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F o r  y e a r s  w a v t ’ g u i d ~~— t v p e  r~ i x ~~r s  w e r e  t h e  o n ly  o nes  • i v a i l a h le

at f r e q u e n c i e s  a b o v e  18 Gflz .  H o w t v r , more r e c e nt l v  d~’s i g n

t e c h n i q u e s  t h a t  w e r e  p r e v i o u 5 l v  c o n s i d e r e d  ~ i~ l v  s i i i t a l l e

a t  m i c r o w a v e  f r e q u e n c i e s  h a v e  been X t ~~n d e i  to r i 1 l i n ~t t r —

wav e frequ enci e s. T h e s e  d e v c l o p n e n t s  c a n  b . sep,~ r a t t d  into

two groups. True balanced m i x e r s  in wavt g u i d t  have he ..n b u i l t

us1fl~ packaged diodes combined w i t h  c o a x i a l  IF c i r c u i t ~~,(S7acekor ).

These mixers d i f f e r  from c o n v e n t i o n a l  b a l a n c e d  m i x t r s  i :i that

t h e y  do not employ a separate h y b r i d  ‘~uch as a s h o r t — s l o t  hy b r i d

or a mag ic tee. Rath e r the diod e s are arran ge d in a b r i d g e  cir-

c u i t  thus le a d i n g  to a comp a ct m i x e r  w i t h  t x c * l l t n t  H)—~~

i s o l a t i o n .  T h i s  t yg e of f i x e r  ~~5 c a ; . . b l e  (~~ t o v . r i n e  •n :i r e

w aveguid e hands and h i g h  IF f r e q u e n c i e s .  Th ~ ~ e n d  t h v t l o p —

m e nt of i m p o r t a n c e  is th e eme rgenc e of m i x e r s  u s i n n  i n t t c ~r ate d

c i r c u i t  t echni ques at m i l l i~~e t e r — w a v e t r e q ~ I~~:1c i c s . :o~~~ca1

ext e nsions of  l o w e r — f r e q u e n c y  designs i n  n i c r o s t r i p  ~~~~

pe rsued by  Ox ley in Eng land and rese a rchers at SEI and at

~ ELC. ~These developments h a v e  s h o w n  t h a t  b a l a n c e d  and inage

re~~ec : m i x e r s  a r c  f e a s i b l e  u s i n g  n i c r o s t r i p  on s a p p i : i r t , qu :.rt z

and !uro Id ut to and be yond t O  (di?. A r I t c i  r c u  ~ rs i o n

o~ t t : ru~ b a l a n c e d  m i x e r  m e n t  l o n L d  a h e v e  ~~~~ d t v e  l n ; t  ci ~~t

SR ~~ for f u l l  w a v e g u i d i  hand s Jrom 18 t o  I~6 G~l z .

T l i  e c i  xc r s t o he cons i dc r ~ c i  i t  d 1 v I d e ci I n t o t ii r

d i f f e r e n t  groups , name 1~ n a r r o w - h a n d  m i x e r S ,  w i d e i t . i i i d m i x e r s

w i t h  low IF for swept r e c e i v e r s , and w id e h a n d  m i x e r s  for

channel i zer app l i c a t i o n s , w h i c h  are c h a r a c t e r i z e d  by t h e  need

f o r a h i g h IF. T h e  narrowband m i x e r s  i re u s u a l l y  s u f f i c i e n t  for

~~ c o mm u n i c a t i o n s  a p p l i c a t i o n c .  C o n v e n t i o n a l  w a v c g t i i d e  m i x e r s  can

sa t i sf y m o s t  of the r e l a t u d  rt c i i r e m . ~nt s . Per s u r v e i l a n c e  purp cse~

w ide—band mixers are r e quir e d and t h e  ol lo~ 1mg d i s c u s s i o n s

— . ~~~~ ~~~~ _ - . •. ~.. 
- - . -



w i l l  c o n c e n t ra t e  on  t h o s e .  S i x  d i t  I t ’r e n t m i x e r  t Y p e s  t h a t

t a I I i n  t o  t l i t ’  I a t or  t w o  e i t  c go  r I e s r . ’ 1 i at  e d I n Tab 1 e 1

t o g e t h e r  w i t h  s om e  o f  t h e i r  p . r r i n t ’ n t  c h i r i r t i ’ r i ; t i c s .  T h e

f o l l o w i n g  d e s c r i p t i o n  d e a l s  i n  n o r .  d e t a i l  w i t h  • ‘ i c h  o f

t h o s e  m i x e r s  a n d  i d e n t i t i e s  a r e a s  that r e q u i r e  . i d d i t i o n a l  w o rk.

0
I .  S i n g le__h a l i n c .  m i x e r ;  u s  i n g  90 - h r ~~d ;

S i n g l e  ba l a n ce d  n i x e r s w i t h q ’ i a d r a t u r e  h y b r i d s  ( F i ’ ~~ R h  1)

a r e  v e r y  p o p u l a r  a t  m i c r o w a v e  r e q i e n c  i . s .  F i i c s e  m i x e r s  h a v e

go od R F  a n d  Lc) V S~~k s  b i t  u s u a l l y  a o o r  ~~) — ~~F i s o l a t i o n .  T h e i r

c o n v e r s i o n  l o s s  is  m o d e r a t e  b e c a u  i C  ~~t t h e  l a s s o ;  o f  t h e  h v b r k d .

T h e  w i d e s t  b a n d w i d t h  i s  o b t a i n e d  w i t h  b a c~~w a r ~~— w i v e  c r , u o l e r s .

T h e s e  a r e  d i f f i c u l t  t o  b u i l d  a b o v e  2 (,C~~~ • A ~ o u p 1 er  .. i s  d e v e l o p e d

by  ~!e s s er s  G o r w a r a  a n d  C h a m b e r s  u s i ng  m i c r o -;t r i p on  1 0 — n i l
a

s a p p h i r e  f o r  K — b a n d .  T h i s  c o u p l e r  c o n s i s t s  of two as.:aded

8.3—dB se ctions and rep r e s e n t s  the l i m i t  of t h a t  p i r t i c u l i r

d esi gn (coupler length= Ix s t r i p — w i d t h ) .  A b o v e  2 s  ‘d lz  .1 ;udr -iture

h ybr id based on the h ybrid slot l ine coupler p r om i s e s  to .c

feasible to at least 40 Gllz. N E L C  and other r esearchers h a v e

d e v e l o p e d  t h r e e — s e c t  ion branch lin e couplers for ent i r e w a v e g u i d e

bands up to 60 CHz. These couplers have i n h e r e n t l y  on ly l3 d l)

d irectivity and large coupling imbalances. How ev er , O x I y in

E n g l a n d  h a s  us ed s u c c e ss f u l l y b ran chi m e  and r a t —  r a c e  h y b r i d s

for mixers up to 75 CHz covering more than l5~ b a n d w i d t h .  The

substrate material for these mixers was sapphire or quartz.

All of these MIC mixers employed beam—le a d diodes. ~1at chi n g

of the diodes is in gener al not too d i f f i c u l t .  In our o p i n i o n

this type of mixer is well developed and the achi evable perfor-

mance c h a r a c t e r i s t i c s  are known . M ost f a b r i c a t i o n  p r o b l e m s  are

also s o l v e d .  P r a c t i c a l  c i r c u i t s  a re l i m i t e d  t o  m i c r o s t r i p  on

l o w  or  h i g h — d i e l e c t r i c  m a t e r i a l s .  T h i s  i n  t u r n  r e q u i r e s  t r a n s i —

• t i o n s  from w a v e g u l d e , the common t r a n s m i s s i o n — l i n e  m e d i u m  at

m i l l i m e t e r — w a v e  f r e q u e n c i e s , wh ich  a dds s i g n i f i c a n t l y  to the

m i x e r  conv e r s i o n  lo ss. U n l e s s  t h e s e  m i x e r s  a re i n t e g r a t e d  on

the same su b s t r a t e  w i t h  o t h e r  c o m p o n e n t s , o t h e r  d e s i g n s  s u c h  a s

those d i s c u s s e d  in the n e x t  s e c t i o n , o f f e r  be t t e r  p e r f o r m a n c e ,
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because they ci rc-umvent tlit’ relativ ely los -v transit ions from wave$’LIIde

to micr ostrip .

2. S1~~~~~~ha l  anced mix ers usi~~~~l80°- ~~~ r i d

True balanced mix ers using some form of Integrated circuit techni ques

have l een deve l oped at NI1.C and SRI. The NELC—design by Kihm and His]op
3

uses chip diodes and a print ed circuit for the I ( )  i n p u t  and IF output.

The SRI desi gn , however , is completel y printed on quartz or sapphire sub—

str it e s and utilizes beam—lead diodes (F1 (d’EFT 2&3). The high s.’mmt-try

achievabl e in these mixers is evidenced by the excellent LO—to— RF isolation

and t h e  hi gh degree of LO—AM noise suppression. The latter is important in

applications where a noisy LO has to be used (e.g. IMPATT oscillators).

Matching of the diodes at one port (usually the LO port) is difficult ,

because two diodes appear in parallel resulting in a low impedance level.

}~ -ari-lead diodes with a lower junction capacitance would greatly ease the

matching difficulties. The only suitable diodes available presentl y are

manufac tured by A PI i l l  Eng land. These diodes have C .~ .P8p f. Desirable

would be a diode with less than 0.04 pF. Also, the AEI diodes are not

mechanicall y strong. I)evelopment of an improved (siAs beam—lead diode suitable

for millimeter—wave applications should he pursued . The conversion loss

of these balanced mixers with 180°—hybrids is low partiall y due to the low

losses of the short transformer section between the input waveguide and t h e

diodes. In addition , the true balanced construction separates the even and

odd idler signals. Odd idlers appear at the RF port , whereas \‘eIi idlers

emerge from the LU port. This allows better control over the idler impedances
*

and generally g ives better conversion loss compared with ~ j niIt- ended mixer s .

Most fabrication problems of this type of mixer have been solved and fabri-

cation in larger quantities could start after a short advanced development .

A m  a sing le—balanced mixer using a 90°—hybrid each diode is completely

separated from the other. Therefore , this type of mixer consists of two

sing le—ended mixers as far as idler signals are concerned .

5
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3. Double — h i  I a m . - ! n i xe r

ro Our know ! eu g. - no daub l u -- balanced m i x e r : - ;  ( u s i n g  a d iode  r i n g  or a

d iode ’  s t i r )  h ive  been _ b- - iIo p e d above 18 (h:c . Double—balanced mixers would

be h i g h l y  des i r a h i  - or the te l lowing reasons: I ) o u h l e— b a l a n c e d  m i x e r s  have

the best spurio us r. ;pul n su characteristic s of any mixer. The bandwidth of

douh ie—hal .ns- ed ‘ci x - r s  is ‘‘ mclv I jilted by thie bandwidth of the haiuns (or

transterners) emp l uved. In contrast most single—balanced m i x e r ;  are

limited to about an octave because of the bandwidth limitation of the quad-

rature coupler in mixers with 900 
hybrids , or of a quarter—wave stub that

is an integral part of all microwave 180°—balanced mixers. Double—balanced

mixers have equal impedance levels on both the RF-and I.e—side making them

more’ easily matched at both those ports. Double—balanced mix ers ha’e not

yet been developed because of the great difficulty in formir i~ i symmetrical
*

diode junction that can accommodate four diodemesas. Aa solute Svflmietry I-i

paramount if a hi gh degree of LO—RF isolation shall be achieved . The proble m

of designing broadband baluns which are required for double—balanced mixers

with unbalanced input lines (e.g.coaxial) does not exist it millimeter wave

frequencies , if the inputs to the mixer are in waveguide (a transmission

line which is alread y symmetrical). A possible geometry for i double—bal anced

mixer is shown in Figure 4. A major unsolved problem of that design is t h e

practical realization of the multi—mesa diode junction. However , a solution

seems to be possible. The IF bandwidth of the  proposed d o u b l e — b a l a n c e d

m i x e r s  appears to be l i m i t e d  to a few GHz due to t h e  l ir g e  byp a s s  c a p a c i t o r s

needed for  the  RF or LO s i g n a l .

*f louble_b alanced mixe r s  lead always  to non—planar geometries.

8
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4. (~u a d r a t u r e —  fed M ixu ’ rs

Q u a d r a t u r e  led m i x e r s  (F I G I R E  5) are a form of a dou b l e

ha l anc o h  m i x e  r t h a t  w a s  d o v e  I op -d f o r  f requenc los he low 18 ( ; H z

a n d  w h i c h  c a n  he hti l it in a q u a s i — p lanar c o n s t r u c t  ion. These’

m i x e r s  r e q u i r e  four q u a d r a t u r e  h y b r i d s  a n d  a r e  t h e r e f o r e ,

r e s t r i c t e d  in the same way single balanced mi xers are using

q u a d r a t u r e  h y b r i d s  in a quadrature fed mixer , its losses are

r e l a t i v e l y  1 1 1 T h .  T h i s  t y p e  o f  m i x e r  does not offer any

•i dv ,int ige s over a d o u b l e — b a l a n c e d  mixer and therefore is not

recommended for development above 18 GHz .

5. Image—re je c t m i x e r  ( IRM)

Conventional image—reject mixers (FIGURE 6) requ i r e  at least

o n e  q u a d r a t u r e  h y b r i d .  T h e r e f o r e , t h e y  a r e  subject to the same

l i m i t a t i o n s  a s  s i n g l e — b a l a n c e d  m i x e r s  u s i n g  90 °— h y b r i d s .  H o w e v e r ,

b y  p l a c i n g  t h e  q u a d r a t u r e  h y b r i d  i n  t h e  LO p a t h , l e s s  s t r i n g e n t

specific a tions as far as coupling imbalance is concerned , can

b e  a c c e p t e d .  This makes b r a n c h l i n e  couplers amenable for

IRM. The two sing le—or double—balanced mixers of an IRM , however ,

could be built using 180°—h y b r i d s  to circumvent the use of

ad d i t i o n a l  quadra ture hybrids. Conceivable is a design e m p l o y i n g

the type of mixer covered in Section 2.

6 .  I m a g e — r e j e c t  an d  i m a g e — e n h a n c e d  m i x e r

By r ep l a c i ng  t h e i np hase hy brid at the RF input of a conv en—

tional image—reject mix e r  b y a direct parallel or series

connection , image rej e ction as well as image enhancement can

b e obtained (FIGURE 7). It would be relativel y easy to connect
0

two 180 —h y b rid b a lanced mixers of the kind developed b y S R I

in series by f eeding them from a slot l ine T— junct ion (FIGURE 8).

This design wo uld be no more d i f f i c u l t  to realize than a conven-

tional im a ge—reject mixer , b ut w o u l d  o f f e r i m p r ov ed c on v e r s i on

loss due to the Image enhancement , which In this case is obtained

through ph a sing techniques. The upper frequency l i m i t  of such a
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design m ay he l i m i t e d  to 40 (;lI i duo ’ to c o n s t r a i n t s  sot by t he

4 S i Ze  of the h e i m l . ’ a d  d lod e ,

B. Compa rat lye Ny ;  t e’m~ t iid ~

The selection ot a p i r t i c u i l . i r  m i x e r  i s  ~tron gl y influenced

b y the type of re c e i v e r , for w h i c h  the m i x e r  is intended.

In this s t u d y  f o u r  d i f f e r e n t  t y p e s  o l  r e c e i ve r s  - i r e  d i s t i n g u i s h e d :

C h a n n e l i z e d , I F M , Superhet , and M i cr o s c a n .

As tar as the m i l l i m e t e r  w av e-  downc cci . .- r t . - r  1- ;  r

its characteristics are u- s s e n t i a L l v  the same b r  a channe lized

receiver or a IEM (assumes an IFM at the IF). In both cases

a rela tivel y large RF ba nd (typicall y 4 G H z )  is d ownconverted

to a hig h IF (typically 4—8 G}iz). The LO frequency is fixed.

The high IF results in a large separation between th. e real and

image band and RF filters can eliminate the image re sponse

entirel y. This means that image frequencie s generated in the

mixer are reactivel y t e r m i n a t ed , and care has to be ex tc rci zed

in positioning the RF filter with respect to the mixer.

Neglecting this point can lead to excessive conv e rsi on loss

var iations due to alternating image enhancement and deenhancem ent

in the mixer. In prac tice this requires RE fil ters very close

to the mixer diodes (the distance is a function of the fri ctional

RF bandwid th). Single—balanced mixers with 90°-hybrid mixers

and do uble—bala. iced mixers are well suited for channelizer

and IFM applica tions. The image reject mixer (IRN) and image

rejec t/image enhanced mixer (IREM) discussed above are not

n e c e s sa r y  in  t h ose cas e s , b e c a u s e  i m a g e  en h a nc eme n t an d r e jec t i o n

can be ob tained with filter techniques.

Superhe t and micro scan receivers require mixers with wide

RF and LO bandw idth. The IF frequency h o w e v e r  I s  f i x e d  and

r e l a t i v e l y low. Single balanced (both types) and double balanced

mixers can be used for bo th applications. A selection should

be made based on the mixer perform ance charac teristic , the

des ired or required circuit technology, ~ nd frequency. Image—

rejec t or image—reject and enhanced mixers are prefe rable for

superhet receivers , because they permit the elimination of

electronically tunable preselectors (typ ically a YEG f l l t e r ~~,

‘5
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w h i c h  a r e  c o s t l y  a n d  l o ssy .  M i c r o s c a n  r e c e i ve r s  on t h e  o t h e r

h a n d , automatically d i s c r i m i n a t e  against ima ge responses ,

and h e n c e , require neither IRM nor I R E M .  T a b l e  2 s h o w s  a

summary of the various types of m i x e r s  t h a t  c o u l d  h e  u s e d  f o r

vario us s y s t e m s .

C. 40 to 60 GHZ MIXER l)ESIGN APPROACH

1. P r i n c i p le of Oper ation

It is ea siest to explain the basic features of a mixer

de sign ideal for 40— to—60— CHz applications as shown in

schema tic diagram of Figure 9. A h ybr id junction is formed

by suitabl y connecting two transmission lines with orthogonal

field distributions. The two t r a n s m i s s i o n  l i n e s  c a n  a l s o  be

d istinguished as being balanced and unbalanced. In the particular

d e s i g n  c h o s e n , t h e  R F  s i g n a l  is  i n c i d e n t  on a b a l a n c ed l ine , with

i m p e d a n c e  Z
b~ 

w h e r e a s  t h e  u n b a l a n c e d  line w i t h  impedance 7.

c a r r i e s t h e  LO p o w e r .

A m i x e r  r e s u l t s w h e n  two diodes with equal p o l a r i t i e s  are

add e d in  se r i e s  a c r o s s  t he RF line as shown in Figure 9. In

c o n t r a s t , t h e  LO s e e s  an a n t i p a r al l e l  d i o d e  p a i r .  A n a l y s i s

shows that the i n t e r m e d i a t e  f r e q u e n c y  (IF) si g n a l  e m e r g e s on

the unbalanced side. T h e r e f o r e  a di p l e x er is r e q u i r e d  to sep-

ara te the LO from the IF s i g n a l .  The d i a g r a m  shows a d i p l e x e r

c o n s i s t i n g  o f  the series connection of a lowpas s and a h a n d p a s s

fil ter. Alternatively, a p a r a l l e l  c o n n e ct io n  o f  s u i t a b l e  f i l te r s

may b e used.

A t h r e e — w i r e  t r a n s m i s s i o n  l i n e , which extends to the r i g h t

of the d i o d e s  in Fi g u re 9 , s u p p o r t s  t h e b a l a n c e d  o r  e v e n  m o d e

as well as the u n b a l a n c e d  or odd mode. The d u a l — m o d e  t r a n s m i s s i o n

line section is characterized by the even— and odd--mode

i m p e d a n c e s , Z and Z .  I ts l e n g t h  in the even mode ,l , is

nomi .till y a q u a r t e r  w a v e l e n g t h  at m i d b a n d .  This line p r o v i d e s

a re turn path from the o u t e r  t e r m i n a l s  of the d i o d e s  to a common

t 
_________  ______ 
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g r o u n d  f o r  t h e  LU a n d  I F  s i g n a l .  I n  t he  u n b a l a n c e d  m o d e the

two outer conductors have the same potential. If designed

p r o p e r l y ,  Z
u 

eq uals Z / 2 , wh ich allows impedanc e matchin g

for the LO signal to the diod e junction. In the balanced mode

t h e  c e n t e r  c o n d u c t o r  o f  t h e  t h r e e — w i r e  l i n e  w i l l  n o t  c a r r y  a n y

current , and the line appears as a s h o r t — c i r c u i t e d  stub of

i m p e d a n ce 2 7
e a n d  l e n g t hl , t h a t  is  c o n n e c t e d  in parallel with

t h e  d i o d e s .  A h i g h c h a r a c t e r i s t i c  i m p e d a n c e  f o r  t h i s  s t u b  i s

d esirable in order to reduce any deteriorating effect on the

RF matching of the diodes. The capacitors C p e rm i t  dc biasing

o f  t h e  d i o d e s  t h r o u g h  t h e  t w o  r e s i s t o r s  R 1 . T h e  r e s i s t o r  R 2
is t h e  p r i n c i p a l  dc  l o a d  f o r  t h e  d i o d e s .  I t s  v a l u e  is chosen

to mi n i m i z e  n o i s e — f i g u r e  variations w i t h  chang ing LO power ,

as des c r i b e d  by Gerst.
7 

The difference in the bias current of

the two d i o d e s  is returned through resistor R
3 

and the

volta ge divider c o n s i s t i n g  of R
4 

a n d R
5
. Indiv i d u a l  adjustnent

of the diode currents p ermits optimizing the LO—to—RF isolation.

Usually the d i f f e r e n t i a l  bias current is small , and a la r ge

r es i s t or  v a l u e f o r  R
3 

can be used. Therefore a n e g l i g i b l e

a m o u n t  o f  I F  s i g n a l  i s  l o s t  in  R
3

.

So far , the physical p ro p e r ti es of  t h e b a l a n c e d  and  un b a l a n ced

l ines that can be used in the mixer have not been specified.

Waveg u ide and two—wire line are obvious candidates for the

balanced section , wh ereas a coaxial line or m i c r o st r i p  are

appropriate for the unbalanced line section. For a completely

p l a n a r  c i r c u it , slo tline and coplanar stri p l i n e we re f o u n d  to

b e the most convenient choices for the balanced and unbalanced

l i n e s , respec tively. The required transitions of the p rinted

lines to the main waveguide inputs are explained in more detail

- -4 - in the next section. A desirable feature of the p lanar con-

struction is that it allows the use of beam— lead Schottk y—barrier

diodes. Bea m—lead diodes can be bonded in an operation that
- . 

is much simpler than that required for the mounting and contacting

of chi p d iodes. Furthermore , the beam—lead devices can be

ma tched to the RF and LO ports over a wide bandwidth.

. • 
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2.0 DIODE SELECTION AND MAT Ch ING

T h e  p e r f o r m a n c e  o f  a n y  m ix e r , pa r t i c u l a r l y  of a broadband

millimeter—wave mixer , is very much dependent on the a v a i l a b i l i t y

of suitable diodes. Characteristics of modern Schottk y—barr ier

d iodes of Si and even more so of GaAs closely approach the

theore tical characteristics of the ideal exponential diode.

R e c e n t l y GaAs d iodes in beamlead form with a typ ical cut o ff
*

freq uency of 750 GHz have become commercially available.

Because their junction capacitance and series inductance are

both low they can be matched over full waveguide bands at fre-

quenc ies up to 60 CHz. Several top ics affecting conversion loss

and ma tching network design warrant a detailed discussion.

The conversion loss of a mixer can be partitioned into

four major components: (1) the conversion loss of the nonlinear

d evice itself , (2) losses in the series resistance R of the

d io d e , (3) mismatch losses at the RF and IF port , and  f i n a l l y

(4) circuit losses in the external matching networks. The

ex tremel y h i gh freq uency range and the wide band width of the

p r e s e n t m i x e r  d ic ta ted des i gn priorities that are quite

different from those that govern a narrowband desi gn. The need

for a good match at the RF port is the dominant factor. Based

on the known junction capacitance of the diode , an RF junction

resistance was selected that appeared to guarantee the

t realizability of a wideband matching network. Figure 10 (a)

shows an approximate equivalent circuit of the beam—lead diode

together with the few elements of the RF matching network . The

diode parameters indicated in Figure 10 were determined with

the exception of R , from RF impedance measurements on a previous

government contract under the direction of the author,

*
DC 1308 , AET Semiconductors , Lincoln , Eng land.
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For that p urpose two diodes were mounted In the first trial

mixer c i r c u i t , and slo t t e d — l i n e  measurements were made on the

RF input port for d i f f e r e n t  bias currents. This measurement

techni q ue yielded accurate diode data , beca use the diode em-

bedding was essentially the same as that used later in the

final mixer design. A separation of the true junction capaci-

tance , ~~~ f r o m  t he p a c k a g e  c a p a citan ce , C , was not possible.

T h e r e f o r e  o n l y the total diode c a p a c i t a n c e , CT, is sh own . The

capac itance C
m 

represents an ad d i t i o n a l  lumped capacitance ,

contributed primarily b y the gap across which the diode is

mounted. The junction capacitance c o n t r i b u t i o n , C~~. to C
T~

is dependent on the bias voltage. Therefore the diodes were

measured with a forward bias voltage of approximatel y 0 .4 V ,

wh i ch c o r r e s p o n ds  t o a t yp ic a l  o p e r a t i n g  b ias point for the

mixer.

The matching network consists essentiall y of  C , w hich

could be further increased over its measured value , a sh ort—

ci rcuited stub of impedance Z and length 1
e 

representing

the contribution of the hy brid junction to the RE network ,

and  t he  g e n e r a t or im p e d a n ce Z~~, wh ich is equal to half the

slot-line impedance. Approximate values for 7. were

de termined from measurements on scale models and on actual—

s i z e  mi x e r s . D e p e n d ing  on t h e d ime n s i o n s  of  t he  c op lanar

strip li ne near the diode junct ion , Z varies from 100 ohms to

125 ohms. Hence its effect on the RF matching is small if

is chosen close to a q u a r t c - r w a v e l e n g t h  at m i d h a n d .

Computer optimization techni ques were used to d e t e r m i n e -  optimum

v a l ues f o r  1 , C , and Z as a function of the- di ode RF
e m C

r e s i st a n c e , R E F . T y p ic a l l y , a max imum VSW R of 1 .1 : 1  over the-

f u l l  b a n d  was  c a l c u la t ed f o r  R gr 35oh m s a n d  = 29  oh ms ,

without augmenting C
m 

over its measured value. The impedance

of the RF slotline Is twice Z~~, or 56 oh ms , wh ich  re su l t s in

a gap width of less than 0.001 inch.
4 A f u r t he r r ed u c ti on

in  Z~, is no t poss ib l e , b e c a u s e  of an u n r e a l i s t i c a l l y  s ma l l

gap wid th.

O n c e  
~ R F has been de termined , the LO as w e l l  as I F

impedances and the various contributions to overall conversion

loss can now be calcula ted. The following c a l c u l a t i o n s  are

22
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based on Barb er ’s paper , In which  he introduces the p ’-lse d u t y

ratio (PDR) as a more meaningful paramet er to characterize

mixer operation than p e a k  l o c a l  o s c i l l a t o r  v o l t a g e .  T h e

pulse duty r a t i o  w a s  e s t i m a t e d  t o  be 2 0 %  f o r  the p r e s e n t  m i x e r .

The c onversion loss of the lossless diode with all idler fre-

quencies short—circuited , except for the image frequency, is then

3.9 dB. The series resistance of the diode causes losses on the

RE and 0.20 dB for the IF side. They are estimated as 0.65 dB

f or the RF and 0.20 dB for the IF side. Mismatch losses on

th e RE side should theoreticall y be bel ow 0.02 dB. Matching of

the LU and IF side is more d i f f i c u l t .  Here two diodes appear

in parallel , wh ich lowers the total IF impedance from about

50 ohms for one diode to 25 ohms for the two diodes in

parallel. This low IF impedance adds another 0.5 dB in mismatch

l o s s , if the mixer is connected to a 50—ohm IF load . Therefore

total theoretical conversion loss of the mixer , exclu sive of

c ircuit losses in the RE and IF matching and f i l t e r  networks ,

amounts to 5.3 dB .

For a PDR of 0.20 the junction resistance presented to the

LO signal i-~ 0 .75 R R F . or 25 ohms in the present a p p l i c a t i o n .

Bec ause two diodes are connected in parallel on the LU side ,

th e total real part of the LU impedance is 12.5 ohms . This

l ow i m p e d a n c e i s d i f f i cu l t t o m at ch i n t o a c o p l a n a r  s t r i pl ine.

The lowest impedance for CPS that can be convenientl y
S

realized on a lO—mi l sapp hire subs trate , i s 25 Qhm s. However ,

because such a low CPS impedance w o u l d  h a v e  l o w e r e d  the cutoff

frequ ency of the slotline mode in the CPS channel too much , an

imp edance of 35 ohms had to be chosen. Hence a VSWR of

a p p r o x i m a t e l y  3 : 1  mu s t be a c c e p t ed i f no f u r t he r ma t ch i ng is

pr ovided. Such a VSWR is acceptable on the LO side , f o r  i t

means less than 1.25 dB in mismatch loss. This approach was

selec ted for the final mixer. A CPS taper then transforms the

35 ohms at the diodes into 80 ohms at the LO—to—waveguide transi-

tion. A possible matching network for the LO side that does

no t require CPS sections with impedances below 35 ohms is shown

in Figure 10 (b). In this m a tching network , the impedance mism atch

be tween the diodes and the 35—ohm CPS s e c t i o n  Is partially com-

pensa ted by a half-wave section of a hi gh characteristic Imped-

ance that is spaced a qu a rter w avelength from the diodes.

2 3
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The theoretical VSWR for an optimized network with thi s topology

is 1.5:1.
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