow programs to be deve-
loped and written on the board,
there’s a monitor program which
fits into two 2732 eproms. This
monitor, Kaybug, requires con-
nection of a separate RS232
terminal. If a terminal is not avail-
able, many home computers such
as the BBC microcomputer have
an RS232 port and can be made to
act as a dumb terminal. With this
in mind, the monitor program can
easily be set to produce either a
40 or 80-column display by a key-
board command.

into the board. A second RS232 serial port on
Kaycomp Host
0s
Terminal Port A Port B computer

Kaycomp can be used to connect
the board to a host development
system or mini/microcomputer.
Both RS232 ports come from a
68000 peripheral i.c., the 68681
dual asynchronous - receiver/
transmitter or duart. The 68681
internal oscillator requires only a
3.6864MHz crystal. A cheaper
3.579545MHz American colour
tv crystal will suffice; data rates
will be a little out but still within
the required tolerance. .

For full-speed operation, the
processor requires a separate
8MHz crystal clock but if speed is
not important, the duart 3.6MHz
clock may be used. If you need to
used the serial ports in an applica-
tion, there’s another version of
the monitor program available
which allows you to develop pro-
grams through an external G64
dual serial port card.

Parallel input/output is pro-
vided by another 68000-family
i.c., the 68230 peripheral inter-
face/timer. This optional i.c. is
not used by the monitor and all of
its facilities are available for user
applications and evaluation.

Finally, there’s the optional
(64 bus interface which consists
of three t.t.l. bus-interface i.cs.
There are two sections in the G64
bus memory map, one for mem-
ory addresses and the other for
peripheral addresses. The peri-
pheral area consists of a 1Kbyte
block somewhere in the memory
map which is decoded on the pro-
cessor ‘board. Valid peripheral
addresses are denoted by asser-
tion of the VPA signal, which is
not to be confused with the 68000
signal of the same name.
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On Kaycomp, the G64 byg is
provided solely for the addition of
peripherals. The on-board mep,.
ory is potentially quite large apg
capable of operating at mycy,
higher speeds than would be pog.
sible with memory Operating
through the interface bus.

Monitor software

Kaycomp’s monitor program

Kaybug allows you to enter ang

debug programs and exercise aj} cloc
the facilities on the board. Com. sor
mands allow you to display/alter fron
memory, set break points and ryp are
or single-step trace through pro- Add
grams. Registers can also be bus
altered. Kaybug contains all of The
the usual monitor features. adds

At a basic level, Kaybug allows exte
programs to be hand written and Ac!d:
typed into memory from a simple bein
terminal using the ‘memory cpen’ and
command. There is an optional § nall
line-by-line assembler to simplify able
this job. If a home computer is J addr
used source code can be written, § Asy
edited and stored using the com- cont
puter’s facilities. When ready, J of P

the source code can be sent for :
processing by the Kaycomp line
assembler. Object code is then
produced and loaded into ram as.
each line is entered.
If you have a development sys-
tem or development facilitiesona
micro or minicomputer, the sec
ond serial port allows progra
transfer. Kaycomp is then effect
ively connected in the terminal
line from the host computer a
shown in Fig.3.
One Kaycomp  comman
allows the board to becom
‘transparent’, i.e., the termina
communicates directly with the
host computer as if the board did *
not exist. Programs can then be
written and assembled or com
piled in a high-level languag
according to the 68000 program:
development software available .
on the host computer. Anothet
monitor command allows res'ult
ing object code to be loaded int
Kaycomp’s memory in Motor0
S-format ready for running.
procedure may vary slizh
depending on the host systef
used but this is a common way
developing programs. .
Alternatively, a computer with
68000 ‘cross-software’ can
made to act as both a terminal an
development system, Fig.4:
monitor command allows 0bJ
code to be loaded through the
terminal port; the host port i not .
used.
Before you can underst.. " th® |
. 1988




rcuit. you need to know a little
2 ‘he 68000 processor,
5 loredetailed descriptions
- n in the Motorola Data
nual | and the MC68000 Mic-
processor User’'s Manual.

e

About the circuit

ock drive. The clock input is a
tl. compatible signal which is

1,?1-;,; ternally buffered for develop-
r and at of the processor internal
se all 'ks. There are 68000 proces-
Come ¢ versions with clock speeds
alter m + to 16MHz faster versions

expected.

ldpnr;'uﬁ dress/data buses.These two
0 be ses are fairly straightforward.
all of ere are 16 data lines and 23

‘sddress lines but there is not an

address  line.

llows emal  Aq -
yand ddresses are considered as
mple ing byte sizes, i.e. elght‘ bits,
bpen’ and although A, is used inter-
ional ‘pally, the address bus is only cap-
e le of generating even-number
er is. dresses.
tten ynchronous bus control. Bus
om ntrol is a little different to that
fady previous eight-bit processors
t for that bus transfers betwegn the
line R processor and memory/peripher-
then . § dls are asynchronous.
I as - On the 6800 for instance bus
i & transfers are controlled by a syn-
chronous timing signal E. This is
an equal mark/space ratio signal
upon which all bus timings are
based. In the case of writing to
‘memory the processor sets up
the address bus and read/write
‘signal in the first (low) half of the
bus cycle and sets up data to be
and 4 Wwritten in the second half. At the
bme | end of the cycle, the E signal
inal returns low and data is latched
the into the memory.
| did When reading, the processor
b be prescats memory with the add-
bom- ress and expects it to have data
age ready on the bus by the time that
ram the E signal falls to latch the data
L ble bus into the processor. This
her means that the system designer
ult- must make sure that memory or
into ] Peripherals used are capable of
rola | OPerating at the speed required

e  bythe processor or, more likely,
that the processor clock speed is

ty |

tem | Slow enough to suit the slowest
of i Uevice in the system.
~In the 68000, this problem is
ith Overcome by using asynchronous
be Us transfers. The processor sets
hnd Up the bus in the same way, but it
A en asserts an address signal
ect Galled AS and holds the bus until it
the Teceives a data transfer acknowl-
not edng signal, DTACK, back from
memory or perlpheral
the DTACK signals from the various
1985

system elements are wire-or’d
together before entering the pro-
cessor. This ensures that each
part operates at is highest speed.

Peripheral i.cs in the 68000
family produce the DTACK signal
but extra circuits are required for
this if peripheral devices from
other families are used.
Accessing bytes. No A, address
line is available so some means of
implementing byte read/write
operations is required. Two sig-
nals handle this, upper data
strobe UDS for even byte loca-
tions and lower data strobe LDS
for odd locations. For a normal
16bit word transfer, both signals
are asserted.

Figures six and seven summar-
ize the various bus transfers.
Figure sixshows aread and thena
write cycle with no wait states
inserted. After setting up the
address bus the processor
asserts AS, UDS and LDS and
then waits for DTACK which it
responds to by releasing the three
signals. At that point, the
addressed device must also
release DTACK. If a slow device
is addressed, it can be seen that
wait states are inserted by the
processor after S4 until DTACK is
received. Figure 7 shows the
action of UDS and LDS when
addressing bytes.

68000 peripherali.c. accesses.
Asynchronous bus accesses work
fine with 68000 peripheral i.cs
but not with the wide range of
6800: peripherals which do not
generate DTACK. There are
three control pins on the 68000
especially for 6800:: peripherals.

If the address decoding circuit
asserts valid peripheral address
signal VPA instead of DTACK, it
indicates to the processor that
the device or region addressed is
a 6800 ., family device. The pro-
cessor then executes the rest of
the bus cycle synchronized to a
6800 type E signal as described
earlier. It acknowledges this fact
by asserting low the valid mem-
ory address output, VMA, which
is gated with the device’s chip-
select signal.

The 68000 E signal, with a
40:60 mark/space ratio rather
than 50:50, is at one tenth of the
clock signal so a processor
operating at 10MHz can access
1MHz 6800 peripherals. A syn-
chronous bus access results in a

somewhat slower cycle than is

possible with  asynchronous
transfer.

Interrupt control Seven levels of
interrupt can be provided for,

which ideally would mean seven
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Kaycomp

Computer/
terminal

Port A Port B

interrupt pins. To save on pins
though, the seven interrupt
levels are turned into three-bit
binary, the eighth value, all pins
high, indicating no interrupt.
Normally, these three pins are

fed diréctly from the three poss-
ible interrupt sources. Hence
only three interrupt levels can be
used, one, two and four.

When servicing an interrupt,
the 68000 fetches an address
from a vector and continues pro-
cessing from that address. There
are two types of interrupt vector-
ing  though, ‘auto-vectored’
which is similar to that of the
6800, and vectored, where the
interrupting - device provides a
vector number on the data bus in
response to the processor exe-
cuting an interrupt acknowledge

g

Fig.4. A computer can be
used as both aterminal and
host for developing Kaycomp.

,.(Cm.\a.\s?bg Lu\
eoo.te,bqw Hee

\Co.&r_«,(, H"‘u -

Fig. 5. Input/output signals
on the 68000 processor, top,
and Fig. 6, read-then-write
bus transfer with no wait
states.
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Individual components
complete kits including double-
sided p.c.b. and data packs
are available from Magenta
Electronics, 135 Hunter Street,
Burton-on-Trent, Staffordshire
DE14 2ST. A kit for the
minimum system described is
available for £99.

G64 card suppliers include
Syntel Microsystems, Queens
Mill Road, Huddersfield, HD1
3PG and Thomson
Semiconducteur whose UK
distributors include Pronto
Electronic Systems, 466
Cranbrook Road, Gants Hill,
liford, IG2 6LE. G64 bus back-
planes are available from these
and also from BICC-Vero.

Components and Support

Cross-software for varioyg
host computers is available
from a number of sources, for
instance, Microtec Research,
Frances Road, Basingstoke,
supply 68000 cross-
assemblers, Pascal and
crosscompilers for DEC, Datgy
General and IBM PC
computers. ‘

Bob Coates will progra
your pair of eproms (any type)
with the Kaybug monitor
software for £7 sent to 57
Dalebrook Road, Burton-on-
Trent, DE15 0AB. Machine-
code listings can be obtained
by sending a large s.a.e.

arked Kaycomp to our

ditorial offices.. .=

Fig. 7. Action of upper and
lower data strobes UDS and
LDS used when addressing
bytes. These strobes are
needed because the 68000
has no address-line zero.

Fig. 8. Function codes
indicating the state and cycle
type currently executing.
These outputs are valid
whenever the address strobe
is active (low).

cycle. This allows different inter-
rupting devices on the same
interrupt level to be serviced by
different service routines without
polling, which saves time.
Processor status. When pro-
cessing an interrupt the proces-
sor places a unique code on status
lines FCO/1/2 of all ones, which
is used by Kaycomp to generate
an interrupt acknowledge signal,
IACK. This signal lets the rest of
the board know what is happen-
ing. Other states are indicated by
the status outputs, Fig.8, but
only interrupt acknowledge is
used on Kaycomp.

System control. Three signals
constitute the system control
section, bus error, reset and halt.
Bus error, BERR, is not used on
Kaycomp. It has two main func-
tions. First, I mentioned earlier
that bus cycles are terminated
with DTACK. If the circuit does
not send this signal, if for exam-
ple access to non-existent mem-
ory location is attempted, the
processor stops. A way around
this is to have a hardware time-
out circuit which generates a bus-
error signal if DTACK is not
asserted within a given period. A
bus-error signal causes exception
processing to allow an orderly

recovery — hopefully.

Cycle type

Function code output
FCy FG, FQp
Low Low  Low
Low - Low High
Low High Low
tow High High
High  Ltow Low
High  Low High
High High Low
High High High

{Undefined, reserved )
User data
User program
(Undefined, reserved )
(Undefined, reserved)
Supervisor data
Supervisor program
Interrupt acknowledge

The second use of BERR is in
conjunction with HALT. If both
are asserted together the proces-
sor will attempt to rerun a previ-
ous, failed, bus cycle in the hope
that it will work the second time.
This can be significant in terms of
reliability if the processor is con-
trolling say a large plant, but
omission of this feature on Kay-
comp will probably go unnoticed.
If you attempt to access a non-
existent location, you'll have to
press the reset button.

The HALT pin is bidirectional
and the processor can drive it low
to indicate a double bus error.
Bidirectionality also applies to
the reset pin. A reset instruction
executed in software causes the
reset pin to be driven low for 124
clock periods. All peripheral
devices connected to the RESET

The kit p.c.b. is not a plated-through type; this saves
money but requires use of turned-pin i.c. sockets.

line are reset.

Taking RESET low externally
will have the same effect on peri-
pherals but it will not affect the
processor. To reset the proces-
sor fully, at power-up for

instance, both RESET and HALT - |

must be taken low together exter-

nally. If the HALT line is ::iken-
low on its own, the processor is
held in its current state until the
line is released. :
Bus arbitration conrol. Three
pins, bus request, bus grant and
bus grant acknowledge (BR, BG
and BGACK) make up this sec-
tion. These deal with multi-pro-
cessor/d.m.a. functions which
are not available on Kaycomp.

Bob Coates gives a more

detailed ‘description: of the cir-
cuits in his next article.




