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ITH all the articles on micro-

processors that have been
appearing recently there must be a
number of readers who feel that they
will never really understand micros
until they have actually used and
programmed one, and who are there-
tore wondering how they can get
their hands on a system as cheaply
as possible. Bywood's “Scrumpi”
kit may be the answer as it provides a
self-contained development system
using the minimum of parts, and at
£55.56 costs less than most other
solutions.

DESIGN CENTRE

It is designed around National
Semiconductor's SC/MP, an 8-bit
low cost micro which has a simplified
instruction set and architecture in aid
of economy. Its lack of sophistication
means that most programs require
more steps to achieve the same as a
micro with a greater variety of instruc-
tions, registers, and addressing
modes. On the other hand the chip
provides a good selection of control
inputs and outputs eliminating the
need for /O devices in simple
applications: three outputs, flags Fo
-1, and -2, are controlied by bits in
the status register and two inputs,
SENSE-A and -B, set bits in the
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status register. In addition, SENSE-A
can optionally cause an interrupt.
Serial 1/O can be performed via the
SIN and SOUT pins using the exten-
sion register.

In "Scrumpi" the states of the
twelve address lines and the eight
data lines are displayed in binary
form on le.d.s driven by CMOs
buffers. The data lines can be taken
to ground by eight programming
switches. The memory consists of
two 256 X 4 bit memory chips, provid-
ing 256 words of read/write memory.
Two four-bit latches act as an eight-
bit I/O port in which each set of
tfour can be wired as either inputs or
outputs. They are enabled by the
highest address line, All, so that all
addresses in the range X'800 to
X'FFF (where the X' signifies hexa-
decimal notation) are mapped on to
the one I/O port.

FUNCTIONS

The various functions of the kit are
controlled by a flip/flop, a 555 timer
and some NAND gates, and are
selected by a further eight toggle
switches. These are: RESET, SLOW,
STEP, RUN/HALT, PROTECT, SENSE-A,

SENSE-B, and LOAD. The circuit of the.

kit is shown in simplified form in
Fig. 1.

All the components are mounted
onthesingle-sided fibreglass printed-
circuit board; twenty wire links are
needed to complete the connections.
A double-sided board would add
little to the cost and it is difficult to
see why one was not used. Apart
from this inconvenience construction
was straightforward. Al the parts
were supplied and sockets were
provided for all the i.c.s. The switches
are soldered to the board by their
terminals, but the whole board could
be mounted behind a suitably drilled
panel to make a more robust unit.
The circuit needs a power supply ot
+5V and —7V and these can be
derived from a single 12V supply
with @ 5V Zener diode.

HOW IT WORKS

“Scrumpi'’ gets away without the
need for any monitor program in
ROM by making cunning use of the
control signals provided by the
MPU. The memory is programmed
by a primitive form of DMA (direct
memory access) by automatically
stopping the MPU during each in-
struction cycle. All the instructions
consist of at least one read cycle—
the '"instruction fetch' which gets
the op-code from memory. For
example, SR (shift right) has only
one cycle. For the two-word instruc-
tions there is a second read cycle
to fetch the displacement or data; for
example, LDl (load immediate) has
a second read cycle to get the data
from the next location. Store instruc-
tions obviously have an additional
write cycle, and the two longest
instructions iLD (increment and load)
and pDLD (decrement and load) con-
sist of three read cycles and one write
cycle.

The MPU is stopped by taking the
NHOLD input low during the input or
output ‘cycle, and this extends the
cycle indefinitely until NHOLD is
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Fig. 1.

Simplified circuit diagram of “Scrumpi”

. The eight function

switches control the various modes of operation of the kit

returned high. In “Scrumpi' the
NHOLD input is controlled by a
D-type flip/flop, which is reset by
the pulse on the NADS (address
strobe) output occurring at the start
of each input/output cycle; see Fig. 2.
This puts NHOLD low extending the
cycle until the flip/flop is clocked by
a pulse from the output of the 555
timer; the MPU is then released to
run until the next NADS pulse at the
start of the next cycle.

In a read cycle the MPU is stopped
with NRDS (read strobe) low which
is used to enable the memory in
write mode, causing the data in
memory at the location addressed by
the MPU to be put on to the data bus.
In a write cycle the MPU is stopped
with NWDs (write strobe) low which
enables the memory to read data put
on to the data bus by the MpPU,

“Scrumpi’* is programmed by
stepping or running the MPU to the
required address, putting the eight
data switches to the required eight-
bit binary value, and then operating
the LOAD switch. This switch puts the
memory chips into read mode and so
loads the value on the data bus into
the memory location. Programming
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can only be done during a read
cycle since in a write cycle the Mpu
is putting data on to the data bus too.

ENTERING A PROGRAM

To make this operation clear
consider how one would enter the
following program which uses the
instruction ILD (increment and load)
to increment the contents of location
X’032 using program-counter-rela-

tive addressing. The program
follows:
Address: Data:
001 A8 ILD
002 30 disp.
003 next instruction
032 04 data

First all memory locations are set to
X00 by running the M™MPU while
loading with the data switches set
to 0. Operating RESET now starts
the MPU at address X’001 (Fig. 2 (a)).
The required value, X’A8, is set on
the data switches (as 10101000) and
LOAD operated to store this to
memory. The STEP switch will now

cause the 555 timer to deliver a
pulse, releasing the Mpu from hold
state to execute the instruction.
Since the (LD instruction is four
cycles long (see Fig. 2) a further
three operations of the STEP switch
are neededtocomplete execution of it.

The second cycle fetches the
displacement (X’30); see Fig. 2 (b).
This added to the program counter
gives the effective address of the
data: X'032. The third cycle fetches
the data from this location. Finally
the fourth cycle writes the incre-
mented value back to the same
location (Fig. 2 (d)).

The kit could thus be said to
provide a hardware trace facility by
making use of the SC/MP's control
signals; ""Scrumpi'’ makes an asset
out of economy and provides a
graphic demonstration of how each
instruction behaves in action.

BREAKPOINTS

“Scrumpi'’ also provides a hard-
ware breakpoint facility. The code
X’00 is interpreted by the MPU as a
HALT instruction; in fact execution
of it will pulse the H-flag which is
put out on line D7 when NADS is
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Fig. 2. Timing diagram showing how the control input NHOLD is used
to stop the MPU after each of the read/write cycles of the four-cycle
instruction ILD (increment and load). The shading indicates that the
outputs concerned are in high-impedance state

low. With the RUN/HALT switch in
the correct position D7 is taken to
the flip/fflop, gated by NADS. A
HALT instruction placed anywhere
in a program will then act as a break-
point; executing it will rest the flip/
flop and put the MPU into hold state.

It should be obvious from the fore-
going description that programming
is a tedious business; the data
switches must be set for each instruc-
tion to be entered and although the
conversion from hexadecimal to
binary becomes automatic after a
time, the process is error-prone and
slow which discourages attempts at
large programs; added to which is
the knowledge that the program will
evaporate on switching oft the
power.

JUMP TO SUBROUTINE

A fair amount of ingenuity is
needed to get some programs into
memory, especially if they contain
conditional jumps, as the only access
to a location is by executing instruc-
tions which lead to it. It might there-
fore be prudentto leave the first seven
locations free so they can be loaded
with the following ‘“jump to sub-
routine'":
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Address: Data:

001 C4 LDl

002 01 X01 load
003 37 XPAH P3 | P3
004 C4 LD with
005 23 X'23 Gl
006 33 XPAL P3

007 3F XPPC P3

Execution of this will cause a jump to
X’0124. Any location can be reached
by loading the correct address in
X’002 and X’005.

KIT DESIGN

One worrying aspect in the design
of this kit is the way programming Is
achieved by using the data switches
to ground the data lines linking the
MPU and memory. Suppose that
X’FF is to be altered to X'00 at a
certain focation. In this case all eight
outputs from the memory devices
are, until the LOAD switch is opera-
ted, driving into a short-circuit. The
"on'" resistance of the outputs is
about 30 ohms so dissipation under
these conditions could reach 3

watts; the maximum recommended
dissipation is 1 watt. This is one
reason for the instruction to load
the memory with X’00 before pro-
gramming.

Operation of the LOAD switch was
also somewhat erratic;itis surprising
that the spare flip/flop was not used
to eliminate contact-bounce. Mr.
Miller-Kirkpatrick of Bywood is cur-
rently involved in designing a new
version of the kit which may overcome
these problems.

CONCLUSION

Aspiring computer programmers
who want to forget about the hard-
ware the moment ‘“Scrumpi' s
working would be well advised not
to spend their money on this kit; it
is just not a practical proposition to
write more than the simpiest of
programs on the system. To quote
from the manual: 'You will very soon
realise that "Scrumpi' is very

Jimited as it stands because it does

no more than light up l.e.ds.” The
constructor who is more interested
in hardware than software, however,
could use “Scrumpi” to form the
base from which to build a more
extensive microprocessor system,
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SCRUMPI 2 is a single board MPU system based on the SC/MP2 microprocessor chip. Switches allow
single-step S Halt / Bun modes with PROM or RAM bootstraps. BAM protect and interruption. Basic kit
includes all IC sockets, all ancilliary components, SC/MP2, drvers, decoders, laiches and 256 bytes of
RAM. Full kit includes additional 512 byte PROM & 512 byte RAM

SCRUMPI 2B £55 56 +VAT

SCRUMPI 2F £74.07 +VAT
SCRUMPI 2 is & simgle board MPU system based on the SC/MP2 microprocessor chip and ingluding
Keyboard, VOU merface, UART, two B bt parts, 128 byte RAM, 1K PROM and sockets for additional 1K
PROM & 1K RAM

SCRUMPIL 3 Basic kit £154.92, with case & PSU £189.75.

write for details of combined kit/upgrade offer.

Quantity discounts
are available to OEM
users, Distributors,
Retailers and Train-
ing Establishments.
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