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-PROJECT: EPROM Programmer |

upg

Make programming even exotic EPROMs easy with our
raded Universal EPROM programmer. Mike Bedford

(hardware) and Gordon Bennett (software) produce a software-
driven version of this invaluable device in both upgrade and seli-

contained form.

s far as the world of micro-
electronics is concerned, a
78 lot of water can pass under
the bridge in 18 months. in August
1983, a design for a universal
EPROM programmer was published
in ETI and, as its name suggests,
this piece of equipment allowed
virtually all the common single
supply EPROMs to be programmed.
At this time the largest device avail-
able was the 27128, only prelimin-
ary data being available for the
27256. In the intervening period
the 27256, 27512 and 27513 have
become available and since they
use a different programming volt-
age to the previous devices may
not be programmed by the original
programmer. The 2764A and
27128A have also made an appear-
ance, these being lower program-
ming voltage versions of the 2764
and 27128 respectively. This being
the case, it seemed appropriate to
introduce a Mkll version of the
EPROM programmer to support
these new devices and at the same
time make some other improve-
ments, We have produced-an-up-
grade board to allow existing users
of the Mkl board to enhance it
and also a single Mkll board for -
. those without the earlier board.
The MkII Universal EPROM
Programmer is capable of pro-
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gramming a comprehensive range
of single supply EPROMs varying
in size from the 2758 to the 27512
and 27513 and inciuding the 27-
series, 25-series and the Motorola
68-series as well as a number of
FEPROMS. In addition it allows the
2764 and larger devices to be pro-
grammed by the intelligent pro-
gramming method hence reducing
programming times drastically. All
supply voltages have been made
switchable under program controls
so there is no need for a switch on
the programming console. Two
LEDs have been provided to indi-
cate the current status of the pro- -
grammer — in particular whether
or not it is safe to remove the
device, A modification to speed up
EPROM reading has been made
and, as a final enhancement, it is
easier to set up since the adjust-
ment of the programming voltages
has been made much finer and the
potentiometers are now more
accessible when the board is rack-
mounted,

In both versions, the program-
mer is fully programmable and
everything is controlled by soft-
ware, It is designed around the

Tanbus specification which means

that it should be an easy task to
interface it to any 6502 or 6809
based system and users of a -

Tangerine computer will be able to
plug the programmer directly into
the system rack.

New Devices

Before describin% the new pro-
grammerit is helpful to outline the
advances in the realm of EPROMs
which have made this upgrade
necessary. Table 1 shows the pin-
outs of all the devices which are
supported, A similar illustration
was included with the original
article showing how standard pin-
outs made designing a universal
programmer relatively easy. The
new devices conform to the same
standard and also have JEDEC pin-
outs,
This family of devices must
now include the largest single
page EPROMs which will be used
with 8-bit processors, as the capa-
cityof a27512 is 64K bytes — In
other words, it occupies the entire
memory map of an 8-bit system.
The 27513 has the same capacity
as the 27512 but the memory is
organised differently having 4
pages of 16K bytes each and 4
therefore representing the first of a
new class of devices — paged
EPROMSs, To specify the page to
be accessed a write operation is
Berformed. The least significant 2 9
its of the following data word
3s




then specify the page number.

The major factabout the 27256
and 27512/2513 which makes -
them incompatible with the
original EPROM programmer is
that the programming voltage is
12.5V. This foltows the trend of
decreasing programming volta%es
as the capacity Increases-and the
silicon die size decreases, the
devices up to and including the
2732 using 25V and the 2764 and.
27128 using 21V. In addition, ver-
sions of the 2764 and 27128
which also use the new 12.5V Vpp
have been released. These are
known as the M2764Aand
2712BA, o

Intelligent programming is
possible on all devices from the ' -
2764 upwards. [n this case, 1Tms
programming pulses are applied to
the EPROM until it verifies, at
which point a further pulse is
applied. This contrasts with the-
standard programming method in
which a 50ms programming pulse
is always used, As the larger
EPROM s are introduced, intefligent
programming becomes increasingly
desirable, It can reduce program-
ming times from almost one hour
to about eight minutes for the
27512, o

Intelligent programming
requires the supply voltage to be
raised from the normal 5V to 6V~
during the program ming cycle, a =
facili‘tjy not available-on the Mkl
board. A différent programming
time reduction method has been
introduced on the latest version of
the Texas 25 series devices and -
_ on some manufacturers’ recent
27328 and 2764s, These devices

The console of the programmer.

standard 50mS pulse.

Another facility introduced on
some of the newer devices is re-
ferred to as ‘intelligent identifier
or ‘auto select mode’, After apply-
ing +12V to A9, where this facility
is available, one ot two bytes may
be read out depending on the
logic level of A0, These two bytes
contain codes identifying both the
device type and the manufacturer,
It was decided not to implement
this mode for two reasons, Firstly,
the facility was designed for indus-
trial production programming .
where the process is often carried
out by those with a minimal -~

use a fixed length programming
pulse of 10mS rather than the -

knowledge of electronics, By con-
trast, the home user will prok ably

be clear about what device typels:
being used. Secondly, not all de-
vices include the facility, and it s
reasonable to assume that apply-
ing +12V to A9 of EPROMs with-
out intelligent identifier will be
detriméntal, In an environment in

“which all devices from the'2758
upwards are to be programmed,
the provision of the feature will
increase the likelihood of destroy-
ing EPROMs. '

The price of EPROMs has been
influenced by the fact that quartz:
windows could only be fitted in
ceramic packages. Recent advances
now allow a seal to be
made between quartz and plastic
and, as a result, some manufac-
turers are releasing EPROMs in
plastic packages ata significant
cost reduction, Over the past few
years, the price of EPROMs has

already reduced to thé point where ‘

they are comparable to the price
of ROMs. Since a large proportion
of the remaining cost is due to the
quartz window, manufacturers have
also started producing EPROMs
without the quartz window at an
even lower price;

The lack of quartz window
means that these devices cannot -
be exposed to ultra voilet and
erased. They are referred to as pro-
duction EPROMs or OTP EPROMs .
(One Time Programmable). Since
these EPROMs are electrically
identical to standard EPROMs, -
they are programmed in exactly -
the same way. . '

Some EPROMs are now avail- -
able not only in the standard 24 or
28 pin DIL (dual-in-line) packages:
but also in the newer, smaller,

LCC (leadless-chip-carrier) pack- (

ages which have pins'spacedat -~
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Table 1 Pin-outs of all devices supported by the programmer.
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2664 | AG Ajl"_tn vep | vee| CE2fvee)-,
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Table 2 Pin-outs of all LC

C devices which could be

supported by the programmer,

‘currently available in this package.
series devices differ from each

this configuration more than in the

consider programming only the 27

tionorto
ferent soc

taken to mean UV erasable ™,
Tated family of devices — ¢

read-only memories, kriownas ™

0.05” on 4 sides of a rectangle and
so allow a much greater PCB pack-
ing density. Internally these devices
are identical to conventionally
packaged EPROMs and as a result
the programming requirements are
the same, To handle them, the
EPROM programmer only needs
to be provided with a difterent
socket on the console, Table 2
shows the pin-out of those devices

it should be noted that the 25
other and the 27 series devices in

standard DIL Fackage. Accar-
dingly, it would be advisable to

series EPROMs in LCC configura-
rovide a number of dif-
ets. .~

Similar Devices -

The term EPROM is usually
PROM, but there is a-closeiy}-ﬂr?;,;; '
slet ™
trically erasable programmable-: . .
EEPROMSs or EPROMs, At the
time of designing the original pro-
grammer, the extra complexm' in-
volved in supporting EEPROMs
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was not considered justifiable in
view of their high cost. The price
of EEPROMs has not dropped
drastically and they are, therefore,
still quite rare among home com-
puter users, But numerous enhance-
ments to these devices have been
made which simplify the program-
ming and accordingly they may be
supported by the Mkll programmer.
The fact which complicated the

_programming of the original Intel

2816 (2K x 8 EEPROM) was the
fact that it used a 21V program-
ming voltage which had to be
shaped by an RC circuit to give an
exponential rise. the next develop-
ment still used 21V for program-
ming but the waveform shaping
requirement was relaxed, the only
restriction then being on the fall
time of the Vpp pulse. The latest
EEPROMSs don't even require a
high programming votta%e,»interna[
circuitry generating this from the
+5V supply, In addition, there are
now some devices which support
these very latest programming
technigues but are compatible
with earlier.devices, accepting
either 21V or TTL programming
tevels, . : _

EEPROMs have also developed
in the method of programming,

On the first devices, a byte could
only be programmed if it were first
erased, either by writingan .~ -
FF(HEX) to that-byte ot by using -
the complete chip erase facility. - -
On the more recent devices, bytes
may be directly re-programmed
without the need for erasing first. ..
Programming times and the num- .
ber of programming cycles have -
also seen improvements. The first
2816 required 10mS$ programming
pulses whereas some of the newer

- versions will programme in 2mS -

per byte. The technology used in
EEPROMs, HMOS-E FLOTEX cell |
design, has an inherent limitation .
on the number of programming = -
cycles. The original EEPROMs had
a lifetime of 10,000 cyclesbut1
million cycles is now not uncom- .
monly quoted. W

Unfortunately, there isn't the i
same degree of standardisation -
among EEPROMs as with UV ‘
EPROMs, Although a 2816 is
always a 2K x 8 EEPROM, different
manufacturers’ devices with this
number may represent a number
of different points within the pro-
gression outlined above. In addi-
tion 2816A, 2817, 2817A and
5213 are variations on the same
theme by various manufacturers,
Because of these complications,
we won't give a list of EEPROM
type numbers which are suppor-
ted by the Mkl Universal EPROM
proErammer. it will, in fact, handle
all those 2K x 8 devices which fea-
ture TTL level programming, Some
8K x-8 EEPROMs are also becom-
ming available — for example, the
2864 and 52B33. Where these are
ptogrammed by TTL levels, they
may also be supported by the
MKII programmer,

Mark 11 Board —
Hardware

This section refers to either the
Mkl EPROM programmer or the
Mk! with the addition of the up-
grade board, the hardware of
these two configurations being
identical with one exception. The
Mki board has 4 x 6821 PlAs, of
which 2 are used by the program-
mer for control functions leaving 2
free for general use. The Mkl
board utilises 3 PlAs for controlling
the programmer, the 4th having
been omitted in order to fit the
extra circuitry onto the PCB. The
up;rade board makes use of the
3rd PIA on the Mk! board but does
not, however, affect the 4th-one
which means that this configura-
tion gives a spare PIA, the true
Mkl board not having this facility.
(See 'How |t Works' for part
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register is selected, setting @ 1toa
bif in this register selects the’
corresponding bit in the 1/O port =
to bean output whereas ag. -
selects the 1/O port bit to be an
input, N

them. This happens where a par-
ticular pin can take eithera logic
tevel or a Vpp yoltage. in suc
cases, although this wouldn't nor-
mally be required; it would not be
harmful to set both bits high at the
same time since the two corfes-.
pondin outputs aré isolated by

- use of diodes. ' _

Finally, in the 6821 PIA, the
data direction ré isters are double
addressed with the corresponding
1/0 port register. Bit 2 inthe '
appropriate contro! register deter-
mines which of these two registers
actually will be addressed, 2 1
selecting the i/O gort register and -
a2 0 selecting the i
register. Once the dat

Table 3 is a memory map of the
Mkl Universal EPROM Program-
mer in which the function of eac
bit is outlined. Some bits control
certain functions such as Vcc an
Vpp voltage jevels, the majority,
however, control the signal evels
on various pins of SK3,the EP OM
socket, Forall bits connected to
SK3, except those marked Vcc or
V;l)p, writing a 1 wili set the pin fo

ogic high, whereas writing a 0
wili setittoa logic low. For the Vcc

e Upgrade Board —
Construction -
Construction of the upgrade

poard for the Mkl programmer is
straightfonward'and no special
comments need to be made, Inter-
facing to the main poard and sett-
ing up do require explanation. The "
procedure is as follows: -~ ‘

the currently selected Vec of Vpp
volta%e and a 0 sets the pin to OV.
1t will he noticed that gome pins.
have more than oné bit controliing

A. Remove the regulator 1C1 0
from the tain board. This may be
re-used as 1C1 7oriCi3on the
upgrade board. L. C
B. Remove R4, RS and’C1 from the .
" main board. RV1, RV2, RV3, Q3, -
Q4 and R6 may also Pe remove it
required. s
C. Remove SW1 if fitted to the
oo SRR 0 main PCB or if not fitted remove
REGITER & : the two wire links in its ptace. i
~ D. Remove D1 on the main board.
E.Add D3 to the main hoard, con-
necting the cathode to SK3 pini
and the anode to iC9 pin 9.
F. Replace C5 (10n) by 100non
the main board.
G. Physically fix the upgrade board
to the main board by use of three
plastic bolts. If the fixing holes
marked on the upgrade board are -
~used they will allign with ‘track-
tree’ areas Of the main board. The
hotographs with this article-
lustrate the means of inter-
connection. ' "
H. make the connections between '
the two boards as shown in :
Table 4. S -

DIRECTION |

{c NUMBIA
ACGISTER
ADDRELS
QFFSET

U pATA

o

coNTROL —
1C3 azcsTEAr LA DIRN A

1-FOAT A

i rr

T
cd pIRECTION 2 v
REGISTER B

CONTROL 3
REGISTERE ~ [[=:4

PORT A
TA

DA’
ICB  pirecTioN
REGISTER A

QUITFLT/
4 Veeur

CONTROL
e S2iena B

o
b
168 maect §  ouTRIT

o i
REGISTER 8 e Ly

SELEET

¥ AND HOT (VP
P21V} @ VPP

ROT (Ve +E 2 HZVED
AND NOT P 25V SELEET

RN B
1FORTE

. conTROL —
IC8 ‘meGISTERE T .

e
c? DIRECTION

NUSED BY ERPROHW PROGRAMMER
AEGISTER A -

u
AVAILABLE FOR GENERAL UsE VIASK2 (OH MK1 BOARD)

- UNUSED BY EFROM PROGRAMMER
AVAILABLE FOR GENERAL UiSE VIASK2 [ON MK1 BOARD)

CONTROL ¥
ic? REGISTEA A 8

FORT BS
ATA

DRECTICN
AEGIHTER B

CONTROL g
REQISTER B

~OTEL

N CASES WHERE WORE THAN 1 FUNCTIN IS GIVEN FOR
AP TICULAR BT TRE ACTUAL FUNCTECN DEFENDS ON
wricH OEVICE TYFE IS BEWNG USED. DETAILS MAY BE
FOUND IH FIGURE ¥

olype of't_he upgrade

Anearly pr

Table 3 Memory map of the programmer.
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J. 1f using a programming console . UPGRADE BOARD CONNECTOR - MAIN BOARD DESTINATION
remove the switch, connecting the c/ 1 ' IC7 PIN 14
two wires which this interrruped C/ 2 {C7 PIN 13
directly to the appropriate ZIF C 3 IC7 PIN 12
socket pins and-add 1 greenand 1 : C/ 4 . ICBPIN 17
red LED which are wired to con- ¢/ s IC8 PIN 15
nector A on the u#:)Frade board via a8 ICB PIN 16
a4-way cable as follows: c; g ISR
A/1  Green LED anode - R - 1C7 PIN 10
A/3  Red LED anode , B/ 1 " IC11PIN 1
A/4 Red LED cathode B/ 2 NO CONNECTION
L : : ‘ B/ 3 . SK3 PIN 28
K. Installation is now complete B/ 4 O/P (CENTRE) OFIC10
and Vcc and Vpp voltages need to B/ 5 ' SK3PINT,
be set up as follows after first tem- o gﬁ 6 _ OVS(:(CS:T;”Z'?Z”)
ggé&tl(r)t'[ycr_emoylng the wires to con L B/ 8 o +5V (1C11 PIN 13)
1. App.ly +5V:to C7 only and Table 4 Connections between the upgrade board and the original programmer,
adjust RV4 to give +5V on B4. ' :
2. Apply +5V to C6 only and
adjust RV5, to give +12.5Von
B4, - : .
. 3, Apply+5V to C5 only and
adjust RV6 to give +21V on B4.
4, Remove +5V from C5 and -
adjust RV7 to give +25V on B4,
3. Apply +5V to C4 only and
adjust RV8 to give +5V on B2,
4, Remove +5V from C4 and
adjust RV9 to give +26V on B2,

1 130V VP: VpalsW) : | Voo VeelSW isy gy
B- 85 B2 B3 B8 BE

it R
T 1ok
Vg ON CBO—AAAA

Vpp ON €3 O——ANAA
R18

|~

10k
N
-l e g louT
£11
) = ci3 {ADJ
.m" 160n
R22
”'J; 2408
RVS

] 220R

220R
NOTE:

525}92 R30 :g}i,:3= LIA3TZRP )

B2 Q9,11,13-21,23,2 =BC184L
€10,12,22 = BC214L
D145=0A01 .
' {SEE TEXT FOR MODIFICATIONS
Vpp+5 €7 TO MAIN BOARD) _
) R3Z 4%7
Vpp +125 C6 Q16 ]
4BV
Vpp 421 €5 0——'\1‘\;:\3/‘

&7
13 is Ia
Vep 15 08 Oma=AAAA 1 !
R34
47 RS0
12K
AED LED gg 10 1e14
: R42
w2 ~
' 3[ 1] iz
GREEN LeD I c18

c3

. I ; 4n7
L

BE DRIVE C10>
VpplPIn 22)
.DRIVE -

10

Fig, 1 Circuit diagram of the upgrade board (note component nimbering).
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HOW IT WORKS
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PARTS LIST

Readers should note that the compo-
nent numbers on Fig. 1 — the upgrade
board circoitdiagram — do not startat 1.
Instead they follow on from the compo-
nent numbers on the main Mkl board.
The following description assumes a
knowledge of the workings of the Mkl
board towhichtheupgradeboardiscon-
nected and a description of which may
be found in ETI August 1983,

The upgrade board supplies Vpp
(selectable to +5V, +12,5V, +21V or
+25V), Vec (selectable to +5V or +6V),
a replacement driver for OE {the active
low ouiput enable line) and drivers for
two LEDs, The old part of the Vpp cir-
cuitry which generates an unregulated
430V by use of a 78540 has been re-
tained. However, the regulator consist- .
ing of aLM317MPand aresistor chain, in
which portions of the chain could be -
switched out by transistors, has heen
replaced, The new regufator is similar fo
the one on the Mk} board but differs in
two respects, Firstly each variable resis-
tor in the chain has a fixed resistor in
series with it, hence giving a more
accurate means of setting up the volt-
ages, Secondly an ex{ra resistor portion
and fransistor have been added to allow
the +12.5V programming voltage to be
selected. This regulation circuit com-
prises 1C12, Q13, Q14, Q15 and the
associaled passive components, An un-
switched Vpp s passed fo various Vpp
switches on the main board, Transistors
Q9 and Q10 provide a switched Vpp
whichreplacesthe supplyto EPROM pin
1, previously switched manually. 1C14
and its asseciated components form a
second step-up circuit providing a +8V "
supply which is regulated to either +5V
or +6V for Vcc. This regulafor circuit is
built around IC13 and is a similar con-
figuration to the Vpp regulator, Transis-

- tors Q11 and Q12 provide a switched

Ve supply which replaces the original,

- manually switched supplyto EPROM pin

28,
It should be noted that the Vcc supply
fo pin 24 on the EPROM need not come

- from this circuitry as no 24pin devices

feature intelligent programming, so
+5V will always be used.

On the original hoard a 10nF capac}-
tor, €5, Was connected hetween OE/
Vpp onpin 22 of the EPROM socket and
0V, This was a compromise between the
100nF suppression capacitor actually
specified in the 2732 data sheet and a
value which wouldnt slow down logic
edges too much. On the new circuit the
recommended 100nF capactitor is used
but legic signals are not significantly
slowed down as aresult of the Q271/Q22
combination which provides a high

. current OE signal capable of charging

the capacitorrapidlyand Q24 whichpro-
vides a loglc Tow signal bypassing the
suppression capacitor. Capacitor C5
should be changed on_ the original
board,

Translstor Q23 provides a NOR func-
tion, furning Q24 on when neither of the
signals driving EPROM_ pin 22 are
present, )

Transistors Q17, Q18, Q19 and Q20

- ’simply form two darlington drivers with

built-in current limiting resistors to drive
two LEDs indicating programmer status,
In addition fo the extra circuitry on the
upgrade board an extra diode, D3, is
added to the main board. This Is to pro-
vide the extraaddressline A15 to pin1 of
the EPROM socket, the diode heing
required toisolate it fromthe Vpp supply
which can also be present on this pin,
Thisdiode --an 0A91— should befitted
between SK3 pin1 (cathode) and IC9 pin
9 (anode),

! NbCEKYDE
©|

| bBOCEVINNES N

Y

B8 Pt e

DB

RO

i

‘ Eadi
1o yordannoa -

9 40.LdgNNaD

r YYYev e

a‘lﬂm‘dmm&lﬂNu

Fig. 2 Overlay diagram of the upgrade board.

RESISTORS (all %W, 5% unless stated)
R17, 18,35,37,43,
45 10k
R19,22 240R
R20,23,44,46 1k0
R21,24 100k
R25,29 560R
R26,27 1k2
R28,36,38 470R
R30 82R
R31,32,33,34 4k7
R39 OR22 W/W
R40 12k
R42 2k2
R47 120R 1/2W
RV4,8,9 220R vertical min
preset
RV5,6,7 470R vertical min
preset
CAPACITORS -
C5 {replace on 100n ceramic
main board} e
Ci1,13 . 1000 ceramic
C12,14 1u tantalum
C15 100 16V axial
' B electralytic
C16 4n? polyester
SEMICONDUCTORS
iC12,13 LM317 MP
1C14 78540
Q9,11,13,14,15,16,
Q17,18,19,20,21,
23,24 BC184L
Q10,12,22 BC214L
D1,D4,D5 0A9
D3 {fit on main :
board) 0A91
MISCELLANEOUS :
L2 31uH; 13 turns 22
' - SWG on RM6 pot
) core (Al=250)
Connectors A,B,C 0,77 pitch right
: angled molex
connectors, 4,9 and
8 ways respectively.
PCB, three plastic bolts and nuts for
attaching to main PCB.

—
B

— BUYLINES _____

All components are standard, The
biggest problem may be in finding a 28-
pin ZIF socket. These are supplied by
Watford Electronics and Technomatic.
Electrovalue and Maplin will supply a
OR22 wirewound resistor and Elec-
trovalue will also supply the RM6 pot
cores, The Molex connectors are sfan-
dard infer-PCB connectors and the Euro
connector for the Mkll board likewise.
The version of the LM317 you should
lookforisoneinaTO 202 or TO 220 case
-a317 Mor317 Twill doifyoucan’tfinda
317 MP. All semiconductors should be
available from any supplier with a good
stock' - Technematte, Rapld and TK
advertise the IM317 T, Waiford adver-
tises all the other ICs.
m
Over the next two months, we'll he
dealing with an entirely self-con-
tained version of the Mkl and with
the software to drive the upgrade.
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Following on from last month’s article which covered the
theory and described an upgrade modification for existing

rogrammers, Mike Bedfor

and Gordon Bennett describe an

improved EPROM programmer for those building from scratch.

E nlike the Mk! board, the
MKII board has been made
double sided to cope with
the greater component density. in
order to keep down the costs,
plated through holes have not
been used which means that the
first task to be carried out in build-
ing this project is to insert pins into
all the holes marked as such on
the component overlay diagram,
soldering them on both sides of
the board, After having carried out
this through pinning, the
.construction is quite straightfor-
ward, One point worth noting is
that component {eads are some-
times relied upon to make a con-
nection from one side of the board
to the other. This means that ifa
component lead passes through a
hole with pads on hoth sides of
the board, the lead should be
soldered to them both,

The MKIl board will be used in
conjunction with a programming
console housing a 28 pin ZIF (zero
insertion force) socket and 2 LEDs
(see photograph). The 2 LEDs on
the console connect to the main
board via a 3 or 4 core cable con-
nected to SK4, the anodes being
connected to A1 and A3, the
cathode of the green LED to A2
and the cathode of the red one to
A4. The ZiF socket is connected
via a length of ribbon cable and a

ETI JUNE 1985

28-pin DIL header to SK3 on the
main board on a pin to pin basis. It
should be noted that the DIL
socket SK3 is the “wrong way
round” with respect to alfl the DIL
ICs on the board and accordingly
care should be taken in plugging in
the ribbon cable to the console, A
0.1uF capacitor should be connec-

OOPSI__

ted between pin 28 and pin 14 on
the ZIF socket. '
Construction having been com-
pleted, it now remains to configure
the board to reside at the required
address and to set up the various
Vcc and Vpp voltages. The
addressing is determined by the
links, LK1, which are wired into a

Since the appearance of last month's
article, a problem has come to [ight
regarding the programming of 27512
EPROMs.

The problem occurs when using the
fast programming algorithm with the
27512 and results from the necessary
sequence of operation adopted in the
software, The OF line is held high until
dropped to access the EPROM for
reading and the CE line goes low as soon
as the programming voltage is removed
from the EPROM, .

But on the 27512 the OE line is also
the Vpp select fine and so, although this
line is set low by the softwave at the
correct time, the combined line is still
held high by the OF bit untit itis time to
read the EPROM. This is because the
hardware combines thesetwolinesinan
OR gate. The effect is to hold the 27512
in programming mode for an extra 300
micro seconds at a time when, although
‘the address and data busses should not
be varying, the programmer itself is
changing from program to verifying
mode. Itis quite possible that this would
cause no ill effects, but it is undesirable
and should be corrected,

A software solution would require a

.operates on pin 22 of the EPROM. They

separate procedure for the 27512 in an
already crowded EPROM, but a far
simpler hardware modification is pos-
sible, It consists of the removal of two
diodes and the substitution of awire link
for one of them. The diodes in question
perform an OR function at the input of
the active pulldown circuit which

were put there to prevent high disst -
pation in the 120R resistor by removing
the possibility of the software turning on
hoth {transistors simultaneously. No
problems have heen found using the
existing software package without these
diodes, and thelr absence has no effect
upon the operation of the programmer
with other EPROMs,

The modification is: _
1) locate and remove the diede in the
:!ne from pin 14 of PI0 3 (1C7), the OE
ine; ‘
2} locate and remove the diode in the
line from pin 12 of PI0 2 {IC8), the Vpp
select ling; .
3} replace this latter diode with a wire
link.
This will prevent the OE lipe from
influencing the pulldown of the Vpp/OE

tine, . #
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PARTS LIST

MKI1 UNIVERSAL EPROM PROGRAMMER :

Programming Console
1 x Instrument case with sloping top
1 x 28-pin DIL Zero Insertion Force
socket
1 x Length of 26-way ribbon cable
1 x 28-pin DIL header
14 x 100 pF ceramic capacitor
1x Red LED
1 x Green LED
1 x Length of 4-way cable

DIL header and plugged into the
appropriate DIL socket, The board
occupies a 16-byte block within
the 1K Tanbus I/O space, the start
address relative to the start of this
I/O area being 16 times the binary
number represented by the block
of links. The examples of link
selection in Fig. 2 should make it
-quite clear how to set up any
required addresses. The Mkli
board has been designed with the
voltage setting potentiometers
placed along the edge of the
board so that they may be easily

- adjusted once the board has been
positioned ina card frame. The
voltages may now be monitored
on the programming console and
adjusted, using the poten-
tiometets, by writing
values to the pro-
grammer registers using the
system monitor (or a BASIC pro-
gram), Table 1 shows the requisite
programming voltages, associated
pins, registers, data and
potentiometers.

HARDWARE SPECIFICATION

. 2758, 2716, 2516, 2732, 2732A, 2532, 68732,
2764, 2764A, 2564, 68764, 27128, 27128A,
37256, 27512, 27513,2816, 2864 '

: Software controlled

Devices supported

Device selection

Programming . [ntelligent or fixed pulse

methods _

Vpp voltages 25V, +21V, +12.5V

Vce voltages 1 +6V, +5V

Indicators : 2 LEDs on console

PCB format . 8 x.4%"" with indirect connector

Interface » Tanbus (6502, 6800, 6809 adaptable)
Power requirements : +5V @900mA

Memory space : 12 bytes selectable to any 16 byte boundary
occupied within the I/O area '

System requirements \RAM — 1K for 2758 to 32K for 27256, 27512*
and 27513* plus small amount for support

firmware, (*:these EPROMs

programmed in 2 segments)

EPROM — 2K utilities package

PIR1 * n " 1
o om0 s i o _ s 0—0 ° i o 8 o—0
o0 o o——0 o o0
Q=) ° Ol . I e] - I [o] - O]
O ) o o 3
o o O O o OO o I o]
PRSI PR OO o o
O———0 o—=0 o—0 o—0 QO
ety O O——=0 O o3
e ) o—0 o0 _ o—20 o—0
O B O O——0 o—m=0
o—0 o—0 o—0 o—0 ——
or—0 OO O O o

1o +(16x2) =32 /O + [16x 3 =48 o +ExA =

o+ {1601 =9 17O +{16x 1) =16

Fig. 2 LK1 address link selection for the Mk} board.

=

o
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PROJECT : EPROM Progran

Mkll

—~

R1,11,13,17,18,35,
37,43,45

R2,12,14,20,23,44,
46

R3,15,16,21,24
R7

R8
R9,39
R10

R4T

R41
R19,22
R25,29
R26,27
R28,36,38
R30
R31,32,33,34
R40

R42

R47
RV4,8,9

RV5,6,7

CAPACITORS
C5,7,8,9,10,11,13,
17

3

C4,C16
C6,C15

C12,C14

ICt

Ic2

ic3

IC5

1€7,8,9

1C11,14

Ic12,13

Q1,5,7,9,11,13,14,
15,16,17,18,19,
20,21,23,24

Q2,6,8,10,12,22

D1,2,3,4,5,

MISCELLANEOUS
L1

12

SK3

Connecfor A

Links

PCB; 1x 32-way A+

RESISTORS (All %4W, 5% unless stated)

10k

1k0

100k

15k 2%
680R 2%
OR22 W/W
568, 1W
180R, 1W
180R, 1W
240R

560R

1k2

470R

82R

4k7

12k

2k2

120R ™AW .
220R vertical
miniature preset
470R vertical
miniature preset

100n Ceramic
470 35V axial
electrolytic

4n7 ceramic
100y 16V axial
electrolytic

1ul 35V tantalum

SEMICONDUCTORS

74L8126

7415245

741804

74L5138

6821 (or 6520 etc)
78540

LM317MP

BC184L
BC214L
0A91

34 turns 24 SWG
wire on RM6 pot
core {AL=250)
13 turns 22 SWG
wire on RM6 pot
core (AL=250)
28 pin DIL
socket

- 4 way 0.1 pitch

right angled molex
connector.

Links wired on
24-way 0.3" width
DiL header
plugged inte DIL
socket (use 16-way
+8-way)

B DIN Euro connec-

tor, male angled pins. -

— PARTS LIST

o«-—wnvmwh‘ma:l:r-qaa‘_vﬂmhﬁgiggg g
a
o

BLBOBGOODERS
. G@@@ﬁﬁ@f@ﬁ@@{i@eﬁ

priR PR ]
;3“‘ a8

P

A AN I s

e 2k s LI %Ak KON

pl

THROUGH BOARD CONNECTIONS

®

Fig.'3 Overlay diagram of the complete MkII board.

|

NOTE: Component numbering con-
forms to original project. R4, R5, R6,
C1, C2, 1C6, 1€C10, Q3 and Q4 have not
been accidentally omitted, The num-

bers refer to components which have
been removed from the original board
in the course of producing the Markll

board. 14, pa continued. ETI

ETI JUNE 1985

47




Inwhich Gordon Ben
_ou can blow your
software for Mike Be

hen the original articles
for the Universal Eprom
programmer weré
ublished, | was in the process of
ooking for a new Eprom blower,
as the one | was using was horren-
dously stow, ltwas & much mod-
ified serial driven device originally
pubtished in the December 1 a78
Computing Today’, when this was
?Et'}lll a supplement given away in
However, it was several
months before | embarked on the
construction of the Universal .
Eprom Programmet board. 1t then
pecame apparent that the control
software was somewhat unwield
*"its form of both a machine co e
.. .id BASIC program and that
something easier to foad and use
was required. This prompted me
to write a suitable control Eprom
for use in the spare stotat E800N
“in the Microtan memory map. |
This Eprom eventually found
its way into the hands of Mike
Bedford and led to a phone callin
which he asked if 1 wouid be
interested in writin the software
for a new enhance version of the -
programmer that was under
development. The new program-
mer was to be capable of support-
ing the interactive rogramming
algorithms which allow the larger
devices to be (?rogrammed in
much reduced times, a 27128 in
about 2 minutes anda27512in7
minutes. -
The resulting program is
described in this article, An idea of
the Eproms supported can be
gained from Table 1, which also
gives a list of those that have

48

nettjump

PROMSs an
dford’s better progr

actually been programmed using
the new hardware and software.

stoalltheri
d blow

ght subroutines so that
i ith the

your minds wit

ammer.

based pac

kage is the efficient
memory utilisation.

There never

One reason for creating the seems to be enough memory avali-
software package in an Eprom is able even when you have a lot.
that it saves considerable time not People with small memories
having to load both a BASIC and - (Sorry! people with small com-

machine code prog

ram from tape.

puter memories) are in an even

Those with discs will not find this worse position. It is annoying to
so much of a problem, of course. have a large chunk of your com-
Another reason for using an Eprom puter memory taken up by the -

EPROM SOFTWARE ALGORITHM WHETHER

TYPE SUPPORTED EAST/SLOW PROGRAMED

2758 YES ) NO

2716 YES S YES

2516 . YES S NO

2732 YES 5 YES

2732A YES S NO

2532 YES S YES

68732 NO :

2764 YES F/S YES

2764A YES F/S NO

2564 YES F/S NO

68764 NO

27128 YES F/S YES

27128A . YES FfS NO

27256 YES F/S YES

27512 YES F/S NO

27513* NO

2816™* NO

2864 NO

*The 27513 is selectable in four 1 6K banks, each of which is programmed .

as if it were a 16K Eprom in its own right. Although the programmer software

will handle 16K Eproms there is no ability built into it to allow to allow the . .

bank selection mechanism to opéerate. '

+ The 2816 Eprom requires only a short pulse to initiate the internal pro-

gramming cycle followed by a delay of 10ms to allow completion. The

software does not support this as it stands but would need minimal changes

to allow the use of this device, :

Table 1 EPROMs supported by the programmer.
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control programs. It often means
making two passes when '
programming,

Ease of use is of prime impor-
tance in a package of this type and
to this end it has been made as
simple as possible to move back
and forth getween Eprom pro-
grammer software and Tanbug
monitor. The programmer software
has both a cold and warm start
vector, the cold start is at E800h
and the warm start is at E803h.

The software should always be
entered the first time at E800
as this performs the initialisation of
the PIOs, if it becomes necessary
to leave the programmer, when
developing software with an
assembler or using the Tanbug
monitor facilities, then re-entry is

. via EBO3h, ' B
¢ The provision of memory mod-
ify and list commands was not
necessary. The ease of movement
in and out of the program makes it
simple to use the Tanbug and X-
bug monitor commands for mod-
ification, listing and disassembly.
There is one command, however,
that is useful for displaying the
contents of memory, both on the
screen and on a printer: the Dump
command. It was developed as an
aid to give hexadecimal printer
dumps of areas of memory, during
Eprom development.

The software actually imple-
ments three different Fast pro-
gramming algorithms depending

_onthe t){fe of Eprom being pro-
grammed. For the 2764 and 27128
the flowchart is similar to the one
featured in the original article (ETI,
August 1983). The 27256 and
27512 are slightly different and
this is reflected in the flowcharts
of the algorithms for these two
Eproms (Figs. 1 and 2), The
method used by the 27512 should
be quicker than that for the
27256, and approximate times for
those Eproms programmed so far
are shown in Table 2.

Points Of Note

The present package (EP3V75)
will support the new hardware for
both fast and slow methods of pro-
gramming. It will not support the
original hardware as I/O Eits are’
assigned to the PIO portsina
different way. Whilst the package
will work with Tanbug V2.3 and
V3,1 it will not work with V1,0,
because of the way in which the
system routine calls are vectored
through the jump table at the
' beginning of Tanbug,

Ina 2K package such as this it
is not possible to include all desir-

ETIJULY 1985

EPROM PROGRAM :
TYPE SIZE SLOW FAST TEST VERIFY
MEASURED TIMES
2716 2K 1.75m — 1.25s 1.25s
2732 4K 35m - 2,55 2.5s
2532 4K 3.5m — ) 2.5s 2.55
2764 8K 7.5m m 5s 5s
27128 16K 15.5m 2m 10s 10s
27256 32K 30m 4m 203 20s
ESTIMATED TIMES
2758 ' 1K - 0.8m — 0.6s - (.6s
27512 . 64K 60m 7m 415 ‘ 41s

. i

Table 2 Approximate programming speeds. |

MOC e 0TV
NFv - 125y

FROGRAM IS FULSE

VERISY fan
ORE BYTE

FROGAAM FULSE OF
34 msDUAATION

Fig. 1 Flowchartfor 27256
programming routine.

ADOR = 12 LOC
VLG =6 L0V
VER 2 125V

PASS

[ DEViCEFASSED |

Fig. 2 Flowchart for 27512
programming routine.

able features — particularly totally
comprehensive error checking,
Providing a sensible approach, the -
error checking should be ade-
quate. Entering only the command
letter when parameters are
required will cause the command
action to operate on the first byte
at the present Base. Enterin
arameters in the wrong order will
e trapped and a'?¥ displayed.
© Testinga 27512 Eprom must
be donein two 32K parts, and will
produce two'EPROM ERASED
OK’ messages, approximately 20

-seconds apart., This is not an error

— honestl

Hardware Configuration

The program assumes that the
Eprom Programmer board is based
at address BC20h. The original
Microtan screen is assumed for
obtaining parameters, and in the
clear screen routine, Locations in
zero page from 45h to 5Fh,
are used. The Eprom programming
software re-initialises the focations
it needs when entry is made at
E800h. if other user programs are
in memory at the same time
occupying any of these locations
the contents will be overwritten, -

Menu And Commands

‘The program us started from
the Tanbug monitor by typing
GE800<CR>, Youare then asked
to enter the type of Eprom that
you wish to program and the base
address at which your object code
resides in memory. You should
then see a display of current
Eprom type, current base address
and the menu of available
commands.” .

This screen display is shown
below. It can be obtained at any
time, when not actually executing
a command, by pressing the ‘H’
key,
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EPROM=XXXXX BASE=$HHHH

(H)elp
(Quit
(Trest
{R)yead
{V)erify
F)ast prog. -
(S)low prog.
e
ew type
{B)ase P

The command input format
uses the capital initial letter of the
command, as shown on the hel
menu., Some commands — ’Heﬁ)',
‘Quit’ and ‘Test’ — execute
immediately. Others, like ‘New
type’ and ‘Base’, prompt fora
further input. The rest require a
parameter range. The normal for-
mat is:

X,s5ss,ffff ‘
(X is the start address in hex

- and ffff is the finish address in

-hex).

The delineator can be any non

alphanumeric,

Unlike the old version of the
software the range parameters do
not require leading zeros. All of
the following are valid commands;

R,0,7FF or R,0000,7FF reads 0
to 7FF, - .
5,801,802 slow programs 801
and 802, o

F,FFI_!:F,FFF fast programs location

D/0/2FF and D—100,1FF both
dump to the screen.

All commands that act on the
Eprom socket aiso turn off the
green LED and, in case of a pro-
gramming command, turn on the

_red LED., ]

If the range of the parameters
entered is too big for the Eprom
type selected, the message
‘EPROM SIZE EXCEEDED’ will be
displayed. ,

120 Command Description
An explanation of the com
mands may be useful since there

are many new features.

HELP:- gives a display of the
current Eprom type, base address
and the commands available,
exactly as it you had just entered
the program from Tanbug,
QUIT:- takes you back into the
Tanbug monitor and resets the
stack, aftéer making the PO out-
puts safe, ‘
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TEST:- examines the Eprom to

'see if all locations contain FFh. If
" they do, you should get a message

‘EPROM ERASED OK'. Otherwise
vou will get a display of the
addresses and contents, If there
are more than fourteen lfocations
not containing FFh, the program
waits for you to press ‘CR’ before
displaying the next lines. To aban-
don the display press SPACE BAR
and you will be returned to the
menu,

READ:- reads into memory the

~ contents of an Eprom currently in

the programming socket. Requires
a parameter range.

VERIFY:- verifies that the Eprom
holds the same code as the object
code in memory at the current
base address. If not, the code in
both the Eprom and the memory
will be displayed. Like the errors
reported in the Test mode, this will
be shown fourteen lines at a time,
‘CR’ will show the next screen full
and the SPACE BAR will return you
to the menu, Successful verifica-
tion will produce the message,
‘EPROM VERIFIED OK'. Requires a
parameter range.

FAST PROG.:- invokes the

fast programming mode for
Eproms of 8k and larger, With a
smaller Eprom currentlY in the pro-
gramming socket, it will auto-
matically default to the slow mode
to avoid damage. After successful

g pro$ramming there is an automatic

verity of the whole range pro-
grammed, indicated by the
message ‘EPROM PRO-
GRAMMED, VERIFYING', which
gives way to the’EPROM
VERIFIED OK’ report on comple-
tion, Lights red LED, Requires a
parameter range.

SLOW PROG.:- the mode for pro-
gramming Eproms smaller than 8K.

- With an Eprom of 8K or larger,

selection of this mode allows pro-
gramming in the standard way.
This allows a certain degree of
flexibility, since you can program
Eproms of uncertain size with a

tried and tested method. The

messages used are the same as for
the Fast mode. Lights red LED.

-Requires a parameter range.

DUMP:- gives a hex dump to the
screen and printer in the following
format: the absolute address in
memory followed by the relative
address from the start of the
dump, then sixteen hex bytes of
data and finally a two byte check
sum computed from the previous
sixteen data bytes, To get printer
output, enter the command-and

Earameters then press CTRE-P
efore the carriage return, Don't
forget to turn off printer control
afterwards, with another CTRL-P,
or the program will appear to
‘hang’ for 10 seconds, whilst the

. print output routine times out.

Requires a parameter range.

NEW TYPE:- the command to
change the type of Eprom you are

© working with.

BASE:- the means of changing the
start address in the memory to that
of any new object code.

Way Out

A common feature of all the
commands that require para-
meters, is that the command
sequence can be aborted at any
time before pressing carriage
return by use of the SPACE BAR,

Without using the ‘QUIT" com-
mand, the program can be leftb
Pressing either the ‘ESC’ key or the

'RESET" button. Neither is recom-

mended, since they both interrupt
commands at indeterminate
Eoints. The ‘ESC’ key is particularly
ad as it will leave the program-
ming socket with power and
signals present. [f 'RESET is used it
will be necessary to restart the
programmer software via the cold
start vector. The reset is also
issued to the PIQ’s, setting the
ports to a safe state. They will then
need to be re-initialised before
they can be used again. It should
be obvious when the socket is
unsafe, because the green LED will
not be lit. !
The best method of exit is the
‘QUIT' command which'can only
be issued when the programmer is
in a safe state and which aliows
faster re-entry via the warm start

Y

- vector at E§03h,

If you should chance to use
‘ESC' or ‘RESET, re-entry to the
program will re-initialise the PIO
ports and set the socket to a safe
state, -

Waveform Diagrams

The outputs of the program-
mer hardware during fast program-
ming change rapidly compared to
those resulting from the 50ms
puises of the slow programming
mode,

Figures 3, 4 and 5 show the
programming voltage VPP, the
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supply voltage VCC and the actual
prOﬁram pulse, NPGM (Not PGM),

as they appear on a oscilloscope
for a number of different Eproms
in fast mode,

Figure 3 shows the waveforms

forthe 2764 and 27128. The
2764A and 27128A are the same,
except that VPP is only 12,5 volts,

Figure 4 is the diagram for the

27256 and shows the effect of
having chip enable (CE) on the
same pin as the programming
pulse,

Figure 5 shows the waveforms

forthe 27512, in which output
enable is on the same pin as the
programming voltage, and as with
the 27256, CE and PGM sharea

pin, -

Future Developments

The author’s system includes a
TUG Eprom Storage Card (ECS)
and he is currently déveloping a
4K software package with enhan-
ced error checking and additional
routines for use with this. Features
planned include support for other
devices, new utilities, such as
memory fill and relocation, and
gc_;cess to programs on the ESC and

isc. .

Currently being developed is a
hardware interface to connect the
programmer to a BBC Microcom-

uter and a sideways rom to allow
its'use. The hardware has actually

been finished and tested, The
sideways rom is in mid develop-
ment, (Keep watching ETI — Ed.).

i
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. HOW IT WORKS.___

Onentry throughthe cold start the P1Os
are initfalised fo the correct inputs and
outputs and then zeroed to a safe state.
The header messageisdisplayed and the
type of Eprom to be operated on is
requestedalongwiththebaseaddressin
memory where the object cade resides.
Then the help menu is displayed and the
software waits for an input.

The program runs a background loop
(GETCMD)} waiting for characters typed
at the keyboard. When an input is re-
ceived the characteris checked againsta
list of valid commands. On finding one, a
jump is made to the corresponding sub-
routine, otherwise the program simply
returns to the background loop.

Enfry through the warm start vecior
does not initialise the PIOs or ask for
Eprom type and address, as these are
assumed, Instead, the menuisdisplayed
and contvol passes directly into the
background toop. This is infended for a
quick return to the program after using
the Tanbug monitor facilities. 1f a pro-
gram has been run, such as a twe pass
assembler, which might have corrupted
zero page locations used by the Eprom
programmer software, it would be wise
to return through the cold start vector,

Immediately after the two vectors (at
E800h and EBO3h) inthe Eprom there are
the tables used for setting up the P}O
ports in the coenfigurations required for
the functions and Eproms supported. To
add other Eprom types to the software
these tables would have to be extended -
and further entries made in the type and
length parameters stored from E861h
and E8C9h. This is not easy withouta full
disassembled listingand the use ofatwo
pass assembler, There is no further
space available in the current Eprom, so
something would have to be removed,
which should be no great problem as all
subroutines are modular.

The screen clear routine (CLRSCN) is
only called fwice, from the header at
E9CFhand bythe help routine at EA23 h,
Itwill notworkwith 80 column boards, It
is the last subroutine in the Eprom at
EFECh.

___BUYLINES __

For those not wishing fo type in the code
fromthe hex dump, areadyprogrammed
Eprom complete with assembler listing
is available for £10.00, from G. }J. Ben-
nett, 35 Fowler Road, Cove,
Farnborough, Hants. Alternatively, the
source code (for use with the TUG two
pass assembler/editor) and object code
on tape are avatlable for £5.00 from the
same address, Please allow 28 days for
delivery. .

_ The hex dump and full disassembled
listing will appear in ETI next month,

ETIJULY 1985

51




This hex dump spells a fully operational EPROM Programmer —
and you can't byte that. Gordon Bennett performed the magic.

obliged us to hold over the

software listings for the
EPROM Programmer. This month
we remedy that omission with a
complete hex dump of the
Universal EPROM Programmer
software. Unfortunately, space
reasons forbid the pubiication of
the complete disassembled
listings — which runs to some 26
pages of print-out.

The hex dump provides
everything you need in order to
enter the code to run the
Frogrammer. Notes on the various
ocations involved can be found in

ist month's introductory article
and below, If anyone should
require the disassembled listing,
for the purposes of modification or
out of simple interest, we can
provide a photocopy at a price of
£3. Please send a cheque, made
out to ASP Ltd,, to ETI, Dept, UEP,

last month, fack of space

. 3AB, and enclose a large stamped

addressed envelope, The author

- will provide a ready programmed

EPROM plus listing for £10.00 ora
tape Including source and object
code (for use with the TUG two
pass/assembler editor) for £5.00.
Please write to 187 Beaulieu
Gardens, Blackwater, Camberley,
Surrey GU17 OLF, Note that this
address is different from the one
published last month, and is the
correct address. Please allow 28
days for delivery on any of these
items.

The following hex dump was
performed using the DUMP
command in the EPROM
Programmer software, The first
address on a line is the absolute
address in memory, the second is
the offset address from the current
Base selected. Then there are 16
bytes of data and the final number
is the checksum computed from

last month's notes, the screen
clear routine is located at EFEC h
to EFFF h, inclusive. It may be
removed for the addition of extra
facilities in the program. it is called
twice, by the command JSR
CLRSCRN (the hex bytes 20 EC
EF), at locations E9CF h and EA23
h (the header and the help
routines). Locations E861 h
through E8C8 h contain the type
numbers of the EPROMs
supported by the software. Length
arameters are contained in the
ocations E8CY h through E8D5 h.
Messages used in the programme
are contained in locations EBF6 h
through E9C h, The table used to
set up PIO ports for the EPROMs
supported are contained in
locations E806 h through E860 h. *
These tables couid be altered to
support different EPROMSs, but —
once again — close study of the
disassembled listing is

1 Golden Square, London W1R that line of data. With reference to recommended.

The hex dump from EB00 h to EFFF h,
S00 O0Q0 4C DE EF 40 E7 E? 3C 3C 3C 20 IC 3IC 24 24 34 24 0Q&&1
ESI0 0010 34 34 34 $3 78 98 20 20 98 92 92 22 22 20 0 0814
Eg20 0020 12 18 1@ 082 08 18 10 10 {0 i0 14 G0 €8 88 58 0248
EG30 0030 85 45 g8 22 C2 00 22 C2 C1 05 o1 Gi ol of 1g o515
EG40 G040 0Z 02 10 02 0Z 01 0Of 04 0S5 06 0O& 04 O 03 04 & QOS8R
Eaz0 0050 o0& 04 04 04 01 010 Ol Of 0f 00 0 oo 61 6l of - Qgz2
EQal 0040 01 32 27 25 28 20 20 20 20 322 37 e 20 20 20 0287
Eg@70 0O07P0 20 32 3T 31 34 20 20 20 2o 32 37 23 22 20 20 0 0P%C
EQB0 0050 20 32 37 33 32 41 20 20 20 32 25 22 32 20 20 20 UZEE
ESP0 O0%0 20 22 37 38 34 20 20 20 20 32 27 34 34 41 20 20 0207
ESal 004l 20 22 35 34 24 20 20 20 20 32 37 2 28 20 20 (0ZBS
ESBO QOBRO | 20 22 37 21 32 328 41 20 20 32 37 32 35 34 20 20 0ZEB j
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0ty 20 52 37 35 81 32 20 20 20 03 07 07 OF OF OF IF O1DE
SoC0 DoDG  iF IF 3F 3F 7F FF 43 51 54 52 5¢ 44 59 4E 44 42 0530
Sorn DOED 23 EA &7 EB 80 EB 28 ED DF EB 83 ED 89 ED 24 EE 0ACD
obn 0OFD 3@ EC 4@ EB EA EF 45 50 52 4F 4D 20 54 se 50 45 072F
o n 0100 oD 42 41 53 45 20 41 44 44 52 45 53 53 20 28 48 0301
i 0110 45 S8 27 00 45 50 52 4F 4D 20 50 52 4F 47 52 41 0434
Foon pizo 4D 4D 45 a4 20 20 54 45 52 47 48 55 4% 4E 47 26 0450
D 0130 00 45 S0 S2 4F 4D 20 43 48 45 43 48 20 22 a? 4E 03FE
Coan 0140 49 53 48 45 44 00 45 50 52 4F 4D 20 50 45 Sz 4% 0444
Cioh D150 46 4P 45 44 20 4F 4B D0 45 50 52 4F 4D 20 45 52 040C
T n D120 41 53 45 44 20 4F 4B 00 45 S0 52 4F 2D 20 52 4% 0414
Cion 17D SA 45 20 45 S8 43 45 45 44 45 44 00 =0 20 20 20 0374
Cohp oieq 20 20 20 00 4% §2 S2 4F 52 20 40 20 23 oo 20 4D OZFE
S on 0190 4% 4D 2E 30 00 20 45 50 52 4F 4D 30 OO z0 4z 41 0380
oo G1m0 53 45 20 3D 20 24 00 0D 20 20 20 20 2 45 S0 Sz 0ZDA
S GiE0 AF 4D 20 55 54 47 4C 49 54 49 45 52 20 S4 33 ZE 044F
Coon Gico 37 35 2D OD 0D 0D 45 &E 74 &5 7294 29 np oo =g 0352
Cood 0ibo EC EF AD BI 20 4B EF 40 20 CZ EA 20 DF E4 20 CF 0744
Coon G1E0 EF 20 26 EB 20 48 EB 20 2% EA EA 20 DF Es 20 14 O7CL
CEn GiFD ER 20 1D F2 A D1 48 20 OE F8 £8 A2 OO DD Dé EZ 0707
STo0 nzoo FO 08 EE ED 0A DD Fé 4C EB E9 84 04 A8 Ep E0 ES  UATE
o Walg o5 5C ER BD E0 ER 35 SD AD FS E8 48 D T4 Eq 43 0AD3
en20 0220 &C SC 00 20 EC EF 20 0C F3 A0 57 20 &B EF @47 00 0747
EA30 0230 85 53 A5 52 DA DA 0A A4 BD 41 B 20 OE F& E8 E& 07791
a0 0240 53 AS 53 7 08 70 F1 A0 A7 20 4B EF.AD 48 20 1A 0728
aen eSO FE AS 44 20 1A FE AZ 00 BD &7 B4 L7 04 Fo 07 20 07A7
S WSin OE FE ES 4C 59 EA &0 0D 0D 28 48 29 &3 & 70 0n AS0D
Caon DEe0 28 51 29 75 47 74 0D 28 54 29 £5 73 73 op 28 52 0477
S fomn 55 25 41 44 0D 28 58 27 45 72 47 84 7F 0D 26 4¢&  04Al
e haon 9 &1 73 74 20 S0 72 &F &7 2E 0D 28 99 2% 4C &F DAE3
S hamn 77 20 850 72 F 47 2E 0D 23 44 29 75 &0 70 0D 28 0484
D G2B0  A4E 29 &5 77 20 74 79 70 &5 0D 28 42 E7 41 73 &5 0OSOE
S 0o 0D 00 AP 30 8D 21 BC 8D 23 BC 80 27 BO ap 2B BC 040
SOh8 D=pD A FF 8D 20 BC 8D 22 BC 8D 24 BC 8D 7 BC &0 A7 0847
EAE0 02E0 04 8D 27 BC 80 2B BT 8P o4 BC @ 90 8D 24 BC AP 07AL
S0 02F0. 24 BD 21 BC 80 23 BC AP 00 8D 25 B ap 20 BC 8D 0717
cpog 0300 22 BC AP FF 8D 24 BE A7 O ap Z5 BC AF 00 B0 24 074E O
CEip 0310 BC 85 45 &0 20 00 FE& AP 3E 20 OE FE 40 20 OC F8 O0&7E
S Ah 0EEn AP 24 20 OE FS 40 20 OC F2 A0 00 20 &5 EF 20 4 05CS
Chan 0as0 EB 20 C4 EF 20 E6 EF A2 00 8452 A0 D1 Bl 0A CP 0832
Soan Daan P0 FO 24 DD &1 E€ DO 0S5 C8 E8 40 50 EP Eé Sz a5 0730
ECoh 0asn 52 0A 0A OA CF 45 BO 04 AA 4C 38 ER 20 nc FE AF 0&83E
Coon Dmen | AF 20 DE F3 4C 2E EB 40 20 0C F8 A0 OB 20 & EF 0473
CEon 0270 20 1D EB 20 C4 -EF A0 00 20 17 P84S 13 85 44 A5 DEFS
R0 0330 14 85 4B 20 OC FE 60 20 00 F8 4L 2 Fo a7 00 85 O61E
Coon naop 53 55 4C 65 4D Ay FF 85 4E Ad 52 BD 7 Es E0 OC OBC3
S DD DO OB A PF 20 AD EB A7 80 85 4D A7 FE a5 4F zo 08SE
SO DaB0 G EC A 01 85 51 20 35 ED 20 44 EE DU 08 a0 42 0744
Coon Daco 20 &B EF 40 AU BE 200 4B EF 20 78 EF £ SF 20 4B 0709
£Ep0 0300 EF 20 $8 EF 20 A EF DO 03 20 am EF 4C B6 EB 20 08EL
SoUh naen 59 EC 20 CC EC 20 59 EF A9 80 85 51 A7 oo 85 47 0839
oo naFg A% 53 20 35 ED 20 44 EE DO 13 20 D £ a5 47 Foo 0814
FCoD 0400 0& AQ 3B 20 4B EF S0 A0 B0 S0 6B EF &40 20 IF EC 0SBO
FCio 0410 A7 01 85 47 20 A3 EF DO 03 20 ae EF 4C F2 EB AD 087D
Coan 04p0 HE 20 4B EF 20 7@ EF AQ 78 20 48 EF 20 70 EF A0 0882
CCio n4s0 SF 20 6B EF 20 $2 EF 60 20 97 EG 20 f- EC 200 0C  O7CF
SUoU 0440 F@ A9 00 B5 53 85 SE @5 SF 20 32 EE PO 25 20 @5 073A
cooh gasn  EF 20 E6 EF 20 74 EF 20 E6 EF 20 Ee EF a2 00 @&l 0?7A |
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ECAD D440 45 8D EC &2 20 1A F8 20 8& EC FO (08 20 22 D&
EC?0 0470 EE 7 40 A0 BE 20 4B EF A5 SF 20 14 F2 AS 5F 0SES
ECE0 0420 20 4C 3E EC E& 53 &5 52 CF 10 &0 18 &5 SE  Q&4ED
ECO0 0470 85 ! 5F &% 00 85 5F &0 20 C4 EF &0 02 20 {7 0440
ECA0 03A0 F2 g 85 4C A5 14 85 4D 20 17 F2 A5 13 85 4F (406
ECBO 04B0 A5 S 4F CS 40 90 0% DD 04 AS 4E C5 40 90 01  0D&AS
ECCO 0400 &0 - F& A% 2F 20 DE F& 4C C1! EF 28 45 4C EF 0740
ECDO 04D0 01 A5 4D E7 00 85 54 18 A5 4E 49 01 85 57 (SEZ
ECEQ 04E0 A5 00 25 S8 18 A5 498 45 55 35 45 A5 4B &5 0416
ECFO 04F0 54 L 20 0C F8 40 A& 52 BD 04 EQ 8D 22 BC &F 075D
EDOO OS00  Go BC A% 04 8D 25 EC BD 12 ES 8D 24 BEC &% 0754
ERID 0510 iz BC 40 AD 24 BC 4% 10 8D 26 BC 20 4F EE  08Al
EDZ0 0520 &b 85 S0 42 00 &0 20 99 EC 20 CC EC 20 5% (758
ED20 0530 EF 55 51 A2 00 20 55 EE 200 F7 EC 20 4F EE 070=
EL40 0540 260 FO IF 20 Dt ED 20 15 ED &4 51 FO i0 =20 0774
EDS0 0550 Q07 FO ES 4C &4 ED C1 45 FO DE 4C &9 ED 21 0832
EDsD 0540 45 ED &0 &4 52 BD 0& ES 80 23 BC &% 00 SD 075D
ED70 OS70 20 04 80 25 BC BD 20 E2 8D 24 BC BD 2D Ez (801
EDSD 0S=20  ap 40 A% 01 85 48 20 9% EC 20 OLC EC 20 S O7EC
ED70 0S¥0  EF CF 0& 920 07 AS 48 DO 02 40 7E EE AZ FF 0845
EDaD 0San 20 Z0 4% ED 20 21 EF 20 4F EE 20 3% EE FO 0792
EDED OSED 1D ED AZ 00 &1 45 80 24 BC 20 43 EE &0 ID 07 IE
EDCO OSCO @2 DO FD 88 DO F& 20 &3 EE 4C &2 ED 4C F5  OE1S
ECDO OS0R0  EE 5 50 22 BC BD S4 ES8 FO 03 &S 54 2D 20 BC 0548
EDED 0OSEQ 40 AR 20 BC 05 5% B0 20 BC A5 5& 29 10 FO (G&ES
EDFO OSFO 08 BC 0% 08 80 20 BC A5 S& 29 0% FO 02 AD  0SDC
EEQD 0400 24 01 2D 2& BL AT 5S4 2P 20 OFO OB aD 25 BC 0423
EEID 0410 07 08 23 BC A5 54 2% 40 FO 08 AD 24 BC 0% 02 0S7a
EE20 0220 8D 24 BC &5 54 29 80 FO 02 &D 20 BC 0¥ 80 8D 20 (s0H
EE30 0430 BC Al 45 DO 02 E4 48 FES 55 DO 02 E& 54 4% S5& 0229
EES0 0440 29 EF S¢ &5 S5 05 57 DD 04 a5 54 05 S5 &0 A0 07F0
EESO 0450 (& Sf FO 40 &% 00 28D 25 BC 3F 24 BC &% 04 =D 0780
EE&D 0&80 25 BC fd SE BC 47 ES BY 20 BC SD 35 EQ $F 20 O7F{
FEPD 0&70 BT &0 FF 20 5% EE 20 45 EQ 20 1% EF &0 A2 00 07BC
FESO 0430 04 Sg g4 5B 20 32 EE 20 44 EE FO &8 20 72 EE 0913
EESD 0&4%0 20 Z0 D1 ED AZ 00 &1 45 8D 24 BC 20 08 EF 0747
EEAD 0480 A S4 54 Ad 52 BD D? EF CS S& FO 05 20 47  QSEER
EEEBO 0&4BO EF 20 F2 EE 200 4F EE 20 DI ED &5 56 04 04 02&7F
EECO 0400 A8 B0 0T D0 05 A0 02 4C DS EE BD D% EF 0F 0943
EEDO 0&4D0  OF S 3B ES 54 42 84 SB 20 08 EF Ad 52 BD  (07&4
EEED Q&4EQ0 D7 Sa DO %8 20 42 EF FO 93 20 2% EF 20 DF  07&8
EEFD 0&FD  Ef EC &0 20 239 EF A0 24 BC 2% 12 8D 24 BC  OSFE
EFQO 2700 &0 AB EF 40 E2 EE 20 &2 EE &4 5B AZ ¥0 Ca  02BD
EFi10 0710 DO t DO F8 20 42 EE 40 AD 24 BC 2% 7F 8D 24 08D&
EFz0 Q720 BC 0% Q0 FO 0% AD 24 BC 0% 1B S0 24 BC 40 070R
EF30 0730 &0 CO0% 14 BD 24 BL 40 ab Z4 BC 0% 80 SO 24 0454
EF4i o740 g o0 20 55 EE 20 F7 EC 20 39 EF 20 4F EE (709
EF50 0750 20 20 15 ED C1 45 40 A& S2 BD C% E8 CS 4F OBE0
EF&l Q740 B 72 Z0 4B EF 4C C1 EF 40 BY F& EE CF 00 0¥00
EF70 0770 FO OE FS C8 4C 4B EF &0 AS S5& 20 14 F8 AS  O7ED
EFS0 0730 S5 FS &0 AT 44 20 14 F2 A5 45 20 14 F8 40 0880
EFF0 0790 @0 45 20 18 F8 40 A0 00 AS 50 20 14 FE& 20 O&0F
EFal 07a0 oo S0 Eé 53 A% S53.CP OF &0 20 ID FS &5 01 CF 0770
EFED OFE0 20 OE ©% 0D DO F3 A7 00 25 S2 20 00 FE 40 43 0724
EFCO OFCO &8 48 42 40 AZ 00 20 1D FE8 EE AS 01 CF 20 FO EF 0705
EFDD D700 %0 08 20 0OE F8 40 C& EF 40 00 00 00 00 O 00 OF 0420
EFEQ OFED 1% OF 19 1% 19 &% 20 20 0E F2 &40 &0 00 A 20 0434
EFFD O7FO0  #% D2 27 00 03 C9 DO F7 84 04 A% 02 85 0B 40 05EF ETI
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