UNCLASSIFIED

. 409 467

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION, ALEXANDRIA, VIRGINIA

UNCLASSIFIED



NOTICE: When government or other drawings, speci-
- fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment mey have formulated, furnished, or in any way
supplied the saild drawings, specifications, or other
data 1s not to be regarded by implication or other-
wise &8s in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



entaocen By DD
as AD No

Loguez

‘_.—-——-—-.

DC-TDR-63-170

(oI 2f. T

March 29, 1963

STUDY AND INVESTIGATION

OF MILLIMETER AND SUBMILLIMETER
WAVE RECEIVER TECHNIQUES

N Final Report

Contract No, AF30(402)-2456
Program Element Code Nr. — 62405454
760 D-Project 4505, Task 450501
Electronic Systems Division (RADC)
Mr. Davis, RAWED

Period Covered:
1 March 1961
to
28 February 1963

Prepared for
ROME AIR DEVELOPMENT CENTER
GRIFFISS AIR FORCE BASE
NEW YORK

ULTRAMICROWAVE SECTION
ELECTRICAL ENGINEERING RESEARCH LABORATORY
ENGINEERING EXPERIMENT STATION
UNIVERSITY OF ILLNOIS ~ *’ f? ’f” 2
URBANA, ILLINOIS "1 - © e




NOTICES

When Government drawings, specifications, or other data are used
for any purpose other than in connection with a definitely related Govern-
ment procurement operation, the United States Government thereby incurs
no responsibility nor any obligation whatsoever and the fact that the
Government may have formulated, furnished, or in any way supplied the
said drawings, specifications or other data is not to be regarded by im-

plication or otherwise as in any manner licensing the holder or any other

person or corporation, or conveying any rights or permission to manufac-
ture, use, or sell any patented invention that may in any way be related
thereto.

Qualified requestors may obtain copies of this report from the ASTIA
Document Service Center, Dayton 2, Ohio. ASTIA Services for the Depart-
ment of Defense contractors are available through the ‘‘Field of Interest
Register'’' on a ‘‘need-to-know'’ certified by the cognizant military agency
of their project or contract.

{—i

PR SE R T e T e

e bt ey

§oom g

I




RADC-TDR~63-170

March 29)

STUDY AND INVESTIGATION OF MILLIMETER AND

SUBMILLIMETER WAVE RECEIVER TECHNIQUES

s

Final

Contract No, AF30(602)-2456

Program Element Code Nr, -~ 62405454
760D - Project 4505, Task 450501
Electronic Systems Division (RADC)
Mr, Davis, RAWED

Period Covered:

1 March 1961
to

28 February 1963

Prepared for

ROME AIR DEVELOPMENT CENTER
GRIFFISS AIR FORCE BASE
NEW YORK

Ultramicrowave Section
Electrical Engineering Research Laboratory
Engineering Experiment Station
University of Illinois
Urbana, Illinois

1963




CONTENTS

Abstract

6.

7.

Introduction

Personnel
Reports Issued on Contract
General Factual Data

Pyroelectric Detection of Millimeter Wave and
Visible Wave Radiation

5.1 Introduction

5.2 Microwave Measurements in the 2 Millimeter Region

5.3 Pyroelectric Detector in the 2, 4, and 8
Millimeter Region

Metal Reflectors for Beam Wave Guides

Crystal Detectors

Bibliography

Page

iv

11

18

33

36

ii



Figure

10
11
12
13

14

15

16

ILLUSTRATIONS

Experimental Beam Wave Guide at 70 kmc

Basic Pyroelectric Detector Circuit

Pyroelectric Detector with an Amplifier and 2-mm

Carcinotron
Calibration of Attenuator at y = 2,14 mm

Output Voltage of TGS Detector with Amplifier
VS, Input Power at A = 8,15 mm

Output Voltage of TGS Detector
VS, Charging Voltage at A = 8,15 mm

Orientation of TGS Crystal

Metal Reflecting Beam Wave Guide

Oblate Spheroidal Mirror

Geometry of the Beam Wave Guide

Diagram Illustrating Relations of O, d and A

Diagram Showing 0 in x y_ z. Coordinate System

111

Diagram Showing Relation Between y and yl

Relationship Between Oblate Spheroidal and
Spherical Reflectors

Crystal Detector Employing a Biconical Spherical

Resonator

Schematic Drawing of Wall-Current Detector

Page

10

14

15
16
18
20
20
24
25
26

28

34

35

iii



iv

ABSTRACT

This program has as its goal the development of video detection
techniques which are usuable in the millimeter and submillimeter wave
range of the spectrum,

A pyrof&ectric detector which uses tri-glycine sulfate as the de-
tecting material has been developed and tested in microwave systems at
wavelengths of 8,15 mm, 4,10 mm, and 2,14 mm, The minimum detectable
power with the present configuration is 8 pwatts at the longer wavelengths
and betWéén 20 and 200 pwatts at 2,14 mm,

A similar detector using barium titanate as the detecting material
did not prove to be as sensitive as the tri-glycine sulfate unit,

) An analysis for the metal reflecting beam wave guide has been
developed, It is found that the reflectors should be sections of oblate
spheroids,

An exper%@ental wall current detector for use with the beam wave

guide has been built, Initial tests were encouraging,
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1, INTRODUCTION
M., D, Sirkis
1,1 Preface

This is the final report on Contract AF30(602)-2456, It covers the
period from the initiation of the contréct, 1 March 1961, to 28 February
1963.

1,2 Purpose

The purpose of this research has been twofold: (a) to develop new
techniques for the detection of electromagnetic radiation at submillimeter
wavelengths, This phase of the work included a study of physical phenomena
that may be applicable to the detection problem, (b) to investigate trans-
mission lines and components usable in the submillimeter region, This
phase of the work is necessary to determine the requirements that the trans—

mission line will place on the detector to be developed under (a) above,
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2
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4, GENERAL FACTUAL DATA
M, D, Sirkis

For an effective detector of elecrromagne~’c¢ <adiarion on& needs a
physical phenomenon which occurs at rhe fregueacy of r1areresr and is
accompanied by an effect that may be convesienrly measursd, T+ iz desirable
that the detector have the following properries:

1) It should be effective 1a the en-irs submillimer=r

range of the spectrum (300 *o 3000 GC),

2) The response time should nor excred 1 mLcrosecond,

The detector could then be used in a super-hererodyne
rece1lver with an intermedlate frequeancy >f up ro
1 megacycle,

3) It should be usable ai reasonable remperartures and no-
require unusual control of the remperarure of 173
immediate surroundings,

4) It should be capable of derecting 1 macrowarr of 1ncidens
focused power,

5) It must be compatible with a submlllimerer waveé rransmission

system: i.,e,, ihe derecror mus+s be usable i1n a quasi-
optical system,

During the early phases of *his work theorerical 1aves-igavioas of
various phenomena which might be appropriar= for suborllimerer #wave detectors
were made, On ithe basis of these 1uveswigarions 1° was decided rhat rhe
pyroelectric effect appeared io be the most promising possivility for a
suitable detector, and a major portion of rthe +fforr bas peen devored o the
development of ihe pyroeleciric effect derector, Ofher effecrs considered
and reported 1n Technical Documenftary Reporr 1 (RADC-TDR-62-313) include the
Faraday rotation effect, magnerosiriciion effecr, Hall effecr, pnoroderection,
electron heating in intrinsic semicoaduc~ors, ard superconducting devices,

In recent months some effor has beea dirtc ed voward rhe development of
a suitable configurarion for a crysral diode defecror, Boch a biconical
spherical resonator geometry and a wall-curerar configurarion ba.e been con-

sidered,

-

-



The difficulties associated with the extension of conventional micro-
wave transmission lines into the submillimeter region are well—knownl. The
three basic problems encountered are small size, high attenuation, and low
power handling ability, For example, rectangular metal wave guide operating
in the dominant TElo mode at 300 Gc would have an attenuation of the order of
5 db/m and inside dimensions of only 0,049 in, by 0,022 in,

Transmission lines of the quasi-~optical type may make improvements in
this situation possible, The iterative beam wave guide, as investigated by
Goubau2’33 is a quasi-optical line which appears to be practical for trans~-
mission in the submillimeter wave region, Cross sectional dimensions of
these lines can be made of the order of 10 to 100 wavelengths and it should
be possible to keep the losses quite low,

An experimental beam wave guide was built to operate at 70 GE, This line
is shown in Figure 1, The measured attenuation per iteration was 0,375 db
in comparison with a theoretical value of 0,1 db, It is felt that a large
part of the excess loss was due to the cellular structure of materials having
a dielectric constant sufficiently low so that they might be used for con-
struction of the lenses, This problem will become even more critical at
higher frequencies, Principally for this reason a decision was made to suspend
the work on the Goubat line and to initiate a study of an iterated reflecting
transmission system, The results of this latter study are presented in this

report,
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5, PYROELECTRIC DETECTION OF MILLIMETER WAVE
' AND VISIBLE WAVE RADIATION

E., Yamashita

5.1 Introduction

The pyroelectric effect detector makes use of the fact that the satu-~
ration polarization of a ferroelectric crystal varies rapidly with temper-
ature near the Curie point, Consequently if a dc voltage is applied to a
ferroelectric crystal through a series resistor, a current will flow if the
- temperature of the crystal is changed., The crystal temperature may be
changed through the absorption of incident radiation, and the incident
radiation may then be detected by means of the voltage developed across

the series resistor, The basic circuit is shown in Figure 2,

INSULATING TUBE

I N A
T — = )L
s At N
! 7
LEAD CRYSTAL LEAD W AVEGUIDE TUNING ELEMENT

Figure 2, Basic Pyroelectric Detector Circuit

4
The output current from the crystal is given by A, G. Chynoweth .



where

= input power

= thickness of the crystal

= density

specific heat at constant stress
= mechanical equivalent of heat

= polarization

H "oy D e =
i

= temperature

In Quarterly Report No, 3 (RADC-TDR-63-22) =a current sensitivity of 1,9x10
amperes per milliwatt at a temperature of 24000 and a frequency of 35 Gc was
reported, With the addition of a cascode~cathode follower amplifier having
an input impedance of the order of 5 megohms, the amplifier output into a

50 ohm load is 7.9 mv/mW at 38,7 Gc, The detector has also been used to
detect light.

More recently, measurements of several microwave circuit components at
wavelengths near 2 millimeters have been made to permit investigation of the
properties of the TGS (tri-glycine sulfate) pyroelectric detector at these
wavelengths, The source of microwave power for these measurcments was a
carcinotron (Type COE 20) supplied by Rome Air Development Center., The TGS
pyroelectric detector was also tested in the 4 and 8 millimeter regions as
well, A pyroelectric detector using a barium titanate crystal was con-
structed, but it was found to be less sensitive than the TGS unit,

5.2 Microwave Measurements in the 2 Millimeter Region

Two-millimeter waves, generated by a carcinotron and modulated with a
1000 cps square wave, were employed for the measurement of the sensitivity
and the response time of the pyroelectric detector, In the experiments
described below the wavelength was fixed at 2,14 millimeters. The test
apparatus is shown in Figure 3.

An attenuator was first calibrated with the aid of a thermistor bridge,
The result of this measurement is shown in Figure 4 which also includes a

calibration curve for a conventional crystal detector,

-10

-

-



Figure 3, Pyroélectric Detector with an
Amplifier and 2-mm Carcinotron,
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Figure 4, Calibration of Attenuator at A = 2,14 mm,
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With this calibrated attenuator the attenuation of 2 mm rectangular
wave gﬂde, RG-135/U, was measured, The result of this measurement is shown
in Table I,
One difficulty encountered in attempiting to measure accuirately the
power flow into the detectors arose because the efficiency of the
thermistor mount is not known, An attempt was made to estimate the thermistor
mount efficiency by comparing the measured power output of the carcinotron
under specified operating conditions with data supplied by the manufacturer .
of the carcinotron for operation under identiical conditions. A measurement
of the carcinotron power in this laboratory yielded 95 milliwaits under
conditions thought to be the same as those for which the manufacturer had
measured 1,1l watts, Comparison of these data indicates a thermistor mount
efficiency of approximately 8‘,6%j which appears to be excessively small,
At this time it is felt that the measured values for tithe sensitivity of the
pyroelectric detector at a wavelength of 2,14 mm are questionable to
approximately an order of magnitude because of the unknown thermistor mount
efficiency, Consequently in Table II two values have been entered for the
measurement at 2.14 mm, The first entry corresponds to a mount efficiency of
8.6% and the second to 80%° It is hoped that this problem can be resolved
in the near future,

5.3 Pyroelectric Detector in the 2, 4, and 8 Millimeter Region

A TGS crystal was mounted with a tuning element in RG-~96/U wave guide,
A slit was made in a wall of the wave guide near the detecior to introduce
the electric leads, Several taper transitions were used to connect the
8 millimeter wave guide to 4 and 2 millimeter wave guides, These transitions
were thought to have a loss of about 0,5 db, but this loss was not counted
in the data of measured power, Resulis of measuremenis on the TGS detector
are shown in Table II, i

There may be a difference between the efficiencies of the 8 and 4
millimeter mounts although these barretter mounts have almost the same
structure, The sensitivity of the pyroeleciric detector, however, does not
change very much over a wide frequency range as expected from the theory of
.the detector, Even for optical radlationlthe detector is sensitive as

reported in Quarterly Report No, 3,



TABLE I

Attenuation of RG-135/U Wave Guide at \ = 2,15 mm

12

Attenuation (db/foot)

Theoretical Value 3.08

Measured Value 4,4

.



TABLE 11

Measured Constant*s of TGS Pyroelectric Detector

at A= 8,15, 4,10 and 2,14 mm,

Wavelength (mm) 8,15 4,10 2,14
Power Measurement
Method Barreter Barreler Thermnistor
Output of ’
> 0,278
Amplifier 7.15 7.14
(mV/mW) < 2,58
e > 7.0 x 10712
Sensitivity of «10 -10
TGS Crystal 1,79 x 10 7 1,79 x 10 7 < 6.5 x lomll
(amp,/mW) ° '
Response Time 30 30 40
( p sec )
Minimum Input
< 210
(u W) 8 8

¥

> 20




Figure 5,

14

QUTPUT VOLTAGE (mv)

INPUT POWER (mw)

Output Voltage of TGS Detector with Amplifier

VS. Input Power at A = 8,15 mm,
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OUTPUT VOLTAGE (mv)

100

50

15

I |

Figure 6,

500 1000

CHARGING VOLTAGE (v)

Output Voltage of TGS Detector
VS, Charging Voltage at A = 8,15 mm,



An example of the output voltage from the TGS detector with an amplifier
as a function of the input power at a wavelength of 8 millimeters is shown
in Figure 5., There 1is some departure from the linear relationship between
the input power and the output voltage as discussed in Quarterly Report No, 3,
but this departure does not significantly lessen the value of the
pyroelectric detector,

There are several possibilities for improving further the pyroelectric
detector, By increasing the initial charging voltage of the pyroelectric
crystal up to the saturation region the sensitivity of the detector can be
increased, One example of this effect is shown in Figure 6, This technique
is limited by the possibility of destruction of the detector element due to
arcing,

The output voltage depends on the material being used, Ba’I‘iO3 was
tested as a pyroelectric detector, Only one size of BaTiO3 crystal was
used, but for this case our experiment, recorded in Table III, indicated
that TGS was relatively better,

Better mounting of the pyroelectric crystal in the wave guide will
probably improve the sensitivity, Especially important is the size of the
slit in the wall of the wave guide which must be kept as small as possible,

The principle of the pyroelectric effect is based on homogeneous heating
of the crystal rather than on a temperature gradient in the crystal, The
crystal therefore should be radiated along either the x or y direction as

shown in Figure 7, to absorb maximum energy and to be heated

ELECTRODES

RADIATION

Figure 7, Orientation of TGS Crystal
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TABLE III

17

Measured Constants of TGS and BaTi(b Detectors at A= 8,15 mm

BaTi0
3

TGS

Response Time
( u sec)

45

30

Output of the
Amplifier
(mV/mwW)

Sensitivity of
Crystal Element
(amp/mW

1,81 x 10

11

1,79 x 10710

Minimum Power
Input
(pw

87

Charging
Voltage
(Volts)

260

260

Amplification
Factor

15

20
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homogeneously, Extremely small sizes for the distance c between the
electrodes appear to be inadequate with respect to both power absorption
and resistance to electrical breakdown caused by the dc charging voltage,
A good contact between the electrode and the surface of the crystal,
both electrically and mechanically, is essential, Silver paint has been
used for the electrical contact and epoxy resin, applied after the paint

has dried, has been used to provide mechanical s‘érength°

6. METAL REFLECTORS FOR BEAM WAVE GUIDES
J, E, Degenford

The general theoretical analysis of the metal reflecting beam wave
guide has been completed and is presented below,
The metal reflecting beam wave guide consists of reflectors as shown

in Figure 8, In Quarterly Report No, 2 (RADC-TDR-62-500) it was pointed

FOC!I OF ELLIPSE
MARKED "A"

DETECTOR

o

SQURCE

N\

~ ENOR

~alS s B cirsE

Figure 8, Metal Reflecting Beam Wave Guide



out that the shape of the reflector is elliptical for the two-dimensional
case, To obtain the appropriate rgflector for the three-dimensional case

it is only necessary to rotate the ;lliptical line segment about the line
connecting its foci, The reflector obtained in

this way is a section of an prolate spheroid and is shown schematically in
Figure 9, The analysis to be developed below will verify that, subject to
certain restrictions, the shape of the reflector should be as indicated here,

The equation of the reflector surface is

X2 2 ZZ

i S N S
7 * 3t T3 <
b a b

The dimensions of the reflector are chosen to be

length: 2sa/b (in y direction)
1

width: 2s (in X direction)

For the analysis we consider a system comprising two reflectors from
the transmission line as shown schematically in Figure 10, The reflectors
are represented by their traces in the y-z plane, Note that the tilt of
the reflectors is governed by the parameters a,b, & ¢, In the limit of
¢ =0, a=Db the reflectors form a confocal resonator, The angle of tilt ¢
is equal to arctan%°

It is assumed that the reflector dimensions are small compared to the
spacing a, It is further assumed that the reflector dimensions and spacing
are large compared to a wavelength and thus a scalar formulation of Huygen's
principle can be used to determine the field at the right hand reflector in

terms of an integral of the field at the other reflector, If we call the
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REFLECTOR
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Figure 9, Prolate Spheroidal Mirror,

Figure 10, Geometry of the Beam Wave Guide,

Ay



21

linearly polarized electric field on the left hand reflector Ey(x'J y'% then

the field Ey(x,y) on the right hand reflector can be written as

ik(2 cos 8 ) -ikP

Ey(X,’y) = 47Tp

E (x',y') ds’

where = distance between P and P!
0 = angle between the line PP' and the normal to the reflector
surface at P!
27T
k=

It should be noted that the integral equation usually associated with

Huygen's principle is

ik(1+ cos 8) e-ikp

Ey’(x’y) = AT p

Ey(x’,y') das’

This equation is only validy however, when the surface S8' is an equiphase
surface, For the more general case where S' is not an equiphase surface,

the integral equation becomes5

ik(cos O - cos ) o

Ey(x{,y) = 2 ﬂp

—1kp Ey(X'gy') ds?
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where . © = angle between the normal to the reflector surface
at P' and the line PP'
(U énglé bethen the normal to the reflector surface
at P* ahd the line between P' and the source required
to produce the given distribution on S*,
Since the source producing the distribution on S' is just another reflector
of the transmission line, and since the reflector size is small compared to

~

the spacing, 6 = - { and the integral equation reduces to

2ik cos 0

~-1kp
E = —Z g - E (x' v t
g 9 T © L,y as

Sl

The equations of the reflector su%faces in the coordinate system of Figure 10
are - quite complex due to the hilt of the reflectors, and it is therefore
inconvenient to solve for Q directly as the distance from P' to P. It 1is
much easier to first solve for d, the distancg obtained if the reflectors are
. replaced by planes and then to find A and A, the~shortening of the path
length caused by the reflectors, _Then P can be found by subtracting A and A
from d.
The distance equation for d is'

s

d =/J(£;z')2 4+ (y-y‘)2 4 '(x—x’)2

Substituting for z' and z

o

) —

AR fAER MR e .
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The original assumption that the reflector dimensions are small compared
to a guarantees that y << a and x << a, If one further assumption is
made, i,e,, that y << b, then the binomial expansion may be used to solve

for d, Subject to these restrictions d becomes

2 ¢ 2 1 X2 12 9
d =a<L + ES y - EB yi o+ DARNN 4 A AP S S 55.)
a 2a2 2a a? 2a2 2a2 a2

v
To calculate the path length shortening we must relate A to the shape

of the reflector. To do this consider Figure 11 which is an -enlargement of

the region around a point F;(X}y) on the right hanq plane, The distance d2

is the distance from P (x?y) to a point on a third reflector not shown in

the drawing, The shoriening of the path length d by the amount A must be

accompanied by a correspondihg shortening of the paﬁh length d2 by the amount

A ., This is accomplished if the reflector surface intersects with the

pirpendiqulars erected at the ends of the line seg%éﬁ%;\A and ﬁé as shown, The

normal to the plane at Igj 8, also passes through this point and thus A is

>

related to 0 by the expression

1

B key

"A= 0 cos $ =6

® can be calculated easily in the coordinate system of
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PLANE REFLECTOR

Figure 11, Enlarged View About a Point on the Right Hand Reflector
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Figure 12 and then can be related to the system of Figure 11,

Xy, plane

Figure 12, Diagram Showing 6 in x

lylzl Cocrdinate System

The equation for the reflector surface in Figure 12 is

2 x2
“1 1 V1
= 4 b= =1
b b? a
%N
Rearranging: zi =p2 1 - —= - = ,
b2 a?
or
i
p =b 1 ~
“



6 = -
Now b Zl
byz b
5 = 1 1
.l =t
¢ 2a% 2b

~
(9]

Figure 13, Diagram Showing Relation Between y and yl

With the aid of Figure 13, the relationship between y and yl can be

seen to be

The relationship between x and x is simply xl= X, Substituting the above values
4 .

fbr %1 and y1 in the equation for 5, we obtain

26
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Finally 2
2
b y
A=~ = L 4
. 2a 2a

In a similar fashion, one can derive

Substracting A and A' from d, Q0 is found to be

c c yy'! xx!
p=allsfy- Sy L X
ba ab 22 a2
I D A AT
- Y "% Y a a

To solve the integral equation it 1s now necessary to make an assumption
as to the form of Ey(x', y'). If one calculates the distance u between

the prolate spheroidal reflectors and spherical reflectors placed as shown
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in Figure 14, the distance is found to be proportional to y.

X;. Y, plane u

Prolate
-~ Spheroidal

Reficcter
Z

Spherical
—
- Reflecior

Figure 14, Relationship BetweenProlate Spheroidal and
Spherical Reflectors.

This suggests assuming a distribution similar to that of the confocal
resonator except for a y-dependent phase term, If EyTx‘Jy') is assumed to

be of the form

-ikc _,
b 7,
E ? ' = E ' ' ; ¥
y(x,y) Ofm(x)gn(y)e
then the integral equation becomes
-ike g
ik (2 cos 6) -ikp b .
— E 1 1 ds!
Ey(x,y) —amp  ° Ofm(x ) g (y') e

1
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Since we are considering small apertures, P may be replaced by a except
in the phase terms and cos O can be set equal to E, Note that the actual
reflector is rectangular with dimensions 2s in the Xl direction and 2s %
in the yl direction, but the limits of integration are from y = =-s to
y=+ 5 and X = -s to X = + s due to the tilt of the reflectors in the
xXyz coordinate system,

The variable of integration of dS' is equal to d.x'l\’dy'2 + dz'? .

dz'? can be calculated from the equation of the reflector and is found to be

2
dz'? = qy? Ei Zacy! 2 g2
b? 1S bt
x2 dx'2
where terms involving ~—Eé———— have been neglected, dS' then becomes
a
2
1 t
' =ax' dy' 2|+ S+ I
2b?

or

ds' = dx' dy' =

since y < b,

Now substituting the values for Q, 6, and dS' into the integral equation

we obtain
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ik (s o [, xE)
1k(a+b y) ik < Y + =

o T 4 ; 1 ' 1 1
2 7Tale e Eofm(x )gn(y ) dx'dy

-S =S

The eigenfunctions or normal modes of the line are found by requiring that

Ey(x,y) be the same as E (x',y') except for a multiplicative constant,
y

~ikey
i,e,, E=0C O E b
TG y mn ofm(x)gn(y) N

This yields the following integral equation

s
. i +

f = — e a (st ' f gt

0.9, m(X)gn(y) a fm(x de, (v ) dx'dy

-s -8

If the following transformation is made
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i}

Fm(x) fm(X)

[}

"Gn (Y) g, (y)

‘then the integral equation becomes

0o
-ika p° e iYy'  iXX!

COF (NG (V= Lo e e F (X') @ (Y') dX' 4y’
mnm n 2m . ' m n
=G =alc
or
: e"lka e iXX! ve ivy!

‘ = ——— F X! t 1 ?

Fm(X)Gn(Y) o7 O G m( de dX ‘/. Gn(Y e dyY
m m .
Ve N
-ika

If Omon is set equal to A%SB ie , then the integral equation separates

into the following integral equations

)

1XX?
F (X)e dx*
m

F(X) - =
m

MZ# {%

—

5

ivy’
G (¥Y) = ‘G (Y1) e dy!
n n

Alz'ﬂ'Szn
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These integral equations are homogeneous Fredholm equations of the second

6
kind and Slepian and Pollak have shown the solutions to be

where S ‘and S are the dangular  wave functions, ‘and R and R are
o, m o,n o,m o,n

the radial wave functions in prolate spheroidal coordinates as defined by
7
Flammer . Thus the modes are the same as those of the confocal resonator as

described by Boyd and Gordons except for the phase shift along the reflector

J
due to their tilt which is necessary for proper reflection of the beam to the
next reflector,

Since the confocal resonator modes are characterized by extremely low
diffraction losses, the metal reflecting beam wavé guide appears to be a

very practical transmission line for submillimeter waves,

Recommendations for Further Study

Further studies will be made in the next year to calculate the variation
of reflection losses with reflector spacing and electric field polarization

in order to find the optimum spacing for lowest loss., For extremely large
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tilts of the reflectors, i.e ¢ approaching a, the approximations made in

2
this analysis fail, A study will be made to determine how large ¢ can become
before the analysis is no longer valid, There is also a possibility that
the metal reflectors will lend themselves to a detection scheme using wall

currents as mentioned in another section of the report,

7. CRYSTAL DETECTORS )
C. Kim

There is evidence to indicate that crystal diodes can be used
satisfactorily as detectors at submillimeter wavelengths provided that
suitable configurations for the detector mount can be devised9o Two
essentially different configurations, boih sultable for use with beam wave
guides, are being investigated. The first of these is the biconical

0,11
7?7 7in which a crystal diode is mounted between the

spherical resonator
apices of the reentrant cones., Investigation of this detector has been
temporarily suspended because of the decision of the student pursuing that
study to enter military service, The status of that study is essentially
the same as reported in Quarterly Report No. 3, but this work will be
resumed as soon as possible, A drawing of the biconical spherical detector
is shown in Figure 15,

The second configuration is a wall current detector similar in concept
to a detector reported by deRonde12 at the Millimeter and Submillimeter
Conference which took place January 7-10, 1963 at Orlando, Florida, The
geometry of this detector is shown schematically in Figure 16, This
detector has been used successfully to detect 2 mm radiation emerging from
an open wave guide attached to the CO,E, 20,1 carcinotron, No measurements
of the sensitivity of detectors with this configuration have been made as
yet, However, further refinement of.the wall current detector appears to

be warranted on the basis of initial tests.
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Figure 16, Schematic Drawing of Wall-Current Detector,
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