
RESONANT-CAP GUNN OSCILLATORS FOR 75-110 GHz BAND 

4.1 Introduction 

As discussed i n  chapter  1, t h e  75-llOGHz frequency band i s  

a l s o  an atmospheric transmission window f o r  ground based radio  

astronomical observations.  The r o t a t i o n a l  t r a n s i t i o n s  of severa l  

a s t rophys ica l ly  important molecules e.g. acetaldehyde (CH3CHO-79.150 GHz), 

s i l i c o n  monoxide (Si0-86.243 GHz), methyl alcohol (CH30H-96.741 GHz), 

s i l i c o n  monosulphide (SiS-108.924 GHz) e t c .  l i e  In  t h i s  frequency 

band. So l id- s ta te  sources f o r  t h i s  frequency range a r e  required f o r  

providing a r e l i a b l e  a l t e r n a t i v e  t o  t h e  k lys t ron loca l  o s c i l l a t o r s  

p resen t ly  being employed i n  rad io  astronomy rece ive rs .  Gunn diodes 

have been used i n  t h e  development of these  s o l i d - s t a t e  sources due 
t 

t o  t h e i r  low noise  c h a r a c t e r i s t i c s .  

75-110 GHz band Gunn o s c i l l a t o r s  have been r e a l i z e d  i n  t h e  

pas t  using a resonant-cap c i r c u i t  i n  a rec tangular  waveguide 

(Ruttan, 1975; Ondria, 1979; Barth, 1981) . The resonant-cap c i r c u i t  

was first developed f o r  millimetre-wave IMPATT diodes (Lee e t  a l ,  

1968). In t h i s  c i r c u i t ,  a metal cap o f  about half-wavelength 

diameter is placed d i r e c t l y  'above t h e  diode i n  a sec t ion  of  rec tan-  

gular  waveguide. The o s c i l l a t i o n  frequency of t h i s  type of c i r c u i t  

i s  mainly determined by the  dimensions'of t h e  resonant-cap. 

In t h i s  chipter ,  a new design f o r  the  75-110 GHz band Gunn 

o s c i l l a t o r s  using a resonant-cap c i r c u i t  i n  a c i r c u l a r  waveguide 



(Arora md Sarma, 1984) i s  presented. The c i r c u l a r  waveguide Gunn 

o s c i / l a t o r  is  s i n p l e r  i n  construction a s  compared t o  the  conventional 

rec tangular  waveguide designs which involve a number of  p rec i se  

mi l l ing  operat ions.  The e f f e c t  of  various c i r c u i t  parameters on t h e  

o s c i l l a t i o n  frequency and power is  inves t igated  experimentally. An 

empirical  r e l a t i o n  has  been obtained f o r  t h e  p red ic t ion  of  o s c i l l a t i o n  

frequency based on t h e  physical  dimensions of t h e  resonant-cap. 

Comparison o f  t h i s  c i r c u i t  with a conventional resonant-cap c i r c u i t  

i n  a rec tangular  waveguide has a l s o  been ca r r i ed  out  by observing 

t h e  performance of  t h e  same Gunn diode i n  both t h e  c i r c u i t s .  

4.2 Resonant-cap Gunn o s c i l l a t o r  i n  a c i r c u l a r  waveguide 

4.2.1 Design and construction 

A cross- sect ional  view o f  t h e  Gunn o s c i l l a t o r  i s  shown i n  

f igure  4.1 and a photograph i s  shown i n  f igure  4 .2 .  The Gunn diode 

is mounted on a massive copper plug and inse r t ed  i n t o  a sec t ion  

of c i r c u l a r  waveguide of 3mm diameter which is-chosen so t h a t  t h e  

cutoff frequency of t h e  c i r c u l a r  waveguide f o r  the  dominant mode 

(TEll) i s  near ly  t h e  same a s  t h a t  o f  the  dominant mode (TEI0) i n  

t h e  W-band (75-110 GHz) rec tangular  waveguide. The D.C. b i a s  f o r  

t h e  Gunn diode i s  provided through a metal post  which has  a resonant- 

cap a t  i ts  end. The post  a l s o  contains a 5- section co-axial low 

pass f i l t e r  f o r  RF choking. The resonant cap-Gunn diode assembly 

can be moved up and down i n  t h e  waveguide by a mechanical arrange- 

ment. A vern ie r  driven noncontacting backshort i s  a l s o  provided i n  

t h e  waveguide sec t ion  behind t h e  Gunn diode. 







4 . 2 . 2  Osci l l a to r  uerformance 

The Gunn o s c i l l a t o r  performance was evaluated i n  a standard 

W-band (75-110 GHz) rectangular waveguide measuring set-up consis t ing 

of a precis ion var iable  a t tenuator ,  a frequency meter and a power 

meter. A photograph of the  measurement setup i s  shown i n  f igure  4.3. 

The o s c i l l a t o r  was connected t o  t he  measurement system through a 

c i r cu l a r  t o  rectangular waveguide t rans i t ion .  Suf,f icient  a t tenuat ion 

was always ensured between the  o s c i l l a t o r  and the  measuring system 

t o  avoid ' load-pull ing of t he  o s c i l l a t o r .  However, no s ign i f ican t  

load-pulling e f f e c t s  on o sc i l l a t i on  frequency were observed even 

when a l l  a t tenuat ion was removed. In order t o  study the  e f f ec t  of 

various cap parameters, D, t ,  d and A, shown i n  f igure  4.4, on 

o s c i l l a t o r  performance a number of resonant-caps of varying 

dimensions were fabr icated.  The procedure adopted f o r  measurement 

was t o  s e l ec t  a pa r t i cu l a r  resonant-cap and note the  o sc i l l a t i on  

frequency and power output a s  the  cap posi t ion i s  varied ins ide  the  

waveguide. The backshort posi t ion was adjusted each time f o r  

maximum power outpui:. The backshort p o s i t i m ,  however, was found 

t o  have negl igible  e f f ec t  on the  o sc i l l a t i on  frequency. The r e s u l t s  

a re  presented i n  t ab l e  4 . 1  which gives the  o sc i l l a t i on  frequencies 

and output powers obtained f o r  a large number of resonant-caps of 

varying dimensions. 

More than lOmW CW power was achieved with t h i s  c i r c u i t  over 

75-90 GHz frequency range using a Varian Gunn diode type VSB- 

9222S2 which is  specif ied f o r  lOmW outbut a t  87 GHz. The d. c. 
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i 
bias  voltage required f o r  maxima power varied between 4 and 5 v o l t s  

depending on the  o sc i l l a t i on  freqwncy-higher frequencies requir ing 

l m e r  voltage. Continuous aechanical tuning of about 8 GHz was 

obtained by varying t he  posi t ion of  t he  resonant cap-Gunn diode 

assembly across the  wavdguicie (nis corresponds t o  an e f fec t ive  

var ia t ion  of the  parameter 'if). The power var ia t ion  over t h i s  

range is  l e s s  than 3dB, but the  backshort posi t ion requires  readjust-  

ment every time t he  cap posi t ion is changed. Bias-tuning s e n s i t i v i t y  

of about 300 MHz/volt was a l so  observed. The var ia t ion  of o s c i l l a t i o n  

frequency with b ias  voltage was u t i l i z e d  f o r  frequency s t ab i l i z a t i on  

of t he  Gunn o s c i l l a t o r  using t he  phase-lock system described i n  

d e t a i l  i n  chapter 6. 

4.2.3 Effect  of the  cap parameters on t he  o s c i l l a t i o n  frequency 

A systematic invest igat ion of  t he  e f f ec t  of various cap 

parameters D, t ,  d and R on the  o sc i l l a t i on  frequency was ca r r ied  

out. The e f f ec t  of these parameters i s  discussed below. 

4.2.3.1 Effect of cap diameter IDf 

The e f fec t  of increasing cap diameter on the  o sc i l l a t i on  . 
frequency i s  shown i n  f igure  4.5 f o r  a number of resonant-caps 

with diameters ranging from 1.6 t o  2.0mm. The osc i l l a t i on  f re-  

quency monotonically decreases with increasing cap diameter indi-  

cat ing t h a t  the  cap a c t s  a s  a capacit ive reactance. The frequency 

var ia t ion  with cap diameter is found t o  be almost l i nea r  with a 
\ 

s e n s i t i v i t y  of about 25 GHz/mm. , 
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4.2.3.2 Effect  09 cap thickness I t 1  

Effect  of varying cap thickness I t 1  on t he  o sc i l l a t i on  f r e -  

quency is showh i n  f igure  4.6 f o r  cap thickness varying from 0.25 a 

t~ 0.75nsn. The osc i l l a t i on  frequency decreases with increasing cap 

thickness, indicat ing once again t ha t  the  cap behaves l i k e  a 

capacitor.  Frequency var ia t ion  with cap thickness i s  a l so  approxi- 

mately l i n e a r  with an average s e n s i t i v i t y  of about 15 GHz/mm. 

4.2.3.3 Effect of post  d ia  Id1 

Variation of o sc i l l a t i on  frequency with post  diameter Id1 

is shown i n  f igure  4.7 f o r  post  diameters varying from 0.7 t o  l . l m m .  

The o s c i l l a t i o n  frequency increases with increasing post  diameter 

indicat ing t h a t  t he  post  provides an inductive c i r c u i t  reactance. 

Frequency var ia t ion  with 'dt  is a l so  almost l i nea r  with an average 

s e n s i t i v i t y  of about 15 GHz/mm. 

4.2.3.4 Effect of post  length ' R '  

Effect  of post  length ' A t  on t he  o s c i l l a t i o n  frequency is  

shown i n  f igure  4.8 f o r  post lengths varying from 1.0 t o  2..2mm. 

The frequency decreases with increasing post  length indicat ing once 

again t h a t  the  bias-post a c t s  a s  an inductor, The s e n s i t i v i t y  of 

o sc i l l a t i on  frequency t o  post  length 'A1 .  depends on t he  post  . 
diameter ' d l .  For th inner  posts  (0.7mm d ia ) ,  t he  frequency var ia-  

t i on  with post  length is  only about 3 GHz/mm, while f o r  th icker  

posts  (l.lm dia)  it is  about 1 2  GHz/mm. . 
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4.2.4 h a g i f i c a l  r e l a t i o n  fok de,tarrmining t h e  o s c i l l a t i o n  

frequency 

It has  been shown i n  sec t ion  4i2 .3  t h a t  t h e  o s c i l l a t i o n  f r e-  

quency arf t h e  resonant-cap Gunn o s c i l l a t o r  i n  a c i r c u l a r  waveguide 

is a well behemd function of  t h e  four  dimensional parameters D, t ,  

d and R. The following entpirical r e l a t i o n  connecting t h e  wavelength 

of o s c i l l a t i o n  t o  t h e  physical  dimensions o f  t h e  resonant-cap has 

bean obtained: 

where Xosc.is t h e  wavelength i n  ram corresponding t o  t h e  o s c i l l a t o r  

output  frequency and D, t ,  d and R a r e  t h e  physical  dimensions of 

t h e  resonant-cap c i r c u i t  a s  shown i n  f igure  4.4, a l l  expressed i n  

mil l imetres.  The constant term on t h e  r i g h t  hand s i d e  of equation 

4.1 a l s o  has t h e  dimensions of mil l imetres.   ation ion 4.1  i s  v a l i d  over 

the  frequency range 75-95 GHz with t h e  following cons t ra in t s  on t h e  

physical  dimensions: 

a <  D <  1.4a; 0.461~ d <  0.7%; 0.15aC t < 0.5a and 0 .6a< R <1.5a 

where a i s  t h e  radius of  the  c i r c u l a r  waveguide. 

More than 75% of  t h e  experimentally observed values t abu la ted  

i n  t a b l e  4.1 agree with t h a t  obtained from equation 4.1 within a 
8 

maximum e r r o r  of  + 1%, while t h e  r e s t  ;how s l i g h t l y  l a r g e r  devia t ion.  - 
In an attempt t o  determine t h e  general v a l i d i t y  of t h e  equation, 

severa l  Gunn diodes were t e s t e d  i n  t h e  osc i l la<or  c i r c u i t  described 

above: In most cases t h e  meastared o s c i l l a t i o n  frequency agrees 



with t h a t  obtained from the  equation t o  about * 1%. The la rger  - 
devitatians seen f o r  a few diodes way be a t t r i bu t ed  t o  s l i g h t  

variations i n  t he  package pa ra s i t i c s .  

4.2.5 Effect  of  cap parameters on t he  o s c i l l a t o r  power output 

The e f f ec t  of various cap parameters D, t ,  d and $ on the  

o s c i l l a t i o n  frequency has been described i n  the  e a r l i e r  sect ions .  

These parameters a l so  a f f ec t  t he  output power of t he  o s c i l l a t o r .  

The p l o t  of f igure  4.9 was obtained using caps of varying dimensions,D, t 

and d and noting frequency and power output a; t he  posi t ion of the  

cap is  varied across t he  waveguide (var ia t ion of ' A 1 ) .  Cap diameter 

D determines t he  frequency of  power maximum, which s h i f t s  towards 

lower frequency as  t he  cap diameter is increased. This i s  under- 

standable, s ince  t he  cap along with t h e  flange of the  Gunn diode 

package a c t s  as  a rad ia l- l ine  transformer f o r  matching t he  Gunn diode 

impedance t o  t he  waveguide output. The radius of the  cap should 
b 

therefore  be approximately a quar te r  wavelength a t  the  o s c i l l a t o r  

output frequency. However, the  optimum cap radius  i s  s l i g h t l y  

d i f fe ren t  from quar te r  wavelength because of the  e f f ec t  of f r inging 

capacitance due- t o  f i n i t e  cap thickness. 

Around the  frequency of  power maximum determined by cap 

diameter I D t ,  optimum performance i s  obtained by. adjus t ing the  

dimensions d and t .  Large var ia t ions  i n  output power are  observed 

f o r  d of 0.7 and 0.9mm and t of 0.25 and 0.5mm-as the  frequency i s  

varied by moving the  posi t ion of the  resonant-cap. However, f o r  d 
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o f  1. lmm &d t of 0.75mm, r e l a t i v e l y  l e s s e r  v a r i a t i o n  o f  power with 

frequency i s  observed. Maximum power i s  a l s o  obtained f o r  caps with 

d o f  l . lm and t of  0.75rnm over most o f  t h e  tuning range except a t  

c e r t a i n  i s o l a t e d  frequencies where caps of  0.5mm thickness  y i e l d  

maximum powers. 

In add i t ion  t o  the  cap parameters,  t h e  d .c . -b ias-vol tage  a l s o  

sharply  a f f e c t s  t h e  o s c i l l a t o r  power. The b ias- vol tage  f o r  maximum 

power output  i s  a function of  opera t ing  frequency. For the  Gunn 

diode used here  (Varian type VSB-9222S2) t h i s  Voltage va r i e s  from , 

5 v o l t  a t  75 GHz t o  about 4 v o l t  a t  90 GHz. 

The pos i t ion  of  t h e  backshort a l s o  has a  very sharp e f fec t  

on t h e  o s c i l l a t o r  output  power. Several  power maxima and minima 

a r e  observed as  t h e  backshort i s  moved away from the  Gunn diode. 

Backshort pos i t ion  f o r  maximum power changes when any of  t h e  four 

resonant-cap parameters D, t, d and i s  changed. 

4.3 Resonant-cap Gunn o s c i l l a t o r  i n  a  rec tangular  waveguide 

A resonant-cap Gunn o s c i l l a t o r  c i r c u i t  o f  conventional design 
1 

was constructed i n  a  s tandard W-band (75-110 GHz) rec tangular  wave- 

guide mount f o r  performance comparison with t h e  c i r c u l a r  waveguide 

Gunn o s c i l l a t o r .  A photograph o f  t h e  o s c i l l a t o r  i s  shown i n  
* 

f igure  4.10. A waveguide channel of  2.54mm width and 1.27mm height  

i s  mi l led  i n  a  b rass  sp l i t - b lock .  The diode i s  mounted on a 
- 

separa te  copper block and a t tached t o  t h e  main waveguide block 

through sp r ing  loaded screws which contro l  t h e  pos i t ion  of t h e  
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Gunn diode across the.  waveguide, %Since the  diode package has a 

flange diameter of 3m, the  waveguide sect ion was l oca l l y  widened 

by d r i l l i n g  a hole of 3mm d i e t e r  t o  allow the  passage of the  Gunn 

diode across  t he  waveguide. The D.C. b i a s  f o r  the  Gunn diode was 

provided through t he  resonant-cap which a l so  contains a co-axial 

low pass f i l t e r  fo r  RF i so l a t i on ,  s imi la r  t o  the  one used i n  t he  

c i r c u l a r  waveguide design. A noncontacting vern ie r  driven backshort 

was provided i n  t h i s  case a l s o  f o r  optimization of the  o s c i l l a t o r  

output power. 

Three resonant-caps of varying dimensions D ,  t and d were used. 

The cap dimensions were chosen so  t h a t  t he  o s c i l l a t i o n  frequency could 

be made to l i e  i n  the  75-90 GHz r ange~and  CW powers were maximized 

i n  t h i s  range. Output frequency and power were noted f o r  each of 

the  resonant-caps a s  t he  cap pos i t ion  i s  var ied  across the  waveguide 

height  (var ia t ion of post  length 2 ) .  The r e s u l t s  a re  tabula ted i n  

t ab l e  4.2. Figure 4.11 shows t h e  e f f e c t  of post  length R va r i a t i on  

p 
on t he  o sc i l l a t i on  frequency. A s  may be seen from the  f igure,about 

8-10 GHz mechanical tuning i s  obtained by changing the  post  length R 

by varying the  pos i t ion  of the  Gunn diode across the  waveguide. 

However, the  sense of frequency change with post length R i s  opposite 

t o  t h a t  observed i n  the  case of t he  c i r cu l a r  waveguide Gunn o s c i l l a t o r .  
1 

This may be due t o  the  proximity of the  top  waveguide wall  t o  the  

resonant-cap i n  t h i s  case. The p a r a l l e l  p l a t e  capacitance of the  
- 

top  surface of t he  resonant-cap with t he  top waveguide wall swamps 

t h e ' e f f e c t  of post  inductance when t he  cap i s  c lose  t o  the  top 



TABLE 4 . 2 :  OSCILLATION FREQUENCIES AND OUTPUT POWERS 
OBTAINED WITH VARIOUS RESONANT CAPS FOR 
THE 75-110 GHz GUNN OSCILLATOR I N  A 
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waveguide wall.  When the  post length i s  more than 0.8mm, t he  sense 

of frequency change with post length i s  t he  same a s  t h a t  observed 

i n  t he  c i r cu l a r  waveguide case because the  inductive reactance of the  

post now predominates. Effect  of the  other  dimensional parameters 

D, t, d on o sc i l l a t i on  frequency was found t o  be s imi la r  t o  t h a t  

obtained i n  the  c i r cu l a r  waveguide case. The e f fec t  of these para- 

meters on t he  o sc i l l a t i on  frequency of resonant-cap o sc i l l a t o r s  

rea l ized  i n  75-110 GHz band rectangular waveguide has a l so  been 

studied recen t ly  by Haydl (1983). The experimental observations of 

Haydl agree qu i te  well with the  ones described here.  

The CW powers obtained with t h i s  design using the  Varain Gunn 

diode type VSB-9222S2 a re  shown i n  f igure  4.12. A comparison with 

f igure  4.9 shows t ha t  the  powers obtained with t h e  c i r cu l a r  waveguide 

design a r e  comparable and s~metimek even b e t t e r  than those obtained 

with t h e  rectangular waveguide design over the  frequency range 

75-90 GHz . 

4.4 Discussion 

The r ea l i z a t i on  of resonant-cap Gunn o s c i l l a t o r s  f o r  the  

75-110 GHz frequency band has been described i n  the  foregoing 

sect ions .  A new o s c i l l a t o r  c i r c u i t  configuration using c i r c u l a r  

waveguide has been developed which i s  comparatively simple t o  

construct a t  mill imetre wavelengths. Experimental invest igat ion 
+ 

of the  various cap parameters on the  o s c i l l a t o r  frequency shows a 
\ 

behaviour s imi la r  t o  t h a t  observed fo r  W-band (75-110 GHz) resonant- 

cap Gunn o s c i l l a t o r s  i n  conventional rectangular waveguides which 
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operate i n  a harmonic extract ion mode (Eddison and Brookbanks, 

1981; Haydl, 1981). 

The resonant cap with diameter D and thickness t seems t o  

behave l i k e  a capacitor while the  post  above it with diameter d 

and length R behaves l i k e  an inductor. The cap and the  post  together 

form a fundamental frequency resonant c i r c u i t  below the  cutoff  f re-  

quency of the  waveguide. The cap a l so  a c t s  a s  a r ad i a l  l i n e  t rans-  

former f o r  e f f i c i e n t  coupling of the  harmonic frequency power t o  the  

waveguide output. An increase i n  D o r  t increases the  capacitance 

of the  fundamental resonant c i r c u i t  thereby decreasing the  o s c i l l a t i o n  

frequency. On the  other  hand, an increase i n  d o r  a decrease of R 

decreases c i r c u i t  inductance and r e s u l t s  i n  an increase of the  osci-  

l l a t i o n  frequency. - 

Harmonic operation of  the  c i r cu l a r  waveguide resonant-cap Gunn 

o s c i l l a t o r  c i r c u i t  i s  indicated by t h e  f a c t  t h a t  the  backshort 

posi t ion has p r ac t i c a l l y  no e f f ec t  on t he  osci l la t icm frequency while 

it sharply a f f ec t s  t he  power output. A s imi la r  e f f ec t  of the  back- 

shor t  posi t ion on the  o sc i l l a t i on  frequency has a l so  been observed 

i n  the  W-band (75-110 GHz) resonant-cap Gunn o s c i l l a t o r s  of con- 

ventional  design. Since t he  resonator frequency which i s  determined 

by the  dimensions of the  cap and the  post l i e s  below the  cutoff  
* 

frequency of t he  waveguide, t he  backshort does not contribute t o  

the  resonant c i r c u i t  impedance. Another consequence of the  funda- 

mental o s c i l l a t i o n  frequency lying below tqe  waveguide cutoff  i s  t ha t  

the  resonant c i r c u i t  does not 'see1 the  output load. This r e s u l t s  



i n  an extremely high value of external  qua l i t y  fac tor  f o r  resonant- 

cap Gunn osc i l l a t o r s .  An incidenta l  advantage of these harmonic 

o s c i l l a t o r s  i s  the  el imination of expensive f e r r i t e  i s o l a t o r s  s ince  

load i so l a t i on  is  provided ' na tu r a l l y ' ,  

Theoretical analys is  of the  resonant-cap Gunn o s c i l l a t o r s  

operating i n  a harmonic extract ion mode is  highly complex. However, 

a simulation study of the  harmonic o s c i l l a t o r s  has recent ly  been 

ca r r ied  out (Solbach, 1982). The model proposed by Solbach assume 

a simple cubic I- V  cha rac t e r i s t i c  f o r  t he  act ive  device and separat 

embedding impddances f o r  the  fundamental and harmonic frequencies. 

The model seems t o  explain several  observed cha rac t e r i s t i c s  of the  

resonant-cap Gunn o s c i l l a t o r s .  A more exact analysis  would require  

an accurate knowledge of the  diode embedding impedance a t  the  funda- 

mental and harmonic frequency provided by the  cap s t ruc ture  which may 

be extremely d i f f i c u l t  ' t o  obtain theore t ica l ly .  Therefore, most 

invest igat ions  of t h e  resonant-cap Gunn o s c i l l a t o r  c i r c u i t  have been 

ca r r ied  out  experimentally (Haydl e t  a l ,  1982; Solbach e t  a l ,  

1983b; Haydl, 1983). 

A simple empirical r e l a t i on  obtained here f o r  determining t he  

o sc i l l a t i on  frequency of the  resonant-cap Gunn o s c i l l a t o r  i n  a 

c i r cu l a r  waveguide may be of considerable help f o r  a systematic 
* 

design of millimetre-wave (75-110 GHz) Gunn o s c i l l a t o r s  which have 

so f a r  r e l i e d  on cut-and-try methods. The performance of t he  

c i r cu l a r  waveguide o s c i l l a t o r  has been found t o  be comparable t o  



the  conventional rectangular waveguide designs. 10-2OmW CW powers 
< 

have been obtained over the  frequency range 75-90 GHz using a 

packaged Gunn diode specif ied f o r  lOmW output a t  87 GHz. Construc- 

t i o n a l  s impl ic i ty  of t he  c i r cu l a r  waveguide o s c i l l a t o r  i s  a great  

advantage a t  mill imetre wavelengths where the  r ea l i z a t i on  of rectan- 

gular  waveguide o s c i l l a t o r  mount involves a number of precise  mil l ing 

operations.  However, the  maximum operating frequency of  t h i s  c i r c u i t  

i s  l imi ted t o  jus t  above 90 GHz due t o  the  unavoidable usetof longer 

post- lengths i n  t he  c i r cu l a r  waveguide geometry. Higher frequency 

operation may be poss ible  by reducing the  diameter of t he  c i r c u l a r  

waveguide but t he  waveguide s i z e  cannot be reduced a r b i t r a r i l y  due 

t o  the  cons t ra in t s  imposed by the  s i z e  of the  Gunn diode package. 

No spec i f i c  e f f ec t s  due t o  the  presence of the  higher order modes, 

usual ly  t he  inh ib i t ing  f ac to r  i n  t he  use of c i r cu l a r  waveguides, 

have been observed i n  t he  case of the  Gunn o s c i l l a t o r .  I t  i s  believed 

t ha t  the  presence of the  Gunn diode-resonant-cap s t ruc ture  ins ide  t he  

waveguide r e s t r a i n s  the  exc i ta t ion  of the  f i r s t  higher order mode 

The power output of both t he  c i r cu l a r  and the  rectangular 
, 

waveguide resonant-cap Gunn o s c i l l a t o r s  f a l l s  o f f  ra ther  s teeply  

above 95 GHz. This may be due t o  the  frequency l imi ta t ion  of the  

GaAs packaged Gunn diode used i n  the  oscil ' lators.  Higher output 

powers beyond 95 GHz might-be possible with t he  same c i r c u i t s  using 

b e t t e r  qua l i t y  Gunn diodes. / 
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