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PART 1

T HE EPROM programmoer is &8 memory-mapped peripheral

for the 2708 family of Erasable Programmable Read Only
Memories (EFROM s} and programs at about the maximum
possible speed (around 2 minutes). The p.eb. contains its
own power supply giving +12V, =5V, +27V, and only
requires + 5V and a 9-0-9 volt transformer. On board, there
is 1K of RAM for storing information to be transferred to the
EPROM. The EPROM may be read before or after program-
ming for verification, and used /n-sifu as a normal 1K block
of Read Only Memory, The programmer thus effectively
expands the host system by 2K of memory (1K of EPROM
and 1K of RAM), with the added facility of being able to
reprogram the EFROM section. Connection of the machine
is simple and almost identical to the PE VDU connections.

Eleven Address Bus Lines (A0—410], eight Data Bus Lines
(D0-D7), a ReadWrite line and some address decoding
logic is all that is required. Interface to the COMPUKIT UK
101 and many other machines requires just a coupla of d.il.
plugs, The COMPUKIT would allow the necessary routines
to be wntten in BASIC. A minimal MPLU systam containing
the machineg is shownin Fig. 1.

Lse of the programmer is restricted to writing the desired
target program or data into the 1K of on-board RAM,
running and checking it, and then switching on the pro-
grammer which then takes around two minutes to copy the
RAM contents onto EPROM. The machine automatically
hands EFROM and RAM back to the MPU system,

EPROMTHEORY

Each individual cell within the 2708 contains a "floating
gate”, which is able to collect a charge from a “pumping”
pulse-train produced by a programmer. When sufficient
charge has been accumulated within this completely insu
lated storage element, the cell, initially showing a “one”,
will return a “zera™ along its data line when read,

The 2708 family members have a quartz window in the
upper surfaces of their packages. Through this, a strong
ultra-violet light may penetrate to knock the electrons in the
storage elements out of their shallow energy levels and
allow them to leak away via the substrata.

Thiz clears the cell back to a “one”. The organisation of
the 2708 cawses 8 cells [one byte) to be read and pro-
grammed at a time, hence requiring normal Address and
Data lines,

To program the EPROM, the programmer produces a
succession of addresses along AD-AD, and, for each, presents
the data 1o be programmed along DO-D7. The EPROM thus
starts, after erasure, with FF (B "ones™) in each location.

The requirements of the 2708 family demand that aff
locations be presented with data a large number of times
during the programming sequence. The number of such
complete addressing cycles is determined by the speed of
oparation.

The Block and Connections diagram shows a typical Read
Only Memaory device with the addition of a Programming
pin. This pin is pulsed up to +27 volis during programming.

4

A.A.BERK B.Sc. Ph.D.

The TSMWE pin is & nommal chip select except when
programming, when it is held at +12 wolts. The timing
Diagram {Fig. 3], shows the signals necessary to program
the 2708. It should be emphasisad that the programming
cycle consists of cycling through all 1024 memory locations
M times and presenting the data to be stored over and over
again. The sequence is as follows., CS/WE is switched to
+12V, the first address and data are presented and >10us
later, pin 18 is pulsed up to +27V. These conditions are
held for 0-1 to 1ms (0.5ms is chasen for the machine
presented here) and then pin 18 drops to zero and the next
address and data loaded. The cycle from address O 1o
addrese 1023 thus takes a little more than half a second.

Practical Electronics December 1979



P
:":: . 5 ':
i ' EE ADDRESS
it I il DECOOIND
L A S L TR LoaIc
r_':_':'
| I '.- — \
r "
18 i A L
il i
:;: SYLTEM RN |
i e
g EPROM -
- t PROGRAMMER | EnaBLE

Fig. 1. Minimal system containing EPROM Programmer

This entire sequence is then repesated a number of timas.
The total number, M, of such loops is between 100 and
1000 (possibly more) depending upon the width {tp) of the
program pulse (=27 wvolts). The formula for determining N
is: N ¥ tp > 100ms. Thus, for O0-5ms, N is 8 minimum of
200. The total programming time for this number is slightly
over 100 seconds.

The EPROM starts with its locations containing FF, thus
if the programmer presents just FFs to the EPROM, it will
retain its “erased” state. Even though each memory location
must be accessed during pragramming (many times in fact),
those presented with FF will remain untouched. Thus, a
black of the EFROM may be programmed selectively without
affecting the rest of the device, In fact, this is true of an
EPROM already containing any other block of infermation.
Contents of that block, whatever they may be, remain
unaffected by the programming procedure as long as FF is
presented to each of its locations during the cycles.

Indeed, a single bit in any given location can be set to
zero selectively by presenting 1's everywhere else during
pragramming.
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Fig. 2. The 2708 EPROM It should be noted that the machine described here is not
suited to the single supply 2716, nor types of EPROM other
Fig. 3. Program timing diagram than 2704, 2708 and the multi-supply 2716. The reason
for this is that the cycle-timing diagram requirements are
o IO W PROBRAN LOOFE — quite unigue to this family.
I . i Fig. 4 shows the hardware set-up of the programmer.
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Request signal is received. & Ready line, and led. on the
p.c.b., signals when the programming cycle is in prograss.

The RAM is held in the READ state, and the Counter
addresses RAM and EPROM sequentially, The RAM {which
holds the desired program) places the data on the Data Bus
and hence onto the input pins of the EPROM. The timing
control then waits a few micraseconds and switches the 27
yolt level on to the Frogram pin of the EFROM for 0-5ms,
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Fig. 4. Block diagram of EPROM Programmaer

-
COMPONENTS . . . Intagrated Circuits
na 7474
1c2 4024
IC3 4040
Rusistors 14 2708 or 2716 EPROM
ICS, ICE 2114 {2 off}
A1 Tk W IC7.1C14 7ALS244 (2 of)
e 1k ICB, IC13 7400 (2 off)
R3 &7 Ica 74123
2; ]ﬂ IC10-1C12 7415157 (2 off)
13 J3L05
RT 15k
RE Bk2 Sockets
R10.R12 10k (2 off) 14pin  doff
A1 33k 16pin  Goff
Al resistons | W 5% unless othewwise statad. 18 pin 2 o
20 pin 2 off
24 pim 1 aff
Capacitors .
C1.C2.Cd 470uF/25V alect (3 off) Miscellansous
C3,C5, C6 100uF/G3V alect (3 off) T Mains transtormer. Sec. 9-0-5V at 14
c7 1n ceramic &1 Double pole single throw
[ 100n ceramic Pinsg far through-board connaction
c3a 100 ceramic Double sided 0 156in. pitch 50-way edge socket
cig 33p elect Printed cinguit board
C11 upravards 100n Supply dacoupling
Constructor's Note
Transistors and Digdas
I D1 -Da THNA004 (4 off) Kit of parts, including double-sided, drlled and tinned p.cb
DS, D6 TNI14 (2 ot] (not plated-throughl, is available from: Modus Systema
o7 2 Zenar Ltd., Dapt. EP, 29a East Cheap, Letchworth, Herta.
Dg Any Le.d. 5G8 IDA. £37-30 VAT + p.p. inc. P.c.b. £8.45 inc.
TR1.TR3 BCS49 (2 off) The kit excludes T1_ 51, 1C4 and adge socket, but sockets
TR2 BCHED are included for allics
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Fig. 5. Mamory and switching of the Programmer. 51 ia in the " Program’’ position. Links are shown connacted for 2708

The cycles continue uniil complete and the EFROM and
RAM are then handed back to the MPU system for normal
use.
It should be clear then, that the role of the MPU system
hosting the process is to provide for the RAM, programs ar
data to be “burned” into EPROM. To this effect, the RAM
should be filled with FFs beforehand, so that any unused
RAM space does not affect the EPROM,

The RAM and EPROM form a normal part of the MPU's
address map, such that programs and data may be stored
in gither ar bath for running and use fr-site. The anly time
the memory is not available to the MPU is during program-
ming. When the tri-state buffers are switched off, the data
Bus of the MPU system is disconnected from the machine,

Fractical Electronics ecember 1979

Last month, in the final part of the COMPUEIT UK 101
article, “plug-in” methods of expanding the machine
utilising the upper part of the 2114 memaory were describead,
This is the most convenient method of attaching a pro-
grammer and is described next month,

POWER SUPPLY

The Power Supply Unit (Fig. 8} gives all necessary power
levels except for the + 5V which is usually available from the
MPU system. An external transformer with a secondary of
8-0-9 volts at 1 Amp is necessary for the PSU and may
be purchased from Modus Systems Lid., who can also
supply the p.c.b, and full kit
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Fig. 6. Powar supply

The full 18 volis is halfwave rectified to supply a regulator
for the 12 wvolt level, and a 9 volt winding is used for the
—5 wolt regulator. Plenty of power supply bypassing is
included on the p.c.b. and little rippling was detected on the
pratotype.

The 27 valt supply is formed by voltage doubling the 18
volis via D3 and C5. The unregulated valtage developed
across C6 is held at 27 volts by a Zener diode.

A note of caulion is applicable here. For safety, the link
LS should only be connected for programming, since the
valtage is quite sufficient to destroy all the .65 an the board
it accidentally bridged to nearby tracks. In addition, power-
up could place the programmer in the program mode, and
this would destroy the contents of an EPROM if in place.
A reset line is provided to stop the programming cycle at
any time, and a power-up reset could be automatically
applied by a capacitor and resistor in series if required. +5W,
—5V and + 12V are all necessary for normal operation of the
EPROM and none should be applied to the EFROM for any
length of time without the others,

Fig. 7. Program timing and control of the programmer
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The 27 wvolt pulse, in particular, must never be applied
unless the others are present exactly as required in the
timing diagram, and certainly should never be applied for
maore than 1ms continuously.

PROGRAM TIMING AND CONTROL

The circuit diagram of Fig. 7 shows the program timing
and address counter elements. The user {or his MPU system)
switches the Program Input {pin 3 of 1C1) to a “one”, This
latches IC1 on, until its Clear (pin 1) is set to Zero.

Q and O of ICT are set to ™17 and "0 respectively,
removing the reset level from IC2 and 3 and starfing 1C9a
timing. 20us later, O of 1C9a falls and starts |C9b timing via
its "A" input, which is sensitive_to falling edges. Program
pulses are sent out via @ and Q to Q1 and Q3 which are
part of the 27 volt switch, The 27 volt program pulse then
holds for (- 5ms,

Throughout the process so far, the outputs of IC2 have
remained in their reset state of all zeros. This address is
presented to the RAM and EPROM to Program Address O
in the EFROM. When the 0.5ms ends, a falling edge triggers
off IC9a again via its A input and a short time later, via
ICBe, RE and C7, the CLOCK input of IC3 receives its first
high-to-low transition. This causes an advance. The delay
allows the EPROM 1o settle fully out of the "program™ state.
This new address is then allowed to settle before 1C9a's Q
output falls and programming of the next address occurs,

IC3 is a 12-bit counter and pin 1 is its twelfth bit. Thus,
the addresses are cycled through four times before pin 1
suffers a high=to-low transition which advances IC2 by one
count. This chip is & 7-bit counter and pin 3 15 its seventh
bit, Thus the addresses are cycled through 4 = 2% — 266
times before pin 3 goes high which sets IC8d pin 13 10 a
"1, As soon as 1C9a has finished timing, pin 12 of IC&d
is set to a 717, clearing 1C1, and the system returns to its
guiescent state. The theoretical time, assuming accurate
pulse lengths, is thus (520us) x 273 x 2% _ 136 seconds.

A certain amount of leeway in timing has been included
to affset variations in programmer components and EPROM
manufacture,

USEOF THE MACHINE

The software 10 run the programmer should be in the
machine already. Any MPU systam must have routines for
accepting information from the wser. usually via a keyboard,
and placing it im any memaory location desired. By this means,
the RAM block may be filled with the necessary data by
hand. The only software necessary will be a small routine
to fill the RAM with FFs if the whole EPROM is not
programmed. Verification of EFROM contents is, again,
performed via the computer's normal system of reading out
data from any selected memory location, by simply reading
through the appropriate EPROM addresses, as with any
block of memory in your machine,

A short flow-chart to fill the RAM with FFs is presented
in Fig. 8. This can be written for any simple maching-code
based system and requires either one testable 16-bit register
far scratchpad, or two 8-bit locations to store an addrass.

The flow-chart will code into instructions more easily on
some machines than others. For instance, 8300 and Z80
both contain 16-bit registers and may be used with ease 10
discover when the last addrass in RAM has been set. SC/MP
and 6502 do not have this facility and checking sixtean bits
of information is a more invalved job. Howewer, any maching
is capable of performing the routine, and provided there is
a bus-structure available, interfacing in hardware and
software will be quite siraightforward.

Practical Eleciromics December 1979



As a final note on the above, it is possible to perform the Fig. 8. Flow diagram to fill the RAM with FFs
setting of RAM to FF by hardware. All the facilities for
stepping through memory exist on the programmer, and it
is just a question of keeping the EPROM disabled, the RAM @
in the write-state, the Bus buffers tri-state and all Data lines
to a logic “one”. This will fill the RAM with 1s as IC3 cycles

through once, .
Next month, the final part covers the rest of the hardware, Sﬁl%erAgg:E%S
p.c.b. layout, construction and hardware interfacing ta your IN SCRATCHPAD
system. L
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PART 2 A.A.BERK B.Sc.Ph.D.

‘I’HE EPROM programmer is a straightforward device to
add to any Bus-ariented MPL system, and this month an
interface is described for the Compukit in particular, and
other machines in general. A particularly simpla machine to
interface would be the KIM, for instance, since its "K' out-
puts provide 1K blocks of address decoding automatically.
The only other connections are Data Bus, Address Bus and a
single Read\rite line—again brought out to conveniant ex-
ternal connections on the KIM,
Also, the rest of the hardware of the programmer is
described along with Construction, Setting Up and
Troubleshooting.

MEMORY AND SWITCHING

As explained last month, 1C2 provides the cycling ad-
dresses for RAM and EPROM while programming. During
this time, the RAM places data 1o be “"burmned” an to the
programmer’'s internal Data Bus. It is essential that none of
this is allowed on to the MPU's Data Bus to cause a conflict.
Tri-State buffers (IC7 & 14) perform this isclation when their

lines are held at a logic 1 by IC13 as explained
below.

In addition, tha MPU Address Bus must be disconnected
from the EPROM and BAM while IC3 is cycling, and IC3's
counter addresses must be allowed through. This function is
performed by the salectors IC10, 11, and 12 when their pin
1's are held at a logic O by IC1. A zero from IC1 is also
allowed through to pins 1, 4, 5, and 13 of IC13 during
programming. This holds pinsg 11, 3 and 6 at logic 1. Pin 11
holds ICT in its Tri-State moda and the RAM in its “READ"
state to allow data out of the RAM. Pin 3 of IC13 holds IC14
Tri-State and pin 6 is unused in the program mode. The R/AW
line from the MPLU is alse ineffective during programming as
IC13a and IC13d are held with their outputs “high™ by the
abave, Finally. the Chip Select pins of the RAM are held
“low” by 1C1's Q output via IC10,

While the machine is programming, 1C9b produces 5 volt
programming pulses to be converted ta 27 volts for the
EFROM. TR1, TRZ and TR3 perform this function. While Q
and 0 of IC9b are at 1 and O respectively, TR1 is on forcing
TRZ on and TR3 is off. This connects the program pin of IC4
{pin 18] to the 27 wolt supply via R4, and TR2's “on
resistance. When the opposite condition holds, TR3 tums on
and TR1 and TR2 off forcing pin 18 of IC4 to Ground
through A4, B3 and TR3's gn resistance,

Using p.n.p. and nop.n. transistors (TR2 and TR3) in this
mode ensures that almost all of the current supplied by the
27 volt supply is used by IC4 and very little sunk to Ground.
AL no time (theoretically] is the +27 volt supply connected
to Ground via the output transistors. The only consistent
path to Earth is via TR1, which, with R12 and R11 in serias,
will draw something of the order of half a milliamp from the
27 volt supply. This is, of course. apart from the normal
leakage of TR2 and TR3 when off, and during the fast
change aver from off to on, which is at relatively low repeti-
tion rate,

Practical Electronics January 1980

EPROM REQUIREMENTS

The 2708 specifications demand that, during program-
ming, C5 {pin 20) be held at +12 volts. Thus, switch S1 is
connected to supply this as well as the 27 volt program
pulse to IC4, The difference between 2708 and 2716 are
catered for by links L1-LB. The 2716 must receive +12 volts
on pin 24 during programming instead of +5 volts, therefore
LY and L3 are replaced by L2. L7 is replaced by L8 so that
when 51 is switched out of program mode, +5 valts is again
applied to pin 24, Pin 20 is A10 and not C5 on the 2716,
thus links LS and LG are used to appl-.r a logic 1 or O to this
pin. to select one or other 1K half of the 2716. Pin 18
doubles as the €5 and Program pin, and hence. out of the
pragram mode, linking L4 supplies the ENABLE signal from
1IC13b.

Thus, during Program mode, the machine is disconnected
from all external systems. Addresses are generated internally
by the counters and fed to the EPROM and RAM. The latter,
being in Read mode, places data to be programmed on the
internal Data Bus which ig collected by the EPROM and
“burned in” over a number of progam pulses,

When IC1 is reset, the machine re-enters its normal
Read/Write mode. T of IC15 is at a2 1" and hence pins 1 of
IC10, 11 and 12 select the external Address Bus which is
then allowed to communicate with the RAM and EPROM.

The ENABLE line (pin 2 of IC8} must be low to select the
EFROM programmer, and the host microcomputer
generates this signal as a normal part of its address
decoding. The nature of the decoding decides which loca-
tions in memary the EPROM programmer occupies. When it
is selected, the ENABLE must go “low’™ which, through (CBa
and IC10, sets a logic 1 on pins 1 and 13 of IC13. This
allows the RW from the MPU system to gate a zero on
WRITE or READ (to IC7 or IC14) depending upon whether it
is performing a write or read aparﬂtuc-n respactively. During
READ, RAW is “high” which, via 1013, places a zero on
WRITE. This controls data direction through I1C7 and 1C14, If
the FAM is to be selected, either the MPU system or the
user must place a zero on the external A10 line—this
becomas a zero on CS to the RAM.

To select the EFROM, a logic one on A10 becomes zero
{via 1C13b) on the CS pin of IC4 as long as S1 is in the non-
pragram position. The MPU system may thus use the RAM
and EPROM as normal blocks of memeory. Programs may be
written ta, and run, in either,

LED INDICATOR

While programming, the lLe.d. on ICB is off, giving a
positive indication of the state of the machine, If the Le.d. is
off after power up or at any time, a zero may be applied to
the RESET ling via IC1 and the programming cycle stops. A
READY [and READY) signal is generated by the EPROM
programmer and may be used by the MPU systam to deter-
mine when the programmer is "BUSY". The positive-going
“Program Initiate Pulse”, via IC1, may also be generated by
the MPL system, or a push switch operatad by the usaer.
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month’s componants list is incorrect on thess two points

Fig. 2.3, Componant layout. Nota: RS la 390(]1, and 51 is & d.p.d.t. Last
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CONSTRUCTION

The machine has been designed for ease of construction,
All connections are made to the bottem of the board, except
for through-pins, and the odd discrete componant whose
lead may act as a through-pin. All i.c.s point the same way
and all external conneciions are labelled on the p.c.b.'s upper
surface. See Figs. 2.1, 2.2 and 2.3.

External wire links appear on the p.cb. only insofar as
they provide flexibility of options as described in the text,
and they may well be replaced by switches for convenience.

A good plan is to through-pin the board first. In general
pins will not push right through the board and they should
not be forced to do so. Push enough of the pin through to
connect the two sides of the p.c.b., solder both sides and clip
off the excess pin length. This produces a very neat aspact 1o
the board. The exception is for the externally connected pins
which may be left unclipped to facilitate solder or crocodile
clip connection.

The i.c. sockets should be inserted and soldered next,
followed by the discrete components, Make sure that
regulators, diodes, transistors and capacitors are connected
up correctly as shown in the component overlay diagram, or
permanent damage will result. The correct positioning of
transistors and i.c. regulators is indicated on the pebs
upper surface. Finally, insert the i.c.’s and turn to the set-up
and testing section.

INTERFACE

Imterfacing is a question of physically connecting wires for
Data, Address and Read/Write lines, and arranging the ad-
dress decoding.

A general interface with full MPU control of all lines is
quite possible but is a little inappropriate for the majority of
usars, hance Fig. 2.4 suggests a simple interface where con-
trol is mostly directed by switches.

A wwo-bit IO port on the MPU system could easily be
utilised to provide 1's and O's for RES (Reset) and PROG
lprogram initiate). A further line could accept the READY
signal from the EPROM programmer. However, most
systems will require an EPROM programmer reasonably
rarely and special software would be required for a fully
MPU-controlled machine.

Thus, the EPROM programmer reset line is connected to a
Ground switch and pull-up resistor, and the Program-Initiate
pin to @ +5V switch and pull-down resistor for hand use. A
power-up reset is also suggested with a capacitor across the
Reset switch. A 1K Address-Decode line is assumed here,
thus only AJ-AD are fed to the programmer and A10, again,
is set by hand to select RAM or EPROM. If a 2K or larger
Address Decode line is available this may be connected to
ENABLE and the programmer's A10 connected to the
MPL's A10 line: RAM and EPROM are then addressable
together.

If twao separate 1K decode lines are available {as with KIM
and COMPUKIT). then Fig. 2.5 suggests how they may be
connected to achieve the same result. Here, a zero on D1 or
D2 forces ENABLE to zero via nand gates a and b, If D1 is
low, then D2 must be high and gate ¢ receives two "1°s,
forcing A10 low which selects the RAM. If DZ is low and D1
high. then ¢ receives a logic 1 and a 0. This forces A10 high,
salecting the EPROM. A later section deals with interfacing
directly to the COMPUEKIT.

SETTING UP AND TESTING

Agsuming the EFROM programmer has been connected
to the MPLU system via Data Bus, Address Bus, ENABLE and
RAW lines, the correct links should be inserted for the
EPROM type chosen. Table 1 describes all the link options
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an the board. Of course, any or all of the links could be
replaced by appropriate switches if the links are to be
changed frequently.

L5 and L& must not both be connected simultaneously,
even momentarily, as the power supply will be shorted. By
uging L5 and LG, each half of the 2716 is programmed
separaiely, since the RAM holds just 1K of data and the
2716 has 2K. Connecting L1, L3, L7, excludes L2, L4, LB
and vice-versa. L9 is connected only far programming and a
switch in this position (as for LS and LG if 2716°s are to be
used) would be most advantagaous,

L10 should always be in place unless pin 1 of IC8 is
required as a8 further ENABLE input. This can be used to
simplify Address Decoding in some systems. In this case,
L10 is left unconnected and pin 1 of 1CBa connected to a
top-side pad of the edge connector for extarnal connections
via the edge socket. L10 is assumed connected in the
following.

Certain checks are worth making when first using the
machine. Make sure, before applying mains, that the secon-
dary windings of the mains transformer are connected
corractly—centra tap to the centra pin,

AT SWITCH-0ON

When first switching on, leave the EPROM out and L9
unlinked. Check the =5V and +12V supplies at the EPROM
socket. Check +27V at L9,

The 12 volt regulator may become very hot during use.
This can be replaced by a 1 Amp device at a very small cost
if the overheating is excessive. Similarily, R1 dissipates
some heat, and this can be replaced by two $W 2K rasistors
in parallel or a W 1K resistor if the problem is excessiva.

TABLE 1
LINKS OPERATION
L1, L3, L7 2708
L2, L4, L8 2718
LS Selects lower halfof 2716
L5 Selects upper half of 2716
L9 Supplies 27 volis 1o Program Pulse
gwitches
Lig Flaces a "1” on pin one of ICB. This is
normally connected—but see taxt.
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Meither of these modifications proved necessary on the
pratotype, aven after many hours of use.

If the Led. is off after switch-on, short RESET 1o zero
momentarily, If the light remains off, check tha + 5V supply
and then refer to the Troubleshooting section. Assuming
everything is okay. check that the RAM is working, by
Reading and Writing to it using the MPU systam’s monitor,
The RAM must be selected by connacting A10 to zero if the
MPU system does not perform this action automatically (see
the section on interfacingl. A small memary test program
may be written to check that information can be written 1o,
and read from, each location in the RAM.

If the RAM ocperation is satisfactory, check that 51 is in
the non-program position and plug the EPROM into its
socket, The EFROM should then be selected Dy ensuring
that A10 is at “one”. A test may be performed without
sacrificing the contents of the EPROM in the following man-
ner, The RAM should be filled with random data and sithar
the EFROM absent or 51 in the non-program position, Set
the programming cycle going by applying a positive pulse to
the PROGRAM line, The Address lines to EPROM should be
oscillating with AQ {pin B} changing the most rapidly, A1 [pin
71 at half that speed and %0 on up to A9 [pin 22). At the
same time, DO-07 should all be oscillating and R4 should be
applying 0-5 ms pulses at 27 volis to pin C of 51 with L9
linked. These are all necessary conditions for the correct
wiorking of the system.

PROGRAMMING

Ideally, the sequence of operation is as follows. 2708 or
2716 links should be selected as in Table 1, with LS or LG in
place if a 2716 is being used. A zero is placed on A10 and
the RAM contents changed to the selected data for
pregramming into the EPROM, |f necessary, the contents of
RAM may be checked—perhaps by running a program in the
RAM block. Parts of the EPROM which are to remain un-
changed must be presented with FF during programming
and tha corresponding blocks in RAM should contain FF, as
explained in Part 1 last month,

Check that 1 ig in the program position, link L9 and apply
a logig 1 1o the program line on IC1. The |.e.d. shauld switch
off for about two minutes. During this time, the EPROM is
baing programmed, When the programming cycle is owvar,
switch 51 back, take A10 to & “one” and check that the con-
tents of the EPROM have been altéred correctly. This may be
done in several ways, A very convenient method of such
varification is 1o write a program which compares the
EPROM contents byte for byte with the contenis of the
RAM. ar some “mirrar” of the RAM contants in the MPLU's
RAM. An Error message could signal any disparities which
may arise. Alternatively, if a program has been stored, it may
bmix run dim-sitw im the EPROM,

L9 should be removed for safety, as soon as programming
has finished.

TROUBLESHOOTING

The test given in the above section is a good one for
checking that counters, address switches and the 27 valt
switch are all working, as well as the RAM itself,

If reading fram RAM and EPROM or writing to RAM is not
occuring, check connection between MPL and pins of IC10,
11,12, 7 and 14 with a continuity tester and check that,
while out of program made, address information is passing
through to Address pins of RAM and EPROM. A similar
chick may be made for data on ICT and 14. An oscilliscope
i5 helpful in troubleshooting, and will normally narrow dewn
the fault very quickly o a poorly-soldered joint. missing
componeént or a solder bridge,

IC13's connections, particularly, should be checked very
carefully throughout the system with a continuity tester, as
this component forms a major link in the control of the
machine.

If the programming cycle is not even starting, check that
IC1 can be turmed on and off by PAOG and . Check
the connections to IC9, whare all the clocking information is
generated, and check for appropriate length pulses on pins
13 and 5. Do not be alarmed if the 20ps turns out to be
30us or the 0-5 ms is +10 or 15%.

If thiy ¢yeling is occuring but never stops, check that IC8e
is connected correctly and read through last month's ex-
planation of the working of the Program Timing and Control
sactions,

The wsual theme for troubleshooting is to start at the
clock, make that work and follow it right through the system.
Again, & ‘scope and a continuity tester are vary important,

COMPUKIT INTERFACE

The EFROM programmer has been designed, in part, to be
plug-compatable with the Compukit, and this section
describes the actual connection necessary.

As in Fig. 2.4, connections for the Data Bus, Address Bus
(AD-A9), AW Line and ENABLE line must be provided fior
the interface. The first three groups are quite
straightforward, The ENABLE line, howevar, varies from
Sysiem 1o systam.

The EPROM programmar, illustrated in Fig. 2.4 acts like a
1K block of RAM or EPROM, depending upon the state of
ATD, That block of memory must be inserted imo the
memory map of the MPU system and only enabled for the
appropriata 1K of Memory Addresses. The KIM has a set of
outputs {called K cutputs) used specifically for this purposea
ef “slotting in” external blocks of memory.

ik £i
e N,
5:!17:: v B

AB._W
EED

Fig. 2.5 Enabls decode for Compulkit and Kim

)
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If &8 machine does not provide those external address-
decoding lines, it iz usually possible to replace an internal 1K
block of Memory with the external block by using the inter-
nal block’s dedicated Address Decoding line. This techinique
is used on the Compukit. IC38 and IC52 on the Compukit
ara ramoved from their sockets and the EPROM programmer
plugged into their place. This places the memory of the
programmar in the address block: 1C00 =1 FFF. Of coursa,
any of the 1K blocks from 0400 onwards may be used, but
this will restrict the BASIC workspace. 0000->03FF may not
be used as this provides scratchpad far the COMPUEKIT s
monitor program. Fig. 2.5 ghows the Connection diagram for
the above interface,

The Programmar's +5V power may be supplied by a
Compukit with improved regulator heat-sinking. Two d.il
plugs and ribbon cable are most conveniant for this link up
and the cable may be soldared 1o an edge-connector sockat
which is plugged into the programmer's edge-connector
surface. This forms a very neat job and allows instant
unplugging of the devices when not in use.
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The Addross Cecoding RST B supplied by IC3E's sockat
in Fig. 2.6, as i 1ha BN line snd Address Bus. Ondy half of
thve Data Bus Is available af 1C38's accket, hancs the con-
Ao o 1052 s sochiat. Use of the machines i3 guile simple.
ATD s st o a low lavel to seledt the RAM gnd the program
gadich is off. RESET s brought low i tha Leud, is off and the
frdehinl i rabdy Tof usin, (Chaek than L0 i connected],

H soma of the EPROM s o remain enprogramimsd, a
hon BASIC progrm ik weithen 10 Gl sddsassas 1000 1FFF
wiith FF Dalone tha FAM & filled with a block of information
to b= siored in the EPROM, A progrim i given Dalow Tof
thig process. The only poind 0o remamber s that all ad-
deeasas and data are in decimal in BASIC,

13 FOR | = 7188 TO BT
20 FOKE |, 266
30 NEXT

This can ba checked by replacing Bne 20 by:
Z0 IF FEER{] = >ZI55 THEM FRINT I

Ay hecations ot cortainirg FF (255 in deimal] will b
fosnd and 1heir pddrosses pricded owut on the scresn. The
erased EPROM may bo chechssd By laking A1Q “high™
|z salicts EPFRDM] and running this program.

Tha AR may now be Blesd with binary Shesmatan aithar
by masaning the Compukit ard using “M° o enter the
maching code monitorn, oF by uiing the Compukit's powerful
axtgeded meching code monioor.

To program tha EFROM. LB ia csnngcted, 1tk program
swiich {51] theoreen, amd PROG beowght high momentarily.
When the Le.d. comes an again, gwilch 57 back, reemowss 59,
Beitig A 10 1 @ high ksl and raad tha EPROM theough to
chack the contents

If Fig. 2.5 hid bbbn wed 10 eplecs the upper 2K of
mamaony with the programmees, the EFROM and RAM may
be rand and companed directly by tha Compukit to werify
EPROM contents. The conmecticns for shie would reguss
IC3T ared ICST 10 e rernowed and RSE (pin 8 of either
sockot] would be cormected 1o T2 (Fig. 3L B1 would be
conniched 16 AST (g 8, of IC38)L. Tha RAM would than
reside af sddrosses 1000 -=1FFF and 1the EPROM ai ad-
depidad 1800 = 18FF [DECIMAL & 144 =T18TL

Tha fellewing progreem woulkd chock EPAOM againet Ram:

10 FORI=3TO 1023

20 IF PEEE (8144 =] < > PEEE {7188 +1)
THEMN PRINT 67343 1]

30 MNEXT

This will print out thots sddresses in EPROM which disagres
with thia RAM coelems.

TABLE
Sl EFACMW F urezthan
programm signals
a0 HIGH lrwwl nalpcta EPFROM
LOAW seloces RAM |
RESET LOWY pasdss sinps programming Sycls
PROG HEGH peglia inltiates progiamming
e [55=_ ]
[ NAHLE LY teseed salacin PR or EPRDM
dependng wpon Al
READY LA lanrill cutput Troes hisin implies
Iortputd progiamming Cycle has siopped—
Ll b % corsiition
READY irveree of KEADY line
[artpat]
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Fig. 2.8 Interfecs fos Commpakit

If this oocwms, the AAM should be ehbdied 1hecugh Tor
correct deta and 1he EPROM reprogrammed. M o few un-
raliced locations remain unprogramenad. tham sithar tha
EPROM was not fully araied of the chip & faulty. IF many
laentions Enk incormecd, the programeman’s oparation muis be
suspached,

fudding the programimer to the Compukit. a4 in Fig. 2.6,
doas nok in any wiry mestict the Compulidt's memory, as 1K
al RAM is still available in the programmer B0 rdrmal uss.
This 1K of MAM, howeesr, Ris 1 sdded sdvaniage that fs
ehntenty may ba siored permarsnthy.

ERASING

Eraswre of the EPROM cordiits of ghinahg & srong LAHre
Wiglat Eght 1hepusgh tho transparend guartz window in the
package's upper surface. Short wivie UV s reguined (asrournd
2500 Angatrom undts] and exposure time vacdes from B
minubes B3 @i hoar of Mo, depanding mainky upon LY
incensity. A medicinal “sunray” Bght has bean Tound o
parfarm srmagurs guile aftectively, nnd soms experimaentation
for af g 1ime is aasential

Eracess may alsa be parchaded and favacal are pdvariised
in this megarine, In sdditipn, PE has published an EPROM
arnse [June TA7H) as part of the CHAMP ariclas and 1his
wiould be 80 excollent ingspensive altamative.

CONCLUBION

For many yesm, the problem of non-volatle mamong
atorsgs has boean solved by medias such as paper-tape, diss
and cassotios. Those maedia’ are &lill impeethnt Tor mass
shorkge. Hewsinear, 1he coming of Micros has led 1o the need
for pmanant afferadde storage of small chpacity, This need
Is satisfied by the 2TOR family and tkas EPAOM progremmer
dgcribad hare i an ineapansiva, but highthy Naxible rmsnngr,

In additicn, aryona atempting the devalopment of an
BAPU sysiem From scraich, may use anathar system plak the
programenes 1o produce the all<imporiant and previously
slusve Sywiem Monlior reguired by any macking vwitin 5irst
poerad up,
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