
5.1 Introduction 

The output power spectrum of  a p r a c t i c a l  o s c i l l a t o r  depar ts  

from an i d e a l  s p e c t r a l - l i n e  due t o  t h e  presence of  noise .  To fac i-  

l i t a t e  no i se  measurement it i s  convenient t o  t r e a t  t h e  e f f e c t  of 

noise  a s  a modulation of t h e  o s c i l l a t o r  output frequency ( c a r r i e r )  

by a broadband modulating s i g n a l  (noise) .  This r e s u l t s  i n  t h e  

generat ion of noise  sidebands. Noise sidebands-may be s p l i t - u p  

i n t o  amplitude modulation (AM) and frequency modulation (FM) com- 

ponents [Ondrii, 1968). AM no i se  of o s c i l l a t o r s  i s  usual ly  expressed 

a s  a r a t i o  of t h e  power i n  t h e  noise  sideband i n  a f ixed bandwidth 

t o  t h e  c a r r i e r  power a t  a p a r t i c u l a r  modulation frequency. FM no ise  

i s  genera l ly  given a s  a roo t  mean square frequency devia t ion measured 

i n  a f ixed  bandwidth a t  a modulation frequency away from t h e  c a r r i e r .  . 

For modulation frequencies c lose  t o  t h e  c a r r i e r ,  both FM and 

AM noise  a r e  important, while f o r  frequencies f a r  away from t h e  

c a r r i e r  ( > 10 MHz) AM no i se  usual ly  'predominates (Ashley e t  a l ,  1968). 

The AM sideband noise  of a loca l  o s c i l l a t o r  can be el iminated by t h e  

use of  a balanced mixer. In a balanced mixer, t h e  lower noise-sideband i s  

180' out  of  phase with t h e  upper noise-sideband a t  t h e  IF por t  and 

the re fo re  they cancel each other  [Ondria, 1968). However, a t  

mil l imetre wavelengths, t h e  r e a l i z a t i o n  of balanced mixers is 

q u i t e  d i f f i c u l t .  



As pointed out i n  chapter 1, millimetre-wave radio  astronomy 

receivers  usually e q l o y  Schottky tliode mixers of single-ended 

design with intermediate frequency of 1.4 GHz. Therefore, AM s ide-  

band noise  of  loca l  o s c i l l a t o r  a t  1 . 4  GHz away from the  c a r r i e r  

a f f ec t s  receiver  performance. This i s  i l l u s t r a t e d  i n  f igure  5.1. 

The sideband noise  power contained i n  t he  receiver  bandwidth Af  a t  

1.4 GHz away on both s ides  of  t he  local  o s c i l l a t o r  frequency ge t s  

converted t o  the  I F  by the  action of t he  single-ended mixer thereby 

worsening receiver  noise performancce. The loca l  o s c i l l a t o r  s ide-  

band-noise may. be pa r t i cu l a r l y  serious i n  u l t r a  low-noise cooled 

receivers  wheke it may be t he  dominant source of noise. An accurate 

measurement of AM sideband noise of the  loca l  o s c i l l a t o r  source a t  

the  intermediate frequency (1.4 GHz away from the  ca r r i e r )  i s  

therefore necessary t o  evaluate i t s  e f f e c t  on receiver  performance 

and t o  take correct ive  measures. 

AM noise measurement of millimetre-wave o s c i l l a t o r s  i s  generally 

ca r r ied  out by d i r e c t l y  detect ing t he  o s c i l l a t o r  s igna l  with a 

square-law detector  and analyzing t he  output w i t h a  low frequency 

wave analyzeir (Weller, 1973). This-method i s  qu i te  sa t i s fac tory  f o r  

AM noise measurements f o r  modulation frequencies between 10 Hz and 

10 MHz. However, AM noise  measurement a t  modulation frequencies 

above 1 0  MHz i s  best  ca r r ied  out by heterodyne detect ion.  

The AM sideband noise measurement of mill imetre wave Gunn 

o s c i l l a t o r s  and klystrons a t  1.4 GHz away from the  c a r r i e r  using 

a millimetre-wave low-noise mixer and a caf ibra ted I F  radiometer 





is  described in t h i s  chapter. Ths method used here is  s imi la r  t o  

ths one clapslored by Cong and Ken C1979) , 

5.2 Noise w a s u r e m n t  s e t - q  

TAe noise  asreasuremnt setup is  shown i n  f igure  5.2.  I t  cons i s t s  

of (P low-noise rillimetre-wave mixer and an IF (1 .4  GHz) radiometer 

ca l ib ra ted  t o  give t he  I F  noise temperature d i r ec t l y  i n  degrees 

Kelvin. Noise powers a r e  usual ly  expressed a s  equivalent noise 

temperatures in.radioastronomy f o r  convenience. Noise power can be 
* . 

read i ly  obtained from t h e  equivalent noise.temperature by t he  

following expression : 

where PN is  the  noise  power i n  watts .  

TN is t h e  noise temperature i n  degrees Kelvin. 

B is  the  bandwidth i n  Hertz 

and k i s  t h e  Boltzmann constant i n  wat ts  per  degree Kelvin 

per  He r t z  . 

The mill imtre-wave n ixer  used.for noise  measurement i s  

s imi la r  t o  the  one used i n  a radio astronomy receiver .  It consis ts  

I of a whisker contacted Schottky b a r r i e r  diode mounted i n  a metal 

waveguide of appropriate dimensions. The mixer is  of single-ended 

design and has only one waveguide input p o r t ,  Local o s c i l l a t o r  

power from a low-noise millimetre-wave r e f l e x  klystron i s  coupled 

t o  the  mixer through a resonant-ring diplexer of a design s imi la r  

t o  t ha t  developed by Davis (1977). The diplexer a l so  a c t s  a s  a 



bandpass f i l t e r  m d  reduces t he  AM sideband noise of  the  klys t ron 

a t  1 .4  GHz away from the  c a r r i e r  by a t  l e a s t  20dB. A h ~ m  connected 

t o  t h e  RF port  of t he  diplexer couples the  noise power from hot-cold , 

ca l ib ra t ing  loads t o  the  mixer input.  

The I.F. radiometer a t  1 .4  GHz i s  a low-noise receiver  of a 

design s imi la r  t o  t ha t  used by Weinreb and Kerr (1973). I t  i s  ca l ib ra ted  

t o  read the  IF noise temperature d i r e c t l y  i n  degrees Kelvin. The radio- 

meter a l so  has a provision t o  determine the  mismatch of t he  mixer IF 

output with respect  t o  the  radiometer input impedance of about 50 ohms. 

It does t h i s  by in jec t ing  noise power from a noise-diode (contained 

i n  t he  radiometer) i n t o  the  IF por t  of t he  mixer and measuring t he  

re f lec ted  power. The IF noise temperature can therefore be corrected 

f o r  the  mismatch. However, res idual  mismatches within t he  IF radio- 

meter l i m i t  t h e  overa l l  accuracy t o  about.lO%: 

5.3 System ca l ib ra t ion  

The unknown parameters i n  the  noise measurement setup s h o k  i n  

f igure  5.2 a r e  t he  mixer input noise  temperature TM and t he  mixer 

conversion loss  L (greater  than uni ty) .  These a r e  determined by 

placing hot-cold loads a t  the  input of t he  horn and measuring t h e  

mixer IF output noise temperature. Since there  a re  two unknowns 

(TM and L), two ca l ib ra ted  input noise sources a r e  required fo r  

determining them. Eccosorb, a microwave absorber a t  room temperature 

(295K) and dipped i n  l i qu id  nitrogen (77K) provide t he  two ca l ib ra ted  

noise sources. The local  o s c i l l a t o r  power level  i s  adjusted t o  2mW 
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a t  t he  plane Mi [ re fe r  f igure  5.2) during t h i s  measurement. A 
1 

forward d.c. b i a s  of 0.6Y is  a l so  applied t o  the  mixer f o r  optimum 

performance. Once T a d  L a r e  known, t he  measurement of AM side- M 
band noise  of o s c i l l a t o r s  is  r e l a t i v e l y  simple. 

5.4 Noise Measurement 

The o s c i l l a t o r  under t e s t  is connected t o  the  measurement setup 

through a precis ion var iable  a t tenuator  a s  shown i n  f igure  5.3. The 

o s c i l l a t o r  power l eve l  i s  adjusted t o  2mW a t  t he  plane A-A using t he  

precis ion var iable  a t tenuator  and the  IF no ise  temperature i s  noted. 

In t h i s  case, t he  c a r r i e r  of  t he  o s c i l l a t o r  s igna l  a c t s  as  t he  local  

o s c i l l a t o r  while t he  noise sidebands behave a s  the  RF s ignal  t o ' b e  

converted t o  IF. The IF noise  temperature TIF is ,  therefore ,  re la ted  

t o  t he  AM sideband noise  of t he  o s c i l l a t o r  by the  following expression: 

where T 
NIM) 

i s  t he  noise temperature i n  each AM noise  s ide-  

band of t h e  oscil1a;tor a t  1 .4 GHz away from the  ca r r i e r .  Rearran- 

ging equation 5.2 gives 

2 T ~  ( LO) = (LTIF - TMj 15.3) 

Equation 5.3 gives t he  AM sideband noise temperature T N(L0) as 

measured a t  t h e  plane A-A. To determine t he  AM sideband noise 

temperature T 
N (0) 

as  seen a t  the  o s c i l l a t o r  output por t ,  t he  a t tenuat ion 

s e t t i n g  of t h e  precision var iable  a t tenuator  must be known. I f  X is  

t he  a t tenuat ion f ac to r  (> 1) between t he  o s c i l l a t o r  and the  mixer, 
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then 

2 T ~  (01 Z T ~  [LO) X - %20[-1] To * c5 .4) 

where To is  the-ambient temperature (295K). The noise  tempera- 

t u r e  obtained from equation 5.4 i s  converted t o  sideband-noise power 

i n  a 1 KHz bandwidth by using equation 5.1. Since the  o s c i l l a t o r  

output power i s  a l so  known,DSB AM sideband noise- to- carr ier  r a t i o  

is  determined and expressed i n  t h e  standard decibel nota t ion.  

Table 5 .1  summarizes the  r e s u l t s  obtained from AM sideband noise 

measurements ca r r ied  out on a number of millimetre-wave Gunn osci-  

l l a t o r s  as well  as  klystrons.  The r e s u l t s  c l ea r ly  indicate  t h a t  t he  

AM noise performance of Gunn o s c i l l a t o r s  is b e t t e r  than t h a t  of t he  

best  avai lable  klystrons a t  these  wavelengths. The DSB AM sideband 

noise t o  c a r r i e r  r a t i o  f o r  Gunn o s c i l l a t o r s  i n  1 KHz bandwidth a t  

1.4 GHz away from the  c a r r i e r  is  found t o  be around -145dBc. This 

i s  6dB l e s s  than t h a t  of the  Varian klystron and 12dB l e s s  than t h a t  

of t he  OK1 klystron.  Although the  absolute value of AM noise t o  

c a r r i e r  r a t i o  may be subject  t o  t he  inaccuracies of the  measuring 
L 

system, t he  r e l a t i v e  comparison of t he  noise performance of various 

o s c i l l a t o r s  is  qu i te  accurate. These r e s u l t s  a l so  i nv i t e  comparison 

with t he  measurement of Tully e t  a1 (1978) where they reported DSB AM, 

sideband noise t o  c a r r i e r  r a t i o  of -140dBc i n  1 KHz bandwidth a t  

1 GHz away from c a r r i e r  f o r  a 94 GHz Gunn osc i l l a t o r .  

5.5 Discussion 

The AM sideband noise temperature a s  seen by t he  mixer (2TN(LO)) 



TABLE 5.1: RESULTS OF AM SIDEBAND NOISE MEASUREMENTS ON VARIOUS 
MILLIMETE-WAVE OSCILLATORS t: 

DSB noise to carrier 
ratio in 1 KHz BW 

S1. OSCILLATOR 
N o .  TYPE 

f Po T~ T~~ 2 T ~  (ID) X 2T 
Mf 03 

1.4 GHz f r o m  carrier 
0 

M z  mW K ratio K K ratio 1( 
dB 

C 

1. GUNN 0 S C . - I  83.4 11.3 1116 5.1 360 727 5.7 2737 - 145 
2. GUNN 0 S C . - I 1  87.5 6.6 1041 5.1 390 '956 3.3 2476 - 143 
3. GUNN 0 S C . - I 1 1  92.4 15.9 911 5.1 317 712 8.0 3611 -145 

4. OK1 KLYSTRON 
MODEL 90Vll 85.5 15.0 1254 5.4 1556 7148 , 7.5 51696 -133 

5. VARIAN KLY- 
STRON MODEL 
VRB-2113B 90.0 5.5 1031 4:9 650 2141 2.8 5372 -139 



f o r  G t m n  oscill+rars has been found t o  be of the  order of 1000K 

for 2 a  power l eve l s  ( re fe r  table  5.11. This w i l l  add d i r e c t l y  t o  

the  receiver  noise  temperature, if no f i l t e r  is  provided i n  t h e  

local ,  o s c i l l a t o r  path.  However, the  resonant- ring LO d iplexer  

employed i n  millimetre-wave radio  astronomy receivers  gives about 

2OdB r e j ec t i on  . f o r  the  'noise sidebands. Therefore, the  ne t  contr i-  

bution o f  t h e  U) sideband noise  t o  rece iver  noise  temperature 

reduces t o  about 10K. \This may be acceptable ' for  the  cooled Schottky 

diode i l l ime t r e- wave  receivers  which give SSB rece iver  noise  tempera- 

t u r e s  of t he  order  of  150K (Raisanen e t  a l ,  1981). Additional fil- 

t e r i n g  of LO may be required f o r  superconducting tunnel  junction 

receivers  giving receiver  noise temperatures uf about 50K (Pan e t  a l ,  

1983) . 

It i s  a l so  seen from t a b l e  5 .1  t h a t  the  sideband noise con t r i-  

bution of t he  Gunn o s c i l l a t o r s  is  much l e s s  than t h a t  of the  k lys t rons .  

Therefore Gunn o s c i l l a t o r s  can provide a r e l i a b l e  so l i d- s t a t e  a l t e r -  

nat ive  t o  the  klys t rons  f o r  loca l  o s c i l l a t o r  appl ica t ion i n  low-noise 

millimetre-wave fad io  astronomy receivers .  
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