
CHAPTER 3 

POST-COUPLED GUNN OSCILLATORS FOR 33-50 GI42 BAND 

1 

3.1 Introduction 

As  pointed out i n  Chapter 1, the  33-50 GHz frequency band is a 

low-absorption atmospheric window region f o r  ground based radio 

astronomical observations. The ro ta t iona l  l i n e s  of several  a s t ro -  

physical ly  important molecules e.g. methyl alcohol (CH30H-36.169 GHz), 

s i l i c o n  monoxide (Si0-43.122 GHz) , carbon monosulphide ICS-48.991 GHz) 

l i e  i n  t h i s  frequency range. Low-noise rece ivers  b u i l t  f o r  spectro- 

scopy of these molecules a r e  of superheterodyne design generally 

employing a k lys t ron loca l  o s c i l l a t o r  source. The klys t ron,  although 

having good noise  performance, has a very l imi ted operating l i f e .  

Moreover, it requires  an expensive and bulky high voltage regulated 

power supply. The need f o r  a r e l i a b l e  so l i d- s t a t e  a l t e rna t i ve  t o  

the  klystron loca l  o s c i l l a t o r  has been f e l t  f o r  a long time. With 

the  commercial a v a i l a b i l i t y  of millimetre-wave GaAs Gunn diodes 

(Kramer, 19761, so l i d - s t a t e  loca l  o s c i l l a t o r  sources f o r  low-noise ' 

receivers  can now be rea l i zed .  These Gunn diodes a r e  capable of 
, 

yie lding t ens  of mi l l iwat ts  of CW power and have shown excel lent  

noise cha r ac t e r i s t i c s  a t  mil l imetre wavelengths. 

Gunn o s c i l l a t o r s  f o r  the  33-50 GHz frequency band have been 

rea l i zed  i n  t h e  pas t  i n  a number of d i f f e r en t  o s c i l l a t o r  c i r c u i t  

configurations (Ruttan, 1974; Ondria, 1981). A waveguide Gunn 

o s c i l l a t o r  c i r c u i t  which has found widesppead appl ica t ion due t o  

i t s ~ c o n s t r u c t i o n a l  s impl ic i ty  and good performance is  the  post-  



coupled tasc i l la tor .  In  th ' i s  design, t h e  Gunn diode i s  mounted i n  a 

sec t ion  of P wave~uide A d  t h e  power i s  coupled t o  t h e  load by means .. 

of a metal-post which contacts  t h e  diode spanning t h e  waveguide. A 
\ 

movable backshort i s  a l s o  provided i n  t h e  waveguide f o r  o s c i l l a t o r  

I tuning. 

Post-coupled Gunn o s c i l l a t o r s  developed f o r  l o c a l  o s c i l l a t o r  

use i n  low no i se  millimetre-wave radioastronomy rece ive rs  a r e  

described i n  t h i s  chapter.  The e f f e c t  o f  various c i r c u i t  parameters 

on t h e  o s c i l l a t o r  performance has been inves t iga ted  experimentally . 
A new Gunn o s c i l l a t o r  design o f  simpler construction using c i r c u l a r  

waveguide has been developed. . A  discussion on t h e  ana lys i s  of t h e  

observed c i r c u i t  behaviour of various Gunn o s c i l l a t o r s  i s  a l s o  

included. 

Post-coupled Gunn o s c i l l a t o r  i n  a s tandard rec tangular  waveguide 

3 . 2 . 1  Design and construction 

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

f igure  3 . 1  and a photograph of  t h e  o s c i l l a t o r  is  given i n  f igure  3 . 2 .  

This o s c i l l a t o r  i s  constructed i n  a sp l i t - b lock .  The waveguide i s  

formed by mi l l ing  a rec tangular  channel of 5.7 x 2 . 8 m  dimension i n  

a b rass  block and covering it on t h e  top by a f l a t  polished surface  

of  another b rass  block. The Gunn diode package is threaded i n t o  t h e  

bottom wal l  o f  t h e  waveguide. A metal pos t  passing through a hole  

on t h e  top  block is made t o  r e s t  on t h e  Gunn diode. The metal pos t  

i s  e l e c t r i c a l l y  i s o l a t e d  from t h e  top brass  block by a t h i n  t e f lon  
--. 
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sleeve.  D.C b ias  t o  the  Gunn diode i s  applied through t h i s  metal 

post  which a l s o  a c t s  as  a co-axial low-pass f i l t e r  f o r  RF choking. 

A vern ie r  driven s l i d ing  backshort is  provided i n  the  waveguide 

sect ion behind the  Gunn diode. The metal post  couples the  Gunn diode 

RF energy t o  the  waveguide. 

3 . 2 . 2  Osci l l a to r  performance 

Performance of the  Gunn o s c i l l a t o r  is  evaluated i n  a standard 

33-50 GHz rectangular  waveguide measuring system. A block diagram 

of the  measurement se tup is  given i n  f igure  3 . 3  while a photograph 

is shown i n  f igure  3 . 4 .  I t  cons i s t s  of  a ro ta ry  vane type precis ion 

var iable  a t tenuator ,  a waveguide-cavity type frequency meter and a 

power meter employing a t h i n  f i lm thermocouple a s  t he  power sensor. 

The o s c i l l a t o r  i s  connected d i r e c t l y  t o  the  measurement system without 

any i s o l a t o r  o r  E-H tuner .  The procedure adopted f o r  measurement 

cons i s t s  i n  noting down power output and frequency of  the  o s c i l l a t o r  

a t  various pos i t ions  of the  s l i d ing  backshort.  This measurement i s  

repeated f o r  several  metal posts  of  d i f f e r en t  diameters. 

A p l o t  of the o s c i l l a t i o n  frequency versus the  backshort pos i t ion  

f o r  various post  diameters i s  given i n  f igure  3 . 5 .  Theoretical 

half-wave cavi ty  modes of the  waveguide cav i ty  formed between the  

post and the  backshort a r e  a l so  p lo t t ed  i n  the  same f igure  fo r  

comparison. The o s c i l l a t i o n  frequency cha rac t e r i s t i c s  show two 

d i s t i n c t  regions - i n  one, the  o s c i l l a t i o n  frequency i s  p r a c t i c a l l y  

independent of t he  backshort posi t ion (frequency sa tu ra t ion  e f fec t )  
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while i n  t h e  o t h e r  t h e  frequency v a r i a t i o n  with backshort p o s i t i o n  

c lose ly  corresponds t o  t h e  half-wave cav i ty  modes. The Gunn o s c i l l a t o r  

frequency could a l s o  be va r i ed  by about 100 MHz by changing the  d .c .  

b i a s  voltage from 3.5 t o  4.5 v o l t s .  

This c i r c u i t  employing a Varian Gunn diode type VSQ 9219S4,which 

i s  spec i f i ed  f o r  75mW output a t  43 GHz,has y ie lded lOOmW of CW power 

a t  33 GHz, 80mW a t  43 GHz and about 60mW a t  47 GHz. Bias-post diameter 

I has been optimized a t  each frequency f o r  obta in ing these  r e s u l t s .  

Mechanical tuning of  these  o s c i l l a t o r s  by varying the  pos i t ion  of t h e  

backshort,  commonly employed a t  lower microwave frequencies,  i s  l imi ted  

due t o  t h e  frequency s a t u r a t i o n  e f f e c t  of the  b ias- pos t .  However, 

2-3 GHz mechanical tuning range with t h e  backshort has been obtained,  

p a r t i c u l a r l y  with l a r g e r  diameter p o s t s .  

3.2.3 Ef fec t  o f  t h e  pos t  diameter 

I t  has been found t h a t  the  pos t  diameter has a  major e f f e c t  

on t h e  o s c i l l a t i o n  frequency and t h e  power output .  A number of 

pos t s  with diameters varying from 0 . 8 m  t o  2.0mm were fab r i ca ted  

f o r  a  systematic experimental inves t iga t ion .  The o s c i l l a t i o n  f r e -  

quency was found t o  be a well  behaved funct ion  of  t h e  pos t  diameter 

ind ica t ing  t h a t  t h e  Gunn diode i s  o s c i l l a t i n g  i n  a  p o s t - c i r c u i t  

con t ro l l ed  mode. In t h i s  mode of  opera t ion ,  t h e  o s c i l l a t i o n  frequency 

is  p r a c t i c a l l y  independent of  the  backshort pos i t ion .  A p l o t  of the  

o s c i l l a t i o n  frequency versus t h e  pos t  diameter f o r  a  f ixed p o s i t i o n  

of t h e  backshort (backshort distance-2.  Om) i s  shown i n  f igure  3.6. 
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The o s c i l l a t i o n  frequency monotonically decreases with increas ing 

pos t  diameter.  
* 

Effec t  o f  t h e  pos t  diameter on t h e  RF power output  i s  shown i n  

f i g u r e  3.7. The curves o f  f igure  3.7 have been obtained by p l o t t i n g  

t h e  output power a s  a function o f  frequency f o r  various p o s t s  'as t h e  

backshort pos i t ion  i s  var ied .  For each pos t ,  maximum power i s  

obtained a t  a s p e c i f i c  frequency which decreases a s  t h e  pos t  diameter 

is  increased.  

3 . 3  Reduced-height waveguide Gunn o s c i l l a t o r  

This o s c i l l a t o r  c i r c u i t  was d e v e l o p e d ~ t o  minimize t h e  e f f e c t  of 

t h e  b ias- post  which r e s u l t s  i n  a s a t u r a t i o n  of t h e  o s c i l l a t i o n  f r e-  

quency with backshort tuning a s  observed i n  t h e  standard waveguide 

c i r c u i t  described above. 

3.3.1 Desim and const ruct ion  

In t h i s  design shown i n  f i g u r e  3.8, t h e  waveguide height  i s  

reduced from t h e  standard 2.8mm t o  0.7mm (quarter-height)  which i s  

j u s t  a l i t t l e  more than t h e  height  o f  t h e  Gunn diode package (0.5mm). 

This - height  reduction i s  c a r r i e d  out  by means of  a l i n e a r  t a p e r  

extending over seve ra l  guide-wavelengths t o  achieve broadband 

impedance match between the  reduced height  waveguide sec t ion  and the  

standard waveguide output .  The Gunn diode i s  mounted i n  t h e  reduced- 

height  sec t ion  which a l s o  contains a ve rn ie r  driven s l i d i n g  backshort.  

D,C.bias f o r  the  Gunn diode i s  applied i n  a manner s i m i l a r  t o  t h a t  

of the  standard waveguide o s c i l l a t o r  c i r c u i t  a l ready described i n  

sec t ion  3 . 2 . 1 .  
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3.3.2 O s c i l l a t o r  performance 

O s c i l l a t i o n  frequency obtained with t h e  reduced-height wave- 

guide design a s  a function of  the  backshort p o s i t i o n  i s  p l o t t e d  i n  

f i g u r e  3 . 9 .  Waveguide cavity-mode resonances a r e  a l s o  p l o t t e d  i n  t h e  

saurme f i g u r e  f o r  comparison. Unlike t h e  previous case,  frequency 

s a t u r a t i o n  i s  not  observed f o r  t h i s  design. The o s c i l l a t o r  frequency 

seems t o  c l o s e l y  follow t h e  waveguide c a v i t y  modes with a charac- 

t e r s t i c  mode-jump point  a t  a backshort d i s t ance  which i s  a mul t ip le  

of approximately one-half t h e  guide wavelength. 

Frequency versus power c h a r a c t e r i s t i c s  of  t h i s  o s c i l l a t o r  a r e  

shown i n  f i g u r e  3.10. Using t h e  Varian Gunn diode type VSQ9219S4 

i n  t h i s  o s c i l l a t o r  mount, about 80mW of CW output power was obtained 

a t  41.5 GNz.  A mechanical tuning range of  about 6 GHz with s l i g h t l y  

more than 3dB power v a r i a t i o n  is observed by varying t h e  pos i t ion  of 

t h e  backshort.  Bias- tuning o f  about 100 MHz is  obtained f o r  t h i s  

o s c i l l a t o r  a l s o  by changing the  d.c. b i a s  vol tage  from 3.5 t o  4.5V. 

3.4 Post-coupled Gunn o s c i l l a t o r  i n  a c i r c u l a r  waveguide , 

The r e a l i z a t i o n  of rec tangular  waveguide Gunn o s c i l l a t o r  mount$ 

f o r  33-50 GHz frequency range involves a number o f  p r e c i s e  mi l l ing  

opera t ions .  A new design using a c i r c u l a r  waveguide is  described 

here  which i s  simpler  i n  cons t ruct ion .  

The use o f  c i r c u l a r  waveguides i s  genera l ly  avoided due t o  

overmoding problems i n  a broadband design. However, i n  t h i s  p a r t i c u l a r  

case the  presence o f  the  Gunn diode-bias pos t  assembly i n s i d e  t h e  







/ 

waveguide a c t u a l l y  helps  i n  exc i t ing  only t h e  dominant ITEI1) mode 

and i n h i b i t s  t h e  e x c i t a t i o n  of the  next higher order mode (TMO1). 

Therefore, wideband s i n g l e  mode operat ion is  obtained. 

3.4.1 Design and construction 

A cross- sect ional  view of t h i s  o s c i l l a t o r  i s  shown i n  f igure  3.11  

and a photograph of t h e  o s c i l l a t o r  i n  f i g u r e  3.12 .  A 5mm diameter 

hole is  d r i l l e d  i n  a s o l i d  b rass  block which forms a c i r c u l a r  waveguide 

with a cu to f f  frequency of about 40 GHz f o r  t h e  dominant mode (TEI1). 

The Gunn diode is mounted on a copper plug and i n s e r t e d  i n t o  t h e  
t 

c i r c u l a r  waveguide through a 3 m  diameter hole  d r i l l e d  across t h e  wave- 

guide. DC b i a s  i s  provided i n  t h e  usual  manner through a metal b ias -  

pos t .  A noncontacting backshort i s  provided f o r  o s c i l l a t o r  tuning. 

Most of  the  const ruct ional  s t e p s  i n  t h e  r e a l i z a t i o n  of t h i s  o s c i l l a t o r  

mount involve only d r i l l i n g  and turning operat ions which a r e  much 

simpler  than t h e  p rec i se  mi l l ing  opera t ions  needed f o r  rec tangular  

o s c i l l a t o r  mounts. This o s c i l l a t o r  can be used i n  a standard rectan-  

gu la r  waveguide system using a commercially ava i l ab le  c i r c u l a r  t o  

rec tangular  waveguide t r a n s i t i o n .  \ 

3 . 4 . 2  O s c i l l a t o r  performance 

Osc i l l a t ion  frequency versus backshort pos i t ion  f o r  t h i s  osc i-  

l l a t o r  using th ree  d i f f e r e n t  pos t  diameters i s  shown i n  f igure  3 .13 .  

These c h a r a c t e r i s t i c s  a r e  somewhat s i m i l a r  t o  those obtained with 

t h e  standard rec tangular  waveguide c i r c u i t  except f o r  the  f a c t  

t h a t  the  frequency sa tu ra t ion  region i s  not a s  well defined. 



48 

RF CHOKE 

BlAS POST 







Frequency versus power c h a r a c t e r i s t i c s  of t h i s  o s c i l l a t o r  a r e  

p l o t t e d  i n  f igure  3.14. Maximum power output of more thah lOOmW 

a t  43.4 GHz i s  obtained with t h i s  c i r c u i t  using a Varian Gunn diode 

type VSQ 921985 spec i f i ed  f o r  lOOmW output a t  45 GHz. About 3 GHz 

backshort frequency tuning with l e s s  than 3dB power v a r i a t i o n  is  

obtained. Bias tuning s e n s i t i v i t y  of about 100 MHzlvolt i s  observed 

f o r  t h i s  o s c i l l a t o r  a l s o .  

The performance of t h i s  o s c i l l a t o r  improves s i g n i f i c a n t l y  when 

a second backshort i s  added i n  an orthogonal d i rec t ion .  This was 

done by d r i l l i n g  another 5mm diameter hole i n  a d i r e c t i o n  perpendi-  

c u l a r  t o  t h e  first hole  near t h e  Gunn diode assembly. With two 

backshorts,  the re  i s  g r e a t e r  f l e x i b i l i t y  of  c i r c u i t  optimization.  

This r e s u l t s  i n  higher power output and an increased backshort tuning 

range. 

3.5 Discussion 

The development of  various post-coupled Gunn o s c i l l a t o r  c i r c u i t s  

f o r  t h e  33-50 GHz frequency range has been described i n  t h e  foregoing 

s e c t i o n s .  A t h e o r e t i c a l  understanding of t h e  o s c i l l a t o r  c i r c u i t  

behaviour requires  a p rec i se  knowledge of t h e  diode and c i r c u i t  

impedances presented a t  t h e  diode package terminals  ins ide  t h e  

waveguide : 

The Gunn diode impedance is,  i n  general ,  a  non- linear function 

of  t h e  o s c i l l a t i o n  frequency and amplitude, However, a  s impl i f ied  

lumped equivalent  circldit s imi la r  t o  t h e  one shown i n  f igure  2.6 
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- is s ~ m t i n e s  employed for  an approximate l inear  analysis  (Bischoff, 

1979; Solbach e t  a l ,  1983a). 2hi Gunn diode i s  represented by a 

negative conductance GN shunted by the  p a r a l l e l  p l a t e  capacitance 

CG between t he  diode terminals with GaAs d i e l e c t r i c .  The package 

pa ra s i t i c s  a r e  accounted f o r  by a s e r i e s  inductance L of t h e  gold 
S 

ribbon leads and a shunt capacitance C mainly due t o  the  use 'of  a 
P 

ceramic r i ng  insu la to r  i n  t he  Gunn diode package. Typical values fo r  

these elements measured by Bischoff (1979) fo r  a Varian millimetre-wave 

Gunn diode are ,  GN = 38 millimhos, CG = 0.28pF, Ls = 0.08nH and 

C = 0.09pF. 
P 

t 

The c i r c u i t  impedance presented a t  the  diode package terminals 

ins ide  the  waveguide i s  generally unknown. Theoretical ca lcula t ion 

of t h i s  impedance i s  highly complex involving the  solut ion of a 

dyadic Green's function. Analysis of a waveguide.mounting s t ruc tu r e  

formed by a metal s t r i p  p a r t i a l l y  extending i n to  a rectangular wave- 

guide has been ca r r ied  out and an equivalent c i r c u i t  obtained (Eisen- 

h a r t  and Khan, 1971). The gap impedance thus obtained has been used 

fo r  explaining the  o s c i l l a t i o n  frequency behaviour of some post-  

coupled Gunn o s c i l l a t o r s  f o r  the  12-18 GHz band (Eisenhart and Khan, 

1972). However, t he  waveguide mounting s t ruc tu r e  analyzed by Eisenhart 

and Khan using a t h in  metal s t r i p  is  not a t r ue  representation of 

the  ac tua l  geometry of Gunn o s c i l l a t o r  mounts which use s o l i d  round 

metal pos t s  f o r  biasing of the Gunn diode i n  the  waveguide. Moreover, 

the  r e s t r i c t i o n s  imposed on post and gap s i z e  fo r  convenience of  

analysis  a re  generally viola ted i n  p r ac t i c a l  Gunn o s c i l l a t o r  c i r c u i t s .  



In view of  these  cons t ra in t s ,  t h e  Eisenhart and Khan equivalent  

c i r c u i t  cannot be used d i r e c t l y  f o r  t h e  determination of  t h e  c i r c u i t  

impedance presented a t  the  diode terminals .  .The measurement of t h i s  

c i r c u i t  impedance a t  mil l imetre wavelengths i s  a l s o  q u i t e  d i f f i c u l t .  

Therefore, i n  p rac t i ce ,  a number of  c i r c u i t  va r i ab les  a re  provided 

f o r  t h e  experimental optimization of c i r c u i t  impedance f o r  bes t  

o s c i l l a t o r  performance. 

The c i r c u i t  va r i ab les  i n  t h e  case of post-coupled Gunn osc i-  

l l a t o r s  a r e  t h e  diameter of  t h e  b i a s  pos t  and:the pos i t ion  of t h e  

backshort.  It has been shown t h a t  t h e  post-diameter has a s t rong 

inf luence  on t h e  o s c i l l a t o r  performance. The presence of t h e  pos t  

i n s i d e  t h e  waveguide i s  a l s o  seen t o  give r i s e  t o  a kind of frequency 

s a t u r a t i o n  i n  o s c i l l a t o r  backshort tuning.  Frequency s a t u r a t i o n  

phenomenon i n  post-coupled Gunn o s c i l l a t o r s  has a l s o  been observed 

by Taylor e t  a 1  (1970) i n  connection with 12-18 GHz and 26-40 GHz 

Gunn o s c i l l a t o r s .  Taylor e t  a1 a t t r i b u t e  t h e  frequency sa tu ra t ion  

phenomenon t o  t h e  resonance of a co-axial  l i n e  resonator formed by 

t h e  b i a s  pos t  along with t h e  s idewal ls  of  t h e  waveguide and of a 

length equal t o  the  wa~eguide  height .  Eisenhart and Khan (1972), 

however, be l ieve  t h a t  t h e  sa tu ra t ion  i s  caused by t h e  combined 

e f f e c t  of t h e  coupling of t h e  higher order  waveguide modes t o  t h e  

gap impedance. This coupling gives r i s e  t o  a s e r i e s  resonance 

r i g h t  across  t h e  Gunn diode. In  any case, it i s  c l e a r  t h a t  t h e  

sa tu ra t ion  i s  caused by t h e  bias-post  spanning t h e  waveguide height .  

T h i s a i s  confirmed by reducing t h e  waveguide height  t o  be nea r ly  



equal t o  the  height  of t h e  Gunn diode package so  t h a t  t h e  bias-post  

prot rus ion i n t o  the  waveguide i s  minimized. A s  expected, t h e  reduced- 

height  waveguide Gunn o s c i l l a t o r  does not  show any frequency sa tu ra-  

t i o n  i n  backshort tuning. However, t h e  output powers obtained with 

t h e  reduced-height waveguide Gmn o s c i l l a t o r  a r e  s l i g h t l y  lower than 

those obtained with t h e  standard waveguide c i r c u i t ,  perhaps due t o  

the  lower q u a l i t y  f a c t o r  (Q) of  t h e  reduced-height waveguide cav i ty .  

The c i r c u l a r  waveguide oscillate*' mount, which i s  employed 

because of i t s  simpler construction,  a l s o  seems t o  show a  c i r c u i t  

behaviour s i m i l a r  t o  t h a t  of the  standard rec tangular  waveguide osc i-  

l l a t o r .  The d e t e r i o r a t i n g  e f f e c t  o f  the  higher order  modes, usua l ly  

, the  i n h i b i t i n g  f a c t o r  i n  t h e  use of  c i r c u l a r  waveguides, has not been 

observed. I t  i s  belived t h a t  the  presence of  t h e  Gunn diode assembly 

i n s i d e  t h e  c i r c u l a r  waveguide r e s u l t s  i n  a  p r e f e r e n t i a l  exc i t a t ion  

of t h e  dominant ('TEll) mode. 

The choice of Gunn o s c i l l a t o r  c i r c u i t  depends on t h e  system 

requirements. S tandardl rec tangular  waveguide o r  the  c i r c u l a r  wave- 

guide o s c i l l a t o r  c i r c u i t s  y i e l d  the  highest  powers f o r  f ixed f r e -  

quency app l i ca t ions .  On t h e  o t h e r  hand, wideband mechanically tuned 

Gunn o s c i l l a t o r s  may be rea l i zed  with t h e  reduced:height waveguide 

o s c i l l a t o r  c i r c u i t .  More than SOmW of CW power has  been obtained 

with post-coupled Gunn o s c i l l a t o r s  i n  t h e  33-50 GHz band which i s  

adequate f o r  most l o c a l  o s c i l l a t o r  appl ica t ions  i n  rad io  astronomy 

receivers .  Moreover, t h e  bias- tuning s e n s i t i v i t y  of about 100 MHz/volt 



pbserved i n  these  Gunn o s c i l l a t o r s  i s  well s u i t e d  f o r  the  automatic 

frequency control  of these  o s c i l l a t o r s  by t h e  phase-lock system 

described i n  chapter  6. 
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