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ABSTRACT

A high-speed digital data capture system has been developed
for cr-line data recording and analysis as part of a long
term-reszearch program, concerned with the Incation and
detection of partial discharges in electric insuiation,
currently being conducted at the University of the
Witwatersrand.
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1 _INTRODUCTION

The problem revoives around the detection of partial
discharges in electric insulation., It is to this end that
an high speed digital measurement system has been developed
to enable on-line data recording and analysis. This system
will, hopefully, ease the task of the researcher who, for
well nigh 30 years, has attempted to isolate and describe
the mechanisms responsible for the failure of insulation
that has been in service for some time,

This irsulation failure at values of electric jtress well
below it: accepted breakdown value, is a reaul*'( ! of the
basic processes of intrinsic and thermal eakdown.
Conditions necessary to precipitate these mect «8 ¢an be
realised by a slow process Of erosion causesc by internal
discharges in gaseous cavities within the mass of
insulation. The energy spectrum of spark- or puls-d-type
discharge patterns can %“e inferred by measurin; the
amplitude distribution of the discharge pulses using a
pulse-height analyzer. Information on the discharge~energy
spectrum is rrrticularly important in studies concerning
the .elatic .ip between the dissipated discharge energy
and the en: ng degradation rate of dielectric materials
exposed to electrical discharges.

In examining this phenomenon, rese  :chers at the University

of the Witwatersrand have conc: "~rated on the measure-~
ment and analysis of dfscharge 4 sant pulses, Unfortu-
nately, pulse analysis instruvmes - for partial discharge
measurements are not commercial - 2-ailable as complete
instruments and it is often nece > _ to build or assemble
such tools. These constructed - - .4 have had numerous
disadvantages - they have bee - - sglow, thelr dynamic

tanye has been very limited ar ( they have exhibited
unacceptable 'dead-times' botwee neasurements. Also with
the discharge ircasuring systems used to date, it has not
always been possible to assess significant parameters. This
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1 _INTRODUCTION

The problem revolves around the detection of partial
discharges in electric insulation. It 1is to this end that
an high speed digital measurement system has bee: developed
to enable on-line data recording and analysis. This systen
will, hopeiully, ease the task of the researcher who, for
well nrigh 30 years, i.as attempted to isclate and describe
the mechanisms responsible rfor the failure of insulation
that 1as been in service for some time.

This insulation failure at values of electric stress well
below its accepted breakdown value, is a result( of the
basic processes of intrinsic and thermal breakdown.
Condi tions necessary to precipitate these mechanisms can be
renlised by a slow process of erosion caused by internal
discharges in gaseous cavities within the mass uf
insulation. The energy spectrum of spark- or pulsed-type
discharge patterns can be inferred by measuring the
amplitude distribution of the discharge pulses using a
pulse-height analyzer. Information on the discharge-energy
spectrum is particularly important in studies concerning
the relationship between the dissipated discharge energy
and the ensuing degradation rate of dielectric materials
exposed to electrical discharges.

In examining this phenomenon, researchers at the University
of the Witwatersrand have con:entrated on the measure-
ment and analysis of discharge current pulses. Unfortu-
nately, pulse analysis instruments for partial discharge
measurementg are not comnercially available as complete
instruments and it is often necessary to build or assemble
such toocls. These constructed tcols have had numerous
disadvantages - they have been too slow, their dynamic
range has been very limiteu and they have exhibited
unacceptable 'dead-times' between measurements. Also with
the discharge measuring systems used to date, it has not
always been possible to assess significant parameters. This
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is because much of the available information is inevitably
discarde-. during high-voltage testing.

In meassring partiail discharges, id est, magnitude and
times ©of occurrcnce of individual discharges, the
utilisation of a digital computer is particularly
attractive., This is due to the facc that it allows the
captured data to be recorderd, thereby facilitating more
efficient processing. In previcas instances, however, the
application of corputers has been limited(J) by bandwidth
considerations which have detrimcntally increased the
resolution time of tiae oversil recording system.

The design developed for, and presented in, this report
alleviates the problems previously experienced by taking
advantage of the development of very high-speed seni-
conducting devices. The system detailed, herein, |is
microprocessor based and controlled. The microprocessor’s
inherent speed prevents 't trom being actively involved in
the data capture. By virtue of this, it {8 relegated to the
role of supervisor. It serves as a front end processor and
is respongible for communication with the user; control of
the data capture, and subsequent storage of the data
captured., The actual data capture function, and monitoring
thereof, is performed by a high speed finite state machine
that allows the input to be sampled at speeds of up to
10MHz. The mic:oprocessor enables the system to be
"software tuned”, via varicus programmable parameters, to
meet a number of user reqguirements.

It is envisaged what the high-speed data acguisition
capability offered by this system will allow the study of
the important phenomenon of the "burst" charac:eristics
observed in insulation samples and structures. The system
offers the capability for dealing with a large dynamic-
signal input range, and as it permits on-line characteriza-
tion of partial discharges, it is hoped that the results of
discharge measurements will have greater significance than
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at present. This is of apecial import in those borderline
cases where th: interpretation of results is difficust.

Outlined in the main body of this report will be a brief
exegesis of the system's functions and capabilities. The
design itself is dealt with greater length and in more
depth in the appendices.
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2 METHOD and DESIGN

2.1 PARTIAL DISCHARGE MEASUREMENT

A partial discharge is caused by charged particles
moving across a gas space within an insulatinj medium
or in a space between an insulating surface and a
conductor. This charge movement results in a current
pulse which can be electrically detected in the 3gpg§y
circuit to the insulation. I' has been determined ~ ' ,
that an instrumentation bandwidth of 400MBz is
necessary tc capture all the information contained in
the faster pulses (ie. those having rise times of
approximately 2,0ns). However, if the important
information in a pulse can be confined to the charge it
centains, a much lower bandwidth is adequate, provided
a suitable “stretching” technique is applied to the
pulse.

"Stretching” by integration produces a unidirectional
pulse of much greater width, but having a peak
magnitude proportional to the charge contained in the
input pulse. The "stretching” technique used here will
ensvre that the pulse width will be in the range 3-10us
with rise times of not less than 0,25-1,0us.

The bandwidth of the data capture system is determined
by the pulse rise time, whereas the bandwidth of the
"stretching” circuitry is dependent upon the pulse
duration so the measurement system bandwidth will be
limited by the "stretching” circuitry.Considering a
pulse duration of 2us, the maximum partial discharge
repetition rate that can measured, is 300KHz. Thus, in
a 50Hz cycle, the “stretcher" will be capable of
processing 200KHz/S50Hz = leO3 pulses per cycle. As
measurements will take place at voltages very close to
the inception voltage, it is expected that the number
of pulses occurring per cycle will not exceed 100,

METHOD and DESIGN 4




Hence, measurements will obviously not be impeded by
the inherent bandwidth limitations imposed by the
"stretching” circuitry.

2.2 REQUIREMENTS

A high speed digital data acquisition system is
required for measurement of partial discharge.. This
system has to offer the following:

a. Variable sampling rates {1MHz to l10MHz)

b. Variable triggering levels

c. Variable sampling periods

d. An indication of the time of triggering for
signals of .1Hz to 60Hz

e. Sufficient memory to permit the storage of a
reascnable amount of continuously recorded
data

£f. Pacilities to allow further processing of
the data

2.3 QUERVIEW

In the gystem described (see Figure 1), a 1lé6-bit
microprocessor based computer (iSBC 86/12A) is usged for
overall control. The inherent "slow" speed of the
microprocessor prevents it from being actively involved
in the data capture, however, it supervises the data
capture, centrole the user interface and transfers the
captured data to tape to allow further processing. 32K
memory is availakle for the control and interface
programs and their requisite variables and a further
64K high speed memory is available for the storage of
the captured data. A programmable oscillator controls
the sampling freguency and a programmable realtime
clock permits accurate measurement of the time of
occurrence of every recorded discharge. The data

METHOD and DESIGN S
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capture circuits include a 10-bit analog-~to-digital
converter, a prograrmable level detector and an HP2645A
workstation that provides the user interface and two
tape drives for permanent cata storage. The system can
sample incoming data at a maximum rate of 10MHz f£or
approximately 65000 samples.

2.4 MEMORY (see Appendix 1)

It was decided that 64K of .@wmory would be sufficient
to hold a useabie gquantity of sampled data. As the ADC
{MC2710) offered 10 bits resolution, the memory bank
would have to be at least 10 bits wide. An extra bit
was included to differentiate between timing data and
sampled data.

2.4.1 MEMORY ADCRESS CIRCUITRY (see Sheet 3)

The memory had to be accessed at speeds of up to
10MHz. The address was calculated using very fast
binary counters whose output was latched and held
for addressing the memory.

2,4.2 MEMORY ACCESS CONTROL CIRCUITRY (see Sheet 11)

The memory was written to by both the iSBC 86/12A
and the data capture circuitry, whilst it was only
read by the iSRC 86/12.

2.4.2.1 WRITE CONTROL (during sampling)

For writing, the chip selest (CS) and write
enarble lines (WE) had to be synchronised with
the addressing and data capture circuits. This

METHOD and UESICN 7




was achieved by clocking the address, data
capture and memory with the same clock.

2.4.2.2 DUAL PORT ACCESS CONTROL

The sampling circuitry and the iSBC 86/12A
present address and dara to the memory on two
separate sets of latches, only one of which is
enabled at any time. Once sampling has
comre.1ced, the sampling ciccuitry has sole
access to the menory, whilst befcre and after
sampling, only the 8086 can access the memory.

2.4.2.3 ACCESS BY iSBC

It was decided to allow the 8086 to both write
to and read from the memory. This allows the
8086 to test the memory and to transfer the
captured data to tape for further processing.

2.5 DATA CAPTURE (see Appendix 2)

The data capture circuitry is divide into two
gections. One that measures the discharge pulses and
one that decects the zero-crossing of the AC signal.

2.5.1 PULSE CAPTURE & TRIGGERING (see Sheets 6 & 7)

The incoming data stream is sampled at a maximum
rate of 10MHz by a 10-bit ADC. The digital data
presented by the ADC is filtered through a set of
comparators before being stored in memory. This
filtration permits only the storage of data thac
are above a given positive value or below a given
negative value.,

METHOD and DESIGN 8




2.5.2 ZERU~CROSSING CIRCUITRY (see Sheet 3)

The AC signal is monitored and every positive zero-
crogsing is used as a base-point from which the
time of occurrence of each subsequent discharge is

measured.

2.6 CONTROL CIRCUITRY (see Appendix 3)

The ACC and 8086 should be regarded as peripheries to
this design. The design actually centres on the
interfacing of the ADC, 8086 and the data capture
memory, and the subsequent control of the data capture
operation.

2.6.1 SUPERVISOR CIRCUITRY (see Sheet 2)

This controls the address generation and the data
capture. It is responsible for ensuring that the
memory control signals and the data/address inputs
are 3ynchronised. It starts the data capture
operation when instructed to do so and then
monitors the process to ensure that it stops before
the memory overflows.

2.6.2 TIMING CIRCUITRY (see Sheet 5)

The data for each pulse must be stored with an
indication of where it occurred relative to the AC
signal. Thif indication is calculated by means of a
"real~time™ clock that is reset by every zero-
crossing of the AC waveform. The timing circultry
is responsible for the storage of each discharge's
timing information.
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2.6,3 CLOCK CIRCUITRY (see Sheets 1 & 4)

The sampling frequency is variable between 1MHz and
10MHz. Because of the divider circuitry used for
the ADC strobe pulse, this implies that the
supervisor must be clocked at speeds ranging from
4MHz to 40MHz.

On the other hand, the system will only be required
to monitor signals ranging from .1Hz to 50Bz. Thus,
the timing need only be clocked at rates varying
from 400Hz to 240KHz., These vast differences in
operating speeds led to the use of two separate
clocks - one for the supervisor circuitry and one
for the timing circuitry. Because both clocks, by
necessity, had to opeiate over a very wide
frequency range, phase-locked-loops were used to
achi~ve a re¢ jona-ly stable operation.

2.7 INTERFACE (see Appendix 4)

The data cap-ure clircuitry is interfaced to a 1l6-bit
microprocessor based single board computer - the INTEL
i8BC 86/12A. Thaicugh this microcomputer, the data-
capture circuitry is then interfaced to an HP2645A
workstation (see Figure 2).

2.7.1 iSBC 86/12A

The iSBC 86/12A is required to tranamit the
following data to the sampling circuitry:

a. The sampling rate

b. The AC signal frequency

c. The upper and iower values for triggering
d. Signals to start and stop sampling

METHOD ana DESIGN 10

- il




At « game time, the sampling circuitry gives the
follc .~ signals to the {SBC 86/12A:

a. An indication chat the memory is full.
b. The zero-crossings of the AC =ignal so that
the AC frequency might be ascertained.

2.7.2 P

The iSBC 86/12A has an RS232C compatible serial 1/0
port controlled by an 8251A USART chip and
communacation with the HP is EIA RS232-C gerial
synchronous, full duplex ASCII at 9600 bits/second.

METHOD and DESIGN 11
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2.8 SOFTWARE DESIGN

The software allows the user to tailor the system to

meet his require 8., In this respect it must permit
the selection of . ..iable sampling rates and variable
triggering levels., '.e software is responsible for

measurement of the AC frequency, for starting {(and
possibly halting) pulse capture and for transfer of
information between the pulse acquisition system and
the iSBC 86/12A and HP2645A display station.

For ease of use, the system is "menu~driven”, i.e. the
user is guided through the procedures he must perform
by a number of menus displayed on the HP screen. Tre
software is divided into three major sections:

a. The pulse acquisition routines which are
responsible for the tuning of the system
parameters and for nonitoring the sampling
process.

b. The memory access routines which transfer
data to and from the data acquisition system
memory.

c. The interface routines for communicating
through the HP2645A with the user.

The software is written in Pascal to improve readabil-
ity and maintenance. However, it is necessary that some
of the routines be written in 8086 assembler. The
programs were compiled, assembled and linked on an
HP64000 system.

METHOUD and DESIGN 13




3 IMPLEMENTATION & SVALUATION

3.1 INPLEMENTATION

The data capture circuitry was wire-wrapped on multibus
boards for compatibility with the iSBC 86/12A. However,
the boards were not new and in most cases, the edge-
connectors had been worn off the boards. Thus it was
decided to wount 3M multiway couanectors to the boards
and use these instead. The hardware was tested with a
Nicolet anal sser and the software and integrated system
was tested using the HP64000 8086 emulator (borrewed
from ©3D).

3.2 QPERATION OVERVIEW

The user muat enter a number of options before
proceeding with data capture. The user communicates
with the measuring system via the HP 2645A display
station. The user is guided thiough the necessary
"tuning® stups by a series of menus. The system will
use defaults for any options not entered by the user.
Once the user has requested that sampling commence, the
system will determine the AC frequency and then allow
data capture to start, The signal is then monitored for
zero-crossings and partcial discharge occurrence, Each
partial discharge is stretched and passed through an
ADC. The digital cutput of the ADC is then filtered
before being stored in memory together with timing data
indicating where it occurred in relation %o the most
recent zerc-crossing.

As the data is stored in 10~bit words, the si?nal
wavelength, T, (see Figure 3) can be dividcd into 2 0 =
1024 time slots

IMPLEMENTATION & EVALUATION 14
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FIGURE 3, AC SIGNAL WAVELENGTH

/ 1000 = 2¢ x 10~ seconds
i.2. the wavelength can be divided into 1000 20us
time slots

T = 20ms :~ 20 x 10
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PIGURE 4. DISCHARGE PULSE

Pigure 4 shows a discharge that has been measured to
give the following memory configuration:
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MEMORY MEMORY

ADDRESS CONTENTS
0 00101200110
1 00101000000
2 0010001i010
3 00011110011
4 00001101101
5 00010110011
[ 00010001101
7 00001110100
8 00001011010
9 00001000000
10 00000110011
11 00000110011
12 00000100110
13 00000111010
14 €0001010011
15 00001101101
16 0001000110,
17 00010101101
18 00011601101
19 00011110011
20 00100100000
21 00101000000
22 06101101102
23 10000000000 (Time Pl)
24 01010000000
25 01001111010
26 01000110111
27 01000010000
28 01600101010
29 010011119011
30 100000000000 (Time P2)

As can be seen, the timing information is
stored after the pulse information. In the
example, both datz capture triggers occurred
within 20us of the first =zero-crossing. One
discharge may trigger the data capture

IMPLEMENTATION & EVALUATION 17




circuitry more than once during its occurrence.
This seemingly confusing representation can
easily be clarified by software during post~
processing.

3.3 IMPROVEMENTS

MEMORY

The memory should have been implemented using
larger and thus fewer chips. If this required the
use of slower chips an interleaved design could
have been used.

CLOCK 2

The Clock 2 crystal output should be filtered
before being passed to the phase locked loop which
is presently operating at one of the crystal's
harmonics.

ADC RANGE & OFFSET

The MC2710 range and offset inputs have been fixed
- these could be modified and offered as pro-
grammable features to allow enhanced flexibility.

VISUAL INDICATION

It is useful with any type of discharge measuring
equipment to have a visual indication of what is
being detected by the instrrnent.

IMPLEMENTATION & EVALUATION 18
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SOFTWARE
The facilities presently offered could be reduced
to allow further processing of the data by the iSBC
86/12A, Alternatively, the memory capacity of the
86/12A could be increased to allow the storage of a
larger amount of software.

CONSTRUCT ION
The equipment should be better "housed" and the

cabling and interconnections between the various
components can be improved,

IMPLEMENTATION & EVALUATION 19




4 _CONCLUSION

The partial-discharge characteristics for a particular tesh
condition and insulation arrangement ¢ n be of great
importance in the choice of a suitable measurement system
and in the interpretation of the readings. Previously, in
studies of the current waveshapes of discharges in voids,
the application of a computer has been limited by bandwidth
considerations. The system presented offers ¢ large
bandwidth and sufficient flexibility to allow ics use in
numerous situations without further hardware modifications.
In addition, the system has been designed to be particu-
larly "user friendly" thus al’'owing system configuration to
be achieved by pressing a few buttons rather than engaging
in an extensive rewiring exercise.

Some of the advantages of this digital capture system are
summatised below:

a. The system can be "user tailored" via software
parameters.

b. The data can be recorded and processed more
efficlently.

c. By their very nature, the digitally recorded are
directly available for computer analysis.

d. The data captured can easily be related to time anda
voltage.

e. Calculations using discharge sequence parameters are
simplified.

It is envisaged that the system presented in this report,
serve only as a data capture instrument. To maximise the
benefits of the digital nature of the data captured,

CONCLUSION 20
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further processing is required, probatly on a mainframe
computer., With all the benefits offered, this system should
prove an invaluable aid in partial-discharge analysis.

CONCLUSION 21
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APPENDIX 1 - MEMDORY DESIGN

It was decided that 64K of memory would be sufficient to
hold a useable quantity of sampled data. Initially it was
felt that the mamory chips haj to be ordered as soon as
possible, and hence, the memory design was oversimplified:

As the sampling rate is 10MHz the memory has to have a
write cycle of less than 100ns. The Hitachi HM6147LP-3 1lKxl
bit memory has a write cycle of 53ns. The drawbacks
involved became apparent after purchase. As the MC2710
offered 10 bits resolution, the memory bank has to be at
least 10 bits wide. It was decided to include an extra bit
to differentiate between timing data and sampled data. A
64K x 11 bit memory needed 176 chips -~ a prodigious number
of chips which could have been avoided by using slower but
larger (and cheaper) memory chips in an 'interlaced’ memory
bank. However, the speed offered by the Hitachi chips
simplified the overall design.

MEMORY ADDRESS CIRCUITRY (see Sheat 3)

The address has to be calculated at speeds of up to 10MHz,
and it has to be available to the memory chip for at least
$5ns (including 10ns for write recovery). The obvious way
to calculate the address is to use very fast binary
counters. The 748163 is a 4~-bit counter that can operate at
frequencies up to 70MBz. 4 of these counters are necessary
to give a lé~bit address. The effective operating speed of
theve cascaded counters is 14MHz ~ 21MHz.

Bocause the address appearing on the counters is valid for
80 short period (see Fiqure 5 - Address on counters valid),
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this has to be latched and held for addressing the memory,
and at the same time the address has to be expanded to 20
bits to accommcdate the addressing capabilities of 16 bit
micropro.-ssors. Two 748374 latches (requiring a 5ns data
setup time and 2ns data hold time) are used to hold the
address formed on the counter outputs whilst a 748373 is
used to hold the expanded address portion.

The memory address space is from 20000H to 3FFFFH. Two 3-8
line decoders decode the addresses (see Sheet 10):

IC 87 decodes addresses 20000H - 2FFFER
IC 88 decodes addresses 30000H - 3PFFEH

The data capture memory bank is only selected if
/ADR13./ADR12.ADR11 = 1. The first 64K are addressed if
ADRIU = 0 and the second if ADRIN = 1,

i.e, Por IC 87 : Gl = /(ADR13+ADR12+/ADR1V)
G2 = ADR1O
FOR IC 88 : Gl = ADKIO
G2 = /(/ADR13./ADR12,ADR11)

for both
Select & = ADRD
Select B = ADRE
Select C = AURF
APPENDIX 1 26



Memory | ADR ) Yl I Y2 I G G
Address! 111 1) FPEDI 012345671 0612345671 11
32101 [ 1 11 24
= | o e I Jomm - —————— R e T [ e
20000 | 0010 000 LBEHHHHH '""HHHHEHHHEHBI 1 0]
22060 1 0010 001 HLHHHHHREHEI BHHHHHEY BB 1O
24000 ! 0010 01 0/ HELHHEHH HHHHHEHHHI 1l
26000 | 0010t 0ill HHHLHHHEBI HHHHHEBHBHEI Ol
28000 { 00 1CI 100! HHHHELHHEH HHHYHHHHAHI 10
20000 [ 0 01 Ot 1 0 li HHHHHLHBI BHHEHHHHI 1 0
2000 ( 00101 120!/ BHHEBHHHBHLH BHHYHHUHEA 10
2B000 |1 0 01 01 111" HHHHHHHEHL! HEHHHAHEAI L1 O
3000 | 0011, OOl HHHHHHBHHB LEHHHBHEBEHI 1 1)
32000 [ 00 111t 00 HHHHHHBEBEHEI BHLBEHBHHHHE J 1
34000 1 00 11f 01 0i HHHHHHHH HHLBHBEHEHI 11i
36030 1 001 11011l HHHHHHAEHKHHE! BEHLHBHHBHEI 1 1.
38000 ! vwv 1 11 100!l HHHHEHHHHEHHI BEHHAELEBEHI L
3A000 1 001 11 10 1li HHEHHHHHAHE BEHEBEHEBELBEBEHBE 11l
006 + 00 4+ 11 11 Ol HHHHHHEHEH BHHEHEEA YL R 1Y
38000 | 001 1111l HHHHEBHHEH HHHHHEBHAL 111

MEMOR’ A\CCESS CONTROL CIRCUXTRY (see fheet 11)

The memory control circuitry can be divided into three
parts:

a. Write control circuitry
b. Dual port aceres, control circuitry
¢, Control of memory access by ifBC 86/12A

WRITE CONTROL (during sampling)

For writing, the chip select (CS) and write enable lines
(WE) must be synchronised with the addressing and data
capture circuits. The CS line has to be LO for the entire
write cycle, the address had to be valid for at least
45ns before the end of the write and rema'n valid for
10ns once the WE line has gcne Hl (see Figti 6).

APPENDIX 1 27
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The WE line must only go LO if there is data available
i.e. either sampled or timing data.

The memory is arranged in 16 banks of 1l bit words and
the CS line is used to select which bank will be written
to at any one time., The seven most significant address
lines (using 17 address lines) are decoded to give a 1 ir
16 selection.
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DUAL PORT ACCESS CONTROL

As the RAM can be accessed by either the sampling
circuitry or by the 8086, any possible contention must be
avoided:

The sampling circuitry and the iSBC B86/12A present
addresses (and data) to the memory on two separate sets
of latches, only one of which is enabled at any time.
Once sampling has commenced, the sampling clrcuitry has
sole access to the memory, whilst before and after
sampling, only the 8086 cai access the memory.

ACCESS BY 188C

It was decided to allow the 8085 to both write and read
from the memory. Thus data has to be latched on
bidirectional ports.

The decoding of the MWTC (Memory Write) and MRDC (Memory
Read) lines is shown in Pigure 7. As the memory used is
very fast there is no necessity to add any further wait
states Jduring memory access (see iSBC Manual & Appendix
4)
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DUAL PORT ACCESS CONTROL

As the RAM can be accessed by either the sampling
circuitry or by the 8086, any possible contention must be
avoided:

The sampling circuitry and the iSBC B86/12A present
addresses {and data) to the memory on two separate sets
of latches, only one of which is enabled at any time.
Once sampling has commenced, the sampling circuitry has
sole access to the memory, whilst before and after
sampling, only the 8086 can accegs the memory.

ACCESS BY iSBC

It was decided to allow the 8086 to both write and read
from the memory. Thus data has to be latched on
bidirectionai ports.

The decoding of the MWIC (Memory Writa) and MRDC (Memory
Read) lines is shown in Figure 7. As the memory used is
very, fast there is no necessity to add any further wait
states during memory access (see iSBC Manual & Appendix
4)
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APPENDIX 2 -~ DATA CAPTURE CIRCUITRY

The data capture circuitry is divided into two sections.
One that measures the discharge pulser and one that detects
the zero-crowsing of the AC signal.

PULSE CAPTURE & TRICGERING (see Sheets 6 & 7)

The sampling must only commence unce the pulse has risen
above a given positive value or fallen below a given
negative vaiue. The 'pulse' is fed directly to two sets of
comparators. One set triggers the data mechanism once the
pulge has reached its positive threshold and the other
triggers if it reaches the negative threshold. (These
thresholds are soft programmable). The 'PULSE' line must be
high for data capture to commence. Because of the delays
introduced by the comparison, the PULSE line will only come
BH: a finite time after the ADC has actually captured the
data (see Figure 8). Thus the data presented by the ADC
must be held wuntil the memory address lines have
stabilised. This is done by passing the data through
latches that are enabled once the previous data has been
stored in memory (see Figure 6).
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ZERO-CROSSING CIRCUITRY (see Sheet 9)

(cf. 'the Art of Electronics')

The circuit shown generates an output square wave for use
with TTL logic (zerc to 5V range) from an input wave of any
ampiitude up to 100 volts. Rl, combined with Dl and D2,
limits the input swing to between -0.6 and 5.6 wolts
approximately. Resistive divider R2/R3 is necessary to
limit the negative swing to less than .} volts, the limit
for a 393 comparator. RS and R6é provide hysteresis, with R4
setting the trigger points symmeocrically about ground. The
input impedance is nearly constant, becauge of the large Rl
value relative to t*the other resistors in the input
attenuator.

The output of the zero-crossing detector is fed throuvgh a
monostable multivibrator with schmitt-trigger inputs, to
give a3 30ns pulse used to clear thec timing counters, and
also to synchronise the start of sampling wich the lst
zero~crossing of the AC signal.
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APPENDIX 3 ~ CONTROL CIRCUITZ:Y

SUPERVISOR CIRCUITRY

This controls the address generation and the data capture.
It is alsc responsible for ensuring that the memory control
signals and the data/address inputs are aynchronised. It
starts the data caplure operation when instructed to do so
and then monitors the process to ensure that it stops
before the memory overflows:

a. Measurements must commence with the first zero crossing
(ZEROX - HI) of the AC waveform once the user has
indicated (iSBC86/12A =~ HI) that sampling may start
(see Figure 9), Measurements must ceasge once signalled
by the user (isBCB6/12A - LO) or once the memory is
full (ADROVR = dl).

¥ ¥
g ——— ﬁf rx/\j cm_-w
= SRL P
o S A EILY!
I ————
LT START = X + Y
e it > . .
\\Y',. ) - a3} ,y’ atl
r_.__.._um__ﬂ;, RS - -
| START | B [
l ) ‘{ - - SUEE ‘
‘ f . Jy = Y.ADROWR Ky = ¥
L - x* " X
u—uw(/:\omvn Sy
haN -
- v v
r——-—-——‘——\-'\/ " - ‘r'-"\-'\ r*"*—:
r——-"ﬁ'{ﬁ 7 | zmmat - I 5
] | ‘J e i
) (D T
Jy = 2MROX Ky = ¥

FIGURE 9. START SIGNAL SYNCHRONISATION
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The address counters must be cleared to zero before

data capture commencos.

(see Figure 10)

START

C.OCK |

ADDRESS CLOCK

REQUIRED CLEAR

CLFEAR OBTAINED

— ]

e rererer

This is achieved bv ADCLR

5 bv i Kt d Ka
B N A m 4 A{T m
d | d o] U U
- - I o] . d g
o [ d d ! ._J__«_} Ji=B Ks=B
folit lalode
! 8 8
! 0 4 0 o] d
{
. o A !
iC 4 olo ¢ A N m d o |
\,
Q d d | } -
I U NPR3: C Ks ~ A
START ’
i ]
PR PR
Ll Al Ja A ADCLR
poned K 8 L_Kn e
CK K |
4 4 |
T i |
) e .
CLOCK
PIGURE 10. ADIRESS COUNTER CLEAR
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APPENDIX

Once enabled, the system must only record data
whilst a discharge is detected. In addition %o the
pulse data, timing informaticn must also be
recorded. The necessary synchronisation and control
is performed by six lines:

START : Allows data capture to commence.

STROBE : Strobes the ADC. The ADC must be be
pulsed at speeds ranging from iMHz to
10MHz., If the latch enable is HI for
25as ou'. of every 100ns (see Figure
11), the circuit can be driven by a
40MHz clock witch strobe line HI for
two out of four clock eycles and the
latch enable HI for one of the 4. irom
Figure ‘6) it can be seen that if the
strobe pulse were extended by +/-20ns
and then inverted, it could serve as a
WE line.

LATCH : Latches address and data. The address
must be latched between 70 ard 100ns
after the rising edge of the strobe
input pulse (see Figure 5). To achieve
maximum overlap of the data and
address fields, the data is latched at
the same time as the address.

The following conditionc must be net:

. The address must remain valid for at
least i0ns after the WE line has gone HI
(see Figure 6).

. The chip select lines (CS) must be LO for
at least 45ns before the end uf the
write (see Figure 8).

. The data must bhe presented to the memory
at least 25ns before WE gues HI and must
remain these for at least 10ns after WE
has gone HI (see Figure 6)
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APPENDIX 3

HADD

LADC

LTIM

.

: enables the counters as soon as a
pulse is dJetected and keeps them
enabled for 100ns after the pulse has
disappeared to allow the timing data
to be stored. (see Figures 8 & 12)
enables the pulse data to be presented
on the data lines during a discharge
(see FPigure 12).
enables the timing data onto the data
lines immediately after the pulse has
vanished (see Figure 12),
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PIGURE 12,

LADC,
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TIMING CIRCUITRY (see Sheet 5)

The data for each pulse must be stored with an indication
of where the pulse occurred relative to the AC signal. The
10 bit wide memory word allows the AC wavelength to be
divided into 1024 time slots e.g. a 60Hz wave could be
divided into 1024 16,3us time slots, Obviously, the clock
controlling the timing circuitry has to operate at a speed
dependent on the AC frequency.

The time is “counted" on three cascaded 4-bit binary
counters. These must be cleared asynchroncusly on every
zero~crossing (+ve) of the AC signal and the value that
appears on the counters when a pulse is detected, must be
stored and presented on the data lines once the pulse has
disappecared (see LTIM).

Because t»e AC wave and pulse occurrence are not
synchronised, some mechanism must prevent the timing data
from being updated whilst it is being stored in memory. The
output from the counters is latche” on level~triggered tri-
state latches before bei , presented to the memory. The
input to the latches is vwnly enabled whilst a pulge i
present if the counters are not being clocked. The latches
must have a 1l0rs hold time before the counters are clocked
(see Figure 13).

It is, hovever, conceivable that the pulse might end +/~-6ns
after the clock line has dropped and the length of the
latch enable pulse would be too short to guarantee the
values input to the latch, The hardware to avert this
problem is unnecessarily complicated as post-processing
software can "weed" out these glitches. An adge-triggered
latch would go & long way in solving this problem but would
introduce the possibility of the counters not being reset
to zero at the next zero-crossing.
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CLOCK CIRCUITRY (see Sheets 1 & 4)

The design of the Supervisor Clock will be described - the
Timing Clock is similar.

The sampling frequency is variable petween 1MHz and l1OMHz.
Because of the divider circuitry used for the ADC strobe
puls~ the drivirjy clock must run at speeds from 4MHz to
40MHz. To achieve this very wide frequency range with a
reasonably stable output, a phase-locked loop was used (see
TTL Data Book - Typical Application Data for 748124):

Wwith fiwm ‘~{on rates for both M and N {(see Figure 14),
Hataln
e R o r
! ki = 2 PHAGF LOW PASS
. | Y = COMPARATOR I TR
—jre n
i . _‘—_—-}‘
L ____;"__} Caxt
AR
}— Cot  ROG
O |
{ /NS U— :
‘ ES

PIGURE 14, BASIC PHASE LOCKED LOGP

the output frequency (Fot) will be stable at Pot =
(N/M)Fm. To allow Fot to be as variable as possible,
obviously both M and N must be allowed to take on a wide

range of values., Using & synchronous 6-bit binary
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multiplier (7497) Fop = (MFin)/64 and can thus be varied
from 0 zc (63/64)Fin' Using an exclusive~or (IC4),a phase

comparator, an RC low pass filter (see Figure 1%5)

i
r‘m“hjx ;
S S
I ¢ -
e FREG axt . r_.w.,,,._.___ﬁ .
7 em ¥ o w b
Lo BN Lrﬂmrﬂ_rTJ
= T
l I
s NERY
| M
L 4
2
Ladet
-
‘2:Nxfa
e

FIGURE 1§, PHASE LOCKED LOOP WITH RC FILTER

and J-K flip-flops to “clean” the output of the 7497 before
it enters the comparator. 4MHZ <= Fot <= 40MHz (Bee Sheet
1} but the marimum inpit clock frequency of the '97 is
I%MHz. Thus F,  must be haived before driving the 7497 -
this is achieved with another J-K flip-flop.

Therefore (M‘Fin)/ﬁé = (N*Pot)/IQB 1 <= M <= 63
Fot = (2*M*Fin)IN 1 <= N <= 63
Thus OMHz <= th K= lZG*Fin

But the output frequency of th  'S124 has a linite2 range

e.g. for F . = 50Miz and Cext = 8pf and with Vixng = 5V
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for Vifteq = 1V, Fn +/= 42 => Fol +/~ 21MHz

Vif: = 3V, Fo +/= 1.2 => Fs +/= 60MHz
Thus to achieve the full range of 4MHz to 40MHz, F ., must
be further divided. This is achieved by passing Foe through
a 4~bit counter (IC7). The outputs of which are

demultiplexed to select the required frequency.

For 21MHz <= Fot <= 60MHz

With 8§ = 0090, 21MHz <= CLOCK1 <= 6(MHz
001, 10.5MHz <= CLOCKl <= 30MHz
010, 5.25MHz <= CLOCKl <= 15MHz

011, 2,625M8z <= CLOCK1l <= 7,5MHz

lo0, 1.3125MHz <= CLOCKl <= 3.75MHz
As the frequency range of CLOCKl now exceeds the required
range, the variance of Fn can be reduced. i.s., .48 <= Foo<=
.99 so vi need only range from 1.4V (24MHz) to 4.7V
(50MHz) .

freq
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APPENDIX 4 - INTERFACE

The pulse caprture circuitry must be interfaced to the iSBC
86/12A and the HP2645A

iSBC 86/12A INTERFACE

In addition to the memory incerfacing, the iSBC 86/12A is
required to transmit the following data to the sampling
clrcuitry:

a. The sampling rate

b. The AC signal frequency

c. The upper and lower values for triggering
d. Signals to start and stop sampling

At the same time, the sampling circuitry gives the
following signals to the 1SBC 86/12A:

a. An indication that the memory is full.
b. The zero~-crossings of the AC signal so that the AC
frequency might be ascertained.

The necespa’y signals are passed through three 8255
programmable interface chips located in the 10 address
space XXX00H ~> XXX3BH (further decoding is not done as the
10 address space iz not fully utilised).

Each PPI has four addresses:
Al A0
0 0 = DATA BUS - ORT
0 1 = DATA BUS - ORT
1 0 = DATA BUS -~ PORT
1 1 = DATA BUS _ONTROL
and these must be located at even-word boundaries in the
18BC B6/12A address space.

oI
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i.e. PPI 1 'resides' a% 1/0 addresses XXXO0OH

XXX02H

XXX04H

XXX06H
Each PPI has 24 1/0 pins which may be individually
programmed in 2 groups of 12 and used in 3 major modes of
operation. In the first node (MODE 0), each group of 12 I/0
pins may be programmed in sets of 4 to be input or output.
In MODE 1, the second mode, each group may be programmed to
have 8 lines of input or ottput. OFf the remain ng 4 pins, 3
are usad for handshaking and interrupt control signals. The
third mode of operation (MODE 27 is a bidirectional bus
mode which uses 8 lines €fov & bidirectional bus, and S
lines (borrowing one from the other group) for handshaking.
Data is transferred to and from external I/0 devices
through three 8-bit ports known as port A (PAO-PA7), port B
(pPB0~PR7), and port C (PCO-PCT).

The eight data lineg of the PPI's are connected to the 8
least significant multibus dJdata lines.

All PPI's are operated in MODE 0 with PORT's A, B and PORT
C (lower) being selected as output ports. In PPI 1 PORT C
(upper) is used as an output port.

PPT PORT ADDRESSES

PPI 1 - Write/Read : Port A : 00
PPI 1 ~ WritesRead : Port B t 02
PPI 1 - Write/Read : Port C s 04
PPI 1 - Write : Control : 06
PPI 2 -~ Write/Read : Port A r 08
FPI 2 -~ Write/kead : Pory B : QA
FPI 2 - Write/Read : Port C 1 0C
PPI 2 - Wtite : Control : OE
APPENDIX 4 47
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Write/Read : Po

rt A

PPI 3 - Write/Read : Port ®
PPI 3 - Write/Read : Port C
PPl 3 ~ Write : Control

PPI 1 (IC61 - sheet 1)

Port A - Mode 0
Port B - Mode 0
Port C (lower) - Mode O
Port A (upper) Mode O

PPI 2 (IC62 - sheet 4)

Port » ~ Mode 0
Port B - Mode 0
Port C (lower) - Mode 0

PPI 3 (IC63 -~ sheet 7)

Port A - Mode 0
Port O - Mode U
Port C (lower) - Mode 0

PPI FUNCTIONS

Output

Output :

Cutput
Qutput

Out put
Output
Cut put

Out put.
Output
Out put

Cl10 - ClI5
Cl00 - Cl105
Cl180 - Cls2
ZEROX
TIMOVR
ADROVR

€210 - C215
C200 - C205
€280 - C283
ULo - UL7
LLO - LL7
uL8,uLs
LL8,LL9

10

+ 12
: 14
:+ 16
(AO - A5)
(B0 - BS)
(CO - C2)
(C5)
(26}
[{eirp
(AO ~ AS)
(BO - BS)
(C0 - C3)
(A0 ~ A7)
(BO - B7)
(co,c1)
(€c2.¢3)

When the CPU ls accessing off~-board memory (or 1/0) via the
Multitus Interface, the CPU must first gain control of the
Multibus interface and after giving the command it must
wait for the Transfer Acknowledge (XACK/)
(see Ref. 12). The 8255A requires a 400ns write cycle. This
is achieved by holding the IOXACK line LO for 400ns after

the w-ite cycle has been initiated

APPENDIX 4

{sue Figure 16).

to be received
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HP2645A DISPLAY STATION INTERFACE

The 133C 86/12A has an RS232C compatible serial 1/0 port
controlied by an B8251A USART (Universa' Synchronous/-
Asynchronous Receiver/Transmitter) chip.

Thus communication with the HP2645A is EIA RS232-C serial
synchronous, full duplex ASCII. Transmission is at 9600
bits per second, the necessary clock rates (for the iSBC
USART) are supplied by an onboard programmable rate/time

gen<rator.
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APPENDIX 5 - iSBC B86/12A

The iSBC 86/12A Sircle Fcerd Computer, which is a member of
Intel's complete line of 8- and 16-bit single ooard
computer products, is a complete computer system on 2
single printed-circuit assembly. The iSBC 86/12A board
includes a l6-bit central processing unit (CPU), 32K bytes
of dynamic RAM, a serial communications interface, three
programmable parallel 1I/C ports, programmable timers,
priority interrupt control, Multibus interface contrcl
logic, and bus 2xpansion drivers for interface with other
Multibus interface-compatiple expansion boards.

iSBC 86/12A JUMPER CONFIGURATION

ROM/EPROM Confiquration
Using 2732 EPROM chips:

Legal EFROM addresses : OFCO00Il - OFFFFFH
Legal RAM addresses : 00004 ~ 7FFFH
Jumpers E94 - E96 & E97 - E99 are inserted

No Wait Option
Jumper E3 - E4 is removed to create wait states after

ROM/EPROM reads

Bus Clock
Jumper E105 ~ El106 routes the Bus Clock signal /BCLK %o the
multibus interface :

Congtant Clock
Jumper E103 -~ E104 routes the Constant Clecck signal /CCLK
to the multibus interface
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Timer Input Frequency
Counter ¢ has a 1.23MHz input frequency (E57 - ES5€) ' 1
Jumper E59 - E61 connects Counter 0 and Counter 1 in series
in which the output of Counter 0 serves as the input clock
to Counter 1.

'

—

Counter 2 will be the 82512 Baud Rate Clock with a 1.23MHz
input frequency (E5 -E61)

M. .
I —

Priority Interrupts
Counter 1 output (TIMRl) is connected to the B25%A PIC "RO
input (E91 - EB81)

o—— A ———— | —

Programmable Peripheral Interface

S PPI 0 - Write/Read : Port A (J1) : c8
= . PPI 0 - Write/Read : Port B (J1) s CA
. PPI 0 - Write/Read : Port C (J1) : 6c
4 PPl 0 - Write : Control : CE
SN priority Interrupt Controller
- PIC - ¥rite : ICWl, OCW2, OCW3 : CO or C4
% PIC - kead : Stai s and Poll : CO or C4
1 PIC - Write : ICW2, ICW3, ICW4, OCWl(mask) : C2 or C6
= PIC - Read : OCWl(mask) : €2 or C6

Aitnough the system is presently not interrupt driven, this
facility can be included - e.g. for interrupting at the end
of the sampling period.

=) Programmable Interface Tiners
PIT - Write/Read : Connter 0 : DO
PIT -~ Write/Read : Counter 1 : D2
PIT - Write/Read : Counter 2 : D4
PIT - Write : Control : D6
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determine the AC signal freguency.

Counter 2 serves as the 8251A Baud Rate Clock

USART

USART - Write/Read : Data (J2) : D8 or DC
USART - Write : Mode or Command : DA or DE
USMRT - Read : Status : DA or DE

Used for communicartions with HP2645A.

APPENDIX 5

Counters 1 & 0 are used to time the sampling period and to
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APPENDIX 6 - HP 2645A

The EP2645A display station uses & microprocessor urder
firnmware control. It operates in character or block mode,
with fuil editing capability. “he terminal is designed for
such a;plications as data ent.; and preparation, informa-
tion disvlay and e«iting, interactive prog-amming, data
communications, and time-sharing operations. In addition to
the facilities of the basic terminal, the HP2545A also
provides an integrated mass storage capability of up to 220
kilobytes of data using two tape cartridges.

KEYEQARD INTERFACE STRAPFING OPTIONS FOR POINT-TO~POINT
COMMUNICATIONS ON HP2645A

STRAP ‘ FUNCTION
A -~ OPEN The escape code sequences gererated by alil

keys are transmitted to the conputer

w
t

CLOSED Spaces typed wildt overwrite existing
characters

C - CLOSED At the end of each line, a local Carriage
Return and Line Feed are generated.

D - CLOSED The terminal is set to transfer a line at a
time in Block Mode.

E - CLOSED When the READ key is pressed with AUTO/LF key
latched down, each tape record begins with an
LF and is tairminated by a CR.
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F - CGPEN
G ~ OPEN
g - CLOSED
R - OPEN

8,T - CLOSED

U - OPEN
VvV ~ OPEN
W - CLOSED

APPENDIX 6

When an ESC e (Fast Binary Read) is issued by
the computer, the baud rate is switched
automatically to 9600 baud (if the terminal is
equipped with cartridge tape units).

All Block Mode transfers (i.e.. cursor sense,
terminal and device status, device 1/0
responses, display memory, and function Xeys)
are preceded by a DC2. The terminal sends the
DC2 'pon receipt of a DCl from the computer.
After the CPU receives the DC2 from the
terminal, another DCl is required to trigger
transmission of data fi 'm the terminal.

During Block Mode Handsh.ke transfers, the
terminal sends a DC2 in iesponse to a DCl
prior to sending data, (8ee Block Transfer
Handshake strapping above.)

The transition from receive state to transmit
state occurs after CB (106) (Clear to Send)
goes on,

Reverse Channel protocol (both gswitches
cloged),

The terminal ignores all transi.’ s un the SB
(122) (fecondary Receive Data) ..nc from tre
moden in the transmit state,

Transitions of CF (109) (Carrier Detect) line
have no efrect on the terminal.

Enables DATA COMM SELF TEST from either the
keyboard or escape sequence.
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X = CLOSED ©Holds data speed signal low (CH (111) =0).

Y - CLOSED The TRANSMIT light on the keybocard il turned
on when CB (106) (Clear to Send) line from the
modem is high. It is turned off wher the CB

(106) line goes low.

The HP2645A is set to operate in full duplex, even parity
mode at 9600 baud.
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APPENDIX 7 - USER MARUAL
The user must proceed as follows:
1. Connect the deta capture system to the signal to be
measured.
2. Power-up the data capture system
3. The following menu will appear on the HP2645A screen

TASK SELECTION MENU
FRREEFABSTERARAEASR
Select the required task by pressing
the relevant highlighted koy

Pulse Acquisition
Display Memory
Memory Transfer
Clear Memory
Pill Memory
Reset Memc
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To tune the variocus parameters the user should press
"p? (whilst the Task Selection Menu is displayed) and
the following menu will appear:

SELECTION MENU
moammzasme: e
Select the required item by pressing
the cvlavant highlightea ey

Rampling Rate s Lot

Upper voltage limit for pulse triggering : . .. .ts
Lower voltage limit for pulse rriggering : -.1lVolts
Time limit for pulse triggering : 1 seconds
Perform sampling

Bxit from this menu
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To adjust the sampling rate, press “"S§* (in the
Selection Menu)

SAMPLING RALE MENU <y

sEzsuasBIERUEINEIY
The current sampling rate is 10MHz, should you wish to change
this you may select the required range by pressing the relevant key.
Fine adjustment is achieved by pressing either "I" to increase

the sampling rate, or "D* to decrease the sampling rate

- IMHz
- IMHz
- 4MHz
SMHz
-~ EMHz
- TMHz
- 8MHz
8 - 9MHz
9 - 10MHz

~ B s W N
i

Increase sampling rate
Decrease sampling rate
Bxit from this menu

Pressing "I" or "D" will increase or decrease the
sampl ing frequency by approximately .002MHz.
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w

To eoijust the upper triggering voltage press "U" (in
the Sclection Menu)

UPPER LIMIT

waasumennas
The current .pper iiwit for criggesring the pulse
sampling mecharism is .1 Volts, should
you wish to change this enter the new limie,
otherwise press the SPACE bar. The limit must lie

Letwaer U and 0.5 Volts,

The user must enter the upper limit (eqg .49) followed
by "RETURN"

To adjust the lower uriggering voltage press °"L" (in
the Selection Menu)

LOWER LIMIT

rnassssaRms
The current lower limit for triggering the pulse
sampling mechanism {s -.1 Volts, should
you wish to change this, enter the new limit,
athervige press the SPACE bar, The limit must lie
betwesn § and -0.5 Volts.

APPENDIX 7

The user must enter the Jower limit (eg -.49) followed
by "RETURN"
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the Selection .tenu’

To enter the : npling period time limit press

Ll

(in

TIME LIMIT
zsmamzzasns
For how long do you wish to sample?
The present time limit ‘s 1 seconds.

Should you wish to change this,

please enter the aew limit, in seconds,

should lie between 0.1 and 300 seconds.

otherwise pres- the SPACE bar. The new limit

"RETURN"

Pressing "P" (in the Selecticon
gampling to commence and run until
or the time limit expires

Menu) will
the memory is full

The user must enter the time limit (eg 100) followed by

cause

TEoSsgIR

&* ‘ SAMPLING

Sampling Rate
AC Frequency

Time limit for pulse triggering

Upner voltage limit €or pulse triggering :

Lower voltage limit for pulse triggering

1oMHzZ
50KHz
.1Volts
~.1lVolts

1 seconds

APPENDIX 7
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The user may display the contents of the mewocry by
pressing "I'” whilst the Task Selection Meiu is on the

screen

MEMORY DISPLAY

TEATIRRSEVIBIR

Enter the segment (2 or 3), start address and

end address of the portion ! memory you wish to view

eg. 2:000,00FF
Enter "E" as the segment to exit
Pushing "S* will stop the display, SPACE will continue it,

and Q" will guit it

APFENDIX 7




To store memory onto tape or restore the contents of
memory from tape, press "M" in the Task Selection Menu

MEMORY TRANSFER

TAEIUBIERIREEED

store data on tape

restore data from tape

to exit

-

.e88 "T" to store memory

STORE MEMQRY

EETRTBRRRE TR

store first memory segment

store second memory segment
store both memory _egments

m W N

to exit

OR press "C" to restore memory

RESTORE MEMORY

FERTRL R RS L BB

.

restore first memory segment

rastcre second memory segment

resture both memory segments

BN~

to exit
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APPENDIX 8 - WIREWRAP? BOARD LAYOUTS & CIRCUIT DIACRAMS
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APPENDIX 9 ~ SOFTWARE




The software listings are contained in a separate dociment

w. :h may be found in the Engineering Library at the
University of the Witwatersrand.







Author De Villiers Pierre
Name of thesis A High Speed Data Capture System For Use In The Analysis Of Partial Discharge Activity. 1986

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2013

LEGAL NOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
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