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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.
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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.
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Bob Coates describes the circuit of Kaycomp —
'a 68000 microprocessor board with G64-bus
option that can be built for £100.

Kaycomp is a low cost computer
. poard using a Motorola 68000
. microprocessor with 16-bit data
" pus. It is designed for use either
as an evaluation/educational tool
“or as the processor board of a
. larger system, connecting to a
wide range of readily available
peripheral cards through its G64
This second article

Address decoding is performed
by a three-to-eight-line decoder,
C,of Fig.1{over)The three most-
significant address lines A, _
are decoded, splitting the
16M byte memory map into eight
2Mbyte - blocks. Five outputs
select eprom, ram, 68681 dual
universal asynchronous receiver/
" transmitter (duart), 68230 peri-
pheral interface/timer (p.i.t.)

¥ . and the G64 bus.

None of these five devices

1 actually requires a 2Mbyte add-

“ ress space; the duart only needs

1 32bytes. Asaresult, each device

- is repeatedly addressed through-

" out its 2Mbyte block — address-
ing for the duart is repeated
65 000 times! This may seem a
waste of addressing space but for
a small system such as Kaycomp
it allows adequate memory
capacity while greatly simplifying
address decoding. Figure two
shows the memory map.

Eprom and ram outputs are
further gated with the upper and
lower data strobe signals, UDS
and LDS, by IC,, for defining
upper and lower-byte eproms and
rams. The three enable inputs of
IC, also qualify the output
strobes.

Address strobe AS allows an
output to be enabled only when a
valid address appears on the add-
ress bus. To ensure that the out-
puts are only selected when the
date bus carries valid data, the
two data strobes are combined in
IC at pin eight.

Valid datais indicated by one or
both of the data strobe signals
being low, which occurs later in
the cycle than AS. This is to
catisfy timing requirements of

the 68230 p.i.t. which needs
valid data on the chip-select sig-
nal leading edge during a write
cycle, rather than on the trailing
edge transition as with other
devices.

Finally, IC, pin six inhibits out-
puts during an interrupt acknowl-
edge cycle during which the pro-
cessor sets A,_,; high. Without
the inhibit signal, in the case of
user-vectored interrupts output
seven would be selected to cause
reading of the G64 bus at the
same time as the interrupting
device is placing its vector on the
data bus.

Data acknowledge

To satisfy the requirements of
asynchronous bus transfers, an
acknowledge signal — DTACK
— must be sent by the memory
or peripheral back to the proces-
sor to inform it that the transferis
complete. If necessary, the pro-
cessor inserts wait states in the
cycle until it receives the
acknowledgement.

Peripheral devices in the
68000 family have DTACK open-
drain outputs which are directly
connected to the processor
DTACK input along with a pull-up
resistor. Eproms and rams how-
ever do not have such an output
so an equivalent signal must be
created. On more expensive

" boards DTACK is normally simu-

lated using either a multi-tap
delay line or an active delaying
device such as a shift register
driven by the processor clock to
produce a delayed chip-select
signal for the DTACK input.
There are often different circuits
for each type of device and the
delay is selectable so it may be set
to the optimum required for each
type of device on the board.

To keep things simple on Kay-
comp, the chip select signals are
applied directly to DTACK which
means that no wait states are
inserted and the memories must
be fast enough to allow this.
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Eprom and ram select outputs of
IC, are combined in IC; at pin
eight and then inverted by the
open-collector inverter IC, at pin
eight, pulling DTACK low if
either select output goes low.

Outputs one, three and six of
IC, are not used. If the processor
tries to access a vacant part of the
memory map no DTACK signal
will be generated and so the pro-
cessor will insert wait states
indefinitely. Resetting is neces-
sary to recover the situation.

One output from IC, which
does not result in DTACK being
generated is the G64 bus select
signal. This signal requires a syn-
chronous bus transfer. To initiate
this transfer, the processor input
VPA (valid -peripheral address)
and not DTACK must be
asserted. A ten clock-cycle syn-
chronous transfer then takes
place, no acknowledge being
required. Output pin seven of
IC, going low pulls the 68000
VPA input low through IC;, pin
eight.

Memories

In a 16bit system, byte-wide
eproms and rams are used in
pairs. Memory IC, is the lower-
byte eprom, IC, the upper byte
eprom, IC, the lower byte ram
and IC; the upper byte ram.

Lower byte device data buses
connect to the processor Dg_,
lines and upper byte devices to
the Dg_,; lines. Address pins
connect to the processor address
outputs but as there is no A, out-
put, A, goes to A, on the memo-
ries, A,to A, andsoon. Pins 1, 26
and 27 of the eproms go to link
one which is wired according to
the size of eprom used. Similarly
ram pins 23 and 26 go to link one
and are also linked to suit the
device in use.

Chip.enable (CE) pins of each
device are driven from the appro-
priate - output of IC,,. Output
enable (OE) pins connect to the
read/write line, inverted at IC,

by R.F. Coates

Fig. 2. Kaycomp system
memory map. Simple address
decoding means a cheap
system allowing sufficient
memory for most computer-

board applications.
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Fig. 1. Full circuit of Kaycomp with G64 bus
interface and both 68000 peripheral i.cs connected.
All these components fit on a double Eurocard sized
board included in the kit described last month.
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pin 10 so that the output buffers
are disabled during write cycles.
The read/write signal to the
mernories is the processor read/
write output gated with the add-
ress strobe.

G64 bus interface

Circuits IC,,_,, buffer on-board
signals to the G64 bus, which can
support a wide range of peri-
pheral cards. The G64 bus speci-
fication allows a portion of the
mernory map (normally 1Kbyte)
to- be dedicated to peripheral
cards, the reset of the memory
map being available for memory.

Which area is being accessed
by a particular bus cycle is indi-
cated by either ‘valid memory
address’ or ‘valid peripheral add-
ress’ being asserted low. These
names are not to be confused with
the 68000 pins of the same name.
To avoid confusion I will call them
G64-VMA and G64-VPA .

As Kaycomp is not designed
to use the G64 bus for memory
expansion, the G64-VMA line is
pulled high by resistor R,. The
G64-VPA memory block is only
1Kbyte long so only address lines
Ay are needed. Once again the
lack of an A, line means that the
(64 ‘address lines are driven by
the next higher 68000 address
line and so the block becomes
2Kbyte in size.

Although G64 bus has 16 data
bits, most peripheral cards only
use eight bits and so IC,, buffers
justD),_,totheexternal bus. Asa
result, only odd addresses have
any meaning when accessing the
G64 bus. A byte read or write to
an even address causes the pro-
cessor to use Dy_;; which are not
connected. In the 2Kbyte block,
we  therefore have 1024 odd
addresses on the G64 bus. This
may sound a little complicated
but it will become clearer later
when programs for using the G64
bus are discussed.

The direction of transfer
through IC,, is controlled by the
read/write line and the buffers are
enabled by the VMA’ signal,
which is also used as the G64-
VPA signal after buffering by
IC

1

Signal VMA' is derived by logic
associated with the processor
FC,_,, VMA and VPA pins. This
section also generates the inter-
rupt acknowledge, IACK, signal.
If an address is generated by the
processor which accesses the
(64 bus, IC, pin 7 goes low. This
takes IC, input pin 10 low, the
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output of which takes VPA low,
initiating a synchronous bus

cycle.

During this synchronous cycle,
the processor takes VMA low for
use as the G64-VPA signal for
selecting the relevant G64-bus
peripheral device. First though,
VMA is qualified by IC,, outputs
11 and 3 which only allows VMA
if IACK is high that, is, it is not
an interrupt acknowledge cycle.
This is because an ‘auto-
vectored’ interrupt acknowledge
cycle also asserts VMA. The rea-
son for all this gating of signals
will become clear later when
interrupt handling is discussed.

As mentioned last month,
there are two types of interrupt
on the 68000, user vectored,
where the interrupting device
provides a vector number on the
data bus, and auto-vectored
which is similar to that on the
6800 in which a vector address
is fetched from memory. Two
interrupt pins, IPL, and IPL, are
connected to G64 bus NMI and
IRQlines. The third, IPL,, is con-
nected to the duart IRQ output
and may be optionally connected
to the two interrupt outputs of the
p.i.t., PIRQ and TIRQ.

When the processor recog-
nises an interrupt on one of these
lines, it starts an interrupt-
acknowledge bus cycle. A func-

tion code of all ones appears on -

FC,_, outputs which causes pin
six of IC; to go high. This signal is
inverted by open-collector buffer
IC, at pin 2 to give a low level
IACK during this cycle. When pin
6 of IC, goes high, if IPL, is also
high indicating that this is not the
source of interrupt, IC, pin 11and
IC; pin 8 go low to force VPA low.
The same occurs when forcing a
synchronous bus cycle.

If VPA is taken low during an
interrupt acknowledge cycle, the
processor interprets this as
meaning a request for an auto-
vectored interrupt and not a syn-
chronous bus cycle. It responds
by also taking VMA low, which is
why VMA' is disabled if IACK is
asserted, VMA and VPA serving
dual purposes. Thus an interrupt’
onIPL,orIPL,(NMlorIRQ) gen-
erates an auto-vectored inter-
rupt, but an interrupt on IPL, (a
68000 peripheral) does not cause
VPA to go low and so generates a
vectored interrupt. Why there
are two types of interrupt is
explained in a later article.

There are three other lines
driven on the G64 bus, E which
is the 6800 type synchronous
clock used to time synchronous

bus transfers, read/write and
reset.

Halt/Reset

A full processor reset is applied to
the 68000 when both halt and
reset pins are taken low, either at
power-up or when the two reset
pins are shorted. At power-up or
after opening the reset contacts,
the level at IC; pin 5 rises to V,
slowly due to charging of C,
through a resistor. While pin five
is below its input threshold vol-
tage, output pin six is high and
the two sections of IC, hold the
halt and reset inputs low. As vol-
tage across Cg rises, IC, output
pin 6 will go low, a Schmitt trigger
gate here ensuring clean switch-
ing. Halt and reset inputs then go
high at the same instant allowing
the processor to start.

A two-pin printed circuit
mounting plug is provided with
the kit, which may be connected
to a push-switch if required. If
‘Kaycomp’ is not mounted in a
case, squeezing the two pins
together provides a crude but
effective switch.

Dual uart

The 68681 is a dual asynchronous
receiver/transmitter  providing
two independent serial ports, a
data rate oscillator and a number
of general purpose i/o pins. Con-
figuration of the serial interfaces
and data rate setting is under
software ‘control.

Interfacing to the processor is
quite simple as the 68681 is a
68000 family peripheral. It is an
8bit peripheral, so only D,_, are
used, along with the four lowest
address lines connected to regis-
ter select pins RS,_,, thus the
device occupies 32 bytes of mem-
ory space (16 registers at odd
addresses).

Read/write, DTACK and
RESET lines connect straight to
the appropriate processor pins,
CS connects to output four of IC,
and IACK s driven from the inter-
rupt acknowledge generating
logic. Interrupt request output
IRQis taken to the processor IPL,
input, thus the duart can gener-
ate alevel two vectored interrupt.

According to manufacturer’s
specifications the duart internal
data rate generator requires an
external 3.6864MHz crystal,
XL,. However, not far away from
this frequency is a cheap
3.5795MHz US colour-tv crystal.

These have been found 1, y
satisfactorily despite that
data rates are slightly off fre.
quency.

When receiving a serial charac.
ter the duart, with a clock fre.
quency of 16 times the data rate
first detects the leading edge of 5
start bit, then counts eight clock
periods to align itself in the mjq.
dle of the start bit. Subseq uently
every 16 clock periods th: iyap
reads the input level a numuer of
times, up to nine (eight data bitg
plus one parity bit) according to
the data format configuration. -

Ideally, each bit is read at itg
middle point, but with a slow
crystal the reading point grady-
ally drifts later in the bit. This ig
alright provided that the drift
doesn’t accumulate to the point
where it reads over the boundary
into the next bit. With a worst-
case configuration of eight data
bits, one parity bit and one start
bit, ten bits are read over 160
clock periods. The distance
between the middle of apulseand
the start of the next is eight clock.

periods, so drift allowable before
an error is 8 in 160, or 5%; the dif-
ference between the two crystal -

frequencies is only 2.9%.

This assumes a clean signal © |

which should be the case unless
long serial leads are used or the
environment is electrically noisy.
The kit printed circuit board
accepts both colour tv and
HC18/U crystals. ‘

Crystal output:at pin 32 may
also be used to drive the proces-
sor clock if processing speed is
not important. For this, XL,, C;,
C,o and R, are omitted and a wire

link used to connect IC,; pin32t0
IC,, pin 10. Gate IC,, does not =

now have to be an HCT version.
An LS version will suffice.

On the peripheral side of the
i.c. there are two each of serial
outputs and inputs plus eight
general purpose it.t.l. outputs
and six general purpose t.t.l.
inputs. Optionally two of the
inputs, IP,,, may be used as
RS232 CTS (clear to send) inputs
and two of the outputs, OP, ;. 23
RS232 RTS (ready to send) out-
puts. Outputs and inputs for each
serial interface are buffered by an
RS232 line driver IC,, and line
receiver IC,, respectively.

There is one problem when
using RS232 — every computer,
terminal and modem manufac-
turer seems to have its own inter-
pretation of the standard and on€

continued on page 64
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broader on-axis images with
increases in frequency. ‘

Listening tests

Practical tests have been carried
out to validate the theoretical
predictions made above. The
tests involved subjectively deter-
mining image width using the
geometric arrangement in Fig.1.
The tests were carried out in an
anechoic chamber with reverber-
ation time of less than 0.25 sec-
onds for all frequencies down to
125Hz. The signal used was }-
octave band limited pink noise
produced by a random noise gen-
erator in conjunction with a band-
pass filter set (Bruel & Kjaertype
1402 and 1611). Each loud-
speaker cabinet housed a single
type 8P unit produced by Good-
mans Loudspeakers Ltd. Ten
subjects took part in the tests.
Each subject, occupying a cen-
tral position, was asked to keepa
fixed head position and looking
directly toward the stage centre.

The listener was then told to state
the location of the image and its
width using the dimensions on a
bar placed along the stage width.
The tests were carried out using
250, 500, 1250Hz, as centre fre-
quencies of the }-octave signal.

- Average practical results of
image width versus image posi-
tion in terms of stage width as
shown in Figs 2b, 3b and 4b.

and its Application, McGraw-Hill, 1978.

Comparison between theoreti-

cal and practical results shows
good agreement. The practical
curvein Fig.2b for the central fre-
quency of 250Hz shows that
image width increases as image is
displaced away from stage cen-
tre. This is in good agreement
with theoretical predictions in
Fig.2a. Fig. 3b, 500Hz, shows an
almost constant image width.
This compares very well with the
theoretical results in Fig.3a. At
high frequencies, 1250Hz, Figs
4a and b, both practical and the-
oretical results show that image
width decreases as the image
moves away from stage centre.

How to overcome image broadening

Image broadening will always
exist in a two-loudspeaker sys-
tem. This is because the quality
of the plane-wave signal deterio-
rates with increase in frequency.
At low frequencies the broaden-
ing of the image may not be
adversely perceived because the
image width factor is consider-
ably less than the —20dB level
which corresponds to the mini-
mum perceptible change in the
effective source °distribution’.
However, at high frequencies the
image width factor exceeds the
—20dB level and image defini-
tions will worsen and can now be
obviously perceived.

To overcome image broaden-
ing it is necessary to increase the
quality of the plane-wave compo-

nent of the reconstructed fielq
frequently increases. The
way to achieve this is to uge
array of speakers. The number of
speakers in such an array wy
depend on how much of the p;
frequency band one needs to cor.
rectly reproduce. A
An array of speakers is gener. p
ally regarded as an excellent for, A
of stereophonic sound reprodyc. A
tion®. However, the cost ang § | |
inconvenience of having many § ! A
speakers makes this approach p
uninviting. Quite alot of methods 5
of improving image quality have f
been proposed while retaining f
the convenient two speakers sys. i
tems*—%. While these methods f
may help to improve the accuracy ﬁ
of localization and naturalness of ‘
stereophonic images, they do not
solve the fundamental problem of
image broadening. The use of
video cassettes, which have the
potential for storing many audio
channels may help reduce the
cost of having an array of speak-
ers and thus facilitate the use o
such a system which is the onl
real way of solving the problem of
image broadening, or indeed o
overcoming the general problen
of fidelity and usable listening
areain stereophonic sound repro-
duction. :

68000 board

cbhtiinued from page 54

manufacturer’s computer won't
couple directly to another’s term-
inal without juggling of connec-
tions. Hence the proliferation of
‘break-out’ boxes to help when
configuring new arrangements,
with leds to show what’s happen-
ing and patch-links to let you try
every combination until it works!

Ratherithan add another interpre-

tation to the standard I have

added link areas two and three to

allow any signal to be connected

to any pin on the interface con-

nector as required.

Plugs two and three for the
serial ports are 20-way insula-
tion-displacement - type  plug
headers. Pins have been chosen
so that if the standard RS232 25-
way D-type connector is used,
say on an external panel of a box
that Kaycomp is fitted in, then if
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insulation displacement type
connectors are used at each end,
a straight through ribbon cable
may be used between the two.

On the circuit diagram, pin
numbers shown against plugs
two and three are those of the 20-
way connector while those in
brackets give corresponding 25-
way D-type pin numbers and
their function. Only pins 1 to 8
and 20 are used, 1and 7 going to
0V, the remainder to link areas
two and three. Finally, the
remaining general purpose i/o
pins (IP,_; and OP,_;) are
brought straight out to plug
seven, a 10-way insulation dis-
placement  connector  plug
header.

Construction is discussed in
the next article.

e T—
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Kits mentioned in the
first 68000-board article
now include plated-
through-hole p.c.b.s
instead of ordinary
double-sided ones for the
same price of £99
inclusive. A line-by line
assembler is included for
a further £14. See
October and November
issues for details.
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658000 hoard — 3

Kaycomp’s 68000 peripheral

Kaycomp accommodates two
68000 peripheral ics — an
MC68681 dual asynchronous
receiver/transmitter described
last month and an optional
MC68230 peripheral
interface/timer. The 68230
provides digital i/o interfacing
and a programmable timer,
similar to the older 6821 p.i.a.
or 6522 v..a. but much more
powerful. The processor
interface is similar to that of the

duart, but there are no IRQ and

IACK pins, and the clock for
the timer is an external input
which in Kaycomp is driven
from the processor clock.
There is also an extra register-
select line RSj; driven by
address line Aj;.

On the peripheral side 28 i/o
pins are arranged in three ports
of eight lines, PAq.7, PBoy,
PCy.7 and four handshake lines,
Hi.4. All of these lines and the
5V supply are brought out to a
34-way connector, plug five,
and are available to the user.

Some port C pins serve either
as normal i/o lines or as
timer/interrupt control pins, the
function being selected under
software control. Four of these
function as the 'interrupt
request output and acknowl-
edge input for the timer and
peripheral i/o sections of the
device. Line PC; doubles as
timer-output signal TOUT
which can be used to generate
an interrupt and PC; timer
interrupt-acknowledge input
TIACK. If interrupts are to be
used on the /o side, PC; is the
peripheral interrupt request
output PIRQ and PC; is the
peripheral interrupt acknowl-
edge signal PIACK. These four
pins are not connected on the
board to any interrupt pin or the
IACK signal. If they are to be
used, links can be made on P as
required.

There are certain points to be
noted if using interrupts on the
p.i.t. First, the IRQ outputs are
not open drain but normal mos

outputs and so cannot be wire-
or'd with other interrupt
sources, such as the duart. This
means that the two p.it.
interrupt sources TOUT and
PIRQ cannot be used together
on the same interrupt line. Also
the p..t. requires that IACK
only goes to the input that has
caused the interrupt and not the
other one, so only the one being
used should be connected.

For the majority of Kaycomp
applications these restrictions
are not a problem It is of course
possible to use one or both of
interrupt lines IPLg and IPL; if
they are not being used by the

'G64 bus. Connections between
NMI/IRQ and IPLzo of the-

processor are wire links instead
of p.c.b. tracks to allow these
links to be made across the
board.

These restrictions on p.i.t.
interrupts could not be
tolerated on larger systems
where it may be essential to
have many devices connected
to one interrupt level. This
means extra arbitration logic,
for instance open-collector
buffers on the outputs so that
they may be wire-or’d together,
and gating to direct the JACK
signal only to the interrupting
source.

Rather than increase
the complexity and cost of
Kaycomp plug six, as well as
being ‘a patching area, has all
relevant interrupt signals and
the 5V supply brought to it.
This location can be fitted with
a 10-way header plug for
connecting to a small separate
board which implements the
required arbitration - logic to
give full interrupt facilities. All
the necessary signals are also
available on plug five for
convenience.

The duart IRQ output is
directly connected to IPL; but
there is a small link between
two diagonally running parallel
tracks just above plug five
which if broken makes the

interface/timer option adds three eight-bit
' ports for input and output.

duart IRQ and IPL; signals
available separately at plug six.

Power

Requirements for the fully

populated Kaycomp board are
+5V at 0.7A, and positive and
negative 12V rails at 30m.\
each. If the serial interfaces & =
not being used, the. 12V
supplies can be omitted.

Power is supplied through the
G64-bus connector from the
bus backplane. If the external
bus is not being used then the
connector could be omitted and
supplies from -an external
power source wired directly to
the board.

Circuit and component optici:s

In its basic form, Kaycomp can
be used with just the processor,
ram, eprom and the serial ports,
the processor clock being
derived from the duart clock. A
wire link is fed from the pad
next to pin 32 of ICs to pin 10
of ICy4 for the clock signal.
Components Rz, Co, Cio and
XL; are not fitted.

Having a processor clock «f
about 3.6MHz means that the
slowest 68000 processor and
450ns-access’ or faster
memories may be used. Gate
IC14 may be either an ls.t.t.L
type or a t.t.I- compatible high-
speed c-mos device such as the
74HCTO00. If ‘a separate
processor crystal is used or
anticipated, ICiy must be 2
high-speed c-mos type.

I recommend that you us.
sockets for the larger i.cs like
the processor, peripheral i.cs
and memories. Remaining i.cs
may be soldered in or socketed.

If your p.c.b. has plated-
through holes then any type of
good-quality socket may be
used. If not there are a number
of turned-pin socket types
available that allow solderin
on both sides of the board usi:

a fine soldering iron tip. T:
easiest types to use are socku:
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‘rminal-carriers which consist
« individual sockets with no
iasulator mounted on an
aluminium ‘dummy’ i.c. After
soldering, the dummy i.c. is
removed, leaving the individual
pins in place to form an i.c.
socket.

If crystal XL, is to be used to
take full advantage of the speed
of the board then ICy4 must be a
74HCTO0 and Cy, Cyp and R,
nust be fitted. Crystal
'requency is chosen to suit your
needs and the speed selection
of the processor and memories
used. At present 68000
microprocessors are avaijlable
with 4, 8, 10, 12.5 and 16MHz
maximum clock rates. The
board was designed to be used
with an 8MHz crystal, but the
clock oscillator will work down
to 2MHz. In practice the boards
have been found to work up to
{0MHz satisfactorily.

The 68000 peripheral devices
will work with any clock speed,
as the asynchronous bus
transfer technique means that
access to these chips will be
slowed down to suit them, but
the memories must be capable
of operating at the appropriate
speed. Maximum access times
of devices that may be used at
various crystal frequencies in

nanoseconds are 660 for 4MHz,
[290 for SMH'Z? and 230 for
10MHz. .y af)*‘) Py

The ‘Kaybug’ monitor fits
into two 2732 eproms, but these
are most commonly available
with 450ns access times. This
though is the worst case and in
practice, 450ns devices tried in
prototype boards have always
worked satisfactorily at 8MHz
#lthough this cannot be
guaranteed, of course.

If peripheral i/o is required
then IC;5, the MC68230, must
be fitted. A socket should be
used here, but 48-pin sockets
are not very common so it may
have to be built up using socket
strips or by using two 24-pin
sockets mounted end-to-end. A
connector for the i/o lines will
also be required, this being a
.1in  34-way straight p.c.
mounting plug.

Three i.cs, ICy;.13, resistor R;
and the bus connector need
fitting if use is to be made of the
G64 hus. It is also worth noting
that if the G64 bus interface is
fitted it is possible to use the
board without the two on-board
serial ports, allowing ICy4.15 and
X1 to be omitted. A special
version of the Kaybug monitor

Cock .

Gé6b
-Bus. 7 | Bus |
interface - | conn.
EE -2

Interrupt
operation
expansion

iy

is available on request which
instead of using the on-board
ports for terminal and host
communication uses a G64 dual
serial interface card instead,
the Thomson EFS-SI01.

All resistor and resistor
network values quoted are
typical and are not critical, as
are all capacitors with the
exception of C;, Cy and Cy.
Holes are provided at each
corner for monting the board if
required, or of course the board
will fit a standard 6U-high
Eurocard rack. In this case a
Vero KM6 card front panel
may be fitted using the two
front mounting holes.
CGonstruction is straightforward
provided that the printed circuit
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board designed for the project
is used. Using strip board or
wire-wrap could prove a false
economy and it may not be
possible to achieve correct
operation due to the high
speeds involved on the board.
These construction details
assume that you are building
the fullypopulated board. After
inspecting the bare p.c.b., there
are three insulated cross-board
links which may need to be
fitted. If G64 NMI and IRQ
lines are to be applied to IPL,
and IPL,, then fit wire links
A-B and C-D respectively.
These letter references are on
the p.c.b. component position
diagram supplied with the kit.
Components IC, and IC,, fit

over the top of the links to hold
the wire in place. If a separate
processor clock crystal is not
needed, a wire link should
connect point E next to ICj4 to
the holes for Cy, nearest to IC, .
Next, optional connectors
PL,; and the i.c. sockets are
fitted. The memory sockets
should be fitted in the order
I1C;, ICs, IC, and IC,. Sockets
for IC, 14 and optional IC,5 are
fitted in the same manner.
Now fit connectors Pj,, as
required. If you do not intend to
change the memory types or
the. serial port configuration
then wire jumpers can be used
on links one to three. If changes
are anticipated, fit wire-wrap
pins instead. Resistors,
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capacitors, resistor networks,
D;, PL, (reset) and the optional
crystals come next..

Finally, gatmg chips 1Cq 10,14,
serial interface i.cs ICyy 4 and
optional bus interface devices
1C;;.13 should be soldered in,
completing the board.

If power iSyderived from the
G64 bacl kplane PL, is not fitted
and the power leads are
connected in the holes of PL, as

follows; OV to 32a and 32b,

+5V to 31a and 31b, +12V to
30a (nearest board edge) and
-12V to 30b.

Getting started

Before inserting the expensive
i.cs, power up the board to
make sure that there are no
power-rail short circuits.
Connections must be made on
links LK, 3. The first link needs
to be configured according to
the memory types being used,
as shown on the circuit diagram
in last month’s article. The
second and third links may be
more of a problem. You will
need to take into account
requirements of the terminal to
be used.

The Kaybug monitor program
uses transmit data and receive
data lines without handshaking,
RTS output being permanently
asserted, but the handshaking
input and output lines are
available. As a minimum
requirement, only pins la and
3a may need to be connected. If
the terminal receives data on
pin three and transmits on pin
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two, which is the most
common, then make links 1a-2b
and 3a-1b. If it’s the other way
round, make 1a-1b and 3a-2b.
Many terminals require some
input on either DCD, pin eight,
or CTS, pin five. A suitable
signal is available at pins 2a of
the second and third links. It
may require some trial and

“error to get things right. The

most common configuration is
la-2b, 2a-4b and 3a-1b.
Components PL, ; are 20-way
0.lin insulation- dlsplacement
connector plugs; 25-way D-
type connectors are normally

used for RS232 interfaces. Pin -

numbers of PL, ; though
correspond to appropriate pin
numbers on a D-type connector.
If a terminal lead is made up
using ribbon-cable connectors
with a 20-way 0.lin insulation
displacement connector at one
end and a 25-way D-type i.d.c.
{male or female to mate with
the terminal) at the other, pin
one on the 20-way connector
coincides with pin one on the
25-way one.

Circuits IC, 5 16,17 can now be
fitted in their sockets. Make
sure the upper and lower byte
eproms are in their appropriate
sockets.

If a Thomson EFS-S101 card
is being used for serial
communication instead of the
on-board duart then this too will
have to be configured to suit
the terminal and the data rate
set as described in the
manufacturer’s manual.

Address switches on the
EFS-SI01 card J3 and J4
should be set to F and E
respectively so that the board
occupies addresses FFFFF1 to
FFFFF7,

Port P, is used for the
terminal and P, for the host
system 'if required. With both
types of serial
characters have eight data bits,
no parity bit and one stop bit,
which the terminal should also
be set to.

At switch on, if the EFS-SI01
card is being used you should
be greeted with a sign-on
message and prompt on the
terminal if all is well. With the
stand-alone board though
nothing will happen.

Kaycomp’s serial interface
has no data-rate selection
hardware, this function being
performed in software. At
power-up (or reset) before
anything can be sent to the
screen, the monitor software
must determine the terminal
data rate. This is done by the
operator hitting the carriage
return key repeatedly.

The monitor reads the
characters in, stepping through
the available rates until the
carriage return code is
correctly interpreted. It then
holds the data rate at that value
and sends the sign-on message
and prompt to the terminal.
Data rates available with the
keybug monitor are 19200,
9600, 4800, 2400, 1200, 600,
300, 150, 110 and 75 baud.

The second serial port on
Kaycomp works identically to
the first and may be used for
connection to a host computer.
Data rate for this port is set at
reset to be the same as port A
but it is possible to alter this by
software if required. On the
external serial card, data rates
are set individually by jumpers
and so it is possible to set the
two ports differently.

Care should be taken if the
host port is at a higher rate than
the terminal as the host could
send a stream of data faster
than it could be transferred to
the terminal. Although no
hardware handshaking is
supported by the monitor, it
supports XON/XOFF protocol
.to suspend output which allows
slow terminals such as those
with smooth scrolling to be used
at high rates.

Software for the 68000-board
monitor is discussed in the next
article.

interface’
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Events

22 November

Marconi — triumph of a non-
conformist: Royal Institution
lecture, Royal Institution,
Albermarle Street, London W1,
21h. Tel. 01-493 6470.

25 November

Propagation above and below <7
waves: [EE colloquium.
Improving prediction methods for
radio services in u.h.f. and v.h.f,,
bands: IEE iecture.

26 November

The Janet project (networking in
universities and colleges) |IEE
colloquium, 10h.

27-28 November
Measurements for
telecommunications transmission
systems. |[EE/IMA/IoP/IERE
International conference at the
IEE Savoy Place.

27-29 November

ITAME: international test and
measurement exhibition Olympia
2, London. Tel. 0280 815226 or
0799 26699.

29 November

Real-time expert systems for
process control: IEE colloquium,
University of Salford. 1030h.
UK research into robotics and
automatic manufacture:
{EE/IMechE/SERC seminar at
Savoy Place.

3 December

Impact of i.k.b.s. on designers:
|IEE/Design Council discussion
meeting, 14h.

3-4 December

Satellite communications:
Conference at the Tara Hotel,
London. Details from Online, Tel.
01-868 4466.

4 December

Electrostatic damage in
semiconductor devices. loP/IEE
one-day meeting at Imperial
College, London. Tel. 01-235
6111. .

4-5 December

Electric and magnetic fields in
medicine and biology: .
International conference at Savoy
Place.

-5 December

Automatic test technology for
electronic devices and boards.
IEE colloquim, 14h.

History of sound broadcasting:
IEE lecture.

6 December

Energy sources for portable
telecommunication equipment:
IEE colliogium.

9 December

Cross polar cancellation
techniques: IEE colloquium.

10 December

EMP protection: IEE colloquium,
1030h.

What is MAP? IEE lecture.

12 December

The application of real-time Basi:
and Forth to control systems: IEL
collogium.
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68000 hoard-4

With the board now working and talking
to the terminal Bob Coates turns to his
Kaybug monitor software.

yhe monitor has been
made as friendly as
possible. It prompts the

user for the next entry line
where necessary and gives a
‘help’ listing which shows all
the available commands with a
brief description of each. Even
the occasional user should not
need to refer to the full descrip-
tion having once studied it.

A total of 38 different com-
mands is available, each one in-
voked by a simple two-letter
code. Any further information
required is prompted for. The
commands allow listing of
memory blocks, altering
memory, loading object code
from host, setting breakpoints,
altering register contents, runn-
ing programs, single-step trac-
ing through programs and so
on. ‘

The monitor accepts either
upper or lower-case letters.
Printing on the terminal screen
is formatted to suit 80-column
terminals but a command

allows an alternative 40-column -

format.

There is a collection of
systern calls (sub-routines)
which a user’s program may
call upon. Most are concerned
with reading the keyboard and
writing to the terminal screen,
but others include b.c.d. to
binary conversions and a 32-bit
divide,

Unless otherwise stated, ad-
dresses and values entered are
eight-digit hex numbers. The
last eight are taken if more than
eight are entered and leading
zeroes are inserted if there are
fewer then eight. Addresses
must begin on word boundaries
(even addresses):

The command set.

An examine/alter address
register: the value in any of the
target program’s processor
registers may be examined and
altered if required. This com-
mand applies to the address

——

registers a, to ag (a; is the stack
pointer).

The command is invoked by
keying the letter A followed by
the appropriate number from 0
to 6. The current contents are
then displayed (zero after a
reset). The user is asked to
enter either a new value follow-
ed by <cr> or just <cr> to
leave the contents unaltered.

AE — Ascii entry: if text strings
are to be included in your pro-
gram, this command. allows

them to be entered more easily

than is possible with the MO

- command.

. It asks for the starting ad-
dress and then waits for Ascii
characters to be entered. It
stores them as a string of bytes
in memory. All Ascii characters
and control codes are stored,
apart from the break/hold
characters and the following —
Backspace: does not store but
backspaces the memory
pointer and terminal cursor
to allow corrections to be
made.

Control-C: stores ‘carriage
return’ with bit 7 set (8Dg).
Control-L: stores ‘line feed’

with bit 7 set (8A ).
Control-N: stores null (00), the

terminator  required by
pdatal/pdatam. Displays as

\O.

The terminator control code
set by ST is used to exit the AE
command, the address follow-
ing the end of the string being
displayed.

AS — line-by-line assembler:
This is an optional extension to
the monitor.

It accepts assembler source
code a line at a time, assembles
it and stores the resulting ob-
ject code in memory.

When this command is invok-
ed, the display shows the
default starting address which
is 400400,4. If a different ad-
dress is required, the new ad-
dress may be entered in hex,
preceded by a dollar sign.
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Kaycomp specification

extra.

by R.F. Coates

Processor Motorola MC68000 or MC68010

Data bus 16 bits

Clock speed Up to 10MHz

Eprom Up to 128K-bytes

Ram Up to 64K-bytes

Serial i/o Two RS232 ports, 75 to 19200
bit/s ‘

Parallel i/o 26 i/o; six input; six output -

External bus G64-bus (peripherals)

Dimensions 233.4mm x 160mm (double
Eurocard)

Power +5V at 0.7A, +12Vand - 12V

: at 30mA ) o

Firmware Comprehensive monitor

' Line-by-line assembler ,
Cost Bare board: '£18.90; with eproms

and monitor, £34.40; with
assembler too, £48.40; from
Magenta Electronics, 135 Hunter
Street, Burton-on-Trent, Stafford-
shire DE14 2ST. All prices in-
clude v.a.t. Postage costs 60p

Each assembler source line
should be terminated by a car-
riage return, e.g. o

moveq #10,d3<cr>

After the terminating car-
riage return, the line is
assembled, object code stored
in memory and the line
displayed as follows,

400400 760A moveq 10#,d3
400402

indicating the address, the ob-
ject code produced and the
original input line.

Lastly the address is in-
cremented and displayed on the
following line to await the nexu
entry.

All standard Motorola in-
struction mnemonics are ac-
cepted as well as the five
pseudos $nnnnnn, data, ascii,
asciz and end.

$nnnnnn alters the working
address to nnnnnp. The ad-
dress entered must be even.

data allows bytes of data to
be entered, e.g.

data 0,1,$10,32

will enter hex bytes 00, 01, 10,
20 into memory.

ascii allows Ascii text strings
to be entered. The pseudo ascii
must be followed by one space.
All keys entered, up to the ter-
minating <cr>, are then
stored in memory as Ascii
characters.

asciz: as ascii but also ap-
pends a null byte to the string,
as required as terminator by
pdatal. Note that if an odd
number of bytes are entered
with the data, ascii or asciz
pseudos, then if an instruction
mnemonic follows, its code will
automatically be aligned on the
next word boundary.

end terminates the assembler
command and returns the
monitor prompt. The <del>
key will also abort the
assembler, as with other
commands.

Instructions for. the 68000
can be specified as one of three
sizes: byte (.b), word (.w) or
long-word (.1). The required
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size specification is appegded
to the mnemonic, e.g.

eor.b d3,(ab)
If no size is specified then
‘word’ is assumed.

Some instructions allow only
one size. In such cases, no size
may be specified.

Most of the addressing
modes are as standard
Motorola assembler format, but
some variations should be
noted {(see box, right).

Since the assembler works
line-by-line it has no way of
resolving labels. Branch
destinations must therefore be
entered either as an absolute
address,

bra $400426
or as a p.c. relative displace-
ment,

bra *+26

(branch forward 26 bytes)
The displacement may be
either short (8 bits) or long (16
bits) and is specified by appen-
ding .s or .1 to the mnemonic. If
no size is specified, . is
assumed: ‘

bra.s $400426
(one-word instruction) or

bra.l $400426
(two-word instruction).

Bn — breakpoint display/set: up
to four separate breakpoints
may be set within a program,
B1, B2, B3 and B4. If, say, Bl
is entered, the terminal displays
the address where this break-
point is set. The user may
either hit just <cr> to leave
the breakpoint-set-at. the.cur-.
rent address; or else enter a
new address where the break-
point is to be set, removing any
old breakpoint that may be set.
If an address of zero is entered
then no new breakpoint is set,
just the old one removed.

CM -- compare two blocks of
memory: this command com-
pares two blocks of memory
and prints any differences bet-
ween them. It asks for three ad-
dresses to be entered: the start
address of the first block, the
end address of the first block
and the start address of the se-
cond block. It then compares
the memory blocks byte-by-
byte and prints a list of ad-
dresses (first block address
given) where bytes do not
match,

CN — continue execution after
break: when a breakpoint is set
at a particular address in ram
with the Bn command, the
original instruction at that ad-
dress is saved and replaced by a
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tixed with wither
solute long modes. So:

Trap instruction with vector
number 15 to 12 for Bl to B4
respectively.

When this instruction is ex-
ecuted the processor jumps
back into the monitor, first
displaying the current status of
all the registers. If it is now
desired to resume eXxecution
from this point, the CN com-
mand will re-start the program
by re-inserting the original in-
struction at the breakpoint ad-
dress and running that instruc-
tion. Thus the breakpoint is

"automatically cancglled by this

command.

CV — convert between hex and
decimal: this useful programm-
ing aid will convert numbers
from hexadecimal to decimal
and vice-versa.

To enter a number in hexa-
decimal form, prefix it with the
letter X. The largest number
that may be converted is
99999999 or its hexadecimal
equivalent.

Dn — examinelalter data
registers: this is exactly the
same as An, but works on data
registers d, to d;.

F1 — fill block of memory with
word. The start and end address
of the memory block are re-
quested first, then the value of
the data word (up to four hex
digits). The memory block ‘is
then filled with this word.

No checks are performed to
see whether the data has been
stored correctly.

S ——

GO — go and execute target pro-
gram: this is the command to
start running your target pro-
gram. It asks for the start ad-
dress of your program, then
sets all the processor registers
to the target values (as shown
by RD). It then loads the pro-
gram counter with the entered
address, transferring control to
your program, in which it will
remain until a breakpoint, say,
returns it to the monitor.

HE - —-- help:- gives~a« brief~

description of all commands.

LH — Load S file from the host
into memory: this is used to
download an object-code file
created by a host computer’s
assembler or compiler into the
Kaycomp’s ram area ready for
running. The host system must
be capable of outputting the ob-
ject file in the standard
Motorola S2 Ascii format.

The LH command is very
similar to the TM command,
the Kaycomp going
‘transparent’ and the terminal
being able to talk to the host
computer. In addition, though,
it looks at the information com-
ing back from the host for data
in S file format, which contains
Ascii encoded object code plus
address and checksum informa-
tion. If it finds this, it will
decode it and store it at the
designated address in memory.

If an error occurs during
loading — if a byte is not stored
correctly or if there is a

checksum error — then the

message

*** LOAD ERROR ***
will appear and the command
will be aborted. .
- If the S file is loaded in cor-
rectly, the end-of-file marker
will cause the command to exit
without error. Alternatively, an
exit from the command can be
forced with <control-T> or
whatever . the terminator has
been set to by the ST.

If a breakpoint is set in
memory at a point where LH
loads new data, then the break-
point is cancelled.

The procedure then for using
this command is first, key LH,
key in the host system’s com-
mand for dumping an object file
in S format; then wait until the
file is loaded (it is displayed as
it is received).

LT — Load S file from terminal:
this is the same as LH except
that it receives the S format file
from the terminal rather than
the host port. ‘

After this command has been
entered, the computer being us-
ed as terminal must exit ter-
minal mode and be made to
download the S file.

LW — locate data word in
memory: this will search for a
particular data word in a
memory block.

It asks for memory block
start and end addresses and
then for the four-digit hex data
word to be located. It will then
print a list of all addresses in

" the block where the data word

is found.

MO - memory open/modify:
this command allows you to ex-
amine and modify memory a
word at a time.

It first asks for the address
where you wish to start. It then
displays that address and its
current contents.

The user may choose to alter
the contents by entering a new
four-digit hex value.

The line should be ter-
minated by one of the following
keys:

(a) <space> will cause the
new data word, if entered, to be
stored in memory. The com-
mand will then step on to the
next memory word.

(b) < A > (upward arrow on
some terminals) causes data to
be stored and then the previous
word opened.

(c) <cr> causes the data to
be stored and the command
exited.
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If a new data word is stored, a
check is made to ensure that it
is stored correctly (i.e. address-
ed to ram and not to eprom).

If it has not been stored,
*** NO CHANGE ***
is displayed and the command
exited.

MV— move memory block:
allows a block of memory to be
moved up or down in memory
by as small or large a shift as
required.

It asks for the start and end
address of the memory block to
be moved and then the new
start address it is to take. No
checks are performed to see
whether the bytes moved are
correctly stored.

PR — Print memory block:
prints on the screen the con-

tents of the specified block of

memory.

It asks for the start and end
addresses of the data block
(which need not be at word
boundaries as the start address
is rounded down to the start of
a 16-byte block and the end ad-
dress rounded up). In asking, it
displays the value last used and
re-uses it if you hit just <cr>.

The data is formatted into
word-sized groups. Eight words
are displayed to a line in the
80-column mode (see TC), four
words per line in 40-column
mode. On the right of each line
is displayed the Ascii
equivalent character of each

byte in the line (a dot if there is .

none).

Control-S and control-Q may
.be used to control the output,
<del> to abort it.

RD — Display target program’s
registers: this command is called
automatically when a break-
point is encountered. It shows
the contents of all the 68000’s
registers. The values displayed
are those which the registers
will contain if a program is
started using GO or re-started
using CN. ,

With the exception of the
status register (SR), all are
32-bit ‘registers and are
displayed as eight-digit hex
numbers. ‘A7’ refers to the
supervisor stack pointer, as
Kaycomp always operates in
supervisor mode to allow the
user unhindered access to all in-
structions except when a user’s
program switches the processor
to the user mode.

The status register is only 16
bits in size. If it were displayed
as four hex digits, some mental
agility would be needed to
discover the state of each in-
dividual bit. The status register
is therefore displayed as 16 in-
dividual bits: a 1 indicating bit
set, 0 bit clear. Each allocated
bit is labelled by a legend
above.

The program counter (PC) is
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the address where the break-

point trap instruction was
encountered.
SR — examinelalter status

register: equivalent to An but
operating on the status register.

It accepts and displays a four-
digit hex value; so the par-
ticular bit pattern required
must be converted to hex
before being entered.

Correction: in the December arti-
cle, the ninth line on page 38 should
begin, “If power is not derived...”
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ST — set terminator. The LH,
LT and TM commands may, by
default, be terminated by key-
-ing <control—T>. However,
this particular character may
have some function on the host
computer you happen to be us-
ing and so there might be no
way to send this code through
from terminal to host.

To overcome this problem,
the command ST allows the ter-
minator to be changed to some
other control code. This may be
any Ascii control code (00 to
1F,,) other than carriage-return
(0Dyg).

TC — toggle column mode. The
displays associated with some
commands assume that an
80-column terminal is being us-
ed and make full use of the
screen width available.

This presents a problem
where the terminal has fewer
than 80 columns, for instance, a
home computer with only 40
columns. But the command 7C

causes 40-column print format-
ting to be used in all subsequent
operations. Entering TC again
will switch back to 80-column
mode.

TR — trace target program:
when your program does not
work and you cannot find
where it is going wrong, it can
be helpful to step through it one
instruction at a time.

TR allows this by executing
the target program and after
each instruction displaying the
register contents as with RD. It
will continue this until a break-
point is hit or control is passed
back to the monitor, but con-
trol—S can be used to suspend
execution and display.

TR asks first for the address
where tracing is to be started;
then for the address where the
program is to be started from.

The two addresses may be the
same, but are prompted for
separately, so that the trace

display may be started after
code which is known to be
working and where tracing is
not required.

Note that if the addresses are
different the processor still
single-step traces from the very
start; but the display being only
when the trace start address is
encountered. Up to that point,

“therefore, the program will run

considerably faster as there is
no display taking place, but it
will not run at full speed.

TM — transparent mode. A host
computer may be connected to
Port B and used for storing pro-
grams on its storage medium
and assembling them. This
command makes a transparent
connection between the ter-
minal and host allowing the ter-
minal to work the host directly.

Control-S, control-Q and

<del> are not intercepted but -

passed on to the host. The only

_character not transferred is the

normally con-
trol—T, unless altered by S7.

terminator,

WB — write bytes to a memory
location. The MO command
works fine for altering memory
but is inconvenient when you
wish to talk to peripheral
devices, such as the PI/T ora d-
to-a converter. But WB allows
bytes to be written to any ad-
dress, odd or even. It does not
advance the address neither
does it read back the data to
check that the data stored cor-
rectly. D-to-a converters, for in-
stance, normally cannot be
read, only written to: so check-
ing would serve no purpose.

The command asks first for
the address of the byte to be
operated on, then waits on a
new line for successive pairs of
hex digits to be entered. Each
byte. is stored at the chosen
address.

The command 'is exited by
<cr> or <del>.

To be continued
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