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Time domain spactroscopy, like other complex
measurenmnents, can be enhanced by the us=2 of microprocessors
in two main areas. One is to provide the required data
procassing, and the other is to simplify the man-machine

interface,

D

™his thesis describes a spectrometer in which a single
microprocessor performs both of the above mentioned tasks.
A bigh sp2ed floating point mathematical nnit operates as a
slave to the microprocessor, thus enabling it to perforn
various processing functions necessary for spactroscopic
measurements. The relative complexity of the measurement is
also softened through utilization of the micreprocsssor as a

controller,
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Chapter I

INTRODUCTION

™he primary objective »¥f this work has been to design,
implenent, and evaluate a aicrocomputer based, time domain
spectrometer, Without getting into the details of the
measurament itself as this point, a few words about the
nature nf the measurement should suffice to introduce the

subijact.

The main objective of the measurement is to determina the
dielectric properties of a given substance from the spectrum
of ttre scattering parameters of a sampla hold=ar containing
the test suhstance. There are two basic techniques used to
acquire these paransters, namely the frequency domain
methods and the time domain methods, which have been
discussed and compared in [1,2]. The work discussed herein
is «concerned with the tine domain techniques tor nmaking

spectroscopic measurenments.

1.1  APPLTCATTCHNS OF SPPCTPOSCOPIC “FASUSEMFNTS

™he many and diverse applications of spectrnscopic

measurements range from cancer treatment to evaluation of
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microwave radiation hazards. Dielectric meathods have been

used to investigate the qguantity and nature of bound water

present in biological tissues [3,4]. Other areas of
application include anesthesia effects, relationship of
heart disease to bound water in lipoprotein

solutions,relationship of senile dementia to diel=ctric
properties of spinal fluid, frashness of fish, as well as

water content ot many other substances (4].

0f more direct medical significance is the use of
radiowaves and nmicrowaves 1in the treatment of cancer.
Previous techniques involved the raising of the temperature
of tha entire body wusing wax baths, the additional heat
causing the tumor to regress. Dielectric techniquess could
be used to determine 1if there 1is a frequency range over
which the cancerous tissue absorbs more enerqgy than the
surrounding mnormal tissue. This would facilitate the
localization of the heating effect <caused by nicrowave
hypothermia treatments. A thorough discussion of biomedical

applications of dielectric spectroscopy appears in [&]7].

e e i —— ———— e B A o et iy > D WD S o <2y it i e S

2lthough both approaches have their advantagss and
disadvantages, there are two major incentives for using time

domain techniagues rather than frequency domain mathods,
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One of the  points in favour of ¢time domain measurements

is the lower source and rec2iver cost. A fast rising step
function contains frequepcy components from D.C. tO an upber
limit imposed by the risetime of the step, thereby requiring
a single step generator as a broad-band socurce. A sampling

oscilloscope would satisfy the receiver requirements.

Frequ=ncy domain measurements for tha same frequency
range require a nunber of vprogrammable swept frequency
generators as well as a cnomplex amplitud2 and phase
measuring microwave network analyser as sources and
receiver. The freguency domain components are relatively

more exp2nsive than theit time domain counterparts.

2 second advantage for a time domain measurement is that
th2 response can be windowed in time so that only the
desired part of the signal 1is analysed. This feature
facilitates the removal of unwanted re=tlactions which are
due to impadance mismatches, etc. by simply delaying the

perturbation out of the time window of interest.

Another relevant point is that the tim2 domain
spectrometer (T™DS) described herein wuses a time domain
reflectometar (TDP) on its front end, and thereftors can also

be usad for TD? type measurzments,
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Tim= domain tzchniques €or spsctroscopic measursments

inherently require some form of data processing, which

[ N

[

mplies the use of a computar. Fxisting systems which will
be discussed in the next chapter, wuse large central or time

shared computers or dedicat=2d mninicompnters to do the

)

procsssing, rdirarily a microprocessor might be employed
to look after the data acgunisition, formatting and transfer
processes, and possibly ev=an to scoften the hurman intsrface.
However, with th2 advent of sophisticatad nmicroprocsssor
system compatible single board slave processors, such as the
SBRC-310 high sp2ed mwnathenatical unit, the nuse of the
microoroc=ssor can noy be extanded to complex data
processing.

ndent stand alons TDS is now a reality although

~he

nd

}J-

D

b

D

possibly at the =xpense of over-utilizing a single
miCTOpPLHNCassOor. Alternatives to this are prassntad in the
final craptesr of this thesis, This potential over-
pytiliza*+ion was nnt of concern during the courss of this
work since nvpart of the objective was to evalvats such a

raccazendations which cone from this 2xcercise

1)}

systan. ~h
will certainly be of use in the d=velopment of th2 second

gen2ration »f stand alone nicroproc=ssor based T"S's,

Although applications of microprocessors in instrumentation
are widely known, (Rets. 18-24 ), direcu use of wmicroprocessors

in tipe domain spectroscopy hzs not been widely reported.



1.4 Cragapization of thz Th:sis
Chapter two rsvisws tims domain systzms prasentzad in th2
literaturs. The rzferencas discussza It that chapter deal

directly with thkz timsz domair m=sasursmsrts d=alt with in

this thesis.

"he third <chaptar gaives the th=orstical basis and
mathematical r=lationstips us=zd ir  the measuraments.

Chapter four Adiscuss=2s th2 hariware aspnscts of the systenm,
dw=1ling more on the non-standard or custom componants, and

shortcomings of th

o

hardwar-=. $Llso, vpresented thars is an
improv=4d v-oc=durs which =lininates calibration r=scquirsad ain

cf unwanted
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th
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otker systzams, minimiz=s +th

rzfl=actions, simplifiss domain ceonversions, and reducss the

i
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W

r>asursnsnt

Crtap*>r fivs L:cins with a <flowchart of tha ovzarall

softwar= implensntation of the procszdurs discuesssd in
crtarct=r fonr, "his implsxz=ntation is szmi-antomatic with a
frizpndly human ZIntarzacz whicl rzgrvicss a mivimuim opsrator
irt=rvantion, t sarple outout listing is also civsn to
illustrat= <zls func;ion of +*h= various blocks o0f the
flowchazt. “F= remainder of +the chaprer discusszs tha
dz*+ails ¢c- tra softwarz tnisr thr=: mezn hzadings. Th=sz
*zadinags ar< Za*ta acgwrsitiorn, ‘ftusan Intsriacs anag data
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ana distributed amonjy szvsral precsssors in  an integrated

Systsm as suggsst=d in chaptsr 3IX.

Tke sixth and final chaptsr is a critical evaluvation oZ
tre system, follow=d by recommendatiorns for improvz=msnts and

future work.

)

for=, 112 21n

-~
.

m

“he main contributions of this work, th
the procedural ZImprovements rssulting in th=2 advantages as
stat2d pr=viously, avtomation of the procadure through
implemzntation in th= software, th2 human interfacs, and the
svalvation and suvagestions for fvture work. The tangible
r=sul%t is *+he software, nmuch of which can b2 carriad ovsrtT

into th:s implementation of +the Tsccocmmendations given 21n



Chapter IT

A PEVIEW OF THE LITFRATURE

In the first part of this chapter, a brief account of the
history of time domain methods is reviewed. The second
section contains a discussion of some aspects of =2xisting
TDS systems which are suitable for implementation wusing

microprocessors.

The study of molecular behaviour in polar systems has

been done by experimental means using dialectric
spectroscopy since the turn of the century, according to
[5]. Due to the wide rang= of frequenciss being studied,

for freaquency domain measurements a number of different
tochniques are required, all of which operate in a point by
point fashion, In other words, a new reasureament 1is
reguired for each freaquency point of 1interest,. The
transient or time domain m=2thod seemed to represent a more
attractivs approach since basically only one measur=sment 1is
required to acquire the response to a time domain signal.

Some additional data processing is needed to transform both

stimulus and response signals to the frequency domain, and



from that point on, the processing is similar to that

required for the frequency domain m=2thod.

In 19€9, time domain reflectometry (TD®) techniques were
beginning to be used for spectroscopic measurements at
microwave frequencies. At first a time domain measur<ment
involved photographing the oscilloscope CPT display, and
reading the points by eye based on the calibration of the
vertical axis of the oscilloscope, The data then had to be
transferred manvally to paper tape or punched cards for
precessing by a central time shared conputer. This kind of

nrocadure was obviously time consuming and inaccurate,

Since that time various work has been done to enhance
this method and extend its capabilities. Nevwer systems use
digital voltmeters (DVM's) to facilitate auntomatic
acquisition of the digitized data, and a computer for signal
averaging as well as for transforming time domain data.
Subsequent systems employed computerized nmonitoring and

correcting techniques to compensate for additive voltage

drift and timing Jjitter. Efforts are still being mad= to
improve measurement accuracy, investigate different sanmple
holdar confrgurations, introduce mor2 automation, and to

extend both upper and lower fregquency bounds of the

technique,



2.2  SOME FFPORTED TDS SYSTFHS

i

Each of the followi;g subsections concerns an aspect of
the TDS m=asurs2ment which lends itself to automation using
microprocessor techniques. Scme of the systems discussed
have already adopted automation of some or all of these
particular characteristics, while others are relatively
primitive, ™his is due in part to a relatively large tine
span between some of these contributions, and also the fact
that most of the work done has been <concerned with the

electromagnetic part of the measurement.

2.2.1 Data acquisition
As has been mentioned in +the last section, m2thods of
data acquisition were quite laborious at first. Van Gemert

(5] used a Hewlett Packard time domain r=aflectometer (TDF)
system similar to the one described in chapter 4, together
with an X-Y plotter from which data was sampled manually and
punched on cards. Fabar [2] describes in detail a device
which he refers to as a "control unit"™ which was custon
designed and huilt to interface the sampling oscilloscope to
a scanning digital multi-mater (DMM) for analog to digital
(/D) conversion. The same author cites the addition of a
pap=r tape punch as a possible improvement to the systen,
since it would reduce the number of manual ovperations

necessary to process the data wusing a digital conmputer, A
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similar technique wusing a DM™ and a paper tapé punch is
described in {6], and (7] mentioned using magnetic tape for
data storage. Only Gans and Andrews [ 1] reported the use of

a dedicat=d 14 bit A/D converter which interfaced directly

vith a minicomputer.

2.2.2  Control

Aside from some automated data acquisition, mnone of the
systems described had -automatic measurement procedure
control with the exception of [1,7]. Nicolscn et al {7]
used a programmable hardware sequencer which had lighted
push Dbuttons designat;ng various breakpoints 1in the
saguence, Such breakpoints signify when to install a new
sanple, or take a reference point, etc.. The system has a
facility to automatically initialize itself at power on.
mhe sequenc2 1is prograamable and is stored in one half of
the available core nmemory, the remaining 2048 bytes being
reserved for data. Thus the system maintains ths stored
program even after the powar has been turned off. Th2 only
circumstances under which the <control sequence has to be
restored ar= when sequence modifications are made, »2r in the
event that the control area of the memory should b=acone

damaged or overwritten.

"he system described im (1] wuses a minicomputsr for

acquisition and storage of data, and also for neasur=ament
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procadural control (human’interface). ~his system provides
another interesting feature which the others did not, and
that is computer control of the time base. The advantages
of this modification will be discussed in a 1later chapter

under potential improvements for our systen.

2.2.3 Data processing

211 of the TDS systems thns far discuvssed use a tinme
shared central computer or a minicomputer. The common
factor is that all of the systems use a high level
prograrming language to do the data processing. Various
transformation algorithms were used including the fast
Fourier transform (FF™), discrete Fourier transform (DFT)
with continuous Fourier transform (FT) interpolation and

smocothing [€], and Samulon's DFT,

A svmmary of the various systems discussed is depicted in

Table 1.



Reference

Data
Acquisition

Control

Data
Processing

Frequency
Range

Measurement
Time/Sample

Number of
Data Points

Time
Window

Other dis-
tinguishing
characteris-
tics

"mMABLE 1

A comparison of TDS systens

(1]

~A/D converter
to mini-computer

-automatic

-entirely
computer

controlled
(including
time base)

-BASIC/FORTRAN
for processing,
1/0 control, &

man-machine
interface

-assembler for
control, data

acquisition,and
some math opera-

tions(eg.FFT,

binary avera-

ging, etec.)

d.c.-18GHz

~2 min.

usually 1024

(2]

-"controller"

to interface
oscilloscope
to DM,

-manual with
exception of

data acquisi-

tion.
~reference

points manual-

ly recorded.

-FORTRAN on
remote )
computer.

-up to 2GHz

500

~ 2ns

~Jumped
capacitive
sample
holder

{531
-XY recorder.
~-data sampled
manually and

punched on
cards.

~manual

-FORTRAN on
remote
computer.

up to 2GHz

300

~time domain

synchronization
using maximum

slope 1 2thod
(manually).

{6]

-raw data
digitized
via DV and
punched on
paper tape.

-IBM 360 or
G.E. desk~
side time
shared

service.

3.35GHz
+500MHz

3-10 min.

1,000

-uses FFT
with
continuous
F.T. inter-
polation

.12

[71

-raw data
digitized via
DVM and stored
on magnetic
tape.

~automatic via
push button
programmable
sequencer.
~auto-initiali-
zation at power
on.

-FORTRAN on
remote computer.
-preliminary
scaling and
normalization
done on control-
ler.

-4 reference
waveforms
necessary.

0.1 - 10GHz

~ 10 min.

256 or 1024

2.5 or 10ns

-sample holder
temperature
controlled up
to 1,000°F



Chapter ITI

THEINREITICAL BASIS POR THE MEASUREMENT
T™his <chapter discusses the physical nature of the
measure~d and calculated quantities as well as their

mathematical relationships.

3.1  PHYSIC!L SIGNIFICANCF OF

I

SIION

Before getting involved in the mathematical relationships
between the input data and the output parameters, first let
us take a 1look at the physical significance of the
reasurement results, There are basically four distinct
forms of Adielectric polarization, each of which are apparent
in a different frequency range [2]7. The polarization which
is of concarn in this work is dipole polarization, which for
tke mrajority of substances of interest occurs at high

frequency (radio and microwave region).

It is well knovn trat in the presence of an external
electric field, electric dipoles align themselves 1in the
direction of the field. Tf the field oscillates, the
dipoles £ollow tre field wup to the point at which the

frequency of the changing electric field becomes too high
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for the dipoles to remain in phase with it. s the
frequency increases further, nore and nmore dipoles tend to
lag behind in phase, or relax, and enerqy is absorbed by the

dielectric material as a consaquenca of this relaxation.

DIELECTRIC
CONSTANT
el

LOSS

FACLOR
€ \\

f ' FREQUENCY
r

The curves shown represent characteristics typical of a pure substance.
A mixture depending on its composition, could demonstrate two or more peaks for
the loss factor, and the corresponding drops in the dielectric constant.
The declining dielectric constant illustrates the increasing phase lag
of the dipole oscillation with respect to the electric field, with increasing frequency.

Tigure 1: "ypical cowmplex permittivity characteristics

T"ha pnhase lag of the dipoles with respmect to the electric
field is illustrated by the declining dielectric constant as

shown in PFig. 1. The en=2rqyv absorbed by the dielsctric in



the-vicinity of the frequency of relaxation is shown by the

loss factor curve.

This relaxation frequency may vary withimn a given sanple
as well as with tinme and temperature. Tt is this
characteristic of the complex permittivity versus frequency
which 1is the end product of +the data nprocessing in the

system described herein,

3.2 ERFLECTION COEFFICIEVT AND CNMDLTX PEPMITTIVITY

The dielectric properties of a test substance are
measured in this systenm by ﬁsing a sample of the substance
as a dielectric in a capacitive sample holder. From the
reflection coefficient (gamma) of the sample holder, the
dielectric constant and loss factor can be obtained using

th» relationships derived belovw.

From the fundamental properties of transmission lines, it

is known that:

r=7%," % (3.1)
ZL+ZO
where T is the reflection <coefficient, ZL is the

termination impedance ({in this case, it is the capacitive
impedance of the sample holder), and  Z, is the
characteristic impedance of the +transmission line (50 $2 in

tbis casa).

15
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Since the sanmple holder is a lumped capacitanc2, the load

impedance can be expressed as fnllows:

D S | C(3.2)
L jwC jwCqe*

Z

vherea CO is the capacitanc= of the sample holder for a free
space dielectric (close to air) and Q* is the complex

permittivity.

Substitution of (3.2) in (3.1) yields:

1 - wa*COZO (3.3)

r = . *
1 + juwe COZO

Pecall that by definition:

Tharefore:

-5 tod o

} 1 jw(e'-je )COZO
+ 2 [ [}

1 Jule'~je') COZO

Transposing yields:

[
)
3

JuCyz (e'=3e) = €3.4)

|

-
+
-
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Recalling that [ is a complsx quantity having both

nagnitud> and pltase:

1-1r!(cos 6-3 sin 8)
1+|{Tr|(cos 6-j sin 6)

NCOZOE'" + ijOZOg’ =

Separating the right hand side 1into real and irmaginary

parts:

1-|r|2+j2|r] sin 8
|r12+2}r[cos 6 + 1

U)COZO-E-""}‘ j(L)CO ZO EI =

2|r!l sin ® (3.5)
2
wCOZO(|F|+2lr] cos 8 + 1)

€ =

1-|r|? (3.6)
chQGQr|2+2|r]cos 8 + 1)

n —

H2nce if CO and ZO are known and both magnituds and phase
[ [

of I can be wmeasured, ¢ and ¢ can be fourd using

equations {3.5) and (3.€) above.

The uncertainty of the complex permittivity is dependent
on the nncertainties of the quantities from which the permit-
tivity is cslculated. (ie. I'l , 8, C,, Z ). These uncertain-
ties have been extensively analysed, for the ssme HP TDR used
in the system herein described, in[2], [ 5], [13) and [16].

From [16], it is known that:

alll/ IFl > 88%0.014 ,  AC, /Co®0.01  AZo/Zg= 0,005
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3.3 MTASH2EMTNT OF GAMER

. i it Vo, B s . G, s n iy s Sy ohon e

As has heen mentioned above [’ 1is a complex quantity and

can there®ore be expressed as:

As the term implies, [ or reflection coefficient is a
r2lationship betwa2=sn an incident stimulus and the reflectad
response to that stinmulus. mhe relationship can be

expressed as follows:

Irj(£) = Vresponse (£) |

6.(f) = o (£) - o
]Vstimulus(f)T

> T response stimulus

(

The measurement of [T therefore involves the measurement
o€ two characteristics. This is where the similarity
between frequency domain and tim2 domain techniques ends,
For frequency domain measurements, swept frequency
qenerators vprovide the stimulus and a network amnalyser
measures the response directiy at a given frequency, thereby
requiring many measurement points over a range of

frequencias,

mhe time domain  measurement uses a fast-rising step
voltage generator to stimulate the sample with a rana2 of
frequency components simultaneously. The sannling

oscilloscope is used to first record the stimulus, and then

£)
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the response of the samplz holder. Poth charact=ristics ar=2
transformed to the frequency domain using a mcdifi=d PrF™ and
then th= abova relations ars used to computs gamnma. Snly
one measurenant of each <characteristic 1s rsquired to
calculate fraquency components of [T , which ar=2 lirited
primarily by the risstime of the step, noise, and the
sampling rate at which the inout <characteristics are

acquiresd.

2t this point, [’ having bzen comouted, Z, known, and Co
having been calculated anﬁ measured (see sections 4.2.1,
4,2.2), tha dielectric constant and 1loss factor can be
computed wusing the relationships exprsssed in equations
(3.5), and (3.6). 3 suamary for the experim=ntal procedure
is aiven in Tig. 2.

The causes of uncertainty stem rainly from the hardware

but are also dependent on the data processing algoritams, The
uncertainty in !Iw are due to amplitude jitter in the TDR and

the timebase instability is the source of the phase uncertain-

ty.
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measure

measure
(

(t)

t)
Vreflected

incident

Fourier Fourier
transform transform
V. . f

mcxdent( ) Vreflectedm

calculate

M w)

calculate
€:(w )
€(w)

The measurement and Fourier transformation of the stimulus and response
characteristics are not performed concurrently as the diagram might scem to suggest
These two branches are rather executed independently, and the results from both

are used in subsequent processing.
2 sumnmary of the experimental procedure

Fiqure 2:



Chapter IV

FXPFRIMFNTAL APPAPATUS AND PROCEDUPE

In this chapter the system hardware is describad and the

neasurement procedure is explained.

4.1 SYST=M HARDWARE

This s=2ction 1is concarned mainly with the hardwvare
portions of the systen. Before going into the d=2tails of
each block, an overall block diagram puts each into

perspective with respect to the entire systen.

Inoking at Fig. 3, it can be seen that the front end of
the system is basically a commercially available Hewlett
rPackard time domain reflectometer consisting of a HP 180D
oscilloscop2, a HP 1815B plug in sampler unit, a HP 18172
remote sampling head, and a HP 11062 tunnel diode step

generator.

~he 18158 sampler and 180D oscilloscope effectively
stretch an avent in time by revsating the event and sampling
successive time points each iteration, Oonce the entire

characteristic has been swept in this manner, the whole



HP1106A S
TUNNEL DIODE STEP
HP1BOD  HP18158  GENERATOR \'\

s

OSCILLOSCOPE TOR SAMPLER /—-{:t —5]

N

U HPIB]?AH

REMOTE
12BIT SAMPLE HEAD

A/D
CRT TERMINAL
INTELLEC
MDS
800
L u DUAL FLOPPY
> U U DISKETTE
(SBC 310) ORIVE

N ﬁ LINE PRINTER

This diagram shows a HP time domain reflectometer system interfaced to an
Intel MDS 800 microcomputer via an A/D converter. Data is acquired by the MDS 800
from the TDR through the A/D converter. All processing, output, and operator
interface is performed by the microcomputer.

Figure 3: TDS Hardwar=2 block diagran

procedure starts over again to maintain a visibla display on
the screen, "ach time th=2 sampler repeats the event, it

does 56 by sending a signal to the 1817% remote sampling

22
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head, which in turn triggers the HP 1106A tunnel diode step
generator. The step propagates along the transmission line
as shown ir Fig. 4 and passes through the sample head. The
step continues on along +*he transmission 1line  toward the
sample holder, where a small portion of thes signal is
absorbed. The rest of the signal is reflected back along
the same line to wﬁere this reflected response again crosses
the sampling diodes. In this manner, the sampler has access
to Dboth tha stimulus and response portions of the
characteristic, The secondary reflections caused by the
sampling diodes and the butput connector of +the remote

sanpling head assembly are discussed in a later section,

The sampled signals which appear on +the screen are
digitized by an 2/D converter and are fed to the
microcomputer as two 8-bit inputs (IN1, and 1IN2).
Consideration of the data format and timing signal schene is

given in the next chapter.

"he microcomputer must use these signals to acquire the
appropriate data, and then perform the rest of the functions
necassary to complete the experimental proc=adure. The
partitioning of these functions and their descriptions also
appear in chapter 5. ' R line printer is the output facility
for the processad data and a comnsole (keyboard/CPT display)

is used for the operator-system interface, A dual floppy
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This space-time representation of the signal propagation in the transmission
line illustrates both the stimulus and the reflected response portions of the signal
from the point of view of the sampler.

Fiqure 4: Signal propagation in sampling assembly

disk drive is used only to load the operating systen progran

into the microcomputer memory.

4,2  HARDWI®T MODIFICATIONS

A second cursor is of course used together with the

existing one to define the tim2 window during which tha

measurement 1is to be taken. Since the original cursor

shifts the display one way as it shifts the refer=nce point



in the other direction, :+ it should be 1used to define the
leftmost point in the window only. The s2cond (added)
cursor can therefore be used to set the reference points and
the richt most point in the window without disturbing the
characteristic. This mocdification was made using high input
impadance components to minimize 1loading of the already

delicately tuned systen.

The A/D converter used (Analog Devices ADC-120QM) has a 12
bit BCD output (digits from 000 +to 999) and 1is the
successive approximation t{pe. The maximum conversion time

is 25 JSs

The sample hkolder is nmore of an addition than a
modification to the system, but it is a hardware component
and therefore its description is best suited to the context
of this section. The mechanical characteristics of the

sample holder are as shown in Fig. 5.

Pecall from chapter 3 that two constants were required in
(3.5), and (3.6). These are the characteristic impedance of
the transmission line and sample holder, which is known to
be 50 ohms, and the free space cavacitanc2 of the sample
holder. From the dimensions given in Fig. 5, it is possible
to calculate the capacitanc2 CO directly using a formula [9]

which accounts for both the parallel plat=s capacitance and

25
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2b=3.043x10"3 m
d=0.269 107> m

The sample holder is a coaxial transmission line with the center conductor
recessed slightly from a closed end thus creating a capacitance.

Fiqure 5: Sanmple holdar mechanical dimensions

the fringing capacitance. This method, along with two other
mettods herein described, has been carried out and all werz

found to be in good agreement.

4,2.1 alcnlation of C, from mechanical dirensions

mhe calculation of the capacitance of the sample holder
from its dim=nsions is a straight forward application of
some formula= found in [9]). The dimensions shown in Fig. 5
were measured using a micrometer.
Promn Hércuvitz [97:

a-b

B 4b
Y g

- - %

a Th
. ln(g) [Za + 1n

26
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Since:
jB = juC, and YO=—Z}~=——14—5—
0 60 ln(g)
and: wh = 21EA = 27y
vhere v = 2.9979 x 108 m/s

Substitution and simplification yields:

_ b b a=b; _
CT_B—O—N [Ea--i-ln a ] 0.347 pF

This then 1is a theoretical value of the capacitance of
the sampl2 holder accounting £or both parallel plate and

fringing capacitance.

The resonant circuit techhique (10] consists basically of
measuring a resonant frequency (fy) of a given resonator,
then adding thes capacitance of the sample holder at the ond
of the resonator and measuring a new resonant frequency
(fe) e With a few modifications to (4.2), the phase change
() due to the additicnal capacitance of the sample holdar
can be ,compnt=zd. The phase <change (g}, and the resonant

frequency of the resonator with the saaple hold=r (fc) is
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suhstitnted into (4.8) to calculate the capacitanc= of the

sampl2 holdar,

Befor2 +*this technique can be applied however, it |is
necessary to account €or different reference planes. If the
sample holder couvld be accuratzly short circuited then the
egqnations could be applied directly. This not being the
case, 1t was decided to open circuit the sample hold2ar by
extending the outer conductor with a cut-off wavequide. The
wavegquide extension, however, shifts +the open circuit
reference vlane away from the 1inner conductor and towards
the open end of the wave guide by a distance d', as shown in

Pig. €.

From reference [8], the displacement d4' can be found
using:

a' = R(R,“R) (4.1)

vhere Rb is the inner radius of the outer conductor, "and
Rg is the onter radius of the 1inner conductor, and R is as
defin=d in {8). From a table given in the sama reference, R
was obtainad for a few values of Ph/y , where )\ 1is the

wavelength corresponding to the resonant frequency of the

system. Tt was found that over the tfrequency range of
intarest in this work, ® is practically constant at a
dimensinnless value of 0.6034 for a 50 ohm line.

Substituting in (4.1) vields a displacement of :

da' = 1.193 x 1073 n
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The waveguide extensicn is used to minimize the fringing effect between

the inncor conductor and the face of the outer conductor, thus creating an effective
open circuit.

Fiqure 6: D0Dpen circuited wave quide extension

Since the sanmnple holder is open circuited, it should
resonate at odd integer multiples of A /4. That is to say
that the electric field should be a maximum at the open

circuit reference plane as shown in Fig. 6.

substitnting £ in:

2nf
c

(4.2)

e
i
o

L - (2n-1) =
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yields:
f 4=£ 4!
= _cy _ c (4.3)
¢ = =-(2n-1) = (1 f;) —

where €, = open circuit resonant frequancy

and £, = empty sample holder resonant trequency

CT can be obtained from:

_ 10 (3 (4.4)
Cp (PF) = 7E_ (GHZ) tan |3

The results of measurements of Q and Q) for n=2,3,4 and

calculation of ¢ and C, appear in Table 2,

& W

TABLE 2

RPesults of open circuit resconance measurement

f. (Gliz) f_ (GHz) @ (Rad) Cy (PF)
1.52145 1.56081 -.3138 0.331
2.54177 2.60638 -.5165 0.331
3.55470 3.64336 -.7129 0.333

As a check, it was decidecd to measure C,; tfor the sanmple

holder short circuited (mercury sanmple) at the end of the

sanple cavity (Fiq. 7). Note that this does not giva
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completely trustworthy.
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anas, nor is the short «circuit

m"his was nerely intendad as a check

of the above measurements.
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A mercury sample was used to short circuit the sample holder.

Figure 7: Short circu

it reference plane displacenment

-3
d is known to be 0.269 x 10 m

n

£+d = >

substitution of £ in (4.

¢ = -2n7{

(short circuit)

2) yeilds:

1-55) +1T_41rfcd (4.5)
f

Vv
O



32
TPquation (4.4) can still be used to calculata C, from ¢ .

Note that only fo, Lad to be remeasured since all of the

values of fc should remain the same.

™he results for this are summarized in Table 3, and can

be seen to aqr=e quite well with the open circuit values for

C. .

The capacitance due to fringing is known to be greater
for an 1idesally sharp edge on th¢ central conductor of the
sample holder. One would therefore expect the measured
values of capacitance to be less than the value calculated
in section 4.2.1, simply because din practice the edges are
sliah+ly rounded off. Out of the two measured values for
the capacitanc2, the op=n circuit results are mor= reliable.
mherefore, for the frequency range of 25 MHz to 2 GHz, a
value for the freec space capacitance of the sample holder of

0.331 pF has been used,

TABLE 3
results of short circuit resonance measurenent
n f. (GHZ) f, (GHZ) ¢ (Rad) Cy (pF)

1.52145  2.09331 -.3085 0.325
2.54177 3.14564 -.5056 0.324

w N
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h.2.3 Lin=2ar phase increment conmpensation

— s o o . ———— . - S o v T - - s i e e o T e —

When the stimulus measurenent is being taken, what is
actually being recorded is the stimulus reflected from an
open circuit, for reasons discussed in section 4.3. Recall
that due to fringing capacitance e¢fects, it is advisabla to
extend the outer conductor as a eut-off waveguide, thereby
ach2iving a better open circuit, arnd thus a more accurate
representation of the stimulus characteristic. RPacall also
that this waveguide -extansion shifts +the open circuit
reference plane, thereby adding a time delay to the stimulus
which results in an incremental phase error in the frequancy

domain stimulus characteristic.

The relationship between a delayed time domain signal and
its freguency domain characteristic can b2 expressed as :

-jut
£(t-t) ¥ ., . © Flw)

™he corresponding incremental phase error is :

.A¢i.= wto = 2nAfito

"hereo€fore when evalvating the Fourier transtorm of the
stimulus <characteristic (sample holder with the open
circuited wavequide) the time delay due to the shifted open
circuit reference plane will have to be accounted for as

follows :

dap(E;) = ¢ 5 (£;) - Ao,



whare:
_ 24t
t, = v
ands Af, = £.-f 1 (discrete frequency increment)

wavequide extension

The open circuit reference plane is shifted by the waveguide extension
of the outer conductor towards the open end of the line. This causes an additional

time delay for the response of an open circuit (reflected stlmulus) which should
be accounted for in the phase calculations.

Tigure 8: Open circuit reference plane

mhe 2d in the numerator accounts for the time delay for
the incident signal and the time d=lay for the reflected
signal. Figure 8 illustrates the relationship batw2en @rn
and ?ag From Fig. '8 it can esasily b2 sea2n that the first
A D will be proportjonal to the first f; since fi4 =0. Fach
subsequent AQ; will be proportional to the frequancy

increment Afi.
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So that ths open circuit phass compensation algorithm
wvill be compatible for any phase increment, it must remember
the previous frequency point, and, knowing the present
frequency point, compute Af . For the first fredquency point
in the characteristic, the previous frequency point must be

zero so that Afi= f.

i for the first point.

4.3 PYPPPTMFNTAL PROCEDURE

Recall from the first chapter,that the objective of the
measurement is to obtain .the dielectric permittivity fronm
time domain measurements. In chapter 3, it was noted that
at least two time domain characteristics are required, as
well as Zo which is known, and C, which has been considered

in this chapter.

The first sst of data is the stimulus charact=aristic or
incident step. Along with this data set, two reference
points must be taken for normalization purposes as shown in
Fiq 9. The reference points are established by setting the
sacond cursor described in chapter 4, and signalling to the
system via the keyboard to record the 1location of that
point. The number of low level points taken should be kept
small so as to minimige the incremental phase offset due to
the time d=slayed step. "his has nothing to do with the
waveguide, it is a property of the Fourier transtform. The

number of low level points will vary depending on the time-
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base satting. Best results are achieved for a time-base

setting of 0.2 ns/div. and 4=3 or u.

S-Sl—Sz
1 reflecfec_:l step
- (open circuit)
ﬁ\ ‘{"\reflected response
\ M (sampledielectric)
mcndenf _
step

The response to an open circuited sample holder is taken to be the
stimulus. The response to a dielectric sample illustrates the capacitive nature
of the sample holder. i.e. The response shows a temporarily low impedance followed
by an exponential charging of the capacitance. The reference points are designated
ast NO for the first point in the time window, M for the last low level point,
N1 for the first high level point, and NP for the last point.

Figure 9: Typical stimulus and response curves

Note that since the stimulus portion of the wavaform n=ed
not be taken so frequently, it 4is possible to use the
response to an enpty, open circuited sample holdar as the
stimulus. T™his is illustrated as the reflacted step portion
of the curve shown in Fig. 9. The only extra consideration
involves conpensation for the phase shift due +to the
waveguide as discussed in the previous section. Since

precision  APC-7 air  coaxial 1lines are being used,



37

attsnuation of the stimulus is negligible. The advantages

of using the reflected stimulnus are :

1. Vo additional reference points required for each

response if the same time base 1is used

CUrsors are not noved.

2. Yo conmplicated start pointer finding algorithm is

required for the Fourier transform (51,

3. Minimal phase error in reflection coetficient

since stimulus and responses are from the exact

same time window.

4, No redundant data is acquired.

S. Sinplification of the operators task.

€. 2Any parturbations in the stimulus also show up in

the response,

and the

The second data set is the response characteristic, The
sanple is placed in the holder and a keyboard signal
initiates response data acquisition. ¥o reference points
are entered, the <cursors ares not moved, The response
characteristic 1is normalized using 2information the
first data set (S,%1)'and the Fourier transtorm for the same
frequency points as for the stimulus is tabulatad, plotted,

and stored.
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13

he frequancy domain representations of the normalized
response and stimulus ar=2 then usad to d=termine the
reflection coefficient as a function ot frequency. The
dielectric constant and loss factor, also as functions of
frequency, ar= tabulated and plotted and a plot of loss

factor versus dielectric constant is also included.

At this point, ore sample or network has been as
completely processed as this TDS has besn programmed to do.
Now a second measurenent can be made, but this time, the
overh2ad of taking reference points and th2 measursment of
the stimulus are not necassary, if one can assume negligible

change of these quantities within the time period in

question. (ie. within the time required to process one
stimulus and one response). The operator can now make this
dscision and, if it 1is d=2cid=d not to r=peat the entire

procedure, only the response characteristics of subsequent
measurements need be acquired. "he same output as before

will be given for each new response acquired.

After some time, the operator may decide that a fresh set
of reference points and stinulus are required, and may then
go back and obtain that information and continue as

described hefore.



4.4  LIMITA™TONS OF 2XISTING HARDWARE

The most salient limitations of the TD3 hardware are the
time and amplitude Jjitter. When used in the TDR mode (as
opposed to th2 CW mode), the time jitter at the leading =dge
of the step should be less than 15 ps. (1815P operating and
service manual, sect. 5-17). For a 1.8 ns time window with
105 points, which is the minimum number of points possible
for 9 divisions at 0.2 ns/div.,the 15 ps time jitter is less
than the sampling period. (0.875 x sampling period). This
jitter, combined with cursor instability, may cause the loss
of one point at the beginning of the time window. These are
compensated for during data acquisition with signal
averaging and alignment, as is described in +the next

chapter.

Another fairly evident hardware problsm 1is r=lated to
unwanted reflections caused bv impedance mismatches in the
renote sanpling head, tunn=21 diode and sanple holder
suhsysten. This effect stems partially from the connectors
and also from the sampling diodes thenselves, It 1is
extremely difficult to eliminate or even minimize this
undasireble characteristic, therefore the sinmplest solution
seems to b2 to try agd compensate for it. The effects of
these perturbations aée most noticeable when a tinme window
is use~d for the response which is differ=ant from that used

by the stimulus. In this <case the np=arturbation may be

39
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shifted in time and cause’'a phase error, or it miqht not be
present at all in one of the data sets, thereby causing it
to seem as though it were a characteristic of the sample.
Even when maintaining exactly the same time window for the
stimulus as for the response, the capacitive naturzs of the
sample holder may still <canse a slight ‘time shift ofAthe

perturbations in the response data set.

An analysis of the reflections present in this systen is
shown in Figqg. 10. In this diagran, the space-time
relationship of the reflections illustrates the sampling
diodes and ontput connector of the remote sampling head as
the oprinciple causes of the abarrations. Fven in sone
Hewlett Packard 1literature, photcocgraphs of the display
showed the inevitable sampnling diode reflection. In an
attenpt to reduce2 the reflection at the connector, the
2lement of the connector was replaced, but +the reflection

persists.

Nther weaknesses include trigger pulse teed through. A
video coaxial <cable from the sampling head to the back of
the tunnel diode step generator (HP 11063) suvplies a 4d.c.
bias for the tunnel diode as well as a trigg=ar ©puls2e to
initiate stap genaration. "he problem occurs when tha
trigger pulse propagates through the tunnel diode network,

thus distorting the generatad step. B solution was
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sugqested by Andrevws f11], vhich involvad *riggering of the
tunnel diode assembly from its output port through a

directional conpler. The output impedance of the HP 1106A
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should be well enough matched so that any reflection would
be considerably smaller than the feed through trigger pulse.
The HP 110617 still had to be biased from the other port as
before unless an external bias supply such as is described

in [12] is used.



TDS SOFTWAPE

As in ctapter 2, the software 1is discussed in this
chapter und=ar three basic headings. These are human
int=srface, data acquisition, and data processing

respactively, %2 fourth category, data output, is rescoqnized
here, although the software used tc carry out this function
is also imb=dd=2d in tb2 ‘tuman interface and da%ta processing

hlocks.

The main purpose of this chapter is to provide an aid for
the continuaticn of this work. For this reason, the
flewcharts and progran listings in the anpendices will no
doubt hava to be referred to extensively in ordzar to darive

a coapl=at=2 vnderstanding of some of the details.

!s an e&id *c t+thz und=rstarding of the contents of this
crapt=r, a Fflowcrart illustrat:ng th= ov=rall sotiwarse
structuirs is Sivsn 1in Fig. 11. "hils figures clos=ly
parall=ls tl:z <Zsscription of th= 2Xrerimental Dprocsdurs
civan in s=ction U.3. t1so shown In taes flcwchart acs the
pcints in *ke proczdure at ;Flch thi systsen 2¥p=cts-orFrator
intoraction. ~vis operator input t0 tr: systzm falls vnd=r
two cat=3ori-=s, The Ffirst catzgocy consists of inpuis by
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CONSOLE CONSOLE
| RESPONSE
® REFERENCE ACQUIRED
! POINTS
™ TAKEN
[ ] INPUT
[ ] NAME OF
MATERIAL
STIMULUS
C“CQUDED NORMALIZ ATION
FOURIER
TRANSFORM
/lNPUT (TABULATED
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NORMALIZ ATION
FOURIER
TRANSFORM
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+ PLOTTED

EXPECTED
OPERATOR
INPUT

B mechanical
action

e keyboard
signal

ITl 8

TABULATED
+ PLOTTED

e'(w)

€"(u.))
TABULATED

+ PLOTTED

are 1llustrated as shown.

A

The points at which the system expects operator interaction
Mechurical action inciudes such

functions as setting the timebase, instaltling che sample,
Keyboard sigunals select tfrom options presented by the
system and comfirm completion of mecnanical actions.

etc..

Figure 11:

procedure

Software implementation of the measurement
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sntrv, tims window 2nrput, nar material inpuvt, =tc.. The@®
sscond category of opsrator int=rac*ion 1s unexprzctzd input.
*s of *his writing, th= orly input und=r this classification

is tk= intsrrupt driven abort <command which is d=scrib=d in

[{}]

Tpon commencement of exscution, ths program describad in

Fig. 11 initializes int=srrupt handling routinas and storage

buff=sr point=rs. The systzm then prompts the opsrator to
opt for or skip ths introductory instructions. Th=2 operator

is +tr=p ask=d +to sszlect eithar th= STIMULUS or PRESPCNEZ

11}

branch of the procedur=s, Sinc2 som2 of the computations In

the FISPONST branch require results from the STIMULUS

e e)
t
wn

branch, ths system w21l not allow ths PCNSI part of ths
prccsdurs to b= taksn unt:l th2 STINOLUS branch has bsen

successiully complsted at l=ast once.

Cnce th=2 STIMULUS bkranch has bzen selzcted, instructaions
appsar on the conscls r=qussting th= cpsrator to i1irs*tall the

open circuit wavsguide, szt up the time window and cursors

*o s2lzct the Iirst refsrencs point . This is follow2d by
instrrctions for th= acguisition of a s:zcond refzrsnc= pornt

K1, and thern automatic accuxrsition of the sntire tinms w-ndow

con*aining thz stimvlus ctaractaristac, ThL2 systesm thap

normalization ana rourisr transsorrm of

o}
o]
'.‘.
!
rt
joY
)
9]
'J-
3
[§¥)
'-—_J
.
v

-
u

4]

t*2 s*i-ulas is5 trhen carraz=d o>ut and *h: results ar

1Y)

cutput

for ecach frzcu=rncy point o0f interist as it b:zcon=s avarlabpl:z
(s== Flg. 12 ¢ Tourx~>r *transforc ¢f the stipulns, as an
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Control is th=n rsturn=d to YTMI'Z whk=re th

1))

op=tat

+
-+
(@]
L

again asked which branchk should bz ex=cut=d next. T

m

some rsason th= stimulus is unsatisfactory (eg. cursor was
moved dnuring acqguisition, etc.), it may bz retaken. If all

is well, tk2n the TESPCYST pranch nay b2 ex=cutad. 2s

W

before, instructions appear on thz scressn reqgu=astaing the
cp2rator to insert the sampl= in the saaple lholdar. The
responszs charac*=sristic s =rsn autcmaticallv acguirz=d and
the operator is asksd *o input “hs nams of the tzst material”’
for later id=ntzfication of ithe output. From this point on,
ths system autoratically computes ana outputs the Fourier

transforn of +he response chacact>ristic, the magnitud= and

i

,

: . . 2"
phass of thes reflection ceoz:ficiznt, € ani & as well as

[{}]

u ’ :
£ varsus £ , all as ftanctions cf frzgucsncy. I

D
r+
W
H
r’-
(o}

a
Q
¥
[ ]
<
n
P
L]
ct
o o
)
0
(N

Figs. 13,14,15, and 1€ r=so for sampless of

outputs,

Control iIs zagain r=turnsd to ¥ %Ur and ancth=r rzspons=z
k]
ndy now bs proc=ss2d usipng ths =ar= stianlus data, as

édiscuss=2d in s=ction 4.3,

~his block anst instruct the human operator irc a step by
step fashion throuqgh the entir= neasvrement procednrs, it
must also rec=21ive signals from the opera*or t=11ling the
svstem that a certain =xternal action has b=zen perfornsd, as

well as which ntase of the m2asureaent proc=dure is +to be
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The following five figures (Figs. 12 to 16 inclusive)
Tepresant a typical set of output list:ings for one complets
measurenment. TLey repres=2nt the Fourier transform ot the
stimuvlus charactsristic, the Fovri=r +transform of thka
response characteristic, the reflection coefficient (gamma%,
the complex p=rmittivity (epsilonm), and £" versus E,
respectively,

In each of Figs., 12, 13, and 14, the thre=e columns of
data reprasent magnituds, phass, and frequency, respectively.
The corresponding graphs are plots of the magnitude and
phase (dznoted as * and + ;) Tespactively) with respsct to
frequency in Hz. The frsquency axis bagins at the top left
hand side of the graph at 25 MHz and increases from top to
bottom in 25 MHz increments until it reaches 1 GHz, after
which the dincrements are 50 MHz until the interval of

interest terminates at 2 GHz. The magnitude (¥*) is scaled
between 0 at the =extrema left hand side of the graph
(frequency axis), and the maximum valuve attained in that
frequency interval at the extreme right hand side of the
graph. " Thus the actuval magnitude at each fregquency
increment can be rcad from the magnitude column and the
shape of the magnitude as a function of frequency,
norcalized to Zull scale over the fraquency interval of
interest, can be observed from the graph. The phase plot

(+) is scaled betwes2n -180 degrees at the extreme left hand
side of the graph, and +180 degrees at the extreme right
hand side of thke grapt. As before, the actuval phase (in
degrees) at cach frequency increment can be r=ad from the
phase column,

In Fig. 15, the first two columns represant £ and &
denoted * and + rasp=ectively on the graph. Both 0of these
fuuciicns of freguency have be=2n expandsd to full scale on
the graph. (ie. grapk pt. = (€ -E€min)/ (€ max- €min)).
The Ii2quency 1incresazsnts in ths third column and the
frequency axis are as in Figs. 12, 13, and 4.

. " - . -

Figure 16 stows a graph of g (scal=d minimum to maximum
frorm l=ft to right) vs=rsus § (scalzd «waximur to mininunm
frorm top to bhottonm).
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Figure 14
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Figure 1>

'
| L Tt
H * + + .
L] * +
- - +
t - -+
] - +
] +
] - 4
-' »* +
&
1 ]
t - [} ]
= [ 3 El 1
[} !
; v 1 t
t i t ¢
A t » [
» -+ ]
t
] 3 1
1 *
- 4
i + N '
: o
. - v A
1 -+ >
]
: *
- *
| +
: *
-
! 3
4 + *
i s 0w
\ I
¢
1 +
- > -
, | -
+ i
: -+ L]
- -+
o + *
+ .
| »
+ E
1 -1 []
| 4 a
| t o
ag ] - A
) -+ -+ — -~ -— -_— = Bl — - - = —_ - - — - - — - - -~ - - - — - - — — e - - - - — — — - — - - .
[
T
l_ { IR L R R R L L T - T Y I S S S E A R I Y By S R BT R N « Y IR BN RS IO TR BN SR Y IO By IS SR NERY BN SUY RS SE SO
Pt} R B A B A T et R o B ot SR R 5t 2 B o LR ot B aR BT LR S vt B ot S T A Y L o LY B A Nl B A B oot S I A B B R B N B B AU R I L A N S T B R
4 4 4 4 | I L I | [ T S F oA i 3 ] + 1 1 3 | - v+ 4 t 1 [} i 1 b [ | [} t i ] + 1
L L WU WO ' O WO VI WO R W W I S I W (O [ WU O W By WO WO KO W S WO O W I O ' O (PO OO Y B SIS W' PO W I R B O W W P | L O A N S U R N SR TN FR N P N
"~ Far T 0T CEUS S e 0T e 0 T T e T O L R M A L. s ey ' ' T
W~ PO DA R LA B B I 1) B L A U e B TR L L T R L ' T T ) co ' Lo T ' S
v, O TR [LATIN PR R [ o R VR 1] [t [ VA (AU VN ] [P PR B A R V] LR TR D P I 1] ' n t Vo b 1 [V We . b
[ ua i " uTr [ 1] [ [N r Saov b [ i b= ™0 0T - [ T T T T o T ¥} [ PR T R i ter vl
1 L) I R (LU T R R VR I R r [ i LR R N I L L LT e B N | i [N S L BN N b B T IR Y B N e B I B N B R N R |
+ 4k B R e T i T R T R S R S L T R e S I Vo4 4 [
T T T e T T G o T T e s T ~ T T T T T T e T T, Tt o
O T e T R S Fe S G Sl T S e T T om0 e T e [N T I S S LTI I
1 [} S B B + -+ ) [ S 1 44 [ + [ ] | + 0
[ YR KR Y W VR B Ay PR V| [ NI S W W W A U N N LI S I e e N e O N I R O PR PRI P
" A L R R D NI 4 (] Xl LN ] [ ) (ST BT ¢ oI AL IEAl S U o B¢ I [ N I N T L N [ ey ~t -0 am v
el ey v e LY Yy e I 1 Ca ~ 3 40 ¥ NS | (L 1w 0 -] (BRI | 3 ¢ f ~ Loy g v ! vy
" vl D NN E I A I O I TR RN W RS IO R T B I S PR S VRN oG R § <t 2 oy 1 [ ' Ya [ (RN A 11 vy LI R T 1)
Y] FER R I Tar ¥ R A B R B A TN RS VA | DS Y TR I B B r ey o~ PN B | ] LV B o g PRV '
o [ R T B IR I ot B IR T S~ B Py ot VIR AL I Y AU S S A | S S O R N R VNS Y SI L LI YT (S VR PR VIR VNI P IS | I %1 s3 o~y oy 1
4 n i [} 1 4 4 - + 4 [ i 4+ 4 ] + t + ¢ 4+ + 4+ 4 ‘t + | ] 3 ] 1 ] - t | 1 1 t ? ]
1 O T L O T B I e e B I RpeN Ry | — et ST T L T T T T S T T T T T O L T S D L D 0 0T T T % aTe D
VT L e D T O D OB e O30 S D Do 0T o T e O v Tav aLn WD T WL U a D S CL 0 T e e W L e e L D i D el
4 - F & * + 4 F 4 F F 4T 1 F ¥ 4 F §F E] VT A ] i | S T S T S N S R N S|
Leo tae Ll L30 Lad Lt ok o) 1ad W Wi ted L) L L bl Ll bl [N I W S S T Oy iy L B I S I ¥ R W R S B N A A I C R Ny I A S R Y I R P PR SR PR PR RS RN P R P11
z. . " [T -~ i N L0 Foove OVyudy Vo Qs (B o BRI I B TR N PR L U S | ke 20 DR TR ] by 3 ' e
li E. 3 :JJ {., ;,’. |:|1, l:“: :fl rL I'r: w b (0§ 10y b1 E. r '1: 2 ; ta q- sty s e v m N --1' 1 "': [} i Vo f [T -”0 l’l ul I'l "J. :I: :—4 lw‘,‘ :‘l : : r.f. ~|.' f\, '|,, ::.
ST g o c s b T e g e T T v T )l 17 Ao C) =3 == =0 b bt f R N TR I T R N P S S I BT T Pu I A SN
e IR TR R R RY « BRI TRUR Uar B PRI VRN FRUIET i = N b T NI BRI U B | s e R R A L U B B B e I I e PN I e LU R | ~ st 0 b L iU [ T [ IR |
Ly -
s - - I o~ wd [ | [ | I x4 ~ 4 =4 v w1 wl el =1 < 4 = 7, A, 7, Q1 11 e L I I N W e AR N Y | f [} f Yge vy [T [FROT us o 1 i1 SR o
LYYy Y YYIYYITES s V¥ N L A B L S A A L e M R L T T T S R



4

-+

Figure 16: 52



performad next. The capability of mannally entering
numerical and alpbabetical parameters would also be useful.
In the event of some nmalfunction or procedural errcor, an
abort faciiity should be provided which can place the systen
in a ' known state with a minimal loss ot data. Dus to the
moduigrity of the procedure, only the data acguiresd " or
calculated during the aborted block need be lost. This data

is useless anyway because it would only be a partial data

set,

Since the system upon which the software was developed
has a CR™ terminal as well as a 1line printer, the user
instructions appear on the CR™ only and the required output
is sent to the 1line pfinter only. This 1is accomplished
using certain built in monitor svbroutines imbedded in a
buffer 1loading routins. Therafore to output a given
messaqge, (eg. an instruction), the addrass of the buffer
which contains that message is first 1loaded into the
designated register pair, (HL), and the appropriate buffer
loading and output routine is called. Thase routines ara
known as PRINT and XPFRTUT, depending upon whether the

messaqge is to go to the CR™ or line printer, respectively.

mo enable the system to receive signals €rom the
operator, an interrupt routine, KTYIN, which is sensitive to

keyboard inputs, vwas devised. Thkis routine stores the

53



L

received ASCII character Yminué the parity bit) 1in a single
byte buffer called KEYSIG. The point in the main systen
program which 1s expecting such a ‘signal simply scans
repetitively the contents of KFYSIG until the required
signal has . been received before procaeding with the

o

appropriate activity.

The same keyboard activated interrupt routine checks the
input signal to see if it corresponds to the abort (CTRL A)
command. Tf so, the stack pointer is reset to its initial

value and control is returned to MENUE,

From MINU®Y the operator has the option of selecting
either one of the two'main branches of the procedure., These
are S for stimulus characteristic input and processing, and
R for response characteristic input and processing. The
latter branch requires data from the former branch, and
therefore the main program will not allow this path to be
taken until the stimulus branch has been executed at least

once.

Alphab=2tical and numerical parameters can be input fron
the keybnard only when the program is expecting such an
input. The operat&r is signalled with an appropriate
instruction and a prompt character. The program therafore

knows whather the information 1is floating point decimal



(time window) or dlphabetic (name of material) and transfers
the data to the appropriate buffer. The end of the keyboard
entered character string is signalled by the operator with a
carriage return, and the program appends the appropriate
termination to the buffer (ZTX or 03H tor alphabestic and O0O0H
for numerical parameters). ™he alphabetic parameter 1is
saved until the headings for the response characteristic are
printed, at which time the buffer contents are dump=d out to
the line printer along with the heading. The nunmerical
parameter is converted immediately upon having been input to
the 32 bit floating point format using +the FDECBI routine.
The time intqrval per sample ©point is then calculated and
stored. The buffer containing the time window, being in
ASCIT form, 1is also printed on the output heading for both

the stimulus and the response,

5.2 DATA PCQUISITION

Although data acquisition, in the strict sense of the
term, involves no more than reading and storage of raw data,
the nature of the measurement makes it convenient to include
a little preprocessing during acquisition. The =xtent of
this preprocessing 1is 1limited to the point by point
averaqing of the clraracteristic in the time window
(designated by two cursors) over 100 sweeps. This 1is
designed to reduca the effect of amplitude jitter on the

outcome of the later procassing. AMlso to be acquired are



the reference points ¥ and N1, the subscripts of the last
low 1level point and first high 1level point respectively.
These points are used during the normalization procedure

described in the next sectionm.

Actually, the acquisition portion of this block 1is the
software part of the sampling scop2-microcomputer interface,
and nmust therefore be desiqned arnound the hardware provid=d.
From the microcomputers (and programmers) point of view, the
A/D converter looks like the two input ports to which it is
connected. Fach of the ports (IN1 and IN2) are 8 bits wide,
and each are partitioned into two 4 bit fields. If these
two bhytes are concatenatéd as shown Fig. 11, they form, fronm
left to right, a 4 bit timing fisld and thr=2e 8% bit BCD
numbers. The timing field is the key to the acquisition
process, and of the 4 bits in the field, only 3 are used.
The first bit 1is a SWZEP STA®R™ indicator which strobes the
start of a new sweep of the characteristic on the screen of
the oscilloscope. The second bit indicates whethar the
point currerntly being sampled is or 1s not in the time
window of interest. The time window is the set of points
between and including the two cursors. The third bit simply
signifies validity of +the BCNH data from the /D converter,
A flow chart illustrating the usage of these signal lines

aprpears in appendix B under the nams TDP2.
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IN2 IN 1

LSQJ//
3 Digit BCD '

'SWEEP START ? (1=YES)
IN WINDOW ? (O=YES)
A/D READY ? (1=YES)

UNUSED

The format of the unidirectional interface shows 3 timing bits and a
3 BCD dipgit data field.

Figure 17: A/D converter interface format

Acquisition of the reference points is achieved simply by
setting +the right hand cursor to +thes desired point and
tapping the space bar. The refarence point acquisition
routine (RTFACQ) calls the 7D® data acquisition routine, in
which there is a counter which counts the number of points
in the window. Lfter one sweep, the <contents of this
counter is stored as the subscript of the reference point.
The ovutput of the same counter is displayed on the screen of

the terminal during data and reference point acquisition.

The preprocessing mentioned at the beginning of this
section involves alignment of the contents of NERVTC (the

newly acauir=ad sweep) with the contents of ACCVEC (the
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accumnulated point by point sum of sweeps), then a format
convarsion and summation of each point. Alignm=nt 1s
necessary because of the cursor jitter at high sampling
densities, and is done with respect to the sweep start
location. That is, the nunmber of points before the window
is counted for each sweep, but this nunber for the first
sweep is stored as a reference (DPEF). Fach subsesquent

SW

D

ep 1is then aligned with ACCVEC depending on the

di

I
In

erence between the number of points before the window
{DNZ=R) and DREF. As each naw sweep is taken, the maxinun
DNTW (DMAX) and the mipimum number of points in the window
(HMIN) are checked and updated. After 100 sveeps have been
acqguired, aligned, converted to 32 bit floating point
format, and summed, a certain number of points on each end
of ACCVTC arz truncated. This is due to the fact that they
have not been summed 100 times because of the shifting
during alignment. This is where DMEX and HWFW, the maximunm
first point subscript and minimum last point subscript
respectively are used, The points between DMAX and HNEW
inclusive are all valid averaged points, and the others are
truncated. The number of truncated points usually varies

from 0 to 2 points.

mhe format conversion 1is a two step process. The
incoming data 1is in BCD and the required format for data

processing is the 32 bit floating point binary tormat. The
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first stap 1is to convert the BCD data to binary, and the
second step c¢onverts the binary data to the 32 bit format

using the SBC-310 FLTDS opcode.

The question which arises is when 1is the best time to do

the conversion? Fecall that +the A/D has a 3 digit BCD
output. ™his gives a maximum magnitude for any given point
of 999 units. If 100 sweeps of a given charactzaristic are

taken, the sum total of any given peint could possibly reach
99200. "he fixed point to floating point conversion in the
SBC-310 requires an unsigned 16 bit binary input. The
maximom magnitude of such a number would have a dacimal
equivalent of 65,536, ‘which is considerably short of the
potential 99900. This leaves two alternatives. One is to
cvt +the averaging down to 50 sweeps, and convert after
summing, and the other is to convert the numbars hefore they
get too large, Again, two possibilities emerge from the
second alternative. The first one 1is to compound two
iterative procedures by acquiring 50 swvweeps, converting,
then acguiring 50 more sweaps, converting again, and then
summing the results. The second 1is to simply convert each
sweaep as it is acquired and sum it with ACCVEC. The latter
option was selected for reasons of simpler programming, at

the expense of execution tinme,
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Since =ach characteristic to be transformed is normalized
between -1 and +1, it is unnecessary to divids =2ach point
magnitude hy the number of sweeps taken. A simplifiad flow
chart for the data acquisition and preproc=ssing is shown in

appendix B under the name DATACQ.

5.3 DAT2 PROCFSSING

This Dblock can be partitioned 1into several functional
sub-blocks, some of which have been discussed earlier as
preprocessing in the data acquisition section. Some of
these functional sub-blocks are composed of sub-sub-blocks
which may be subroutines, others may be spread out over
several leﬁels of programming. The partitioning of the
componants of this section will conform as much as 1is
possible to the actual software invlementation, to

facilitate future modification and improvements.

These componéents include normalization, preprocessing for
the TF.7. algorithn, and the Fourier transform itself.
There are a few utility routines which service the SBC-310
related operations and also sone which sw=e the frequency
range of interest for the frequency domain conversion. Also
used in the transformation routine are two trigonometric
subroutines for computing sine, cosine, and arctangent, as

wall as two format conversion routines.
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The data normalization is a tvo stage process. The first
part of the process (HILOAV) is a <calibration proc=adure.
This involves scanning +the entire stimulus data set,
ayeraging all of the low level points (S1), av=sraging all of
the high level points (S2), and taking the difference
{S=S1-52) as shown irn Fig., 9. Only S and S1 are us2d in the
sacond part of the process (N0OPM) which is the normalization
itself. This routine is used for both stimulus and response
normalization, Again the 2ntire data set is scanned taking

each point, subtracting it from S1, and dividing by S.

|point| = 2

1 - |point|
S

Note that S1>S52 due to tﬁe marner in which the A/D was
installad, but the above normalization process puts the
charactaristic in the correct parspective. Fota also that
it is possible to have some magnitudes gresater than 1, due
to the fact that ¢S is the difference batween averages.
There is a built ir 1limiting £facility which replaces
magnitndes which are ‘'greater than 1 by the 32 bit floating
point equivalent of 1. This introduces a slight clipping
error vhich should be negligible considering the nunmnber of

sweaps over which the signal has been averaqged.
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HILOAVY makes use of ‘the reference points M (last low
level point) and ¥1 (first high 1level point), but NORM
sweeps over the entire charactaristic. Flowcharts for these

routines can be found in aopendix B .

5.3.2 *».T. procassing

The algorithm used to do the Fourier transform requires,
as 1input, the difference betwesn consecutive normalized
points, and the time span between samples. The latter
quantity is calculated immediately upon input of the total
time window £from the keyboard. The former is an array of
points ®(m), in which the normalized magnitudes have been
replaced by the difference between itself and the point
before. {ie. P (m)=R(m)-R(m-1)). This is another relatively
simple routine which has been imbedded in the sam= loop as,
and immediately following, the normalization mentioned

abova,

The Fourier transform 1is done using Samulon's formula
which is particularly wuseful for this application. It is
well known that sampling in the time domain <causes a
periodicity of thes spe2ctrum in the fregnency domain, and
vice versa. Conventional DFT algorithms require a periodic
repetition of the time window thereby causing a sampling
effect in the frequency domain. In other words, thea Fourier

transform is valid only at those discrete intervals of 1/T
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Hz, where 7 1is the time ‘window in seconds. This means that
the resolution in the frequsncy domain is determined by the
width of the time window. For example, a 25 MHz resolution
in ﬁhe frequancy dorain would require a 40 ns time window.
If the event being measured has a 2 ns dnration, it would
have to'be conpressed into a prohibitively small sample
spac2 in Qfder to accommodate the entire 40 ns time window on
the screen. In addition, +the bulk of the data s=t would
contain relativély little information since the event of
interest is practically over in 2 ns. Samulon's formula
enables the event to be stretched into a more convenient
sanple space, and since the functions being measured are
well behaved, the remainder of these characteristics can be

predictad.

Take for example the stimulus function shown in Figq.
12 (a). Sampling this signal and taking the difference
betw=2en consecutive sanples is, roughly speaking, analogous
to differentiation. This would yield a signal similar to
that in Fig. 12 (b).
If it could be assumed that the step continues on to
infinity, 1t could alsoc be assumed that *he signal in Fig.
12 (b) continues to infinity in similar fashion. That is to
say, adding an in€inite tail of zeros to the second siqnal
would be a wvalid assumption and it would also serve to

extend the time window to infinity. In practice. of course,
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The preprocessing of the stimulus consists of normalization followed by
the replacement of each point by the ditference bhetween that point and the preceding
one. The resulting characteristic rescmbles the derivative of the stimulus, and it
is this data which is processed by Sumulons F.T. alporithm.

Figure 18 : Stimulus nornalization and preprocessing

only the finite number of points in the time window would be
acquired, but the artificial extension of the time window to
infinity serves to give infinitessimal resolution in the
frequency dopmain. Taking the difference betwean consecutive
points enables the signal to be truncatad with minimal loss
of information content as soon as it r=aches a steady state
level., ™his applies to the response as well as the stimulus

(see Fia. 13)
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a) response

b} preprocessed
response
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As for the stimulus, the response is first normalized and then replaced
by the difference between consecutive points before being processed by Samulons F.T.

algorithm.
Figure 19: Pesponse normalization and preprocessing
5.3.3 Triaonometric and conversion routinas
The trigonometric functions wers inplemented using

Taylor's series expansions and are fairly straight forward.
mhe sine function has been implemented using tha identity

sin (x)=cos (x- W /2). In other words, the aragument 1s phase

shifted and the cosine algorithm is used.
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The cosine algorithm, "in order to keep the terms in the
series small, is only evaluated from 0 to W . Fromn 70 to
2T , the expression cos(T +Ax)=cos(T - AX) is used.
For x= 2T or greater, x is normalized to within the linmits
.0 to 27 . Tha cosine function is symmetric with respect to

x=0, so all arguments are taken to be positive.

The arctangent algorithm is a two part expression which
uses a different series depending upon vwhether or not |x| <
1. The function itself is inverse symnmetrical about x=0.

T"hus only positive arguments were usad and the sign of the

input was passed on to the output, Truncation of the
series leads to a slight pefturbation around x=1. The rore
terms evaluatad, the lesser is the perturbation. TOO many

iterations causes overflow for large values of x, since each
consecutive term in the series has an odd power of x which
increases by 2. Since for x > 1, the €function

asymptotically approaches + T /2, there can be a maximum

valuve o0 x set so that for:

1

X 2 xmax , tan —(x) =

(ST

~his introduces an error which 1is greatest at x=xmax and

decreases with increasing x.
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The arctangent algorithm suffers from an aberration around X=1 due to
truncation of the two series expression. A second irregularity around X=60 is due
to a clipping error which was introduced to relieve an overflow problem for large
values of X.

FPigure 20: Perturbations in the arctangent algorithn

This error can be reduced with scme linear extrapolation
at x=xmax. ™his =xmax limitation has b=en incorporated in
SAMOLO near the end of TRNSPM., This is the only place where
ATEN is used in_ the entire systen. If a linear
extranolation is to be implem=2nted, then it should ba done
in the ATAN routine itself, and the xmax limitation could be

moved there at the same time.



FBIDTC is a routine which actually

conversion, but it is being used 1in

68

could be used for base

this systen to convert

the 32 bit floating point binary to €£flcating point decimal
format., ~The mathematical basis is as follows:
It is desired to convert a gquantity from the form
E " E
FB'X 2 toFD X 10}) Tt is wall known that:
log, N
log N = 1= ba (5.1)
Iy
For a=2, b=10, (5.1} becomes:
log, N
10
log N = ——=
2 logloz
EB
If ¥= 2 ~ , then 10g,N = Ej
™herefore:
Ey loglOZ = logloN_
= t B! = 5.2
let log, N = E where E} = Ej + Epp (5.2)
where ED is a decimal integer and EDF is a decimal

fraction.(EDF should be

be valid. eq. for

D
From (5.2)

> 0 for the

Eg= -4.3, Ey =

following sesries to

-5 and E = +0.7 )

DF

DF D
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From(S.3)and (5.2), t»& decimal exponant ED can be taken

difectly as the integer part of: Eb = EB 1°g102 {5.4)

EDF
F_. can be found from : F_x 10
D B
where:
E E E E_
DF _ DF DF DF
_10 = (1+L'DDF(1+L'—§_(1+L'—5—("'1+L'"H_))))

where It = 1nl0

This is evaluated in the loop designated as SERIES in

FBIDEC.

FDECBTI takes an MASCII character string in nmemory
representing a floating point decimal quantity in the

general forms:

and converts it to 1its 32 bit floating point Dbinary
equivalent. In practice, there is usuvally one digit to the
left of the decimal point and only two digits in the

exponent. The principle of operation is as follows.
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The alqgorithm first sums up all of the significant digits
keeping track of £he nunber of digits to the right of the
decimal poiﬂt. This 1is accomplished by converting each
digit from 2SCII to binary, floating that value, .and summing
it with a floating point accumulated value. BRefore each new
digit ié summed, the floating point accumulated value is
multiplied' by 10, thus resultinog in an 1integer valued
representa£ion which is greater or 1lesser than the actual
value by a factor which is a power of 10. This quantity is
then successively multiplied or divided by 10, d=p=nding on
the sign of the exponent, cach time 1incrementing or
decrementing the exponent, until it becom=2s zero. At this
point,' the result 1is the 32 bit £floating point binary
representation of the decimal quantity represented by the

ASCIT string in memory.

The FDPCRI routine is usad to convert the numerical valae
for the time window, whkich 1is keyboard entered in floating

point decimal, to the format required by the SBC-310.

The routines for calculation of gamma magnitude and
phase, as well as dielectric constant and 1loss factor are
straight forward reguiring no special explanation other than

the discussion of memory usage below.
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UTLITY 1is a collection of routires associated with the
use of the SRC-310. Such programs includs WAIT, the various

LOAD routines, and CLEARP and FILIL.

The WAIT routine is used after an opcode has been sent to
the SBC-310, to ensure that the operation has been coampleted
before the resuvlt 1is sought, or the operands modified.
After the operation 1is completed, WAIT checks for errors.
If£ there is no error, WAI™ simply returns. If there is an
error, WAIT checks to see if the error is an underflow, and
if so, the result of the operation is replaced by z=ro and
WATT returns. If the error 1is not an underflow, WAIT
outputs the error code and the tov three stack entries, and
then stops the systen, This of course should never happen
during the normal operation of the system, but it is a
useful diagnostic tool for tracing the source ot bugs when

modificatinns are being mad=a,

"he LCAD routines are all based on ©LOADY, which simply
takes the contants of (HL) and the subsequent four bytes,
and moves it to the starting address sp=cified by (DT).
LOADX calls wait before going into LC2aDY. LOP2 assigns 0OP2
as the destination address (DF) and then goes into LOADX.
Finmally, °P210 assign§ the address of a constant, 10, to the
source address (HL) and goes into LOP2Z, thus pfféctively

novina 10 to 0P2.
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The CLFAR and FILL roitines require no explanation and

listings are given in appendix C under UTLITY.

5.4 MTMOPY TNSAGE

This section is a summary of the use of the data buffers
and an explanation of how ona pair of buffers in particular
(RESMAG, and °PFTPHAS) is us=d for different data sets

throughout the response processing phase.

From the memory map shown in Fig. 15, it can be s=en that
there are two large data buffers, and four smaller ones of
equal length. The largest huffer (2000H - A800H) consists
of 800H bytes (2048 D) and is for storage of the accumulated
sum o€ the data during signal averaging. The information in
this buffer is in the 32 bit floating point format thus

lipmiting the capacity to 512 points.

The next laraest buffer is 400H bytes (1024 DY 1long and
is for storage of NEWVEC, or the most recently acquired
sweep of data. This data is in a 3 digit BCD format which
requires 2 bytas per point thus also having a capacity of

512 points.

"he next four groups are for frequency domain data, as
opposad to the time domain data stored in NIWVEC, and

ACCVEC, Since only €0 frequency points are called for (as
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the system is programmed ‘as of this writing), only 240 bytes
are required to store the data in 32 bit tormat. The space
actnally alotted for each group is 256 D bytes, for reasons

of conveniently round hexadacimal addresses.

‘hesa four areas are grouped into two buffer pairs. The
first pair (STIMAG,STPH2S) rapresents the magnitude and
phase of the stimulus respectively, the second pair (PPSM2G,
RFPHAS) being the magnitude and phase of the response

respectively.

The total area alotted for bulk data storage (ie. not
including time window, name of material, S, S1, =atc.) is

10N00H, or in decimal 409€ bytes.

NEWVEC and ACCVEC are used for each new signal
aquisition. STIMAG and STPHAS are altered only when a fresh
stimulus characteristic is b2ing processed, and must be

preserved during the remainder of th2 course of the

procedure. The contents of RESMAG and PFPHAS are altered
during avery phase of the response characteristic
processing,

Tmmediately upon receiving the name of the material from
the keyboard, SPECTRE IT begins to compute the Tourier

transform of the response in a point by point fashion,



filling RESMAG and RFPHAS 'as it does so. Atter this portion
of the response processing is concluded, SPECTPR® II begins
to compnte the magnituvde and phase of gqamma, overwriting the
corresponding 1locations of RESMAG and REPHAS with the
results as it does so. This 1is permissible since the
response is only being stored for use in calculating gamma.
This being done, SPECTPFE II then goes on to +the next step
and overwrites (RESMAG) and (REPHAS)  with £ and ¢

respectively, again in a point by point fashion. 2ach step
of the procadure, as (RESMAG) and (REPHAS) are being
overwritten, the same values are  being printed on the line
printer, and the data is never saved longer than it has to

be available for the next computation.

Two more small data buffers (E0QOSTO, and F2ST0) are
maintained for plotting the Cole-Cole relationship. These
areas occupy from BOOOH to BO3CH and BCYOH to BO70H
respectively. These buffers store the sixty one-byte scaled
plo*ting integer subscripts for (Z0) and (=2)
respectively, and range in value from OOH to 3CH, The
routine for using these integers to form the Cole-Cole plot

is called COLPLT and is described in appendices B and C.
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BOOOH
AFFFH Response Phase (REPHAS)
AFOOH
Response Magnitude (RESMAG)
AEOOH
Stimulus Phase (STPHAS)
ADOOH
Stimulus Magnitude (STIMAG)
ACOOH
NEWVEC
ABOOH
ACCVEC
AOOOH
9FFFH .

This figure shows the various data buffers and their relative sizes and
locations.

Fiqure 21: Data buffer menory map



Chapter VI

CONCLUOSIONS

This chapﬁer is actunally a conglomerate of three
sections, each of which must be at the end of this writing,
and none of which justifies a chapter om its own. The first
section presents some experimental Tresults and an overall
performance evaluation. In the second section, some
recommendations for future work are given, and the 1last

section summarizes this work.

()]

.

-
I'n

TSOLTS AND SYSTFM DRRFORMANCE

The experimental results available for polar ligquids are
primarily €or mnormal alcohols, and vary considerably from
avthor to author. Reference [13] quotes values for thea
relaxation frequency of propanol varying from 413 MHz to 722
MBEzZ. Some of these measurements have been made wusing
frequency domain, and some using time domain techniques.
The range in the measured values of relaxation fregquency can
be attributed to many causes including temperature
variation,  purity of the chemical, measurement technique
employed, etc. Van Gemert [5] made mention of having the
chemicals dried in Casc4 for 24 hr amd +then distilled just

prior to making the measurement.
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A chemist colleague suggested using spactro-grade
chemicals for the measurement to ensure purity. Chenical
purity grad=s are numerons and the percentage of purity for
a given grade varies depending on the chemical. Some of
these grad=s, in ordar of increasing purity, are practical,
reagent, spectro, ultrex, and HPLC (high pressure liquid

chromatoqraph).

Pesults obtain=2d with our TDS for a reagent grade
propanol showed a relaxation frequency of 525 MHz. Other
liquids for which results were given in the referencas were
not readily available, Mcasurenents were however made on
various other chemicals which were available, including
methanol, ethanol, and glycerol. In each cas2, with the
exception of qglycerol (which exhibits a relatively low
relaxation frequency), a second peak was preseant which
centered in the ranmge of 900 MHz to 1.25 GRz. The r=2asons
for these additional peaks can only be speculated at this
time, howsver they are worth mentioning at least for the

sake of discussion.

2 first vossibility 1is that the «chesmicals, being of
inferior qgrade, <contain contaminants which are respoansible
for the  higher relaxation  frequencies. The  slight
variations in the magnitude of this peak from sample to

sample of the same chemical could easily be dve to a non-
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homoganous mixture, temperature differences, and
evapouration, These chemicals are generally supplisd in
bulk and are often stored in metal containers, thus

increasina the likelihonod of the ©presence of corrosion,

sediment, oils etc..

The second pntential problem is slightly mnmore difficult
to verify and solve, Tt involves time-base instability,
which was also encountered by Gans and 2ndrews [ 14]. This
instability manifests its=1f as high frequency distortion

(above 1 GH=zZ).

Another possible source of error 1is the cleansing of the
sample holder between measurenents. The sample holder
its=21€ is pade of brass and there is alvays the possibility
of residue or oxide being present. R small teflon sleeve
around the central conductor has been removed to facilitate
cleaning, and reduce the amount of lint, etc., accnmulated by
the sample holder. The cleaning between samples involves
simply drying the end of the central conductor, then rinsing
it with the n2xt sample to be used, drying again, and
finally insertion of the next sample. Fven the slightest
contamination is significant considering the small sample

size (appnroximately 7.8 microliters).
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Sample outﬁuts for a*® normal alcohol, 3 dB and 10 dB
attenuators appear in appendix D. The gamma curves for the
two attenvators for a 0.9 ns time window are within 5% of
nominal value up to approximately 1.3 GHz, 9hen a 1.8 ns
time window is vused, gamma for the 3 dB pad begins to differ
from the nominal value by 10% between the trequencies of 850
MHz to 875 MHz, and gamma for the 10 dB pad is practically
useless, Wote that cutting the time window in half while
keeping the same number of points between the <cursors
effectively doubles the sampling rate. The measurement vwas
therefore repeated for the larger time window, but with
double the number of data points, yielding the same results

as with only half of the points in the same time window.

The problem then, would seem to be more a function of the

time window itself, and not the number of points in the

window. This would suggest a hiqgh sensitivity to time base
jitter. The smaller the time window is, the smaller is the
relative timebase Jitter. This would agree with previous

experimental results using overly large time windows, where
the distortion was too great for the measurement to be of
any value. The higher Adistortion for the 10 dB pad would
seem to indicate +the amplitvde jitter as another error
contributina factor. Therefore for weak signals and large
time windows (low relaxation frequenciss), the system does
not perform well. Potential scolutions to these problems are

presented in the next section.
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Regarding systenm performance, thers are two main sourcas
of delay in the procedure. The first occurs during data
acguisition where the time required to input a
characteristic is approximately 1 s for every 10 points in
the characté;istic. This 1is a result of +the selection of
acquisition procedure as discussed in section 5.2. The
second delay appears during the Fourier transform portion of

the data processing, and can b2 attributad to two causes.

The first ?.T. delay is again proportional %o the number

of points in the time window, since the entire time window
is swept by the F.T. algorithm for each freguency domain
point. The second cause is the iterative trigonometric

algorithms used by the F.T.. The delay per trequency domain
point is approximately 3s for just over 100 points, up to
12s for about 500 points in the time window. 2 third factor,
although it does not contribute to the delay per freguency

point, is the numbar of frequency domain points calculated.

This TDS can fully proc2ss on=e sample of a test substance
in vnder 10 minutes for approximately 100 points in the time
window, and each subseaquent sample can be processed in less
ttan € minutes, providing the first stimulus is maintained.
Comparison with the systems summarized 4in Table 1 is
favourable. A comparison of the results of one m=2asurement

of a given substance in which 105 points wer2 in the time
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window, with those of‘'a second measurement ot tha sane
sample using 443 points, showad no significant differenca.
The sampling rates in both cases were well above that
required by NMNyquiste's sampling criterion, and the slight
difference in results was similar to that experisnced for
two consecvtive measurements of the sam2 sample and sanpling
rate, This can be attributed to tenmperature change and
evaporation of +he sample. The sample holder temperature
was found to increase fairly steadily during the +time the

system was in use,

6.2  RICHOMMEINDATIONS FOR FUTORE HOTK

After having done +the groundwork and built a foundation
for the developement of a microprocessor based stand alone
TDS, a number of ideas come to mind which could solve many
0f the problems still present in the existing system. Most
of these improvements involve both hardware and software
modifications, and as such, provide an interesting challenge
to anyone interested 1imn microprocessor applications to
digital siagnal processing and instrumentation. These ideas

are presented here in no particular order.

Pertaps the most radical modification r=acommend=2d4 is not
a modification at all but a new design altoqether. The
suggestion involves distribution of the various tasks among

two or even thre2e’ pmicroprocessors to achieve better



82

accuracy, vreliability, ° and shorter m=asurement time. a
partition of duties would be to use one processor for human
interface and data acquisition, and a second processor for
data processing and output. In this manner, the stimulus

data could be processed while the other processor is

*Jl

acquiring one or more vresponse characteristics. This
overlavpping of the time consuming tasks shouvld shorten the
measurement time considerably. The r=duction 1in time
between stimulus and responses acquisitions should minimize
the effects of certain instabilities in the TDP hardware,
thus 1improving the accuracy of the measurement. The
improved reliability stems from the possibility of having
firmware shared betwesen the two processors, so that in the
event of a processor failure, the remaining processor could

perform both tasks. This would give a softly degrading

system thus improving the reliability.

Digital <control of the sampler time-base via a D/A
converter would improve the time-base stability, facilitate
antomatic calibration, and simplify signal averaging during
acquisition. With this modification, it would be possible
to sample the same point several times hefore proce=ding to
the next point. This would enabls immediate rejection of
spurious points. It also r=aquires only one sweep of the
time window thereby elimination the necessity to align

consecutive sweeps before sumning.
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The implementation of +this modification would involve
both hardware and software. A standard oscilloscop2 uses a
ramp as a horizontal sweeper for the time-base. The sanmpler
in the sampling scope uses a staircase waveform and a ramp
with a comparator to +trigger the sample and hold (S/H)
network wﬁén the ramp reaches the level of the staircase.
The staircase is incremented, the event retriggered, and ths
ramp reset so that there is a slightly longer tim2 elapsed
before the ramp again reaches the level of the staircase,
thus sampling the next time point of the characteristic (see
{1513, section 4-12 to 4-24). This staircase could be
provided by a D/2 converter driven from an ouvtput port of
the microprocessor system., The software would involve the
incrementing and outputting of +the contents of a counter
when the next time point is required. This would require
major nodification of the entire SYSRTN file, and in

particular, the DATACQ routine.

2lso the number of times each point is averaged could be
reduced to 50 thus_postponing the necessary conversion to
the 32 bit format until after the averaging. This would
require only one format conversion per data point and it
should sp2ed up the data acquisition considerably. This
modification could be done as the system stands as of this
writing, with a few modifications to the DATACQ routine,
This would involve a simple loop counter change and some

modification to tre summation routine in DATACO.
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There is another possibility for dealing with the time-
base instability. The idea is to compensate for the problen
rather than to improve the stability and as such, it has a
few drawbacks. One such disadvantage 1s the increased
processing required for this compensation. Another is the
necessity' of an additional calibratiom phase in the
procednre. Advantages of this method are that no additional
hardwar=2 1is required (with +the exception of one 3 dB
attenvator) and +the modifications nec=2ssary could be made

straight away. The suggestion is as follows.

It was observed that the distcrtions due to time base
instabilities were rather consistent for a given sample or
component, and time window. The additioral calibration
phase in the ©procedure would then be to msasure the
reflection coefficient of a %known componznt (eq. a 3 dB
attenuator)., Then subtract from'each frequency point the
known reflaction coefficient for that component. For a 3 dB
pad, 0.5017 would be subtracted from each maqnitude point
thus 1l=aving only. the contribution to the r=flection
coefficient of the systematic distortion, This
charactaristic could then b2 subtracted from the reflection
coefficient o0f eact sample just prior to the computation of
epsilon. Implementation of this suggestion wowld involve
three main modifications to the existing systen,. First of

all, an additional data buffer would have to be created for
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the storage of the magnitude of the reflection coefficient
of the distortion. This is rather simple and involves no
more than defining a storage spac2 as is done for the other

buffers (see DSFG section of SPECTP).

Secondly, a third path would have to be built into SPECTR
to allow for the input of this calibration data. As before,
at l=2ast ons stimulus acquisition and proc3ssing phase would
have to be successfully coumpleted before the <calibration
could be done, The new «calibration path would have to
instruct the operator to install a 3 dB pad and tap the
- space bar when ready. The system would have to acquire the
data in the usual fashion, normalize, and Founrier transfora
the data, and then <calculate gamma as 1in the response
branch. The difference occurs at this point and involves
calling a new <routine which will subtract the constant
expected reflection coefficient from the measured gamma, and

store the ra2sult in the new buffer as described above.

The third modification 1is simply the addition of a
routine called from the response processing branch of SPECTPR
just after gamma has been calculated, but betore it has been
plottad, This routine would simply subtract point by point
the contents of the new buffer fron the magnitnd2 of gamma
for the response currently being processed. Then gamma could

be plottad and the system could continue as before.
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Automatic vertical calibration of the system could be
achieved with a computer controlled voltage source. The
base line of the trace could be positionad and the time-base
selected, A set of predetermined voltages could then be
suppliad to the remote sample head and compensation made for
non linearities in the A/D converter. This would require a
separate calibration branch in SPECTPR which wonld averaqge
the window to establish a value for the input voltage, Also
the corresponding scaling of each new set of measurement

data would have to be done before normalization.

Another hardware improvement that could be made to the
system wounld be to implemeﬁt the auxiliary tunnel diode bias
supply presented in [12]. This would result in better
temperature stability due to the differential amplifier used
in the supply. Also it wounld facilitate the triggering of
the tunnel diode step generator from the output side as

discussed in section 4.8 and in reference [ 11].

The delay during data processing could be considerably
reducad by improvement of the trigonometric subroutines,
Such improvements can be achieved by optimization of the
existing algorithms, using other fast algorithms, or
implemnenting a look-up tahle scheme with interpolation
betwa2en the discrete points. An alternative to this would

be to use a recently announcad mcnolithic mathematical unit



87
(Am a511) . This it already has the nacessary
trigonometric functions (sine, cosine, arctangent) built in.
It also uses the same 32 bit floating point binary format as
the SBC-319 but the operand transfer routine (LOADY) will
have to be modified to interface with the stack oriented

operand storage used by the Am 9511,

A facility for automatic sample holder temperature
recording could prove useful for comparison with other
experimental results. Other helpful solutions would include
removal or reduction of the undesireable reflections, also
discussed in section 4,4, as well as some other measurement
capabilities such as the ability to measure transanission

coefficient, etc..

€.3 STTMMAPY 2ND CCNCLUSTONS

———— ——————— — —— " ——r——— — “—— v e T

Time domain techniques for makirng spectroscopic
measuranents have been reviewad, Some ex1sting syst=ms have
been investigated and compared. A m=2asurement procedure
which is suitable for microprocessor based 1implementation
has been developed, and the realization of this procsdure is

described in terms of both hardvare and software.

™his d2sign tas been imnlemented and all of the software
required to perform the human interface, data acquisition,

data processing and output has been develooved and
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documented. Some measurements and tests have ba=sn mad= and

the results and system performance have b2en analvysed.

. Recommendations for future work based on these results
and performance evaluations have been made. It has been
verified that the microprocessor is indeed suitable for each
of the tasks required of it as a TDS system element for a
stand alone TDS. When one microprocessor is burdened with
all of +these tasks however, somsz weaknesses of a single
processor system become apparent. These problems could be
alleviated somewhat through distribution of the time
consuming tasks among two Or more miCropProCessOrs, This
would also serve to reduce the eftects of hardware

instability.

Cartain difficulties which were encountered were also
mentioned in some o0f the vTeferences, and are hardware
oriented,. Some of the solutions proposed by thes=e
referances should be implemented in order to minimize these
problenms, An altermative software method of vpartially
compensating for one of these hardware instabilities in

particular (time-base jitter) has been presented.

Sophisticated mathematical slave processors make complex
processing prac*ical in a microprocessor based environment.

The SBC-310 has been extensively used throughout the entire
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software desian. However, a more powerful monolithic unit
(Am 9511) would eliminate the triéonometric routines and

improve the efficiency of the data processing.

Now that the feasibility of a practical microprocassor
ba;ed TDS has been demonstrated, implementation of the
proposed recomnendations could prove to yield Dbetter
effiEiency in terms of space, cost, speed, accuracy, and
*versitility than many of the systems published,. The main
features of such a system wouvld include task distribution
among at least two microprdcessors, computer control of the
sampler time-base, the abov2 mentioned mcnolithic math unit,

and the hardware modifications suggested in the previous

section,.



Appendix 2

NOTZS ON THE USE OF THE SBC-310

From a users point of view, the SBC-310 (once
initialized) appears as special memory addresses and
input/output (I/0) ports. The base address (I0B2S=40H) has
been set via a DIP switch on the SBC-310 card. It is with
respect to this base address that the unit is initialized

and operated.

Tnitialization consists of assigring a location for the
two 4 byte (32 bit) operands. The low order byte of the
operand address is sent to output port TOBAS+1 and the high
order byte of the same address is sent to TOBAS+2, For
SPPCTRE IT, this location has been chosen to be OC100H since
tte MDS R00 only has memcery up to OBFFFH. This op2rand base
address should be reinitialized sach time the PRESFET switch
is pressed on the ¥DS 800 CPU. This routine is as shown in
fig. 1€ below.
mhis puts the lowest order fraction byte of operand 1 at
0C1004 followed by the others in order of increasing
significancs, then the 1lowest order byte of operand 2,

followed by the others in order of increasing signi€icance.
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AE2Y 3B 13 HY1 A8 sLOW OFDER EYTE OF @C400H
£022 DI 1z T 41H 3 [OEAS+L
5?54 8 17 MYl FeOCIR  fHIGH OFLER EYTE OF aC1a0y
£ D4 i3 T 42H i [OERSHZ

Figure 22: SBC-310 operand initialization

M M+1 M+2 M+3 M+4 M+5 M+5 M+7

o

I | é
' |
ICIOO C101 C102 C103 [C104 C105 C106 C107 |

|\‘-—*——‘~V”‘—""”\‘~————~\J/"'—-_'/

Figure 23: Operand location in memory

The 32 bit floating point binary format is as shown in

fig. 18.

where: 27.....21 is the exvonent, offsat by 7FPH to give

povers of 2 from -127 to +127, and f23...£27 is the 23 bit

fraction normalized so that the bit immediately left of the

binary point is 1. s=0 for positive, and s=1 for nesqgative

operands.



M+ 3 M+2 | M+1 Mo

sle. ellf?_s f1)

Fiqure?2l4 : The 32 bit floating point format
The floating point argument is therefore:

(op1) = (-1)° - 2{e77FH) L g g) {(a.13

Therefore the 32 bit floating point expression

can be derivad as follows:

0000 0110 = 06H

Normalize to the form in A.IX:

s =0
£=.100....
e = 7FH + 021 = 81lH
therefore: 06H = (-1)% + 22 + 1.1
or:
M+3 M+2 M+l M
0100 0000 1100 0000 0000 0000 0000 0000
4 0 c 0 o o 0 0
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for 0O€EH

Now putting this quantity into OPl in ascending address order:

Cl00 Clol cloz2 clo3
00 00 co 40
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mhe SBC-210 has bot}l 'single operand and doublzs operand
instructions (opcodes),, the results of which are placed in
OP1 (¥,M+1,M+2,H+3) for arithmetic operations, or 1in the
status byte for FCHYPP and FZTST. The only excaption is EXCH
wvhich exchanges the contents of OP171 and NP2, All single

operand instructions consider OP1 as the operand.

To use th2 SBC-310 to perform an oparation desianated by
one of the opcodes, it is necessary to load the operand
locations with the appropriate values and format, and then
output the opcode to IOBASJ The MDS 800 is then free to do
other tasks while the SBC-310 is executing the opcode. MDS
may not however tamper with the operands or IOBAS until the
SBC-310 has completed 1its execution of the «current opcod=a.
If the result is required iamediately of i1f the next operand
in a chain typ=s calculation is ready to be loaded, #DS 800
nust first check to ensure that the previous operation has
been successfully conmpleted. This 1is accomplished via the
flag byt=, which is input €rom IOBLS+7 (see tables 3-1, 3-5
and 3-6 in the SBC-310 reference manual). This waiting for

complation of the pravious operation 1is perform=d in WAIT.

mhe 1loading of the operands 1is done by putting the
address corresnonding to byte M of the source quantity in
HL, and the address corresponding to byte M of the
destination quantity in DF, than calling LOADY.
3 LA He SINTY S STRTA 18 TRE RDGT OF BYTE M OF SOUACE

B0 11050 & A¥t 0 OFL SOPL=EATE M OF OFZFAND £ (0L
U Y L CALL  LamDY
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If it is n2cessary to wait before proceeding with the
load, ‘then routine LOADX, which calls WAIT before proceeding

with LO2ZDY, should be used. (See section 5.3)

eq.

SLOALED
EN0S TE0S HYT AFMIL L RCODE ICRTION
O GRS ) Iiz 1 SEL-in

nS  COFCOOE SENT TO SEC
i

rill 2R LRl Ao i JFETLT MILL BE [N GFRL

[T P TR VO B P I PN I PN}
DUCHER S BECR I | R SN VY |

A BAELS B v LI DoBLFFER, DEETINGTI OF PEZLL
SRIB IO € 3 (Rl LdRbs S CALLS BATT. THEN FEFFORMS LOALY

For a listing of WaATIT, 1L0DOADY, LOADY, and other SBC-310

utility routines, sse the file called UTLITY in appendix C.



Aoppendix B

FLOWCHARTS AND PROGRAM DESCRIPTIONS

This section consists of the flowcharts of the various
routines in the order in which they appear in the progran
listing section. Some routines may be too simple to to
warrant a space consuming flowchart so a verbal description
for these cases is given iﬁstead. Some of these flowcharts
may appear to be unduly complicated, but bear in mind that
many are shared routines which may have been conpromrised to

facilitate direct application from multiple call points.

There are bhasically five files composing SPECTPE T1I.
These ar=z, in sequence of linkage; SPE¥ECTR , SYSRTN, FRQDOH,
SAMULO, and SPTC.LIB, The last file is in turn composed of
UTLITY, FBIDEC, FDECBY, SINCOS, ATAM,I and PLOT, The
flowcharts and v=2rbal descriptions in this appendix €ollow

this order for easy reference.

The following symbhols

|—-> CALL S5556 (cecee)

95 ~
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denotes a call to a subroutina named SSSSS which is briefly

explained by (CCCCC).

The following symbol:s

— > To LLLLL

denotes a jump to the location specified by LLLLL.

Throughout the comments 4in thée listings section and the
boxes in the flowcharts, round brackets around a cavpitalized
(upper case letters) pardmeter designates "contents of",
For example (HL) means "the contents of register pair HL".
This is to adhere to the convention used in the definition

of the Intel 8080 instruction set.

Hardware (HV) and software (S¥) required reflect only

that which is not normally supplied with the MDS 800 syst=zn.



Namez: SPFC™R

Function: Main progranm
Subroutin=2 nasting level: 6

Pegisters nodifiad: all

Tnput parameters: as requested on CPT

Output parameters: system output as described.

HY¥ required: entire TDPS systen

"1

SW required: all prograns in app. B,C.

SPECTR: !=

INITIALVZATI0N

OF ¢ INTERRUPTS
STRLK
FLAG=®
KEYNGD

BEGIN: \
revsig=" NS

MENUE?

RESET STaan
OUYPUT MENUE
LIST 70 CONSOLE

SET(REYSI) = O

MeEN1L

To STMULS

To RESPNS

97
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wamo: SPEC

STHMULS:

SET “STiIMuLus .
IN PROGRESS™
BIY IN FLAG
WORD -

outrur
STIMULUS

REFLRENCE POINTS)
CALL GTEP \ +OATA ACGUIRED

INPUT TELT FROM
caLt TIMEIN \| coNsote

(: ( PROCESS TIME
CF\LLT!NDL\T WINDOW DATA

PRINT
sTiMuLLS

SET MAGNITUDE
+ PHUASE
STORAGE TO
STIMULULSG
BUFFERS

e ton (250
[____cn Lt FRaboM (FT. oF TiMuLus)
) RESET “STiMuLus
IN PROGRESS™ |
SEY "STiauLus

TAKEN" 8175 IN
FLRG WORY .

OUTPUT “ Do

98
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Name: SPFCTR

RESPNS:

WARNING TO
CRY

catL Spagar (oara ncaumso)

INPUT TEXT
catL TMEIN  \ Frov consoLe

RESPONSE
HERDING, +
MATERIAL

SET MRAGNITUDE

+ PuAse

SToRRGE TO
RESPONSE
BUFFERS

C— .

catL FrRapoM (FT. oF RESPONSE)

CALCULATE mb\
cact GAMMA  {outruT Ganmh

C—

. CALEULATE
T MENUE [::cm. EpstoN (5 e Ea (e‘x€">

caL EPLOT  (5R0S hot

(—_————: BPASILON
ALl COLPLT  (cora-corn m_or)
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Namei TTMTIN
Function: storage of ASCIT string input from console
Suhroutine nesting level: 2
Registers modifi~d: A,C,H,L
Input paramet=ars: storaqe buffer address
Output parameters: pronpt character to CRT
HW required: none

SW required: XKFYIN

TIMEIN :

STORE TEXT

DESTINATION

BUFFER
ADBRESS

TIMEL:

INITIALIZE
(KEYSIG) = O

TIWAIT:

YES Axevsia)=a

STORE INPUT

KKETSIG) IN

DESTINATION
BUFFER
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Name: TIMNOUT
Function: see below
Subroutine nesting level: 4
Pegisters modified: all
Tnput parameters: time window buffer, NPSTO
Cutput parameters: DIST, time window to CRT
H¥ required: SBC-310

SW required: FDFCBI, UTLITY

This routine sets up the contents (ASCII) of the tinme
vwindow buffer for printout and conversion to 32 bit floating
point binary format. "he conversion routine FDECBI is
called and the result is divided by the number of points in

the window and stored as (DIST).



Name: STFEP

Function: to acquire ref. pts. and data

Subroutine nesting level: 4

‘Pegisters modified: all

nput parameters: rav data (from 2/D)

Nutput parameters: stored data

HW required:

S¥W required:

THS systen

as shown

Sree: |
INITIALIZE
CKEYSIGY =D

l REFERENCE N\NT)

caLL REFACG M PCaMRED

STORE M
Andb DREF
FOR THE FIRST
SWEEP

(NITIRLIZE
(KEYSIG)= 0
| I REFERENCE PaINT
caLt REFACQ  \N! acauired

SToRE NI

WINDOW ¢ NUMBER OF
> CRLLTDR POINTS IN THE WINDOW

NOTE: ONLY THE NO. OF FTS. INTHE WINDOW 15 USED
BISPLAY No. PT15.1M

CALL WINDOW \wincow on ¢RT

ACGUIRE DATA N T\ME>

MOVIRE (o0 SuMeel
SwWEeks OF DATA Ix

catt DATAC A \ 1ime winbow

)

102
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Name: JT

r3
-3
)
jes)

Function: see below

Subroutin= nesting level: 2
Registers modified: A,C,H,L

Tnput paramsters: hollerith address
Output parameters: hollerith string
H¥ required: none

S? required: PRINT

This routine prints the warning 7700 FEW LO¥ LEVEL

POTNTS" and returns control to MENUE.

e ]
2o
2]
=
3

Name: X
or PPINT
Function: see below
Subroutine nesting level: 1
Registers modified: A,C,H,L
Input narameters: hollerith address
Cvtput parameters: hollerith string
H¥ required: none

S? reqnired: LPT or CRTOUT, respectively

mhese two Toutines take the contents of the Dbhuffer

location specified in (HL) and compare it to the FTX (end of
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text 03H) character, If ‘it is 7»TX, the routine returns. If
not it outputs the character to the line printer if XDPPINT
was called, or to the CRT if PRINT was callad. The buffer
pointer (HL) is incremented and the next character is
compared to %TY, and so on until the end of the huffer,

designated by 3ITX, is reachad.



Namos:

Function: interrupt driven keyboard input

Subroutine nesting level: O

Pegisters modified: none (except H,L during abort)

Input parameters: keyboard status and signal

Output paraneters: inﬁerrupt housekeeping

HW required: none

S¥W required: SPECTR

KEYIN:

SAVE FLAGS,
ACCUMULLATOR .
- STANDARD
INTERRUPY
HouSEKLEPING

NO

Kevewk: | YES

RESET KEYROARD
INTYERRUPT

RESTORE FLAGS,
RCLUMULATOR
PoP STACK (FALSE
NETURNY ud
ENRBLE

Yo MENUE INTERRULPTS

t

RESTORE FLAGS
AND ENABRLE
INTERRUPTS

105
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Function: data acquisition, alignment,

Subroutine nesting levels: 2

Peqgisters nodified: all

Input paranmeters: fronm A/D

Output parameters:
17 required: TDS systen

SW required: as shown

DATACQ:

AcCLOOP:

INITVALLZE
RCLVEC LOCATICH,
SWELP COUNTER|
OMAX, HMIN.
CLEAR AICVEL
NEWVEC
)|

call TOR (

STORE HNEW,

—

DNEW

-

YES

HMIN « HNEW

et WiNDOW

AcLL:

DMAX < DNEW

ACL2l

DIFF =DNEW
- DREF

SHIET ACCVECL
POINTER(hecPTR)
BY DIFF

ALLS:

CONVERT NEWVLE
(B<D) TO TLOATING
POINT BINARY P b

ADD Yo ACCVEL

Nam=3

DATACQ

and averaging

averaged data stored

G

ACOUIRE OME SwEEP
ND QIOLE N NEWVED

TRUNCARTE
AtevEC AT
DMAY ALd HMIN

YXes

AtLie: | HO

COMPENSNTE
M NI NP
FOR TRUNCATION

(=

MMSPLAY NUMPBER oF
POINTS IN WiNDOW ok CRT

Fo JATTER

106
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Name: _TDP

Function: acquisition of one sweep

Subrou*ine nesting level: 0

Registers nodified: »,C,D,%,H,L

Input parameters: from A/D

Cutpnt parameters: data points, no. pts. in/before window

HY requirad:; TLS systen

TOHRY
INITIALIZE
CoOuNTERS

BEGI:

INCREMENT
COUNTERS

s
NO_~PoiNT IN YES

WiINDoW
?

STORE POINT
(3 DT S)

BeaY:

AlD
Nes STy
READY
"

Y 'Ne




(low or high)

result

g

Nama: HILORLV
Function: fesds anpropriate data to VICSny .
Subroutine nesting level: 3
Pegisters modified: all '
Input parameters: reference pts., averaqged data

Output param=ters:
A¥ required:

SW reqguired: V®=CSyM, SU%“P

Pynctiorn:

s1, s
none

., CLEA®, UTLITY
oAV l
CALCULATE
HUMBER OF Low
AND HIGH LRVEL
POINTS FRoM
M, N1 NP

l_—_) caVecsum
I___.___.

SToREe St .

MOVE POINTER
TO FIRST HiGH
LEVEL POINT

_— .
—

S$=9512-51
STo%e S50

average data bestwgen ref,

FIND Slt AvERNGE of Low
LevoL PaNTS |

Finb S2w AvERNSE sF)

catl VECSUM Wik Lavel Points

Names

pts.

Subrouvtine nasting level: 2

Pegisters modified: all

Input parama2ters:

Cutpnt parameters:

ro. pts. on level

average of pts. on level (S1 or S2)

AW regquired: none

S4 required: UTLITY

[ h

This routine surs all of the points on the

as designated by the reference points.
is

divided by the number of points on the

ve the average magnitude of the points on that level.
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given level

The

level to



Name:
Function: see below
Subroutine nesting level: 2
Pegisters modified: 3,c,D,%,H,L
Input parameters: no. pts. in window
Output parameters: stored refarence point
H¥ required: TDS systenm

SW required: TDR, WINDOW

This routine displays the number of points

cursors. After calling TDR, (HL)Y 4is the

'
(45}
r
o
O
L@/

betw

point after the last point acguired in that sweep.
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een the

address of the

WINDOW

uses this information, together with the starting address of

NEWVEC, to calculate the number of points in

the

This nunber of points in the window 1is stored

reference point in REFPT and subsequ=2ntly movead

designat=2d storage location.

Name:
Function: see below
Subroutine nesting level: 0
Fegisters modified: 2,H,L
Input parameters: (HL), (DE)
Cutput parameters: (HL)
AR requiresd: none

SW required: none

SUBTR

window,
as the
to its
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This short routine subtracts the contents of DE from the

contents of HL and puts the result in HL. 1ie. (HL)=(HL)-(D%)

Name: BLANK
Function: see below
Subroutine nesting level: O
Fegisters modified: 2,D,F,H,L
Input parameters: bounds of area to be cl=ared
Output parameters: none
HR required: none

SW required: none

This routine clears memory locations from 1location (HL)

to location (DE)

Name: WINDOW
Functicon: see below
Subroutine nesting levels: 1
Pegisters modifieds A
Input parameters: upper bound of NTWVEC
Cutput param=ters: no. pts. in window
H¥ regnired: none

SW required: PRTHL
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This routine subtracts from the. address of the last point
in the window A8NOH (lower bound of NEWVEC area) and divides
the result by 2 and adds 1 to get the numher of points
between the cursoré inclusive. (There are' two Dbytes
required +to store each point, hences division of the
difference in addresses by 2). This result is stored in
PFPFPT and also converted to decimal and displaysd on the

CPT.

Name: BCDBIN
Function: see below
Subroutine nesting level: O
Pegisters modified: all
Input param=zters: 3 digit BCD no. in HL
Cutout parameters: binary =quivalent of above
HW required: none

SY required: none

This is a fast conversion routine from BCD to binary. It
can take up to a 3 digit BCD number in AL and convert it to
its binary value and put the result back in HL. ™he short
listing is heavily docum=2nted thus making a £flowchart

superfluous.
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%

Name: RODOM
Function: see bhelow

Subroutine nesting level: 6
Fegisters modifiad: all

Input param=ters: averaqed data, S, $1, DIST
butpnt paraa2ters: FT of input data

H¥ required: SBC-310

SW requirad: as shown

[T © ®rTweeN
CALL NormMAL Q‘;Nr"lz::w. [ IR 1Y

i ™ Adevae,

FRaooM: I

MormALIZE AunTARE )

TNITIALIZE
FLAGYX ,FCOUNT,

YPREFRA QT

TSTLOP: l

> catL SAMY ESTABLSH FREDUENC
PanT

PT. MAGNITUDE « Fnast
catt TRNSEM (m ERrQURMCY PT.

3
ea DaTMaN (S e T

This routine supervissas normalization and Fourier

transformation of the contents of ACCVZIC.
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Name: DATMAN
Function: plot, output, and stores FT of input data
Subroutine nesting level: 3
Pegisters modified: all
Tnout parameters: storage buffer addresses, MAG, PHAST
Cutput parameters: magnitude & phase of FT
ER required: SRC-310

S¥W required: NOPMAG, NCPPHS, FBIDEC, PLOT, UTLITY

bF\TMAN‘.l
STORE
PMAGNITUDE AND
PHRSE FROM
BT, (TRNSEM)

PHASEL) =
PuASE (iY+ T

TABLE:

CONVERT PHASE
FpoM RADIANS
To DEGREES

l

TABULATE
MRGNITUDE
PHASE FREQ.,
USINGFBIDEC

T

NORMALIZE
MAGNITUDE
AND PHASE FOR
PLOTTING LSHY
NORMAG S LORPHS

PLOT MALNTTUIE RN
CALL PLOT PHME o1 LINE PRMIRR

ie. PoP STACK AND RETUAN To
FhLSE THE ROUTING wHICH CANIEY
RETURN THE ROUTING WHIGH CALLED

YHis RouTyNeE |
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Name: NOPHAG
Function: see below
Subroutine nesting level: 2
Pegisters mcodified: A,D,E,H,L
Input parameters: MAG, FLAGX
Cutput parameters: MAGYX (scaled magnitude)
HW required: SBC-310

SW required: UTLITY
NORMAGS

Na

YES

(ScaLE): FIRST
MAGNITUDR PT,

[l H

MAGYX =

1EY {.MLG'. X (,e]
SCALE

®

~he first point 1is assumed to be the greatzst in
magnitude, This assumption is valid for our purposss, but
for general purpose spectrum analysis, it would have to be
changed. By assuming the first point to be the greatest in
magnitude, each subseguent point can be scaled and plotted
as it is calculated. ¢ince the freaquency domain points are

stored'anyway, they could be scanned later and scaled with
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respect to the maximum. (Use TFPSLOP and PLTN®M). This
would leave a pause of between 3 to 12 minutes before MDS
200 bagins to output data.
Nam=: NOFRPHS

Function: se2 below

Subroutine nesting level: 2

Pegis£ers modified: A,D,E,H,L

Tnput parameters: PHASE

Output parameters: PHASX

H¥ required: $BC-310

SW required: UTLITY
PHASX= IFIX ((PHASE+180) /6)

The quantity PHASE from TRNSFM should lie between =180
degrees and 0 degrees. The scale of the plot routine is
from ¢ to 60 inclusive, and, for the phase plot, maps onto
the range from -180 to +180 degrees, The 360 degree range
in a €0 space scale yields 6 degrees per space, hence the 6
in the denominator, The + 180 degrees in the‘numerator
simply shifts the value of the phase (PHASE) so that it is a

positive integar for the plot scale.



Name:

Function: calculate reflectinn coefficient

Subroutine nesting lavel: 4

Pegisters nodified: all

GrMNA

Input pararm2ters: stimulus & response buffer addrs.

Output parameters: magnitude & phase ot gamma

H¥ requiread: SRBC-310

S¥W required: as shown, UTLITY

GRAMMA: |

INITIALIZE
COUNTER =@

GAMLOP:

(MAGSTO) =
RESPONSE MAG

STIMULUS MAG

|

(PHASTO) =
RESPONSE PUASE

~ SYimulus PUASE

GAMPLTS

INITIALIZE
()=62D

(3¢ALE) = MAYIMUN
MAGNITULE
OF GAMMA

PoiNT CounteRr

INITIALIZE
FLAGY, LNCT <FF
FcounT 00

REFLOP: |

carL EpSLOP

(MAG) & GAMHA
MAG

PRASE) & GrAMAMA
( ) PURSE

FIND MAXINUK or)
GAMMA MRS

ESTABLISH

e SAM) (FRE&. PTo-

I

Tooura hud mv>

TaRL (c.uma MAG RLDd
CALL £ PHASE Vs FREQ-.
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Name: EPSLON
Function: calculate epsilon
Subroutine nesting level: 3
vagistars modified: all
Tnput parameters: ganma buffer addresses
/ "
Output parameters: £ , €
HW requir=d: SBC-310
SW required: as shown, UTLITY
EPSLON Y l
INITIALIZE
ABORESS POINTERS|
FCounT = @
FLAGY » ICH= LoD
HeaL: | . .
‘________'cau SAMI ﬁ:é?.“prs ")
(nvaL)=
(1rf421conn o 1) ot Panst oF ' {armma)
K ARCoZo P} = Maasvupe oF T
{ (Mn&STO) =
z*|r|*sme/ML
|
(PHASTOY =
=112}/ wvae

MoORE POINTD
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Function: set 0,LE.PHASW.LRZ.180
Subroutine nesting level: 1
Pegisters modified: all

Input parameters: PUASE

Cutput parameters: corrected PHASE
H¥ required: SBC-310

SW required: UTLITY

AmBiGt

Pl & PHASE

AMBIGIS

Name:

AMBIG

QURADL:

ne AMICGUT!

L&IERD:

(oP) = PnsE+180

(o) PURSE~122"| [pHASES (oP1)
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Nama:
Funcfion: plot & print epsilon
Subroutine nesting level: 3
Feaisters nodified: all
Tnput parama2ters: epsilon buffer addresses
Cutput parameters: epsilon
HW requifed: SBC-310

SW required: TPSLOP, UTLITY, PLTNPM, FBIDEC,

EPLOTY

FAND MAYitauM
AND MINIMUM
of & (&0) Awd
€D

EOMAX < Fomhe
~ EoMIN

E2AMAY « ELMAY
~ E1M\N

INITIALI2E:
POINTERD FOR
E0,E2

- FCOUNT LINCT
-POINTERS FOR
E£0ST0 ,E1STO

mriop:

PRINT EQ,E1,
FREQ

[ .

MAX < EOMAX
MiIN < EoMIN

| I—

—

MAYX « E2AMAX
MIN € EIMIN

ZPLOT

SPACE9

cALL PLTNRM (feromuis 20)

cAtL PLTNRM (neppuuze B1)

119
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Name: PLTNPHM
Function: see below
Subrouvutine nesting level: 2
Pegisters modified: 2,D,F,H,L
Input parameters: operand in NP1
Cutput parameters: normalized operand
H¥ required: SBC-310

SW required: OTLITY

™his is a Toutine which updates the given address pointer
and saves it in (FONCTY), " then normalizes the magnitude of
the given point with respect to the maximum and minimunm

values of its set. 1ie, point=IFIX({(pt.-NTN)/(MAX-MIN)*60)
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Vame: FPSLOD
Function: find maxinun & omininum of data set
Sfvbroutine nesti level: 2

ing
Pegisters modified: all

n

Input parameters: data set address
Output parameters: MRX, MIN
HY¥ required: SRC-310

SW requireds: UTLITY, LODCHMD

EPsLoP;

MAY = MIN+ F1RSY
POINT

EPSIL

MoRE PoinTs

L
Looemp ¥ Lobcmp

MAX 4~ POINT MIN e—PoinT

| L
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EPSLOP simply scans "a 60 point bufter to locate the
maximom and minimum points, which it stores im (MiX) and
(MTN) respeactively. ™"his routine could have b=en much
simpler had it not been for an annoving discrepancy in the
hardware rmath nnit (SBC-310). The problem is that although
the FCMPP  function works well for values of 0OP1 and OP2
being (+,+),(+,-), or (-,+), it does not work for (-,-).
That is to say, the FCHMPR actually compares the absolute
values of +the two operands when both are negative, This
gives rise to the relatively cumbersome vrovtine necessary
for finding the maximum and minimum of a set of points which
can have both positive and negative elenments, or all
positive or all negative elements,

Actually, f and g should mnever be negative
theor=tically speaking. Howaver, the normalization being
the way it is, (average low and high level points) it is
possible for the response to b= greater than the stimulus
for some of the lower frequencies where the magnitudes are
very close. This implies a "gain" and thus a negative loss
factor. Therefore these irregularities beinag a possibility,
the algorithm had to account for data sets with both
positive and neqgative numbers, TPor data sets guaranteed to
have both positive and negative elements, the algorithm
PpPRLOP can be somewhat simplifi=d. However, it vas decided

to implement the given algorithm in the event that for sone
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future requirement, such a routine would satisfy all of the
possibilities,
Name: COLPL?T

Function: s2e below

Subroutine nesting level: 2

Registars modifiad: all

Inout parameters: FOSTCQ, T2STO buffers

Ovtput paramesters: Cole-Cole plot

HW required: none

SW required: COLE, F80FH ((C) to LP)

This routine does not use the $BC-310 and is not a data
processing algorithm, It is simply a character array
plotting routine which -does a job which is most esasily done

"

using a two dimensional array when using FORTRAN. £ is
14 L4

not necessarily a single valued function of ¢ nor is ¢

linear, thus ruling out the use of the ¢function plotting

rontines (PLOT, or GRAPH).

Since this algorithm tends to be very register oriented,

a more detailed flowchart is given.
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Name: COLPLT

COLPLT:

INITIRLVZR
DOMAIN(B)= @

GRCHO:

PAINT LF, ' CR

|
INITIRLIZE
BUFFER SWEEPER
(c\s ICH=60D

SRCH:

PLOT CORRESPONDING
Eo-(@) O caLL Cole ( E1(COEY) )

2
i

INCREMENT
BUFFER POINTERS
DECREMENT
BuFFER SWERPER

INCREMENT
DOoMAIN




[+
ot}
3
D
(X}
o
o)
L—4

o

Function: plot on=2 point ( { e £ )
Subroutine nesting level: 1
Registers modifieds: A,D

Tnput paranm=2t=2rs: ((DF))

Cutput paramesters: plotted point
H¥ ra2guired: none

SW required: F80FH ((C) to LP)

COLE!

SAVE DomalN,

BUFFER SWEEPER

INCREMENT

CORRESPONDING
=5}

SPALOP

ElLeE2-)

STARY

PRINT ‘%' CR
PRINT ‘SPACE' RESTORE. botAiN,
(RUANK CiAR) BuFFRR SwERPER

@)

125



126

Name<s SPACESQ

or SPACE

Function: output space to LP

Subroutine nesting level: 1

Pegisters modified: B,C

Input param=2ters: none

Output parameters: space character (20H) to LP
HW required: none

SW required: F80FH ((C) to LP)

SPACEQ: SPACE:

SET SPALE SET SPNE:
COUNTER(®):9 counTER (B):3

sha:

LoD ouTtuy
REMSTER C
WY ‘Sbace’

SPAN

PRINY ()

DECREMENY
SPACE COounTRR
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Function: se=2 below
Subroutine nesting level: 3

Pagisters nodified: all

Name: NOPMAL

Input param2ters: S, S1, buffer address

Cutput parameters: normalized data
H¥W required: SBC-310

SW required: NOPFPMN, UTLITY

NORMALS

OINTER) = Top
oF Accved

“NoRwx:

NEXT POINT

P (M) BT(M)
= Pr(Mm-1)

MORE PoINTS

—_ .

cne NorMN (mmuuu BAGT mm)

caLe NORMN (nmnauzg Next vmn)

This routine takes the contents of ACCVEC and normalizes

it point by point, beaginning with the

last point, using the

127
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routine MOPYMN and quantities S and S1 from HILOAV. As each
new point is normalized, the difference botween normalized
consecutive points is substituted for each normalized point
in the fashion: P (m)=2(m)-" (n-1). This will cause the very
first point in the buffer to b2 1lost since thar2 is no
consecu*ive point to subtract from it. ™he resulting data
is ready for the F.T. algorithm.
Name: NOPMN

Function: normalize one point

Subroutine nesting level: 2

Pegisters modifiesd: A,D,F,H,L

Input parameters: S§, S1, raw data

Qutput parameters: norrmalized data

H¥ required: SBC-310

SW required: UTLITY

NORMNS

(ors)a(51-P0) /5
(or)= 1

oPl 1

NORMIL:

PT «— OPL




o+
>
]
reg
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Name: -SaM1
Function: see bglow
fubroutine nesting level: 2
Pegisters modifi=d: A,B,D,7T,H,L
Inout parameters: FCOUNT
Output marameters: FRFQ
H¥ required: $BC-310

SW regnired: UTLITY

SAMI
INCREMENT
FCOUNT
No Yes
FREQ FREG = .
(FeounT-4e) FCOUNT & 2510
$50.10 ¢ I niw
RET . RET

mhis rouvtines establishes the frecquency points at which

-T. algorithm will be evaluated. It is also used



130
simply to swe2p the frewuency range usad, to provide a
frequency scale for otter parameters (eg. gamma, <epsilon).
The sixty point frequency scale is non linear. That is to
say, the incremental frequancy is 25 MHAz from 25 MHz to 1.0

GHz, and 50 MHz from 1.0 GHz to 2.0 GHz.



VYame: TRNSTHM

Function: T~ of data set for one freq. pt.
Subroutine nesting level: U

Pergistars nodifiel: all

Innut paraamaters: FRTQ, DIST, data set
Cutput parameters: FT rmagnitude and phase
O¥W required: SBC-310

SW required: UTLTITY, SINCOS, ATAN

TRNSFM;

PROP FIRST PT.
N RcLvel &z TIMEWINDOW /o p1s AN winbow
INITIALIZE
Tis Ry 09X [~ PReGuENCY TRoM SAHMLL
FSTARD» 2 XD

TFY:

BriAz 11 FSTARD
<R RQN) &
Ra<Rls coS(RETRY

Sxr Sx-Ray =
SIN(DETAY

RQ1)= Acevee CxY)

NO

TEMu: [YeS

PEER SR

TFM1:
SET 5% SET $X
NEGATWE POSITIVE

NEXT
PAGE

131



eed-TAR ()

(oPD)= "-Sx/m

RRCTLS

Name-«

13
'3

SPM

’

-5,
tron () > 0
(oPﬁ= o Ty —-Fok " ' <@

PHASE = (P~

\N PROGRESS

A FREQUY
~FREQCI-1)
FRQ)
IN:E] l’f\A'EAt
PuAsE =Puase—a®
REFRQ = FREQ

WAV

atls Time seLay dus T
OREN CIRCUIT WAVE GUDE
BEXTENSION.

Ri= dx ﬁt’ﬁx
MAG= Rl

S
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Nama: FRINDEC
Function: format conversion
Subrontine nesting level: 2
Registers modified: all
Input parameters: address of 32 bit binary number
Output parameters: floating point decimal equivalent to LP
HW required: SRBRC-310

SW required: UTLITY

The only "trick" in this program is 1in the use of the
SBC-310 FIXSD operation. .The manual is very poor so far as
proper description of the operations 1is concerned, thus it
neglects to mention a very useful feature of this particular
operation. When a mixed nunber, consisting of an integer
component and a fraction, are expressed in the 32 Dbit
floating point format and then convert2d wuvsing the FIXSD
opcode, the integer portion of the quantity is found in OP1,
but the remaining fraction is in NP2. The resulting format
is as shown in Fig., 19, This important fe=ature is used in

FBIDEC heotwean CORTU4 and CONT6.

eg. Setting (OPl) = 2.75 (D) and executing FIXSD
yeilds :

OP1+3 OP1+2 O0P1+1 OPI1 OP2+3 O0P2+2 OP2+«1 OP2
¢co 00 00 02 . CO 00 00 00

mhe equivalent binary fraction is 0010.1100

Fiqure 25 : FIX<D opcode result format



FBIDECS

No,= VALID

FRINT SILROF No,
SUBTRACT B33
(7F) FROM EB
EDP=EB*LOG
ED= IFIX (EBF)
Eor: gDP-ED
EDPe EDFRLNGS
WNATIRLIZE:
COUNTER (<)
Tmbsro=l

SERES:

(0P} FLCATED
COUNTER
Grestoll) =
L4EDFSUIRN
)
N
DECREMENT

CounT2R ()

NORMALIZE
EYPONENT OF
JORIGIMAL NUWMBER
TO @ 10 GWEFD

T
(o) =FR %I04 EDR
=Fd

[c«:m\l

To 2ERO

Yo INVLD (uTLn"f)

S0 INVLD (uTuTY)
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ED=Fb/ 1o
EDED +1

L

Cont3:

Name:

CONTS:
FD=FD %10
ED=ZED-1

CONYH.
FD=Fb+O.CCCOS
(Rourd 0¥ E)
FIxad Fb AND
QUTPUT MSD
USING_DOWT

OUVTPUT ‘.
SET DT~

COUNTER = 4

MANT:
MulY ¥D QY 10

CoNTE:

outPUT NEXT

DY

DECRL.MEMY
DIGIT COWNTER

BYXTour;

OUTPUT SIGN OF

TXPONENT,

outeuT Eix{th)
3MsD oF ED

[

curfuT (orl) <13
= REMAIVLT R oF

CEDAIO) =LSD 1Y

VET

FBID

135



Name: FD=CBI

Function: format conversion
Subroutine nesting level:s 3
Pegisters modified: all

Input param=2ters: address of 2SCII data buffer

Output parameters: 32 hit floating ot. binary equivalent

HY¥ requirad: SRC-310

S¥ required: UTLITY

FOECBIL

CLEAR CoP1),
@p'),\ ‘ou.ﬂu‘r
BUFFER , (=)
) ()

)« (pE)-1 e+l

PLuS:

- cact Load (Nzn R4EIT CHARATSR

—

ACLUMULATE THIS BIGIT
CALL FLORT N TLOATING PoinT
ALutuL ATOR

INPUT AND lNT:kPRET)

)

136
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Name: FDFCBI

LOAD:

()= (pE) &1
R) ¢ ((DEN)

(NEXT CHARRCTTR)

To FRALT

, Yo EXPO

To OuT!

Yo INVLD

MASK QuTY
M.S. NIBBLE

&
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Nama: FDECBI

FRACT continues building up the decimal mantissa value
using the siqnificant digits given by successive calls to

FLOAT, (-uses LCADP since only one "." can exist)

FLOA™ simply takes each digit and accumulates a base 10
sum in 32 bit floating point format. ie. The previous sunm

is multiplied by 10 before the next digit is added.

FRACT:

PoP HL
(FALSE RETURN)

FRACTI:

(dbEY={BE) +1
(AY e (CDEY)

(NEYT CHARRCTTR)

(B)=(an)

(DECHMIAL COUNTER)

L————y ALLUMULAT B mvsmav§

\
caLL LoAps  (Samiia M )

ALl FLOAT |  fronmimue powT
MCastrtag WTOR

FLOAT:

MULTIPLY
FLOATING POINT
ACCUMULATOR

Kobt) BY 10,
-» (PTR)

{
FLON NEW BeD
DIGIT. Comt)

I
(o)« (0P)+ (PTR)

=D




EXPO simply sums

multiplying th2 current
significant digit, It

except the magnitude in

139

Nam=2: FDECBI
th2 <exponent digits each tine
sim by 10 before adding the next
is similar in princiole to FLOAT,

this «case is at most a two digit

integer, thus not reguiring the SRC-310.

BXPO:

PoP Wl

(FALSE RETURN)
(or)=(bEN+1
(M= KdeY

SET MsSmiT

ofF C =i

EXPP:

CoEY=(DhE) +1

CRY <« (ChEY)
INEXT CHARATER)

EXPPI I |

Zcaw Loabc
(ED) =103 (ED) +(1)
{1)2 BCD NOJ

I
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Name: FDECBI

ON™1 checks the sign of the exponent (2's complim2nt 1if
negative), shifts the d=cinmal exponent by swuccessive
multiplications or divisions until the decimal exponent is

zero, and checks the sign of the original number and sets

the sign of the result accordingly.

ouI: l

tob WL
(FRust peTukn)

N

(ED)=2"s comp,
OF EXPONENT

posex:

SHIFT EXPONENT
BY NO.OF DIGITS TO
RIGHT OF DECIMAL
POINT —» (&)

NO HIFTED

EXPONGNT

ow: |
INCREMENT

BYPONENT
{opy) = (0P} /1@

DECREMENT
EXPONENT

(oby) =(op) %10

ENDI:  b——g—

Q&l};‘;}é{)e(ﬁ?\)

SET SR BAT
NEGATIVE

=)
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Nam=a: SINCOS
Function: sinz, cosine of (2P1)
Subroutine nesting levels: 2
Registers modified: all
Input parameters: (NP1) in radians

Cutput parameters: (0P1)=sine or cosine of (0P1)

SINE: J

CoPr)& (°P‘)"‘/1

COSINE! l

SET THETA(oR)
POSITIVE RAND
NORMALIZE SO
THAT:

© £ THETA€AT

Yes

NO

THETA= N4R
(o2& R< )

* ‘eos{ tan)= cos(n-8)
DTHER ¢ K-R

Cont:

INITIALIZE XAcc ]
Thee, Denom=1
XSORD &~THETA2
LOOP COUNTER(K)-0
SIGN(B)> +(FadDd)

CLOQP:

XACCEXALL $XSORD
DENOM=DENOM
MEHNERY

SIGN «— FADD SIGN +~FSuB

l STOSGN:

(8)=—SIiaN
|

TheR = TRee t XRCC
DENOM|
S ()~

wob
“°4i©
(ePr)=~TACL
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Mames: ATAY
Functions arctang=nt of (NP1
Subreoutine nesting level: 3
Peaistars nmoadified: all

Input paranmeters: (0NP1)

Qutput param=ters: (0P1)= arctan(0P1) (in radians)

HW required: SBC-310

S¥W required: UTLITY

ATAN:

(%) - (oPY)
(xsarD)« ()2
(CoEr) =1
LOOP COUNTER
=0
(necY)soow

Yes

NO

RESET SIGN
BIT=0
SET(NEGX)=0FTY

AGZERD:

(xran)+(X)

GTONE:
(5GN) < FADD (SGN) = FSUB
(ATANX)=- 0O (ATANYY - TV2,
ABSYLL: i ABSYGE:

(op1) = (xvau) (0P1)=(coEF)

2 ¥ * (TR
(orP2)=(coeF) (op) et

3

L.

cALL CoMMon

O
cay Common
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(san)=FAdD

STOSGN:

CorMMON:

(aranx) =

+ Copt)
(atanx) oy

(= ()11

CHGSGN:

Name: ATAN

FALSE RETURN

(saN)= FsuB

coeF)={coer)+2

NO

=

SET SIGN OF
ATAN(X) TO
NEGATIVE

&)
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Name: PLOT
Function: plot 2 functions on same axes
Subroutine nesting levels: 1
Pegisters modified: all
Input paramaters: (HL), (D™) contain bufter addresses
Output parameters: a 2 function plot on LP
HY required: none

SW required: F8OFH ((C) to LP)

PLOT: !
(8) «— (Mna)
(C) =—(PHASE)
PFTCTR+~O
BEAUL) -~ 2

LINCT) s (UINCT)+]

NEXT

(LINCT) <~ 3DH=&! PAGE
(SPACT) + OFFH GRos,
Grot: - [

© GRo3:

feshv) = )10
(B)x Ron

GRoU:
PRINT (<)
() x(cSAv)
Gamner) e (LneT) -1

Ho

Avi%
FIMISHED ? o
(SIS 5T

7

(HQ'OlL\H)(u)x(D: h
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Name: PLOT

(SPACT) < OFFH |

FINISHED
ie(a)=Q
2

<sav)=(@) ()= %’

)= B’
(B)=geH (

PRINT (€)

fesay=© =" "
HepacT) =(5PACT) ¢4

YEsS GR3G:

SYHE

[FREQUENCY AYIS)

e} ot (oEh e}t

(PTICTR)«— 1
€)= (csav)
(SPACT)=6PAC)HH




Rppendix C

PROGPAM LISTIXNGS
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SOUFCE STATEMENT

USSR UM CRLL PRINT

AiLE =T d 7FR f

A C Y B R =TH FLAG . INETIALIZE FLAG
AZE TN b % STH FEYIIS L INITIALIZZ $EVYSIG

.
n
=

v EZOIN  LDE FEYSIa

i (FL /N LT ITH 7 GED
Coo% in ENJELYES G0 TO PENLE
£ S O £ (I =T
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Appendix D

SAMPLE RES'LTS

This appendix contains a typical output for a completely
processad normal alcohol, as well as the results of
reflection coefficient measurements for 10 dB and 3 d8B

attenuators.

"he first set of 1listings is a complete output. The
remaining 1listings are only partial since only the
reflection coefficients as €functions of frequency are of
interest here, The second set is for both attenuators for a
1.8 nsec time window and uses the same stimulus for both
Tesponses, The third and fourth sets are for a 0.9 nssc
time window for 10 4B and 3 dB pads respsctively, and each

has its own stinulus measurenment.

A discussion of these results appears in section 6.1.
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