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ABSTRACT 

Stable frequency sources and signal process- 
ing blocks must often be characterized by 
their noise spectra, both discrete and random, 
in the frequency domain. In this tutorial, 
conventional measures are outlined, and systems 
for performing the measurements are described. 
Broad coverage of system configurations which 
have been found useful 1s glven. Their func- 
tioning and areas of application are discussed 
briefly. Particular attention is given to 
some of the potential error sources in the 
measurement procedures, system configurations, 
double-balanced-mixer-phase-detectors and 
application of measuring instruments. A gen- 
eral calibration scheme is detailed. 

I 

INTRODUCTION 

This paper is a lightly edited transcription of the tutorial 
presentation which included audience participation. With 
that excuse, the author begs the reader's indulgence of the 
conversational style and disorder. 

First, to point out the areas that make up the subject of 
frequency domain measurement systems, see Table 1. This is 
only roughly the order in which they will be covered. 
References will be cited for coverage of the baslcs. 

Model numbers, ranges and accuracies of the various frequen- 
cy domain instruments will be avoided since these are rea- 
dily available on data sheets and in catalogs. However, 
there are some traps in the ways these instruments may be 
used which will be covered. 
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To establish a clear context, the symbols and definitions 
that are used for the measures are shown in Table 2. The 
reader may be familiar with one or more of these from var- 
ious applications. Basically, each of these definitions 
implies a math model of a random process. When a measure- 
ment is made, it will most likely include processes which 
are both random and non-random - an important source of 
some of the traps. Accordingly, it is necessary to have a 
clear understanding of how a chosen measure (math model) 
responds to discrete spurious components as well as con- 
tinuous random spectra, and as separate questions, how the 
measurement system relates to the measure for both classes 
of signals. These areas are covered in references 1, 2 and 
3. 

systems 

I would like to pose a question to start into the systems 
aspects of the subject. Why do we need a system to measure 
frequency domain stability? (see Figure 1). The usual 
reason is dynamic range. We might try to use a spectrum 
analyzer to measure the noise side bands, for example, 
which are 140 dB below the carrier in a 1 Hz bandwidth. 
Even if we use a 1 kHz bandwidth in the spectrum analyzer 
instrument, this noise will be 110 dB below the carrier as 
indicated on the screen of the analyzer, and the skirts 
of the one kHz filter would force us to look no closer than 
several kHz away from the carrier. So the dynamic range 
in both the frequency and amplitude sense, and their inter- 
action, are the reasons why we have to yo to more com- 
plexity than this, with higher quality oscillators. There 
is a large family of oscillators for which this is an appre 
priate way of measuring their noise side bands, but it 
displays AM and PM. 

AM versus PM is another distinction which must be cared for. 
The usual name for the measure that is seen on a spectrum 
analyzer is the rf power spectrum. This measure is almost 
never used as a specification for a frequency standard or 
any component of a frequency distribution system. What is 
needed is a demodulator, a phase or frequency demodulator, 
implying that it is relatively insensitive to AM and it 
needs to be highly sensitive to small PM for FM. (See 
Figure 2). Otherwise, in the case of those rare systems 
that have AM sensitivity, it should probably be specified 
separately since there would be a great opportunity for 
confusion. 
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I 2, h e  demodulator should hade cont r ibu t ion .  We 
the demodulated s i g n a l  and own : an  error 
could apply some o t h e r  words t0  t h a t  central block 
enhancer ,  an error mUltip,ier (which f requency m u l t i p l i e r s  
t end  t o  func t ion  as)  or convers ion t o  base  band. I n  many 
communication systems,  some element o f ,  O r  Some of t h e  
b locks  of t h e  system i t s e l f  (which is going t o  Use the 
o s c i l l a t o r  under t e s t )  might be app l i ed  he re .  I t  i s  impor- 
t a n t  t h a t  t h e i r  t r a n s f e r  func t ion  be w e l l  unders tood and 
modeled. I f  so ,  t hey  may be a p p l i e d  a s  t h e  i n s t a b i l i t y  
sensor  t o  make t h e  measurement i n  a  ve ry  r e a l i s t i c  f a s h i o n  
wi th  r e s p e c t  t o  t h e  o s c i l l a t o r ' s  performance i n  t h e  f i n a l  
system. 

Autocorrelator System 

The reason  f o r  choosing t h e  f a i r l y  complex looking  system 
f F igure  3 a s  t h e  f i r s t  t o  be cons idered  i n  d e t a i l  is  
t h a t  it h a s  wide a p p l i c a t i o n .  ~n  many of i t s  forms,  it 
can t a k e  a  range o f  i n p u t  f r e q u e n c i e s  w i t i ~ o r ~ t  modifying t h e  
hardware,  and it can tes t  a  s i n g l e  sou rce  wi thout  having a 
r e f e r e n c e  source ,wi thout  r e q u i r i n g  a  second s i m i l a r  source  
a s  a  r e f e r e n c e .  Th i s  f e a t u r e  makes it a t t r a c t i v e  f o r  
development work i n  many programs. F igu re  3 may be ex- 
p l a ined  by s t a r t i n g  a t  i t s  o u t p u t  and working backwards. 
The double balanced mixer i s  used a s  a  phase d e t e c t o r .  
The fundamental o p e r a t i o n  t h a t  t h e  mixer performs can be 
desc r ibed  by assuming s i n e  waves a p p l i e d  t o  t h e  R and L 
p o r t s .  The s i m p l e s t  model f o r  t h e  mixer i s  t h a t  it m u l t i -  
p l i e s  t h e  two s i n u s o i d s  t o g e t h e r  s o  t h a t  what comes o u t  
a r e  two s i g n a l s  a s  i n  t h e  t r i gonomet r i c  i d e n t i t y .  One 
s i g n a l  i s  an average term which i s  p r o p o r t i o n a l  t o  t h e  
phase d i f f e r e n c e  between r h e  two i n p u t  s i n e  waves ( t h a t  is 
t h e  d i f f e r e n c e  f requency o u t  of t h e  m i x e r ) .  The o t h e r  is 
a  very  l a r g e  s l g n a l  which is t h e  sum frequency o u t p u t  of 
t h e  mixer.  S ince  t h e  i n p u t s  a r e  t h e  same frequency,  
t h i s  sum o u t p u t  i s  twice t h e  i n p u t  f requency.  The phase 
s h i f t e r ,  shown h e r e  i n  what may be c a l l e d  t h e  r e f e r e n c e  
channe l ,  i s  a d j u s t e d  t o  b r i n g  t h e  two mixer i n p u t  s i q n a l s  
i n t o  quada ture  s o  t h a t  t h e  mixer performs a  phase d e t e c t i o n  
I f ,  on t h e  o t h e r  hand, t h e  two i n p u t  s i g n a l s  a r e  brought  
in to in-phase  c o n d i t i o n  ( o r  180° of o u t  phase)  by t h e  u s e  
of t h i s  phase s h i f t e r ,  t hen  t h i s  becomes an ampli tude de- 
t e c t o r ,  and t h e  MI spectrum of t h e  i n p u t  s i g n a l  can be 
analyzed.  

The f u n c t i o n s  i n  t h e  o t h e r  p a t h  t o  t h e  mixer cause  t h i s  t 
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F i r s t ,  t h e  d i r e c t i o n a l  coupler  is ""Own as havinq 
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bec*USQ we p e t  t o  t a k e  l e s s  l o s s  down +-his path and we 
want as l a r g e  a  s i g n a l  as p o s s i b l e  t o  bo th  p o r t s  of t h e  
mixe r .  The resul t  w i th  any one of t h e  i t ems  l i s t e d  on t h e  \ 
r i g h t  Of F igu re  3 1s t h a t  t h i s  pa th  f u n c t i o n s  a s  frequency- 
to-phase t r a n s d u c e r .  For  example, i n  t h e  c a s e  of t h e  t r a n s -  
miss ion  l i n e ,  t h e  s i g n a l  goes down t h e  t r ansmis s ion  l i n e ,  
r e f l e c t s  and comes back, i n c u r r i n g  a  d e l a y .  The d e l a y  of 
300 f e e t  of  c o a x i a l  c a b l e  a t  1 MHz i s  approximately  one 
c y c l e ;  1 / 2  c y c l e  o u t ,  and 1 / 2  back. I f  t h e  f requency then  
changed by l o % ,  t h e  phase s h i f t  through t h l s  p a t h  l e n g t h  
would change by 1 0 %  o f  a  c y c l e .  I n  t h a t  way, a  d e l a y  l i n e  
or a  narrower f i l t e r  on t h i s  pa th  s e r v e s  a s  a  frequency-to- 

\ 
phase t r a n s d u c e r .  Then t h e  mixer a c t s  a s  a  phase- to-vol tage 
t r ansduce r .  The o v e r a l l  r e s u l t  i s  a  s enso r  which t r a n s -  
forms f requency t o  v o l t a g e ,  a low n o i s e  d i s c r i m i n a t o r .  

There is an i n t e r e s t i n g  a s p e c t  of  t h e  narrower band reson-  
a t o r s  i n  t h i s  system - e i t h e r  a  c r y s t a l  f i l t e r  o r  a  c a v i t y .  
Within t h e  bandwidth o f  t h e  r e s o n a t o r ,  a l l  t h e  fo rego ing  i s  
s t i l l  t r u e .  However, o u t s i d e  t h e  bandwidth o f  t h e  resona-  
t o r ,  t h e  r e s o n a t o r  can  be cons idered  t o  be s t r i p p i n g  o f f  
t h e  no i se  s idebands,  or ho ld ing  t h e  phase of t h e  s i g n a l  
through t h i s  pa th  cohe ren t  f o r  a  longer  t ime than  t h e  
per iod  o f  t h e s e  l a r g e r  s ideband o r  modulation f r e q u e n c i e s ,  
I f  a  phase change occu r s  a t  a  h i g h  r a t e  v e r s u s  a  narrow 
r e s o n a t o r ,  t h e  phase o u t  of t h e  r e s o n a t o r  does  n o t  change, 
it does  n o t  f o l l o w  t h e  r a p i d  phase change, and t h e  system 
o u t p u t  i s  now t h e  phase modulation spectrum, o u t s i d e  t h e  
bandwidth of t h e  r e s o n a t o r .  

For a r e a s  o f  a p p l i c a b i l i t y ,  t h e  c r y s t a l  f i l t e r ,  from 100 
kHz to  t h e  100 MHz reg ion  is u s e f u l .  The one p o r t  c a v i t y  
i s  b e s t  a p p l i c a b l e  from 5 GHz up. One could use  a  t r a n s -  
miss ion  c a v i t y  s i m i l a r l y .  The long,  sho r t ed  t r ansmis s ion  
l i n e  i s  t h e  broadband approach which a l l ows  t h e  s i n g l e  
system t o  o p e r a t e  from 100 MHz t o  10  Ghz. Th i s  e n t i r e  
system does  n o t  o f f e r  a s  low a  system n o i s e  f l o o r  a s  some 
of t h e  o t h e r  systems,  bu t  i t  does  have extremely broad 
a p p l i c a b i l i t y  and t h e  advantage of s i n g l e  i n p u t  source .  
The r e f e r e n c e s  a p p r o p r i a t e  t o  F igu re  3 a r e :  4 ,  5 and 6 ,  
t h e  l a s t  of which d e a l t  w i th  t h i s  system u s i n g  a  c r y s t a l  
as a f i l t e r i n g  element.  

k u l a t i o n  spectrum appear ing  a t  t h e  mixer o u t p u t  i n  



t h e s e  systems s t i l l  must be  measured by a frequency domain 
ins t rument  such a s  a low frequency spectrum ana lyze r .  The 
s e n s i t i v i t y  and n o i s e  f i g u r e  of t h e s e  i n s t rumen t s  u s u a l l y  
r e q u i r e s  a preamplifier fo l lowing  t h e  mixer t o  g i v e  b e s t  
performance. The mixer w i l l  g e n e r a l l y  be a 5 0  ohm component 
which means it was designed t o  o p e r a t e  from 50 ohm s o u r c e s  
i n t o  a 50 l o a d ,  n o t  t h a t  it looks  l i k e  5 0  ohms i n  g e n e r a l ,  
p a r t i c u l a r l y  when bo th  p o r t s  a r e  d r i v e n  from a r e l a t i v e l y  
h igh  l e v e l .  The low n o i s e  a m p l i f i e r ,  which i s  needed t o  
ach ieve  good performance from t h e  system, i s  t r y i n g  t o  
o p e r a t e  from a source  impedance which i s  probably below 
50 obms. The optimum-noise source  r e s i s t a n c e  f o r  low 
frequency a m p l i f i e r s  i s  ve ry  r a r e l y  t h i s  low. The on ly  one 
t h a t  i s  commercial ly a v a i l a b l e  which t h e  au tho r  has seen 
r e f e renced  ( b u t  has  no pe r sona l  expe r i ence )  had t h e  brand 
name Ortec  mentioned i n  Lances paper a t  77 PTTI. For  t h a t  
purpose,  t h e  au tho r  has  b u i l t  h i s  own r e l a t i v e l y  s imple  
a m p l i f i e r s .  A good r e f e r e n c e  on b u i l d i n g  a m p l i f i e r s  of  
t h i s  c l a s s  (and low n o i s e  r f  a m p l i f i e r s  a l s o )  i s  a book 
by Motchenbacher and F i t c h e n ,  r e f e r e n c e :  7 on low n o i s e  
techniques .  

Mixer-Phase De tec to r s  

S ince  t h e  mixer i s  a c r i t i c a l  element,  l e t  u s  d i g r e s s  from 
t h e  systems c o n f i g u r a t i o n  f o r  a moment and g i v e  t h e  mixer 
more a t t e n t i o n .  The a u t h o r  has  seen  many systems where 
people  have a t t e n u a t o r s  preceeding mixer ,  even fo l lowing  
t h e  mixer,  and expec t ing  t h a t  when t h e y  c l i c k  i n  2 0  dB, t o  
have a 20 dB change i n  what i s  going on i n  t h e  system. 
This  is probably n o t  t r u e  because of t h e  way t h e  mixer 
works. I n  F igu re  4 t h e  diagram on t h e  l e f t  is t h e  sche- 
mat ic  of a good many mixers .  I n  f a c t ,  some of t h e  b e s t  
mixers  f o r  our  purposes  have e x a c t l y  t h a t  schemat ic .  
There a r e  a l s o  many v a r i a t i o n s ,  f o r  which t h i s  i s  s t i l l  a 
good f i r s t - o r d e r  model. Even though t h e i r  schemat ics  look 
v a s t l y  more complex than  t h i s ,  they  look ,  t o  t h e  i n p u t  and 
o u t p u t  s i g n a l s ,  very  much a s  t h i s  model. 

Though t h e  r e s u l t s  a r e  u s u a l l y  mis lead ing ,  it i s  n a t u r a l  
t o  a t t empt  t o  measure t h e  d r i v e  l e v e l  t o  t h e  mixer by 
looking  a t  t h e  v o l t a g e  a t  i t s  inpu t  p o r t s .  I t  i s  very  ea sy  
t o  p u t  a Tee connector  on t h e  BNC going i n t o  t h e  mixer 
and probe t h e  s i g n a l  a t  t h a t  p o i n t  w i th  a good high imped- 
ance scope probe a s  was done f o r  F igu re  5 .  But,  j u s t  a s  
one wouldn ' t  t r y  t o  determine t h e  d i s s i p a t i o n  i n  a zener  by 
measuring t h e  v o l t a g e  a c r o s s  it and ignor ing  t h e  c u r r e n t ,  
one should n o t  draw many conc lus ions  from t h i s  v o l t a g e .  
A high  impedance rf vo l tme te r  looking  a t  t h e  v o l t a g e  i n t o  



t h e  mixer i s  even l e s s  i n fo rma t ive  about  what i s  going on 
i n  t h e  mixer because a l l  t h a t  i s  being measured i s  t h e  f o r -  
ward drop  a c r o s s  a d iode .  A s  i s  i n d i c a t e d  by t h e  f u n c t i o n a l  
model i n  t h e  c e n t e r  of F igu re  4 ,  whlch assumes t h a t  t h e  L 
p o r t  s i g n a l  i s  t h e  l a r g e r  one,  it simply s a t u r a t e s  t h e  mixer. 
With a  l a r g e  L s i g n a l ,  one s e r i e s  p a l r  of d iodes  o r  t h e  
o t h e r ,  f o r  e i t h e r  p o l a r i t y  s i g n a l ,  is s t r o n g l y  forward 
b i a sed .  This  amounts t hen  t o  connect ing e i t h e r  one s i d e ,  
one p o l a r i t y ,  o r  t h e  o t h e r ,  of  t h e  R s i g n a l  t o  t h e  X p o r t  
determined by t h e  p o l a r i t y  of t h e  L s i g n a l .  The r e s u l t s  of 
t h i s  a c t i o n  a r e  shown i n  t h e  r ight-hand p a r t  of  F igu re  4 f o r  
R and L i n  a  quad ra tu re  phase r e l a t i o n s h i p .  Corresponding 
t o  t h i s  f u n c t i o n ,  t h e  double  balanced mixer i s  sometimes 
a l s o  c a l l e d  a  r e v e r s i n g  swi tch .  I t  i s  i n t e r e s t i n g  t h a t  
t h e r e  i s  very  l l t t l e  l i t e r a t u r e  on t h e  mixer used a s  
phase d e t e c t o r .  References:8 and 9.  i 

Figure  5  shows mixer waveforms which a r e  c a r e f u l  
t r a c i n g s  of scope photos .  Both t h e  L and R p o r t  waveforms 
appeared t o  be i d e n t i c a l .  Both were d r i v e n  w i t h  + 7 d ~ r n  
i n c i d e n t  power, i n  quad ra tu re  phase.  That  was measured w i t h  
t h e  coax d i sconnec ted  from t h e  mixer,  i n t o  a  good 50 ohm 
load ,  w i th  an r f  power meter .  Then t h e  coax was reconnected 
o n t o  t h e  mixer and probed wi th  a  h igh  impedance probe f o r  
t h e  photo.  Not ice  t h a t  t h e  waveform i s  d i s t o r t e d  by t h e  
a c t i o n  of t h e  d i o d e s .  Another impor tan t  p o i n t  i s  t h a t  t h i s  
s i g n a l  came from a  broad band r e s i s t i v e  5 0 Q  source .  This  
i s  probably n o t  t r u e  of most of  t h e  o u t p u t  s t a g e s  of t h e  
f requency s t anda rd  dev ices  which might be connected t o  a  
mixer. Now, g iven  t h a t  t h e  s i g n a l  came from a  50 ohm 
source ,  and was s i n u s o i d a l  i n t o  a  50 s2 l oad ,  t h e  mixer looks  
l i k e  v a r i o u s  t h i n g s .  It may look l i k e  more than  5 0 G  as  
t h e  i n p u t  i s  c r o s s i n g  zero .  and it c l e a r l y  looks  l i k e  less 
t h a n  50 9 a s  t h e  d iodes  s t a r t  t o  conduct  more and more. 
The mixer ,  a t  t h i s  d r i v e  l e v e l ,  probably drops  down t o  t h e  
o r d e r  o f  20 o r  below, over  p o r t i o n s  of t h e  waveform. 

A t  t h e  o u t p u t  X p o r t  t h e  2f o u t p u t  or sum frequency appears. 
The impor tan t  t h i n g  t o  n o t i c e  is  how l a r g e  it i s  r e l a t i v e  
t o  t h e  i n p u t s .  I n  o t h e r  words, when a  mixer i s  used i n  one 
of t h e s e  systems,  one m u s t  be  aware of t h e  f a c t  t h a t  w i th  
a  5  MHz i n p u t  s i g n a l  t o  t h e  mixer,  t h e r e  w i l l  be  a  ve ry  
l a r g e  1 0  MHz o u t p u t  s i g n a l  from t h e  mixer.  That  l a r g e  ou t -  
p u t  s i g n a l  can d e a l  a  ve ry  s t r a n g e  blow t o  t h e  spectrum 
measuring ins t rument ,  o r  t o  t h e  low n o i s e  a m p l i f i e r  t h a t  is 
connected t o  t h e  mixer.  Although t h e  X o u t p u t  does  n o t  
look e x a c t l y  s i n u s o i d a l ,  s p e c t r a l  a n a l y s i s  of t h a t  waveform 
a t  t h e  bottom of F igu re  5 ,  shows t h a t  i t s  t h i r d  harmonic 
i s  s t i l l  30 db  below t h e  fundamental .  The t o p  of t h e  



screenwas set t o  equa l  t h e  power i n c i d e n t  on t h e  mixer a t  
10 M H z ,  so  t h e  ou tpu t  s i g n a l  i s  about  6 db below t h e  power 
t h a t  i s  i n c i d e n t  on t h e  i n p u t s .  

Mixer Loads and S e n s i t i v i t i e s  

~ o s t  systems w i l l  r e q u i r e  a  low p a s s  f i l t e r  fo l lowing  t h e  
mixer t o  reject t h e  l a r g e  2f o u t p u t  s i g n a l .  Most f a m i l i a r  
f i l t e r  des igns  have i n p u t  impedances which a r e  a  l a r g e  
mismatch o u t s i d e  t h e i r  passband. That i s  t o  say t h a t  t hey  
ach ieve  a t t e n u a t i o n  by r e f l e c t i n g  t h e  unwanted i n p u t .  A 
low l o s s  f i l t e r ,  made of o n l y  r e a c t i v e  e lements ,  must t h e n  
appear a s  a  h igh ly  r e a c t i v e  mismatch a t  i t s  i n p u t  t o  
s i g n a l  f r e q u e n c i e s  o u t s i d e  t h e  passband.  This  s i t u a t i o n  
could r e s u l t  i n  t h e  mixer being te rmina ted  r e a c t i v e l y  a t  
t h e  f requency of i t s  l a r g e s t  ou tpu t  s i g n a l  component. Th i s  
c o n d i t i o n  has  been seen t o  cause  s u r p r i s i n g l y  g r o s s  d i s -  
t o r t i o n s  of t h e  i n p u t  waveforms. This  can r a i s e  s e r i o u s  
q u e s t i o n s  of t h e  v a l i d i t y  of t h e  measurement because t h e  
dev ice  under t e s t  i s  d r i v i n g  a  mixer i n p u t  which i s  an 
extremely non- typ ica l  load ,  having a  l a r g e  r e a c t i v e  m i s -  
match and v i o l e n t  n o n - l i n e a r i t i e s .  

The low pas s  f i l t e r  fo l lowing  t h e  mixer can be designed t o  
p r e s e n t  a  50 Cl  load  t o  t h e  2f o u t p u t  component by making 
t h e  i n p u t  element of t h e  f i l t e r  a  shunt  c a p a c i t a n c e  wi th  
a  5 0 Q r e s i s t a n c e  i n  s e r i e s .  F lgure  6 i s  an example from 
r e f e r e n c e  1 0 .  Th is  arrangement t e rmina t e s  t h e  mixer i n  a  
non- reac t ive  50 Ci f o r  a l l  f r e q u e n c i e s  above 1 M H z ,  bu t  
unloads  t h e  mixer t o  maximize i t s  s e n s i t i v i t y  below 100 kHz. 
Since  t h e  f i l t e r  element va lues  depend on s e e i n g  a  50 Ci 
source  r e s i s t a n c e  i n  t h e  mixer,  t h i s  f i l t e r  deve lops  one t o  
two d e c i b e l s  of peaking when t h e  mixer i s  d r i v e n  above 
0 dBm a t  bo th  i n p u t s .  T h i s  i s  a  good example showing t h e  
n e c e s s i t y  f o r  checking system f l a t n e s s ,  over  t h e  e n t i r e  
f requency range t o  be measured, du r ing  t h e  c a l i b r a t i o n  pro- 
cedure .  

The t r ansduce r  c o e f f i c i e n t  of  t h e  mixer,  used as a  phase  
d e t e c t o r ,  i n  v o l t s  per  r a d i a n ,  ( t h a t  i s , i t s  r a t i o  of con- 
v e r t i n g  r a d i a n s  of phase s h i f t  t o  v o l t s  af o u t p u t  s i g n a l ,  
dc  average ,  o r  low frequency average)  can be q u i t e  s e n s i -  
t i v e  t o  t h e  t e r m i n a t i n g  impedance a t  i t s  o u t p u t  p o r t .  
See F igure  7. Taking t h e  ou tpu t  i n t o  a  broadband 50 S1 load 
a s  a  base  l i n e ,  t h e  o u t p u t  s l o p e  can be inc reased  up t o  
6 dB by r a i s i n g  t h e  load r e s i s t a n c e .  However, ano ther  
6 dB, f o r  a  t o t a l  of  1 2  dB, approximately ,  i n c r e a s e  i n  
s e n s i t i v i t y  can be gained by c a r e f u l  cho ice  of a  p a r a l l e l  
c a p a c i t i v e  r e a c t a n c e  w e l l  below 10  51 ( a t  t h e  i n p u t  



I frequency) as a termination, reference: 11. Again, being I 
a reactive termination, this can raise the above questions 
due to mixer input waveform distortion, and has been shown 
to roll off the modulation frequency response, requiring 
thorough calibration. 1 

I 
~ l l  but one of the curves in Figure 7 were taken with the 1 
same RF power level applied to both the L and R ports. 
Using an HP 3335A,a calibrated phase shift,was inserted and 
the static transducer coefficient was measured using a DVM. 
One-tenth radian positive and one-tenth radian negative 
about 0 were the phase shifts used. Note that if the mixer 
is terminated at a high impedance, a gain from 4 dB, to 
much more than 6 dB is realized at lower levels, versus 
terminating the mixer with a broadband 50 s 2 .  And there is 
an interesting fact here that all the curves for all the 
mixers, at least at some input power levels, were asymptotic 
to the line whose equation is K$ = 1.8 times the incident 
power level expressed in rms voltage; and the relationship 
seems to be that unloading doubles the peak voltage avail- I 
able out of the mixer. The lower frequency average is 

2. ,2  ( 2 / a )  which is 1.8. 
I 

This completes the digression to mixer details and atten- 
tion returns to other ways of configuring the measurement I 

system. i 
More Measurement Systems I 
Figure 8 shows a two-channel version of Figure 3, somewhat 
simplified to fit the page. This takes two of the systems 
of Figure 3 and splits the power of the oscillator under 
test into them. This allows the output signals to be 
cross-correlated for noise reduction. This is now possible 
because there are very convenient fast Fourier transform 
instruments which have two inputs. The Fourier transform 
has both amplitude and phase and it requires two inputs to 
the processor in order to accomplish that There is a button 
on the front panel which commands a cross correlation be- 
tween those two inputs. This, with averaging, will allow 
reduction of the noise of amplifiers whlch might be in- 
serted. The noise of one amplifier is uncorrelated versus 
the noise of the other amplifier, allowing this improvement 
In system noise figure by using one of the more recently 
available fast Fourier instruments as the frequency domain 
analyzer for the spectrum. Reference: 12. Turning now 
from the single oscillator to the two oscillator systems, I 

Figure 9 shows the most common system that is used for 



f requency domain measurements. I t  r e q u i r e s  a  p a i r  of  
o s c i l l a t o r s  of  s i m i l a r  q u a l i t y ,  u n l e s s  t h e  r e f e r e n c e  o s c i l l -  
a t o r  i s  much b e t t e r  t h a n  t h e  one t o  be measured. Th i s  
system has been d i scussed  f a i r l y  e x t e n s i v e l y  i n  t h e  l i t e r -  
a t u r e ;  r e f e r e n c e s :  11, 13, 1 4 .  T h i s ,  a s  f a r  a s  I am aware, 
has been i n  wide u s e  s i n c e  1964 f o r  s p e c i f i c a l l y  t h i s  pur-  
pose. A s  t h e  n o t a t i o n s  i n  F igu re  9 i n d i c a t e ,  t h e  modu- 
l a t i o n  spectrum coming o u t  of  t h e  mixer i s  a  phase modula- 
t i o n ,  o u t s i d e  t h e  bandwidth of t h e  lock  loop ,  and a  f r e -  
quency modulat ion spectrum, i n s i d e  t h e  bandwidth of t h e  
lock  loop.  

This  system can be modif ied s l i g h t l y ,  a s  shown i n  F igu re  10 ,  
t o  make measurements of a two p o r t  dev ice ,  such a s  an 
a m p l i f i e r .  I f  a  s y n t h e s i z e r  o r  f requency m u l t i p l i e r  i s  
t o  be t e s t e d ,  which changes t h e  f requency from i t s  inpu t  
t o  i ts  o u t p u t , t h e n a  s i m i l a r  dev ice  would have t o  be placed 
i n  bo th  p a t h s . s o  t h a t  t h e  same frequency goes t o  bo th  
i n p u t s  of t h e  mixer .  The phase s h i f t e r  i s  used t o  b r i n g  
t h e  phases  i n t o  quada ture  a t  t h e  mixer.  Most of t h e  n o i s e  
from t h e  r e f e r e n c e  o s c i l l a t o r  c a n c e l s  s i n c e  i t  appears  a t  
bo th  i n p u t s  t o  t h e  mixer. Again, r e f e r e n c e :  11 i s  sugges t -  
ed. 

The c r o s s  c o r r e l a t i o n  enhancement of t h e  measurement system 
can be a p p l i e d  t o  t h i s  system a l s o ,  a s  shown i n  F igu re  11. 
Here t h e  system of F igu re  9 has been d u p l i c a t e d ,  a m p l i f i e r s  
can be  i n s e r t e d ,  and t h e i r  n o i s e  can be suppressed by 
averag ing  i n  t h e  c r o s s  c o r r e l a t i o n  p roces s .  This  was 
suggested w i t h  an  analog m u l t i p l i e r  as a  c o r r e l a t o r  i n  
r e f e r e n c e  15 ,  a long  wi th  o t h e r  systems c o n s i d e r a t i o n s  which 
a r e  impor tan t  t o  t h i s  k ind of measurement. The dashed l i n e  
shows t h a t  one of t h e  l oops  can be used t o  lock  t h e  r e f e r -  
ence o s c i l l a t o r  t o  t h e  o s c i l l a t o r  under t e s t ,  t o  main ta in  
quad ra tu re  phase a t  t h e  mixers .  

U p  t o  t h i s  p o i n t  t h e  systems t h a t  have been cons idered  
e i t h e r  measured a  s i n g l e  source  o r  t h e  combined n o i s e  of 
two sou rces  (one cons idered  t o  be a  known r e f e r e n c e )  a t  t h e  
same frequency.  I n  t h e  systems t o  fo l low,  t h e  u s e  of a  
r e f e r e n c e  source  whose f requency i s  o f f s e t  from t h e  u n i t  
under tes t  a l l ows  t h e  u s e  of pe r iod  o r  f requency count ing  
a s  t h e  measuring ins t rument .  

F igu re  12 shows t h e  s i m p l e s t  of  t h e s e  systems.  I n  a d d i t i o n  
t o  t h e  convenience of u s ing  a  commonly a v a i l a b l e  instrument,  
a  per iod  c o u n t e r ,  t h i s  system has t h e  advantage of a l lowing  
measurement of  t ime domain s t a b i l i t y ,  o y ( r ) ,  a s  we l l  a s  
aging o r  o t h e r  d r i f t s .  F u r t h e r  advantages  a r e  t h a t  t h e  



measurement r e s o l u t i o n  (dynamic range)  can be extreme (even 
wi th  an inexpens ive  c o u n t e r )  and t h a t  t h e  measured raw d a t a  
i s  i n  d i g i t a l  form, being s t a b l e  and convenient  f o r  auto-  
mation v i a  an  i n t e r f a c e  bus.  References:  16,  17.  

S ince  coun te r  i n p u t  s t a g e s  u s u a l l y  do n o t  have Low enough 
n o i s e  t o  avoid degrad ing  t h e  s i g n a l  l e v e l  a v a i l a b l e  from 
t h e  mixer,  p r e a m p l i f i c a t i o n  i s  necessary .  Optimal char -  
a c t e r i s t i c s  f o r  t h i s  preamp a r e  t h a t  it should have h igh  
g a i n  i n  o r d e r  t o  hard l i m i t  on m i l l i v o l t  i n p u t s ,  low 
enough n o i s e  t o  add no more t h a n  sub-microsecond p e r t u r -  
b a t i o n s  t o  t h e  zero  c r o s s i n g  of a  1 .0  H z ,  1 . 0  Vp-p s i n e  
wave i n p u t ,  and have 1 . 0  MHz o r  b e t t e r  bandwidth. Th i s  i s  
a l r e a d y  a  very  s p e c i a l i z e d  d e s i g n ,  and f u r t h e r  needs t o  have 
a  c a l i b r a t e d  (even a d j u s t a b l e )  f i r s t  s t a g e  bandwidth. 

Reca l l  t h a t  t h e  o u t p u t  from t h e  mixer w i l l  have a l a r g e  
component a t  tw ice  t h e  i n p u t  f requency r i d i n g  on t h e  low 
frequency waveform whose per iod  i s  t o  be measured, Th l s  
r e q u i r e s  a  low p a s s  f i l t e r  of  t y p i c a l l y  g r e a t e r  than  100 d B  
r e j e c t i o n ,  a t  twice  t h e  lowest  mixer i n p u t  f requency ,  
because t h e s e  p e r t u r b a t i o n s  a r e  e s s e n t i a l l y  u n c o r r e l a t e d  
wi th  t h e  unper turbed t ime of t h e  zero-c ross ing  and t h e r e -  
f o r e  f u n c t i o n  a s  a  n o i s e  source .  This  can t y p i c a l l y  be 
accomplished w i t h  a s  few a s  f o u r  p o l e s .  However, t h e  phy- 

I 

s i c a l  c o n s t r u c t i o n  of t h e  m i x e r - f i l t e r - a m p l i f i e r  combin- 
a t i o n  has  t o  be  v e r y  s o p h i s t i c a t e d  i n  o r d e r  t o  o b t a i n  t h e  
a t t e n u a t i o n  t h a t  t h e  f i l t e r  w a s  des igned t o  prov ide .  One 
of t h e  problems i n  t h i s  f i e l d  i s  t h a t  t h e r e  a r e  few systems 
f o r  s a l e  which a r e  s p e c i f i e d  t o  do  t h e  o v e r a l l  measurement 
job. 

An ex tens ion  of t h e  above technique  is shown i n  F igu re  13.  
Th i s  d u a l  mixer t ime d i f f e r e n c e  system a l s o  happens t o  t a k e  
d a t a  i n  t h e  t ime  domain, a s  do most F o u r i e r  t r ans fo rm 
ins t rumen t s  f o r  t h a t  m a t t e r ,  and p a s s  it through an i n t e -  
g r a l  t r ans fo rm wi th  a  d i g i t a l  p roces so r  t o  d e l i v e r  a  
modulation sideband spectrum. We c a l l  t h e  r e s u l t  a  fre- 
quency domain measurement-and d o n ' t  worry abou t  t h e  f a c t ,  
o t h e r  t han  t o  make s u r e  we a r e  performing it p r o p e r l y , t h a t  
t h e  i n i t i a l  d a t a  was a  t ime  r eco rd .  References:  18 and 19.  

The h igh  i s o l a t i o n  power s p l i t t e r  i n  F igu re  13 i s  worth 
a moment o r  two t o  look a t  t h e  kind of f requency p u l l i n g  
e f f e c t  t h a t  t h e  two s t a n d a r d s  a t  t h e  same frequency,  can 
have on each  o t h e r .  For  i n s t a n c e ,  i n . F i g u r e  1 4  cons ide r  a 
q u a r t z  c r y s t a l  r e s o n a t o r  i n s i d e  t h e  s t anda rd  w i t h  a  Q of  
1 m i l l i o n  and 60 dB of n e t  r e v e r s e  t r a n s f e r  i s o l a t i o n ,  
which would be a  t y p i c a l  c a s e  f o r  a  q u a r t z  o s c i l l a t o r .  



Thi s  would be  t h e  c a s e  i f  t h e  s i g n a l  coming o u t  of t h e  
o s c i l l a t o r  s e e s  20 dB of g a i n  t h e n ,  w i th  8 0  dB of g r o s s  
i s o l a t i o n  between t h e  c r y s t a l  and t h e  o u t p u t ,  t h e  n e t  i s  
60 dB. I n  t h i s  c a s e ,  t h e  oscillator i n  q u e s t i o n  could 
s u f f e r  around 3 p a r t s  i n  10" of  f requency p u l l i n g .  C l e a r l y  
t h i s  dese rves  c o n s i d e r a t i o n  when two s t anda rds  a r e  c l o s e  
t o  each o t h e r  i n  f requency.  

C a l i b r a t i o n  

When c a l i b r a t i n g  any system it is d e s i r a b l e  t o  keep t h e  
procedure a s  simple and fool-proof  a s  p o s s i b l e ,  minimizing 
t h e  number of dependencies on t h e  c a l i b r a t i o n s  of suppor t  
i n s t rumen t s .  For a  phase no i se  measurement system, t h e  
s i m p l e s t  g e n e r a l  approach would be t o  i n j e c t  a  known s i g n a l  
and n o t e  t h e  response  of t h e  e n t i r e  system a t  once. S ince  
many of t h e  d e v i c e s  i n  a  measurement system w i l l  be oper-  
a t i n g  a t  i n p u t  o r  o u t p u t  impedance l e v e l s  substantially 
d e p a r t i n g  from 5 0 Q  , with  t h i s  d e p a r t u r e  being l e v e l  depen- 
d e n t ,  it i s  h igh ly  d e s i r a b l e  t o  r e q u i r e  no a t t e n u a t o r  
s e t t i n g  changes o r  s i g n a l  l e v e l  changes between c a l i b r a t i o n  
and measurement. The d e p a r t u r e s  from 5 0 n  a r i s e  unavoid- 
a b l y  from s e v e r a l  causes :  1. Many h igh  q u a l i t y  s i g n a l  
sou rces ,  though designed t o  d r i v e  a  50Cl l oad ,  do n o t  preserf  
a  50Q source  impedance; 2 .  Many d e v i c e s  e x h i b i t  t h e i r  b e s t  
n o l s e  performance a t  impedance l e v e l s  q u i t e  d i f f e r e n t  from 
maxmum power t r a n s f e r ;  3 .  I n h e r e n t l y  non- l inear  mixers  
have i n p u t  impedances which change radically over  v a r i o u s  
p o r t i o n s  of t h e  i n p u t  waveform and a r e  v a r i e d  f u r t h e r  by 
t h e  l e v e l  and phase of t h e  o t h e r  i n p u t  s i g n a l  and t h e  
t e rmin3 t ing  impedance. 

The s i m p l e s t  h igh  accuracy c a l i b r a t i o n  scheme found t o  d a t e  
is  based on a  s i n g l e  r a t i o  of a  p a i r  of RF power measure- 
ments a t  t h e  same p o r t  and s i m i l a r  f r equenc ie s .  T h i s  kind 
of measurement can be performed wi th  0 . 1  t o  0.5 dB uncer-  
t a i e t i e s  depending on f requency,  f o r  up t o  a  90 dB r a t i o  
w i t h  o f f - the - she l f  s t anda rd  in s t rumen t s .  

As shown i n  F igu re  15,  t h e  c a l i b r a t i n g  s i g n a l  is combined 
wi th  t h e  s i g n a l  under t e s t  from an o s c i l l a t o r  o r  o t h e r  
dev ices .  The c a l i b r a t i n g  s i g n a l  may j u s t  a s  wel l  be 
combined wi th  t h e  s i g n a l  from t h e  r e f e r e n c e  sou rce ,  
e x p e c i a l l y  i f  t h i s  r e s u l t s  i n  a  more convenient  se t -up.  

The c a l i b r a t i o n  procedure  c o n s i s t s  of two p a r t s :  F i r s t  t h e  
l e v e l s  of t h e  c a l i b r a t i o n  s i g n a l  and t h e  main s i g n a l  w i th  
which it i s  combined a r e  measured, second, t h e  o v e r a l l  
system response  t o  t h e  combined s i g n a l s  i s  measured. The 



computation which combines these three measurements (some- 
times with other constants) to yield the scale factor for 
the frequency domain stability measurement may be considered 
a third step. 

Since the details of this procedure can affect the resulting 
accuracy, the following sequence is suggested: 

1. Connect calibration signal source to combiner. 
Terminate other input of combiner. Connect 
output of combiner to power meter. set level I 
of calibration signal source, as shown on I 

power meter, to desired level, at least 40 dB 
below the output level of the source under test. 
Measure C volts rms. These levels should have I 

been pre-determined by preliminary measurements. 
This should likely consist of several passes 
through the entire calibration and measurement I 
sequence to establish workable and convenient I 
signal levels and control settings. 

2. Connect oscillator under test in place of 
termination of input of power combiner. On power 
meter, measure M volts rms. 

3. Disconnect power meter from output of combiner 
and connect combiner to input of measurement 
system. 

4. Read measurement system response at pseudo- 
sideband modulation frequency corresponding 1 
to the difference between frequency of C signal 
and M signal. 

5. Compute measurement system scale factor based 
on reading in 4. and the fact that the input to 
the measurement system has a peak phase deviation 
of C/M radians. 

6. Disconnect calibration signal source from input to 
combiner and terminate combiner input. Calibration 
is now complete. Proceed with measurements; 

Other than errors in the power meter's calibration, (on a 
ratio basis only, absolute calibration being of no conse- 
quence) the only othe'r error source in this calibration 
signal set-up can arise from non-50n (or in general, un- 
matched) impedances. This concern arises only if the input 



p o r t  o f  t h e  measurement system d i f f e r s  from t h e  power meter  
i n  impedance. Th i s  would a lmost  always be  t r u e  i f  a  mixer 
i s  t h e  i n p u t  element of  t h e  system. 

There i s  s t i l l  no problem u n l e s s  t h e r e  is a l s o  a d i f f e r e n c e  
i n  t h e  sou rce  impedance appear ing a t  t h e  ou tpu t  of  t h e  
combiner f o r  t h e  calibration s i g n a l  v e r s u s  t h e  main s i g n a l .  
This  would aga in  be t r u e  ve ry  t y p i c a l l y  f o r  a f requency 
s t anda rd  o u t p u t  which i s  designed t o  be loaded wi th  50n  
b u t  does  n o t  provde a 50n  source  impedance. The c a l i b r a t i o n  
s i g n a l  source  is l i k e l y  t o  be a s i g n a l  g e n e r a t o r  whose 
o u t p u t  source  impedance (probably  through an a t t e n u a t o r )  i s  
a f a i r l y  a c c u r a t e  5 0 0 .  These s i g n a l s  may p a s s  through a 
d i r e c t i o n a l  couple r  which would tend  t o  normal ize  any 
mismatch of t h e  c a l i b r a t i o n  sou rce ,  whi le  p r e s e n t i n g  t h e  
main s i g n a l  source  impedance e s s e n t i a l l y  unchanged. Should 
t h i s  e r r o r  source  be p r e s e n t ,  i t s  e f f e c t  can be c a l c u l a t e d ,  
and/or impedance matching can a l l e v i a t e  it. Figure  1 6  shows 
a l t e r n a t i v e s  f o r  t h e  coup le r .  F igu re  1 7  i s  a v e c t o r  p i c t u r e  
of what i s  going on; i n  s i n e  wave terms,  t h e  c a l i b r a t e  
s i g n a l  i s  a v e c t o r  of a s l i g h t l y  d i f f e r e n t  f requency from 
t h e  main s i g n a l ,  and t h e  v e c t o r  r e s u l t a n t  i s  bo th  AM and PM. 
The system supposedly responds  on ly  t o  t h e  PM, i n  t h e  c a s e s  
being s t u d i e d  h e r e .  For a ve ry  smal l  c a l i b r a t e  s i g n a l  and 
a l a r g e  main s i g n a l ,  t h e  phase excu r s ion  i s  very  w e l l  de- 
f i n e d .  There i s  a form fo l lowing  F igu re  1 7  t o  h e l p  keep 
t r a c k  of t h e  a r i t h m e t i c  i n  t h i s  c a l i b r a t i o n  and measure- 
ment scheme. 

Analog Analyzers  

When us ing  an analog wave or spectrum ana lyze r  t o  measure 
t h e  spectrum o f  t h e  o u t p u t  of a system, it i s  necessary  
t o  be very  c a u t i o u s  of t h e  a c t u a l  n o i s e  bandwidth of t h e  
ins t rument .  The r e s o l u t i o n  bandwidth a t  t h e  swi t ch  on t h e  
f r o n t  p a n e l ,  when s e t  t o  10 Hz, o r  3 Hz, o r  1 Hz w i l l  n o t  
be equa l  t o  t h e  n o i s e  bandwidth. This  can ,  i n  most c a s e s ,  
account  f o r  on t h e  o r d e r  of 1 dB of measurement e r r o r .  For 
a crude measurement, t h i s  may be of no concern.  Usua l ly ,  
t h e  n o i s e  bandwidth i s  wider than t h e  r e s o l u t i o n  bandwidth 
on t h e  f r o n t  pane l .  The number of p o l e s  i n  t h e  IF  t h a t  
de te rmines  t h a t  r e s o l u t i o n  bandwidth v e r s u s  t h e  s l o p e  of 
t h e  n o i s e  can cause  problems too .  This  i s  w e l l  covered i n  
r e f e r e n c e :  11. 

When averag ing  fo l lows  a log a m p l i f i e r  f u n c t i o n ,  about  
2 .5  dB of e r r o r  occu r s  due t o  skewing of t h e  mean, see 
r e f e r e n c e :  10.  I n  some of t h e  analog in s t rumen t s  which 
u t i l i z e  d i g i t a l  s t o r a g e ,  t h e r e  i s  a c i r c u i t  t o  c a t c h  t h e  



peak of t h e  b r i g h t  l i n e s  a s  t h e y  sweep p a s t  them. When 
n o i s e  i s  measured wi th  an  analog t o  d i g i t a l  c o n v e r t e r  c i r -  
c u i t  which o p e r a t e s  i n  t h a t  way, it c a t c h e s  t h e  peaks of 
t h e  n o i s e  and g i v e s  an  answer t h a t  is h igher  by a s  much 

I I 
a s  6 dB, and i n  most c a s e s ,  2-4 dB, t h a n  t h e  t r u e  n o i s e  I 

l e v e l .  

D i g i t a l  Analyzers  

I n  t h e  d i g i t a l  F o u r i e r  t rans form or f a s t  F o u r i e r  c l a s s  of 
a n a l y z e r s ,  w e  have had a  good d e a l  l e s s  exper ience .  When 
u s i n g  t h e s e  a n a l y z e r s ,  a  p o i n t  t o  watch f o r  i s  t h e  s e t t i n g  
of t h e  knob which can be switched t o  s i n e  o r  random. The 
so f tware  t a k e s  c a r e  of t h e  problems o f  logging  and n o i s e  
bandwidth, i f  t h a t  swi t ch  i s  i n  t h e  r i g h t  p o s i t i o n .  When I 

a  sinewave c a l i b r a t i o n  is being made, t h a t  swi t ch  should 
be i n  t h e  s i n e  p o s i t i o n .  Then, when no i se  i s  being 
measured, t h e  swi t ch  must be  i n  t h e  random p o s i t i o n .  
However, f o r  d i s c r e t e  spu r  measurement, t h e  s i n e  p o s i t i o n  
must be used.  Some problems have a r i s e n  i n  t r y i n g  t o  
u t i l i z e  t h e s e  a n a l y z e r s  because t h e i r  g a i n  i s  i n s u f f i c i e n t  
t o  measure t h e  smal l  s i g n a l s  coming o u t  of t h e  mixers .  
Measuring down below 1 H z ,  f o r  t h e  modulation f requency,  
is t h e  v a s t  s t e p  forward t h a t  t h e s e  a n a l y z e r s  a r e  o f f e r i n g .  
Y e t ,  i n  some c a s e s ,  a  v e r y  dc s t a b l e  o r  low frequency 
s t a b l e  a m p l i f i e r  is needed between t h e  mixer and t h e  I 
a n a l y z e r  i t s e l f .  This  a m p l i f i e r  must a l s o  have good n o i s e  I 
performance,  u s u a l l y  a  t r ade -o f f  w i th  long-term s t a b i l i t y .  
I t  seems w e l l  t o  be c a u t i o u s  about  t h e  performance o f  such 
an  a m p l i f i e r .  
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1 Table 1 
I FREQUENCY DOMAIN  MEASUREMENT SYSTEMS 

1. Various Measures 

2 Various Devices to be Tested 

3. Measurement Methods and Hook- Ups 

Applications 

Calibration 

Traps 

4. Frequency Domain Analyzer Instruments 

Ranges, Accuracy 

Traps 



Table 2 
FREQUENCY D O M A I N  STABILITY MEASURES 

MEASURE SYMBOL UNITS 

7 Spectral density of of fractional frequency fluctuation SY 1/Hz 

Spectral density of frequency fluctuation s ~ f  Hz2/Hz 

t Spectral density of phase fluctuation s4J rad2/Hz 
(also S&$, SA+) 

* Single sideband phase noise to carrier ratio 6: 1/Hz 

Residual frequency modulation, rms, in ‘If res Hz 
bandwidth fs, located fm from carrier 

Residual phase modulation, rms, in A4 radians 
modulation spectrum between f l  and f2 

t Recommended by IEEE, CClR 
* Widely used on procurement 

specifications and data sheets. 

Independent Variable: Frequency 

Modulation Frequency f m 

Fourier Frequency f 

Sideband Frequency f 

Offset Frequency f 

Baseband Frequency f 
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Figure 1 
SIMPLEST FREQUENCY D O M A I N  

MEASUREMENT SYSTEM 
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Figure 3 
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Figure 5 

DOUBLE BALANCED MIXER PHASE DETECTOR 
WAVEFORMS AND SPECTRUM 
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Figure 7 +15 
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Figure 9 
TWO OSCILLATOR, LOCKED 
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Figure 11 
TWO OSCILLATOR, LOCKED, DUAL MIXER, 
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Figure 12 
TWO OSCILLATOR, OFFSET 
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Figure 13 
THREE OSCILLATOR, T W O  N O T  OFFSET 
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Figure 15 
DIRECT RATIO CALIBRATION METHOD 
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Figure 16 
ALTERNATIVES FOR CALIBRATION SIGNAL INJECTION 
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Figure 17 
CALIBRATION VECTOR DIAGRAM 
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SINGLE S IDEBAND PHASE N O I S E  (L'(f)) M E A S U R E M E N T  WORKSHEET 
Using a Double-Balanced Mixer, Dirertional Coupler and Spectrum Analyzer 

L p d  end 1-1 hauld be the maximum awillble, up (o ihr miro specs, a d  murl remain ~ m a a ~ t  for both ralibralr and murun. 
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QUESTIONS AND ANSWERS 

DR. MICHEL TETU, Lava1 Un ive rs i t y :  

I would l i k e  t o  p o i n t  o u t  f i r s t  t h a t  when you use d i g i t a l  spectrum 
analyzers,  we again have some d i f f i c u l t i e s  i n  d e f i n i n g  t h e  equiva- 
l e n t  bandwidth over which t h e  measurement i s  done. The source seems 
t o  be the  d i g i t a l  f i l t e r i n g  used t o  compute t h e  spectrum. Second, 
when you do no t  have a wide phase noise o r  a wide no ise  observed, 
i t  i s  a l i t t l e  dangerous t o  use t h e  equ iva len t  bandwidth p r i n c i p l e .  

I MR. FISCHER: 

1 I t h i n k  we a r e  somewhat a t  t h e  mercy o f  the  vendors o f  those de- 
v ices ,  u n t i l  we ge t  more f a m i l i a r  w i t h  them, a t  l e a s t ,  t o  p r o p e r l y  
cha rac te r i ze  t h e i r  noise bandwidth i n  a be l i evab le  way. 




