Program a 2708 in two minutes flat!

EPROM Programmer
suits the TRS-80, Sorcerer, &c.

If you have ever wanted to rewrite or extend the operating
system of your microcomputer or if you’re interested in
dedicated microprocessor applications then this EPROM pro-
grammer is just the thing. It is an inexpensive unit that uses
readily available ICs, interfaces directly to the expansion bus on
the back of all the popular 8080/Z80 microcomputers and pro-
grams 2708s, 2716s, 2758s and 2732s.

by RON DE JONG

The ready availability of inexpensive
EPROMs particularly the 2708 and 2716,
now presents a vast number of pos-
sibilities for the computer enthusiast.
Since EPROMSs can be conveniently eras-
ed and reprogrammed, the operating
system of a microcomputer could be
modified or extended to include such
features as renumbering routines in
BASIC. The Compucolor microcomputer
for example provides for 8k of additional
ROM while the ROM-PACs used on the
Sorcerers have provision for the use of
EPROMs rather than ROMs.

Some more exciting possibilities are in
the area of dedicated microprocessor
applications. Just to mention a few —
robots, intelligent video terminals, music
synthesisers, train controllers, speech
recognisers, and burglar alarms. It is a

simple matter to prototype these sort of
devices by first running the operating
programs on such systems as the 6800
D2 kit, or by using the numerous
assembler editor programs available
with most computers.

The problem up until now though has
been the lack of EPROM programmers
suited for use with personal computers.
With this in mind, we decided to design
an EPROM programmer suitable for
direct connection to the bus expansion
ports of personal computers, in par-
ticular, the 8080 and Z80-based

machines such as the Exidy Scorcerer
and Tandy TRS-80.

Our EPROM programmer programs the
popular 2708 as well as the more recent
2716, 2758 and 2732 EPROMs. It can
read the contents of the EPROM to
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check that it has been erased prior to
programming and check that the EPROM
does in fact contain the correct data
after programming. Using the machine
language driver shown elsewhere in this
article programming time is about two
minutes for a 2708.

Before discussing the operation of the
EPROM programmer, in detail, let’s look
at the operation and pro ramming re-
quirement of the 2708 and 2716.

The popular 2708 EPROM uses
floating-gate avalanche mode MOS tran-
sistors as the storage cells. Stored
charges on the floating gates are used to
control the conduction of the MOS tran-
sistors, to determine whether they effec-
tively store a “I” or a “0”.

The floating gate’s charge is produced
by inducing a non-damaging avalanche
breakdown in the drain-channel junction
of the cell. High energy electrons from
the avalanche breakdown are then in-
jected into the floating gate, charging it
negatively. Since the floating gate is sur-
rounded by an extremely effective in-
sulator, this charge will remain practical-
ly indefinitely, and hence the stored pat-
tern will also remain.

To erase a programmed EPROM, the
chip is irradiated with ultra-violet light.
The resulting photons impart enough
energy to the trapped electrons to allow

While the program-
mer will accept four
EPROM types, the
software featured in
this article is
specifically written
to program the
2708. Small
modifications to the
program are re-
quired for the other
EPROM types.




them to escape from the floating gate,
leaving it uncharged.

An erased EPROM has all memory cells
effectively containing 1’s, so pro-
gramming consists of inducing avalanche
mode breakdowns in the appropriate
cells to produce the required zeros. In
principle, one programming pulse is re-
quired for each memory location. The
appropriate address and data in-
formation must be applied to the ad-
dress and data pins of the EPROM.

In practice, due to power dissipation
limits, it is necessary to apply a short pro-

ramming pulse between .1 and Tms
ong to each memory location in se-
quence. Each complete sequence is call-
ed a program loop and N such loops are
required, such that the total programm-
ing time for each location (N X pulse
width) is at least 100ms.

Programming pulses are +26V in
amplitude and during programming the
CS/WE or chip-select pin must be at
+12V. In addition three supplies are re-
quired to operate the 2708 during both
programming and reading, namely
+12V, +5 and -5V. In comparison the
2716 EPROM is considerably easier to
program and it requires only the stan-
dard +5V supply. Itis a 2k x 8 EPROM in
which each location only has to be pro-
grammed once by a single 50ms TTL-
level programming pulse with the chip
‘select hig%n and the Vpp supply at +25V.

The 2758 is a 1k version ozthe 2716
chip but with one half of the memory
defective. Rather than throw these
devices away, manufacturers have labell-
ed them 2758A or 2758B depending on
which half of the die is defective. These
chips still have the advantage over 2708s
however since they are single supply
EPROMs, like the 2716 itself. Programm-
ing requirements are also the same ex-
cept that the software has to “know”
which half of the chip to program.

To see how we have satisfied all these
requirements, refer now to the block
diagram, Fig. 1 and Fig. 2 which shows
the waveforms involved. The program-
mer occupies 4 consecutive address
locations in 1/O space. Depending on
which of those four addresses is access-
ed by the microprocessor and whether a
read or write operation is performed,
one of the six outputs of the address de-
coder will briefly go low.

Two of the address decoder outputs
go to the reset and clock inputs of a
12-bit binary counter. The counter out-
puts are connected to the address inputs
of the EPROM, so that by simply access-
ing the appropriate addresses the
counter can be made to reset or in-
crement. Hence any of the 1024 loca-
tions in the 2708 EPROM can be access-
ed by appropriate reset and increment
operations. This actually saves a lot of
time because the memory locations of
the EPROM will always be accessed in
sequence during programming or
reading.

Anot%ner two outputs from the address
decoder drive the program-pulse
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FIG.2 SEQUENCE OF PROGRAMMING SIGNALS FOR 2708 EPROM

flipflop. One of the lines sets the flipflop
and the other resets it. The two remain-
ing lines from the decoder enable the
Tristate latch and the Tristate buffer.
When the microprocessor reads from a

articular address location the Tristate

uffer will be enabled and the data pre-
sent at the output will be read, and when
the micro writes to that same location
the Tristate latch is enabled instead, lat-
ching the data.

Fig. 2 shows how these signals are used
to program the 2708 EPROM. Firstly the
EPROM programmer must be switched
to the program mode so that the Tristate
outputs of the EPROM are turned off and
the Tristate outputs of latch are turned
on. This means that any data written into
the Tristate latch by the microprocessor
will be present at J.e data inputs of the
EPROM.

Each program loop starts with the ad-
dress counter being cleared by accessing
the appropriate address for each cycle in
the loop and then the data for the par-
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ticular memory location is loaded. A
short time later the program-pulse
flipflop is set and +26V is tﬁen applied to
the program pin. After waiting 0.5ms,
the microprocessor resets the flipflop
which removes the +26V program pulse.
The address counter is then incremented
and new data loaded for the next loca-
tion and then the cycle repeats itself.

To satisfy the requirement that the
total program time for each location be
at least 100ms, 200 program loops are
required (200 x 0.5 = 100ms).

Using the software driver shown
elsewhere in this article programming
time for a 2708 is about two minutes.

In the case of the 2716 or 2758 onl
one program loop is required but eacz
program pulse is at normal TTL levels
and the pulse width for each location is
50ms, giving a total programming time
of 100 seconds.

Looking now at the circuit diagram, we
can see the various functional blocks in
Fig. 1. The data bus, DO to D7 and the
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EPROM PROGRAMMER

address bus A0 to A7 can be seen on the
left of the diagram. Note that only ad-
dress lines AO to A7 are used because
the EPROM programmer is connected as
an 1/0 port.

The control signals provided for on the
circuit are IN, OUT, RD, WR, IOREQ,
DBUSEN, and BDUSDIR. The first two, IN
and OUT, are all that is required for use
with the TRS-80. The other controls are
required when interfacing to the Exidy
Sorcerer.

The purpose of these various signals is
as follows: WR will go low during either
a memory or I/O write operation by the
microprocessor and RD will go low dur-
ing a memory or I/O read operation. The
IOREQ signal goes low when an 1/O
operation rather than a memory opera-
tion is performed. The TANDY TRS-80
combines the RD and IOREQ and WR
and IOREQ signals internally to generate
the IN and OUT signals respectively.
Hence if the TANDY is used, the IOREQ
line on the programmer would simply be
earthed.

The Sorcerer’s signal DBUSEN is the
Tristate enable for the data bus provided
by the expansion port and it should be
low if the data bus is to be enabled.
DBUSDIR is the signal to the Sorcerer in-
dicating the direction of the data bus,
low for a read and high for write.

The first two address lines AO and A1
plus the IN and OUT signals go to IC4
which is a dual 2-to-4 line decoder. The
remaining six address lines are decoded
bK IC6 which is a triple 3-input NOR gate.
The outputs of IC6a and IC6b will go
high only when their inputs are all low.
These two outputs are combined by
IC7d which then generates a low enable
for the rest of the address decoding
circuit.

As a result, if all the address lines are
connected directly to the inputs of ICéa
and IC6b the EPROM programmer will
be located at 00 in I/O space. Two in-
verters, IC5b and IC5c, can be used
however to invert any of the six address
lines so the EPROM programmer can be
relocated quite easily. As it turns out
neither the Sorcerer, Compucolor or
Tandy machines has anything at 00 loca-
tion, so you are quite free to locate the
programmer there.

Now, the enable signal from ICéc is us-
ed to gate the IN and OUT signals via
two NAND gates, IC7a and IC7b. These
signals then enable either one of the two
2-to-4 decoders. Hence when the cor-
rect address is present and an I/O read or
write operation is performed, one of the
two decoders will be enabled, and
depending on the lower two address
bits, one of the four outputs of that par-
ticular decoder will go low.

To simplify our discussion of the circuit
we will assume that the I/O address of
the EPROM programmer starts at 0. So

when a write to location 0 is performed,
output 1Y0 of IC4 will go low, and when
a read to location 2, for example, is per-
formed then output 2Y2 will go low
briefly. Two of the enable lines go to the
Tristate latch and the buffer for reading
and programming data. All the other de-
coded outputs, however, are used as
signals themselves and nothing is actual-
3/ read from or written to the computer’s
ata bus.

The Tristate latch used in the circuit is
IC1, a 741S374. The latch signal is deriv-
ed from output 1Y0 of the decoder, so
when the microprocessor performs an
I/O write to location 0 the brief enable
signal from the decoder will latch the
data present on the data bus into the
latch. If the microprocessor performs an
I/O read from the same location the 2Y0
output of the decoder would go low in-
stead, enabling the Tristate outputs of
IC2 which is an 81LS95 tristate buffer.

We estimate that the current
cost of parts for this project is
approximately

$75

including sales tax. This in-
cludes the cost of the flat cable

and connectors.

The remaining outputs of the decoder
drive the program-pulse flipflop and the
address counter. The program pulse flip-
flop consists of 1C8d, 1C8¢ and IC7¢c
which are 2-output NAND gates and IC5f
which is an inverter. IC8d and IC8¢c are
connected together as an RS flipflop,
with pin 9 of IC8¢ as the R input and pin
12 OFlCBd as the S input. When a brief
low pulse is applied to the S input the
output of IC8d will go high and the out-

ut of IC8c will go low. Similarly when a
ow pulse is applied to the R input, the
output of IC8d will go low and 1C8¢c will
go high.

The SET input of the program pulse flip-
flop is obtained from output 2Y2 of the
decoder so the program is initiated
when the microprocessor writes to /0
location 2. The Reset input is obtained
from output 2Y1 of the decoder via IC7¢
and IC5f which together function as a
“power-on reset” for the flipflop. This to
prevent the flipflop from being set when
power is first applied — a situation which
could damage the EPROM should the
programmer be in the program mode.

Power on reset works as follows.
When the power is first applied pin 10 of
IC7c will be held low by the 10uF
capacitor. The output of IC7c will then
be high and the output of IC5f low caus-
ing the flipflop to be reset. The capacitor
is charged up via a 2.2k resistor so that
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about 20ms later, pin 10 will be high and
the combination of IC7c and IC5f merely
pass the signal from the decoder, un-
inverted to the flipflop and normal
operation can follow.

Outputs from the program-pulse flip-
flop J:ive a simple class-B output stage
which generates the +26V programming
pulses. When the flipflop is set the out-
put of I1C8d will be high and IC8¢ low.
This causes transistor Q2 to be off and
Q1 to be turned on which then turns Q3
on and pulls the output up to the +26V
supply line. If the flipflop is reset though,
Q1 and Q3 will be off while Q2 will be
on.

Rise and fall times for the programming
pulses must be within certain limits to
ensure reliable programming. This is ac-
complished by using a .01uF capacitor
on the output of the stage along with a
100 ohm resistor in series with the col-
lector of Q3 and a 39 ohm resistor in
series with the collector of Q2.

The address counter is IC3 which is a
4040 12-bit CMOS counter. Reset and
clock inputs for the counter are obtained
from the decoder outputs 1Y1 and 1Y2,
respectively. Hence to reset the counter
the micro would perform an 1/O read
from address 1, and to increment the ad-
dress it would perform an 1/O read from
location 2. Note that IC8b inverts the
signal to the rest input of the counter
because the outputs of the decoder are
active low while the counter resets on a
high.

That completes our description of the
basic data, address and programming cir-
cuitry. Data and address lines for the
various EPROMs are in fact the same ex-
cept for pins 18, 19, 20, 21. Depending
on the type of EPROM being programm-
ed, these pins will be switched to various
supplies or signals by switch S1. This
switch is a 4-pole 3-position rotary
switch with each pole corresponding to
one of the pins 18, 19, 20, 21. The three
positions on the switch correspond to
the three basic types of EPROM, viz
2708, 2716/2758 and 2732.

The only other switch to affect these
four pins is S2. This is a DPDT toggle
switch which sets the EPROM program-
mer into either the read or program
modes. Without going into too much
detail we will discuss only pins 18 and
20. Switch S2b switches pin 18 which is
the program-pulse pin of the EPROM. In
the read mode it switches pin 18 to
ground, while in the program mode it
switches pin 18 to-S1c which then con-
nects it either to the +26V or directly to
the TTL level program pulses from the
flipflop itself.

Pin 20 is the chip-select pin, CS/WE of
the EPROM. In the read mode it will be
low for all the EPROM types while in the
program mode it should be at +12V for
the 2708 and +5V for the 2716, 2758

The complete circuit, at right, can be
built for around $75, including all
hardware.
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Why not put all your frequently used routines in an EPROM for real convenience?
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1 SORCERER BUS SIGNALS

Note that a heatsink is required for the three-terminal regulator.

and 2732 EPROMs. This switching is ac-
complished by S1a and S2a. In the read
mode, S2a is switched to ground. Hence
for the 2716, 2758 and 2732 pin 20
will be low. S2a is also connected to the
input of 1C8a which inverts this signal,
turning transistor Q4 on and hence also
sending pin 18 to low for the 2708.

In the write mode the 1k resistor con-
nected to S2a pulls pin 20 high (+5V) for
the 2716, 2758, 2732 and at the same
time pulling the input of 1C8a high, which
turns Q4 off. This results in +12V being
applied to pin 20 if it is a 2708, which is
precisely what is required. In addition a
green LED is connected to the output of
IC8d so that it turns on when the pro-
grammer is set to.the program mode.

To prevent the Tristate latch IC1 from
having its outputs enabled at the same
time as the EPROM is enabled, the out-
put of 1C8a is connected to the output-
control line of the latch, pin 1. Hence as
soon as the programmer is switched to
read, IC1 will be disabled and the
EPROM enabled, while during pro-
gramming the outputs IC1 are enabled
and the ROMs disabled.

The power supply for the programmer
is virtually the same as that used in a
previous EPROM programmer project

for 2650s and SC/MPs published
February 1979 (File No. 2/CC/35). The
transformer is an A&R2155 and it drives
three seperate power supplies for -5V,
+5V and +26V. The -5V supply is a sim-
ple half wave rectifier consisting of diode
D1 and capacitor filter followed by a
zener regulator using a 5.1V 1W zener.

A full-wave rectifier consisting of
diodes D2 and D3 and a 1000uF filter
capacitor C3, supplies an LM340T-5
three-terminal regulator. The regulator
delivers a constant 5V supply with low
ripple and excellent line and load
regulation. The output of the regulator is
decoupled by two 10uF tantalum
capacitors and three 0.1uF capacitors.
These are distributed around the board
to reduce the effects of supply line in-
ductance, which can be a problem due
to the fast risetimes encountered with
TIL

About 30VDC is generated by a tripler
circuit consisting of diodes D4, D5 and
1000uF capacitors C1, C2 together with
the full-wave rectifier already described.
The operation of the circuit can be
understood by noting that when the 15V
tap swings negative (about —10V) then
the 1000uF capacitor is charged up to
20V by D4 which effectively clamps the
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positive side of C1 at +10V. Now when
the 15V tap swings up to +10V D4 is
reverse-biased and D5 is forward biased
and C1’s charge is dumped into C2,

The tripler ,is followed by a zener
regulator consisting of a 68 ohm resistor,
two 12V 2.5W zeners and a diode in
series. Theoretically this would give a
nominal output voltage of 24.6 but due
to the positive thermal coefficient of the
zeners this nominal voltage will exceed
25V. The voltage tolerance of the zeners
also means that the actual output
voltage can vary as much as +1.4V
hence this voltage should actually be
checked and if it is not +26+1V then a
hi%her or lower voltage zener should be
substituted for D7.

The specified programming voltage for
the 2716 and 2758 EPROMs is 25+1V
which is 1V below the specified voltage
range for the 2708s, viz 26+1V. Hence to
keep this voltage well within specifica-
tions we have tapped off a seperate
+25V supply via diode D6. The voltage
at this point is 0.6V below the nominal
+26V. A 22-ohm resistor has also been
included in series with the +25V supply
to limit the current should the EPROM
selector be accidentally set to the 2716/
2758 position when a 2708 is in the
socket.
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PARTS LIST

1 Horwood Instrument Case, 228 x
76 x 203mm or Pactec Instrument
housing Model CH325 234 x 93 x
26Tmm (D x H x W)

1 A&R2155, Altronics 2155 or
DSE2155 mains transformer

1 PC board coded 80pp7a, 140 x
127mm

1 PC board coded 80pp7b, 48 x
69mm

1 24-pin zero-insertion force socket

1 25-pin panel-mounting male D-
connector and 25-pin female D-
connector mass terminated with a
suitable length of flat cable

1 20/40 way card edge connector

with solder lugs

SPST miniature toggle switch

DPDT miniature toggle switch

3-position 4-pole rotary switch

mains cord and plug

TO-220 heatsink

mains cable clamp and rubber

grommet

% metre of rainbow cable

2 large LED bezels

1 large knob

NN -

SEMICONDUCTORS:

1 7415374 octal Tristate latch
1 871LS95 octal Tristate buffer
1 7415139 dual 2-to4 decoder
1 741527 triple three-input
ates

4040 12-stage counter
74LS00 quad NAND gates
741504 hex buffer/inverter

LM340T-5 three terminal regulator

BC547 NPN transistors

BC557 PNP transistor

BZX70C12 zener diode

BZX70C13 zener diode

BZX70C5V1 zener diode

1N4002 diodes

large red LED

large green LED

NOR

NN ORm AN N -

CAPACITORS:

1 1000uF/35VW PC electrolytic

1 1000uf/25VW PC electrolytic

2 1000uF/16 VW PC electrolytics

2 10uf/35VW tantalum electrolytics

3 10uf/25VW tantalum electrolytics

1 10uf/6.3VW PC electrolytic

4 0.1uF greencap (metallised
polyester)

1 0.07uF greencap

RESISTORS (all W 5%):

1% 33k ZX 10k 2:%4.7k 1% 2.2k 1
X 1k, 2 x 470 ohm, 1 x 100 ohm, 2 %
68 ohm “W, 1 x 39 ohm, 1 x 22
ohm.

NOTE: Resistor wattage and capacitor
voltage ratings are those used in our
prototype. Components with higher
ratings may be used provided they
are physically compatible.

Terminate suitable lengths of rainbow cable to the PCB before installation in the
case.

The +12V supply required by the 2708
is also tapped off the regulator by taking
the voltage across zener diode D8. This
is why two zener diodes were used in
series rather than one single 24V zener,
but it has the further advantage of reduc-
ing the dissipation by distributing the
power dissipation in two 2.5W zeners
rather than a larger and more expensive
24V zener.

CONSTRUCTION

That completes our discussion of the
circuit. We can now discuss the con-
struction of the programmer. The unit is
assembled on two PC boards, 80pp7,
measuring 140 x 127mm and 80pp7b,
measuring 48 x 69mm. Most of the com-
ponents are mounted on the larger PCB
while the EPROM socket is mounted on
the small PCB which is soldered at right-
angles to the larger PCB.

Mount the links, ICs and other com-
ponents on the main board first paying
particular attention to the orientation of
the ICs diodes and electrolytics. Next
g\CoBunt the EPROM socket on the socket

The EPROM socket should be a 24-pin

zero-insertion force socket so as to avoid
damage to the IC pins and ensure a long
life for the socket. Two types of zero-
insertion force sockets are available so
the front panel artwork has been design-
ed to accommodate either type. We
understand that these sockets as well as
most of the other parts for the program-
mer can be obtained from CQ Elec
tronics, 95 Regent St, Sydney (or 30
Campbell St, Blacktown¥ and Radio
Despatch Service, 869 GCeorge St,
Sydney.

We housed our unit in a Horwood In-
strument case measuring 228 x 76 X
230mm (D x H x W). The case has black
Marviplate top, bottom and sides with
aluminium front and back panels. Alter-
natively you can use a Pactec Instrument
Housing model CH325 which is a par-
ticularly attractive unit though it is more
expensive than the Horwood case.

Drill mounting holes for the major
components and make a cutout in the
back panel for a 25 pin male D-
connector with solder lugs. This D-
connector is required for the cable con-
nection to the bus-expansion port on the
back of the computer and it mates with a
female D-connector which has been
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Here is the full Software listing for the EPROM Programmer

mass-terminated with a length of rain-
bow cable. On the other end of the
cable the individual wires have to be
soldered to a card edge connector
which then mates with the expansion
port of the computer.

The connections which have to be
made to the card edge connector will
depend on which computer you are us-
ing. In the case of the Compucolor,
Sorcerer and Tandy computers this in-
formation is given in the owners
manuals so we will not list them here.
The only point to note is that a different
size edge connector is required for each
of them. The Compucolor and the
Sorcerer both require 25/50 way edge
connectors while the Tandy requires a
20/40 way edge connector.

Mass terminated 25-pin D-connectors
are available from Radio Despatch Ser-
vice, 869 George St, Sydney as well as
the card edge connectors.

Now drill the holes in the front panel
for the switches and LED bezels and
make a cutout for the EPROM socket.
Use the actual size artwork shown else
where in this article to obtain drill cen-
tres etc. The artwork can also be used to
make up a front panel from Scotchcal
photosensitive aluminium or alter-
natively front panels can be purchased
from Rod Irving Electronics or Radio
Despatch.

The PCB can now be installed in the
case using 10mm tapped spacers to sup-
port the board. Temporarily install the
socket board with the zero insertion
force socket into the front panel cutout
and butt the main board against it. Then
using a pencil, mark a line across the
socket board, remove the two boards
and using the line as a guide, solder the
two boards together. Be careful to line
up the connector strips on the boards
and carefully solder two of the connec-
tor strips together. Check first to see that
the boards will mount properly in the
case then solder the remaining connec-
tor strips together.

With the main components mounted
in the case, complete the wiring using
the diagram shown elsewhere in this arti-
cle. For a neat appearance use rainbow
cable for the connections to the D-
connector and the front panel switches.

CHECK VOLTAGES!

Rather then blow up an otherwise
working EPROM your first check, after
turning the programmer on, is to test
that all the voltages on the power supply
pins of the EPROM are okay. Some
points to note when using the program-
mer is that the EPROMSs should only be
inserted into the  programming
socket when the power is off and the
programmer has been switched to read
moge. it is also good practice to check
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EPROM Programmer Iisiing contd:

4878
4880
4858
4160
808
oaiG
-8za
TazZe
SE40
o859
gt TS
SETE

J=UERIE

PRINT "EPROM FROGRAMMING COMPLETED"

RETURH

INPUT"SHITCH TO READ HMODE":R#

J=INPCL3:I=1
FOR =1 TO 3
P$=RIGHTS(P$.2 )
FOR R=1 TO 15
J=I-1:GOSUE 7656
PRINT "3"+P+"

= L G
rle 1=1 id o

IF Z=1 THEMN J=FCEK(308088+I:ELSE J=INP:@>

GOZLE vaTo

FOXE 1B83268,2:POKE 1B527.125

5190 PE=RIGRTH(F$,2:B=PEEKC 30888+1 ): PRINT P$i;
2ii@ IF J=F THEW FPRIHT" ";sELSE PRIHT"# g
D128 J=IHPI2 s I=I+1

91368 MEST T

oi=8 PRINT

2108 IF I»1024 THEW RETURH

TLIEE I m

SivE HE

T1EE MERT O

2198 RETURM

@8 J=INPCL 0 IMPUT "SHITCH TO R

6618 FOR I=1 TO 1BZ4:FOKE ZGOOE+I,INPIC)
BE1TS J=INPC2MNERT I

BOZE Z=1:G0SUE SOLE

@30 RCTURH

TeuE IF B CEFI-RSCC"A" 2:RETURH
TELE J=RECC

ra28 RE

TETE E=

TRZE M=

vErh L=

TERE =i

TEIE =

rlEa B 71486

7ii@ GOSUE Vigd

[ RS E+H

7138 RETURM

7148 IF =3 THEM HECHR#FCH-18+B3CC"R" 23:RETURH
7150 ME=CHREFCH+RICO"E" 20

T1BE RETURM

008 Z=1:G05UB SB19

Zal@ RETURH

3988 PRIMT "EDITIMG IMPUT FORMAT AARAA CD"
gole IMFUT A¥

3828 IF LEMCAF =8 THEW RETURN

3636 GOSLUE i

3048 K=11505U8 7oa0

9850 K=1E«H+J:GOSUE TEoE

3868 K=16+K+11505UB 7To04

3876 K=16+k+ 1 GOEUE ToBG

3938 AF=RIGHTH# AF,22:G05UE Toca

9836 L=J:GOSUB VELD

Jled PORE 30881+, 18sL+]

3119 GOTO Seie

RERDY
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that the right EPROM type has been
selected before using the programmer.
Well that completes the hardware.

SOFTWARE DESCRIPTION

Now all that remains before we can
start programming EPROMs is suitable
software for the microcomputer. To this
end we have provided a listing of a pro-
gram (for 2708 EPROMs only) written in
Tandy Level Il BASIC. The timing for the
program routine assumes a 2MHz CPU
clock. Itis possible to adapt this program
for other microcomputers and different
clock speeds. Also by changing the
various constants in the program and ad-
ding extra routines, 2716/2758 and 2732
EPROMs can be programmed.

There are six separate routines which
are called up in sequence by the main
program during normal execution. These
routines are as follows: “2000” checks
that the EPROM has been erased; “3000”
reads the data to be stored in the
EPROM by first prompting with the hex-
adecimal address and then reading the
hex data to be stored there — note that
this data is stored in the computer's
memory at this stage; “8000” lists the
data which has been entered in the form
of a hex dump with a hex address then
eight hex data bytes per line. The listing
is page by page so that each page of data
can be individually studied and any er-
rors noted.

UTILITY ROUTINES

If there are any errors these can be cor-
rected in the next routine. This is an
editing routine starting at “9000” which
accepts input in the form of a four-digit
hex address followed by a two-digit hex
data byte which is to be stored at that
location. Routine “4000” is then called
and this loads and jumps to a machine
language program that takes the data
stored in the computer's memory and
programs it into the EPROM. This routine
is quite fast and as we have mentioned,
programming time is about two minutes
or less.

The programming routine is followed
by a verification routine which provides
a hex dump of the data contained in the
EPROM and marks any data bytes which
do not match the data stored in the com-
puter’s memory with an asterisk. (If there
are any bad locations then the EPROM
may be faulty.)

In addition to these, we have provided
another routine at line 6000 which may
be called up to read the data from an
EPROM into the computer's memory
and list it in the form of a hex dump. This
is useful for duplication of EPROMs since
if routine “4000” is then called this data
can be programmed into any number of
blank EPROMs which are subsequently
loaded into the programmer.

Next month we shall feature a listing of
this program for the Exidy Sorcerer.

(To be continued)




