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Varactor -Tuned Helical Resonators at UHF

I. I~~TROl)I CTIO~

The Join t Tactical  Information Distribution System (JTII)S ) requires hig h-Q
tunable  f i l ters  for the uhf frequency range . The f i l ters  must  he able tn  narrow the
f r o n t - e n d  b a n d w i d t h  of fast - tuning receivers t o m a t c h t h e  in s t an t an eous  s igna l  band-

w i d t h s  as c lose ly  as possible . For a s ignal  of bandwid th  b that is swi tched  w i t h i n  a
f requency  ran~ e la rger  than  b . the  res i s tance  to in terference is improved if the

receiver  of bandwidth  b ran fol low the s w i t c h i n g  pat tern and the i n t e r f e r i n g  source

cannot .
St r i p line and he l ica l  resonators bot h provide low-cost com pact fi l ters for  the

uhf range but hel ical  resonator s have a h igher  unloaded quali ty fac tor  9 .  A ll

wa re fi l ters  in the work reported here are ha l fwave  helical s t ructures  tuned  at the

voltage maximum (center  of the he l ix ) . The halfwa v e experimental design was
selected because it al lows a simple separation of input and output coupling circuits .
If size is of pa ramount  impo rtance, a quarterwave resonator (‘an be used .

To accompl ish  f requency  changes within several microseconds while  maintain-

m w a hi gh 9 almost dictates the use of iiemieonductor t u n i n g  elements.  Karp  and

}levnick 1 used m u l t i p l e  b i n a r y  diode -swi tch ing  of t un ing  capacitors. Thei r  approach

allows handl ing  hi gher power but is more complex tha n the  straig ht forward tuning
wi th  a capacitance diode that  we investigated.
(Recei ved for publication 18 ~1ay 1976)

1. Karp, A ., and Fleynick , 1,. N . ( 1975) U HF E lectronicall y Tunable High-Power
Fil ter .  RAI) C -TR-7 5 -220 I Final Tech. R pt , September 1975].
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Tuning varactors  are u n i t e d  both as to t ,~ and m a x i m u m  -iI -rf l  i n i m u r n  capaci-

tance . The widest  t u n i n g  range  is obta ined i”hen the  t r c i i i t  connected  to the  v ar -

actor has a h igh  I .  ( r a t i o . :\ lthough di~ t r i h u t e d  l i r c u i t s  such as F l i c a l  r e sona tors

hav e  hi g h t~~. hey have low L/ t  ra t ios ;  l u m p e d  inductors  have I a i r  .t  ; i \  capaci-

t anc e  and a f fo rd  wide r  t u n i n g  hut  t h e i r  m i s  not approach  cit I f  ~ I r e s on a —
tors .

To anal yze the v a r act n r -t u ne i h e l i c a l  r c s O i t a t n r , a Iun ~~,i- i parallel  - resonant
c i r cu i t  is  used a’~ a s i m p le equ iva len t  model.  This model  mod ’ s  ‘ ( I t  take into account
a ny  changes that v a ry i n g  capaci t ive  loads cause in the f ie ld  c o n f i g u r a t i on  a long  the

dis t r ibuted  s t r u c t u re . The f i e l d  co n f i gu r a t i o n  a f fec t s  t h e  i n p u t  and ait  nup l i ng
c i r c u i t s . lYe ha v e to  a c e r t a i n  .~ :tent ex p er i m e n t a l ly  invest c ; l t f H  t he  e f fec t s  of
c llt iDlit i~ Z in ~~es hc t u n i n g  t h e  resonator  w i th  a r~~ — l o s s  va r i ab le  l apa( ’i tnr . This
ha s al l o we  I us t o  i t  l f ’a s t  r i a l i t a t i v e i v  assess the e f fe c t s  of coup l ing  u i a n ~~es H a t

are sunerposed on t h e  effects  r e s i i I t ~ nc f rom the nonideal c h a r a l t f r I s t i r s  of the
va ra ct or- ’  In i n g  element .

2. ~I LI . RI, SO~~A\ T  CIRCUIT

Ass ume that  the  antenna represents a generator wi th  impedance Z . and that
th e r ece iver  front end represents a matched load Z to the antenna . The problem is
to insert a passive f i l te r  between the antenna and the receiver ; the  insert ion loss
m ust be held to a min imum because of the given constant receiver gain and the re-
ductio n in s ignal-to-noise ratio .

A low inse rt i on loss requires a t ight  coupling between generator , f i l ter , and

load , wh ich is in direct contrast to the requirement  for a narrow ban dwidth. Tight
coupling with  the resonant circuit  will  lead to an intolerable reduction in circuit  9.
The t radeoff between these two requirements and the inherent ef fec t  of nonideal
va ractor- loading is considered in Sections 2. 2 and 2 . 3.

2.1 Parallel Versus Seri...re.onant Filter

Either a parallel-  or a series -resonant circuit can be inserted between the gen-
erator an~ th e load. Fi gure 1 shows (a) a parallel-resonant circui t  with inductance
L0. capacitance Ci,, and resistance R~ ; and (b) a series-resonant circuit with
parameters L5, C5, and R .  The following assumptions are made . Generator and
load impedances Z are identical in both cases; both circuits have the same unloaded
quali ty factor the same resonance frequency CL’ , and the same loaded quality
factor 9L By def ini t ion ,

— w11) ) . (I)
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a i th  
~~~ 

the half power f requency  below resonance. In the  pa ra l le l - r e sonance  c~~~e

t h i s f r e q u e n cy  5 c h a r a c t e r i z e d  h

1/ ~~1l l •  — ~‘ I 2 / Z  h R .  (2 )

R4C P+~~~~ 
~~~~~~Zt°

J
(~ )

Figur e 1. Parallel- and Series -resonant Fil ter  Circuits

Wi th  the resonance  condition ~
2 L C  I , and the unloaded = R ’ ~j C . it is

found that

K Z  2 R . 
(3)

p

where

,,) Q
H u 

~~~~~~~~

“ II

At  resonance the i m a g i n a ry  components cancel out . For the parallel  f i l t e r  the

insert ion loss is then def ined as

1) 20 log [Z i ( 2  R~~
) 11 . ( 4 )

Substituting Eq. (31 into Eq. (4) y ields

D 20 log ( !I K d ’h )  . (5)

For the series-resonant fil ter (Figure 1(b)] we find that the equation equivalent

to E q. (2 )  is

l I ( ~~1C 5 ) - ~~~~~ 2 Z  R 5 . 
(6)

7
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The resonance condition 2 i~~~. = I and the unloaded 9 = l(u ~( ’ R )  lead to

R K 2 7 , (7)
S

with  K the sante  as in Eq. (3) .

The imaginary  components cancel out at resonance and the insertion loss for
the series f i l te r  is then

D 20 log [R 5 / ( 2 Z )  4 1] . (8)

Subst i tu t in g Eq. (7) into Eq. (8) leads to a result equal to Eq. (5) . Under the ori-
ginal assumption of identical ~ t , and Q~ , K in the series configuration Is the
same as in the parallel configuration , and he nce the insertion loss D is also the
sam e. Since the two circuits are equivalent under the given conditions , onl y t he
pa rallel f i l ter  will  be considered from now on.

- 2.2 Tradeoff of Coupling Los. Veraua Loaded-Q

For an acceptable bandwidth to be realized , generator and load im peda n ces Z
of app roximatel y 50Q ca nnot be connected with typical uhf resonant circuits as
simpl y as indicated in Figure fla) . The LI C  ratio of practical devices is such that
some fo rm of impedance transformation is required between generator , fil t er , and
load .

Consider l igure 2 (a) in which  ge nerator and load are connected acros s a frac-
tion t of the inductance L. The equivalent of this arrangement is presented in Fig-
ure 2(b ) , whe re generator and load impedances hav e been transformed by the quan-

2t ity t

Z Z/t 1

J~
]
~ ~~~TP~ Rp~~Cp~~~ ~ Z/t 1

(b)

Figure 2. Pa rallel -resonant Filter With Load
T ra n sformation



To l t l v c - t c . i t I  t h e  effect  f v a r y i n g  degrees of coup l in i ~ on i n s e r t i o n  loss and
loaded q u a l i t y  factor  we substitut e

1) 20 log~ 7 R 2 r 2 R i  . 1 1 , ( 9 )

for ~. 4~. T: ie  unloaded q u a l i t y  fac tor  9 for F igure  2 ( h )  is proportional to
t t p l o i i e I q u a l i t y  factor is proportional to 1/ ( 2 t 2 / Z  i- l / R ~~). The ra t io of the
two i s

1 / ( 2 , 2 R I Z ~ 1) . ( 1 0 )

The insertio n loss P and the ratio 
~~L ’~~U are plotted in Figure 3, with R~ f Z  as a

parameter . For examp les , the  P100 curve represents the inse r t ion  loss at
11 /7 .  - 100; the Ql0  curve represents the 9 ratio at R~~IZ - 10.

I ________________ 0

D 050
0 00

0 .8

L~J

__i L 6  IS Lfl
Lfl

=
-S.-

w
5 0 Lfl

=i 0 . 2 20

log

‘Pigg -

o o . i  5.2 0.3 LLI

TRRN SF DRMA T~ DN FACTOR I
FIgure 3. Dependence of Loaded Q and Insertion Loss on Coupling
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1 is ~~‘ ‘ : 1  f i oi t l i *  cr ; pll l / t  ia rs  if 1 , , _ : ( 1 ) 10 , QI0;  P1 00 , ~~L t 0 ;

1) 1000. ( ,t l 0 0 0 /  r ’ ~ i i , i lar .  As 11 / 7  i n c r e a — o s . t i c  ,r a n sfor , a t i ii  i t c F  it hich

a s i t  t H e  ( ‘  ; i t c r  of 
~~1 ~~ a n l  P is ‘ i  ( / d I l d d  c i  c~~ ‘i n a l H  r . \ c c , b r

- t i ~ ,n ie . thi r cc ~~s I \  i i  i nt l  of th e  1) m l  (. . ‘ i —  i t  - n e  i f i c R / / .  : a luc~~. i t . —
p

t i r i n g  now to I .  1) 10 i / I  ‘/ 10 I i i r v f — , / t  j S easy  t ‘ — i  ‘h i  r i / i  ‘ i t  i t ’ .

l i i  loss  and i j u a h t v _ t t c  l ec ra l a t i o t i . .A s — u .e 5 dl~ ‘~~~! . . t o l t c: .c h l c  i n s e r t i o n

lo~~-~. r\ i i l :  t i o r t  ii (,) t i  U , 44 of  I i i  n o  Ic I va lue  is t h e  I I ’ i ni fl .

v c i ~~ c , if  a 1/  c d i i  t j i m n  to 80 c C i t t  of t h e  er i~~i , i i l ‘. : I h’ i f  i s  p# ’c i s S i h l i . ii l n ~~e c —

t i n r  1o~is c f 14 lIt  r e su l ts , If the c i  h e t  ‘ ij t ’ut and l i S t  f ~ure  ci t o  he a i m  I i j

as t t  I t  is poss ible , t he i t h ia li l 11/ f t h e  h u t  m t  he ; E i v  b i t c h . T h e  inpu t  and

‘ ‘ j ’ : ; i i  i i , u t — l n a r l i n g  ‘ hi , r e fi n e s  t h e  f i l t e r  f /  to in  i e 1t a h l e  l e v e l .

~ 1 a rj m ts,r — iii ..cml I’ara lleI—u’. ~ i m i t t  I

For , i ’ c — m —  of t h i s  vi s t c  c t / t i . it is  ~u f f i e i en t  to i m u r e s e n t  ~ ci n ’. a v e

v i c a c t  or hv a var i c h l c  c apac i tor  of i m m / U r n  capa at a 1 

~~ 
i i s ~ :i ui capaci tance

~ .~~ , and a c — m s  loss c~~~i~~ t~ i n e  H . A u o l i t i  • h i i I a l m f l t  j c ti 1 t ep r e s e n t a —
0 1 (I

t i o n  f th e  b o a  m b  he l ical  f i l t e r  tuned  by a v ar a c tor  is shown in  I i t r e  4 ( a ) . .r ( c c c  I

R 5
, and C cc the p a ram e t e r s  of the r e s o n i i t u i .  t h e  quan t tv Z / i  2 t /  is the com-

bi ned t i , t t ~ f o r t t F ’ l  generator  and load i r n p e i L nce. ( p c i t i ’ i  2 is ss ’. r m ’ h  to he

a lossless coup l ing  device between the resona tor  and  the va racto r .  ( i i  ab t h e

i it h eren t  l im i t a t ions  of v ar a c t o r - t u n i n g  it micro a /v .  f r e q u e n c i e s  is the  l i m i t e d

v r ac tor  Q. A valid t e c h n i q u e  for improving  var a cto r Q is to connect a lossless

c.~p ac i t o r  in ser i e s , but t the  pr’na ltv  of a reduct ion in t u n i n g  i nge .

ci
iLi~

2~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

[•‘ I ~~ Fi gure 4. \‘araetor- tu ned

I ~ J_ Pa ra l l e l—resonan t  ( i r ui t
,b~ L ~~~~ C 

I ~~ C
31 

R1 R 1

(~~. 
LE~~

C

~~~~~~
I 

C
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The inductance 1. i s  dimens ione l to  resonate wi th  C , the min imum varaetor1 o
capac i t ance . \ I u l t i p l i c a t i on  of L 1 by a fac tor  B ~ 1 all ows for par t ia l  compensation
of C 0 a o l  -i i i  In crease  of th e  resonance frequency of the varar tor- loar lec i  resonator
t v . a r c j  i t s  unloaded resonance f r e q u e n cy .  The losses in L 1 are represented by t he
para l l e l  r es is tor  R 1.

1 hi- i n i t i a l  s tep i n  e v l h c i 3 t i n c  c i t e  r esonant  ne twork  t s  t aken  by conver t ing  th e
ai - i -t cr series e l emen t s  U 0 and to pa r allel element s. It is necessa ry to define

~eve ra l other parameters at this  point . These are:

~ resonance  f r equency  m f unloaded f i l t e r
re sonance  freq u e n - v  at m ax i m u ni  capacitive load

I r c s o : l a n e frequency at l i / i n i m u m  capacitive loa d
Q q ua l i ty  t a - t a r  of unloa ded f i l t e r

ma l i t  ‘- - factor  at m a x i m u m  capacitive load

~~l ~iua l i ty  S tar  at min imum capacitive load
Q , q u a l i ty  factor  of c ompensation coil .

From

- - 

R - _ _ _  
1

o ~ C I

2

it fo l lows t h a t
) a )

I R ~ 
-

0 1 i
.J -~- El ~~0 1 0

a o l

c 0 ( 12 )
1 -‘ -, -,

I -

The inductance tha t  resonates with  C 3 at is

I~~~ij  (~~~t . ( 1 3 )

The l o s — ” s  in 1 ire represented by

- ‘i_
I 

I . ( 1 4 )

11
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If  I I is multiplied by a factor B then B 1 is also multiplied by B, assuming that Q2
is constant .

The parallel resistance of the unloaded resonator is

R 5 
r QI(w 1C) . (1 5)

The conversion of the complete loading network consisting of C2, C3, R 1, R 2, L 1 in
Figure 4(b) into a parallel combination of C4 and R 4 ~F 1gure 4 ( c) J follows from

k~~ 

1 C4~~~~~IC2 
+ 

J W 1C3 + ~ 
~ 

_____ 

. ( 16)

Equation ( 16) resolves to

N No 2
+ N 2)

and
2 2N 1 ~ N 2
N N  • (18)

o l

wit h

N a’1C 2 ~(a’ 1C3 - 
1

)
2 

~ # w 1 L 1Q2
> )

N
1 ~~~~~~ +

N 2 -(a’ + a’ 1C3 - 

~, ~ 
)(w 1C 3 - 

~~~~~~ 
-- 

a’

Note tha t a’ ,,  an unknown , can now be determined from the resonance condition

L(C + C4
) 1 (19)

and Eq. ( 17) .

12
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T h e  loaded Q 1 at 
~ I 

is  found front

I 
— “ 111 ) 1

where  
~ 

is the ha l f power f requency  below resonance at which  t h e  i m a g i n a ry  and

the real adr i t tances  are  equal. Thus ,

l / (
~

t IH
L)  - 4’ 111

(C U 4
) ‘ h R 4 - 1/11

5 
2 t 2 / Z  . (20 )

Quant i t i es  ~ , and Q are h e te rm in e d  in exact ly the same way except that  (~~~ U 1
are s u b s t i t u t e d  for  ( ;  is not recomputed in t h i s  case since it was previously

selected to resonate wi th  U 0 at 
~~
‘ I and is now a fixed component d u r i n g  the  c a p a c i t i v e

tuning .  T h e  assumpt ion  is made  that  Q and Q2 are constant parameters  over the

cu ning range of the  f i l ter . Consequently, R 1 and 115 
are proportional to the  fre-

quencv . The f i l t e r  is opt imized by varying  the combinat ions of t , C 7, and

Four  exper imental  resonators were  buil t  and their parameters 
~~

‘ , Q, and U

measured . These are described in Section 3.

3. HEIJE-tI. KI.SO~ %TO K I)I-SK.\

hem ient pir ical  directions for des igning coaxial resonators incorporating heli -

cal inner conductors have been given by Macalpine and Schildknecht.  2 An idea of

the size of the he l ica l  resonator lor t yp ical values of unloaded Q and resonance fre-

que ncy can be had from our Figure 5 , Macalpine and Schildknecht bound that Un-

loaded Q is best when  the rat io of the  cotl to the inside diameter  of the shield is

about 0. 55 . Based on th i s infor m ation and the necessity of a compact design , we

made th e sh i e ld  of silver-p lated brass tubing 2 in . long, wi t h an ins id e  diametet - of

1.0625 in. The di amete r of the coil , made of 16-ga. was 0. 5625 i n. To m i n i m i z e

losses in t he coil , several wires were wound in parallel for the higher frequencies ,

when the  pitch resul t ing from fewer turns  over the lengt h of the shield was large

enoug h t o m ake th i s feasible.

The parameters nieasured on the experimental  resonators are listed in Table 1.

The resonators , which are numbered I throug h 4 according to their coil structure

have ide ntical shields . To - h e t e r i i ~lne the unloaded Q (actually the Q obtained with

t he minimum load necessary for a reliable reading In the measurement setup) the

resonator was inserted with low coupling between the generator and bad.

2. M a c a l p i n e , W. W . • and Sch ildknecht . R.O,  (1959) Coa xial resonators with
helical  i nner conductor . Pr oc. IRE 47 (No . l2) :20 99-2  105.
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I / i ‘ 5. 1 nlri a ic - h  Q of lIe t ical Re sonators

Table I . Parar i ie te r s  of 1~~p er imen ta l  Helical  Resonators

Fi l te r  U n i t  \o . 1 2 3 4

\u i~~hi- i- ‘u Turns  12 8 4 2

Pa ra l l e l  \~ j i e s  1 3 5 5

~ ‘2~ t u t u ) 3 1  487 t i c  1420

h a c i  Q 754 1 107 H ’ 2  1206

‘ - c t  I t i P i  1. 03 1. 26 1. 02 0. 58

The c c t u i u  c I t - u t  C eat e from it i - a su r e n u e n t s  c f  the  change ~ i n resonance fre—

~u e c t C, i e n t h ~ center  of the  hal fwave resonator was being loaded wi th  capac i tance

- 
( I -  iL’tire 6 . \ i~ t m -  t ha t  C~ /2  i h e t u n e s  each quarterwave section of the resonator .

: m ~~~- l t u ’ ~~ in

— P ~, ( 2 1)
2 1 - 2

C apacitance ( is the one used in Eq. ( 15) .

The measured unloaded Q is in good agreement with  FIgure 5 for units I and 2.

I nl t~ 3 and 4 have values lower than predicted but the y lie outside the upper fre-

quencv b o u n d a r y  suir&re sted in the graph as suitable for helic al resonators.
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The C’ curve was measured  wi th  a Tektronix  Type 130 LC-rneter.  If the useful
diode- tuning range is assumed to extend f ront  I to 25V , then 2C’~ 0. 60 pF and
Q3 12000 (at 50 ? d i H z l . Whi te  the capacitance increases by 2C I = 0.86 pF , the

q u a l i t y  fac tor  redu ces by Q4 10200 (at 50 M Hz ) . Each quarterwave section of the
resonator is tuned by C or C U . o ther  silicon varactor diodes that  were avail-

() o l
able had hi g her breakdown voltages and therefor e larger  ratios of m a x i m u m - t o -
minim um capacitance . This was accompanied by a lower Q and hence not desirable .

5. FILTER oI1’IMiZATJON BASH) O~ MEASURED
( 111( 111 ’ P-~R~~MFTERS

\ program (Table 2) was writ ten for the HP9 830A/f ~866A Calc ulator / Printer to
evaluate  the resonant  coupling network of Fi gure 4 , and to optimize bandwidt h and

inser t ion loss for the available resonator and varactor parameters. The program

is executed as fo l lows . Af te r  defining the input parameters, an i terat ion is per-

form ed to f ind the resonance frequency f~ when the resonator is loaded with varac-

tor capacitance 
~~~~~

. The search starts at the orig inal resonance frequency f of the

f i l t e r  an t i  cont inues  toward  the lower f requenc ie s . Af te r  establ ishing f 1. the itera-

t i - ,-e search is repeated to f ind the  half power frequency. The start ing point is fre-

quency f 1 th i s  t i m e . Wi th  resonance and ha lf power f requencies  known . Q 1 and D 1
are d e t e r m i n e - I . Next is rep laced by C0~- C 1 

and Q3 b Q~-Q4. The two itera-

tions are repeated to obtain f . Q0, and D0. The results  are presented in tabular

forr i . Al though  the  number of parameter combinat ions is l imi ted , it is possible to

recognize trends and obtain near -optimum solut ions .
In Table 3 , fi l ter No . I is investi gated . The f i rs t  12 lines show the results  of

us ing a very  low coupling (T=0 . 001) to obtain the varactor-tuned reaonator parani-
eters essent ia l ly unaffected by an exter nal load . The weak coupling y ields insertion
losses and D 1 rang ing  between 37 ,0 dB and 48. 5 dB. This  group of 12 cases con-

s is ts  of 4 subgroups of 3. based on capacitors 
~~2 

= 99pF . lpF , and 0. SpF . A capa-

citor C 4 ~ / p F  in series with C~~~C 1 0. 73pF leaves the varactor tun ing  perform-

ance a lmos t  unaffected . The other two values for C 2 have a marked  effect  on both

the tuning range and the quality fac t or of the ci r cuit . Va lues B ‘ 1~~ . 1, and 2 were
tested as m ultipliers for the tuning inductance L 1. A gain B ~ ° represents the
case where is  too large to have a substantial effect on the f i l t e r . For B - 1.
resonance occurs between and C0 at f 1. A quality factor Q2 = 200 for l~~ was
used throughout  except in lines 10 to 12 . where Q2 Qwas  assu med . This is not
a realistic assumption since lumped Inductors of this qual i ty  cannot be rea lized .
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Table 2. Program Determ in in g Filter Tuni n g Ran ge, Loaded Q,
and Insertion Loss

*0 PEN VAFACI OR TUN ING W I T H  L COIIPEH’3A1108 AND SERIES C
20 H~ l
30 C~ I . 0 ? ~ 1 O t ( — l 2 )
40 - CO~ tL 3.t 0 I ( — t 2 >
!.I3 C1~ ’).4 - i O t ( — I 2 >
s.O C2”~~-’ ICi ’ ’ :—I2 >
70 F~~ .3 9 . t 0 t 9
80 C!~~’54
~0 02~~ 00
100 03 ’l2000
110 C 4 a l 0 ~ P30
120 Z~ 5O
130 T~ ’).00 l
140 W.2 .PI*F
*50 L=1- ’~W’2*C)
j.s~
17i I JsO
1 80 Wl ~~*
I~~0 n~~l200 8~ 99
210 X0~~220 hl ’O
2X~ IF J~0 THEN 250
240 tI~ 4
2~ IJ k’3~’ t  o I:i~ -.p I , 1or ~j .c~~)
‘).cL) P ’ s c t 4 l 4 j P 2,P0t f(V? )) ’O H11”~*PO5C9t2)
~ 7O C 3~ Cu- ‘ 1,w1P2—c0 ,2 .C0t 2 )
280 IF J~~l TH E N 310
290 IF I I  THE N 310
300 L1~ EI - W 1 ? 2 * C 3 )
flO Y~~~I’ ~~~2 +1 - - M2- l II .L 1,

320 D su l• c : . ’ : c W l . 0 3 — I , - t u l , L I I ) - t 2+K t 2)
330 I l l — I l l  — ‘ : 2 — I
340 N2~ — P ’ 2—-Wl .C�+Pi 1’C 3—1 ’t IJ i* L1 ) ) * (W1 4 C3— 1/ (Wl . L 1) )
350 C 4.—l12 - t t , . W 1 . ’ I I 1 ? 2 + I ( 2 t 2 , ,
360 R4~~ l I 1 T 24 l l2 t2 i ”c D *N1 )
370 R~ — O • W 1 4 C)
390 G a 1~~F ’4.1~~R 5.2.T t2/ Z
390 X~~1 — W t ? 2.L * C ,C 4)
40Q IF J~ 0 THE1J 420
41’) 1- ~ ’~~~1 - +‘,4 i—

~~~/ (Hi L)
43) bi ~~’i-’- 1
430 IF  ~E~~ : - 1c3t - lO~ THEn ¶0~J 40 !F :- ;  T I-lEN 47Cc
45sj I F - - - ‘~‘ TH E N 470
4-.)
4 ’(i
4~~

’i
4~ U Cc)T ’) 260
50i) D’ 1~~1 THEN 6 * 0
SR IF J.1 THEII  550
‘.. ‘) F t st 4 l : - 2 . P I )
f.;’:’ .1—i
54. )  ~~~~ 190
5SO
5. ,, 

~‘~~ :(.LG T ’ Z / 2~-Ti ’ 2.G)
s: ’o 1 = 1
5 3,~S i: :’=cs .c
5 t~ 5 c I ~~ :

P ~~~~ ; u i  C- V0
o - I -  I F  J~ , 1~4 EPI ‘550

-
~~ Fu ~~I I I  ‘ ‘ 2 — F l

~~~

-“  .1.1
64 .’ :oro *90
~; :-  - ‘~ .Fc~ s 2 - F 0 — W t  ( 2 - P l c ) )
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Table 2 . Program Determining Filter Tuning Ran ge . Loa ded Q,
and Insertion Loss (Cont )

~~ •~~‘‘ ~~~~~~~~~~~~~~~~~~~~~i i  12

~ H~( TH E N ~~-0
~~ I I l T  — F’iIs ’r F ~- ;

~i ’’ ‘-F h F !  ( - F E  - c — I  1 ( i .  F E  -
~~ - ‘ ‘ 3 — C l  i — I - I i C l ’ F F ) a ( I . ) ’ l

Fi-
‘ - t 

~~ l ) It ‘:2 ‘72 1 FO (0 10 Fl 01
74” F~ l i l T  - - FF (h IP {  - - liE
‘ 5cj E~~~1 iAT  2F~~. 1 , I F 1 .c - . l F ~~.~~. 2 r . (. . j F . . :. : 1. . c J . l F ’ . h

I :  ~~~ : i s .~~ -~’ - c ~~.i I . L - , i - : - T , r U  ) ~~~~~~~~~~ I 2- . i - I , t i l
7~’u E n D

Table 3. Performance Parameters of Filter I
(Si varactor )

F(MHZ . 339 Ga 754 ~3’. 12000 ~4a 10200
C(PF)~ 1.03 C 0 ( P F c a  i .  3 C~~ PF~~ 0, 4 3

C2 0 Q~ T P0 ao DO F l  ~1 Dl
(PF) (MHZ) (~~~

) (MHZ ) 1 118)
I 9? .0  99.0 20’) 0.0’) i 2t ;0 504 4 3 . 1  299 858 37.2
2 1.0 99.0 200 0.00 * 26-i 670 3 9 . 8  C0 7 349 37. 1
3 0.5 99.0 200 0.013 1 29? 741 33 .5 3 12 3~ 8 37.0
4 99 u 0 ~ ‘-“ II  l~~~I -~~~~ ~~7 48 5 ~ 4 ~ 44 2
5 1 .0  .0 200 0. ’.tOI  20 399 45.0 3:9 435 44 .2
‘5 0.5 .0 201) 0 . 0 0 1  ~o-:~ ~ -~4 42.~ 339 435 44 .2
7 99.0 2 .0  2130 0. ” OI 2~ 6 3 :3 4 45,9 3 1 7  530 4 1 . 1
3 i .ø 2.0 200 0.001 292 532 42.0 3 19  615 40 .3
9 0.5 ~.A 2013 0. 1701 302  ~~2-? 40 . 1  221 642 29.8

10 99.0 . 754 0. ” )l  295 41 1  45.9 33 9 682 40 .3
*1 1 .0  . 754 0.C ’° l  303 5130 4 3 . 1  33-9 682 4 0 . 3
12 0.5 . 754 0 . c O l  3ii ) 574 4 1 . 2  339 632 40.3
*3 ~9.0 9~ . 20’) o.o~:’s 260 431 16.5 299 645 1 1 . 9
14 99 .0 99.0 2c7 ’~i 0.0!’) 2~ 0 297 7.6 29~ 364 4, 7
15 99.0 99.0 2’)’) 0 . 0213 2613 133 2.6 293 173 1 .4
16 99.0 ~~ .0 200 0.030 260 69 1 . 3  299 64 0.7
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H. ,n e t t - e i I i d ~- n - c - . loaded quaL i t y  f ,, c - t n i - , a n t i  c is i ~r t iOn toss at n ax t i n n l  :1 i ,r

i- n i  c i i  I - i u c i  - ci~ c~~c t i  C t u n i n g  a i-e  l i s t ed  in c o l u n -n s  5 t h r o ugh  10 . W h e n  tb.  varactoi -

- h r  C c  t t v  connected to th e  resonator ( l i n e  1) , a 39 - ‘d}Iz t u n i n g  range resu 1t -~. 11 4 -

~~~~~~ that of th e  unloaded resonator because  of a h igh  var ic i  tor Q- at
2 c  ~IUz . -\t t h e  low end of t h e  t u n i n g  ran~ e , Fio -A - e - \- er , t h e  v a r a , - t c i r  ile -r , -ases  th e

c i rcui t  q u a l i ty  factor to ~~ - 504 . Predictably , a series capacitor 
~~2 - lpF nar-

ro~ ~ the t u n i n ~ range to 21 MHz , and 
~ 2 = 0. 5pF leads to a t u n i n g  range of 13 i~lU z ,

t 11- , - i i t  ç> is only  somewhat increased at the high end but is substantial ly increased

:c ~~~ low e n - i  of I hi t un ing  ran ge in these cases  - The Q in I p r c cv . c ecu f r o n ,  l ine  1

to . . -  3 is about 50 percen t . In l ines 4 , 5 , and 6 , C 0 is compensated for by L 1.
an ’) ~o t h e  upper end nf the t un ing  range is at the resonance f requency of the un-
Ina leti f i l t e r .  Tur ~in ~ ranges of 44 , 36 . and 30 M Hz are found together wi th  a sub-

s t an t i a l  reduction in Q.
Two changes  were made to lessen the Q-reduction problem when adding a t u n i n g

i r - I t u -t a n ce . In lines 7 , 8, and t-’ the inductance is seen to he increased to twice the
value required for resonance  at f 1. It appears that I. 

~~
, othe r than  shif t in g the  tuning

r an ge , does not improve the qualit y factor —tuning range combination . The 1”-MH i

ra ’i ,~e at (,I~ 
= 62° ant -I 642 in l ine  9 compares favorabl w i t h i n  the  l3-~ lHz range

at Q = 7 4 1  anti C,’ 838 in line 3 . Y e t  the results in t ine . are in fe r io r  to those in
(~1 1

l ine  1 , t he  ori~~in al confi gura t ion .  It is somewhat amazing to note that using a t u n t r i i ~
i r i - I t i - -t anc e  of the same high Q as the basic f i l ter  ( l ines 10. 11, 12) does not improve

the Q and ( )~ to app roximat e ly  their ori ginal val ues. In lines 13 throu gh 16 . the

parameters  are ide ntical wi th  those in line I except for an increase in coup ling t.
The res ults c-rake it clear that an acceptable filter quality fac tor cannot he real ized
witho ut a s ignif icant  insertion loss .

The other three f i l ters  were investigated like the first one . Parameters f , Q.
and ( ‘ for f i l ter  No. 2 are listed in Table 4 . The direct tuning of the varact-ir
( l ine  1) y ields a range of 50 ~‘1!z at Q 1 - 112 6 and Q ‘ 465. The decrea sing varac-

tor qualit y beg ins to show in this f i l ter .  There is st il l  a small Q1 un pro~’er-~.-  it at

the upper end of the tuning range , but there is definitel y a red uction to k-s than

the original resonator value. On the othe r hand the Q increase with reduced C 2 is

quite obv ious . Tuning ranges of 26 and 17 lt? Hz are obtained for C2 1 and 0. 5pF .
res pectively, ~n the tatter c-ase , Q closely ap proaches the origin al Q. In the rest

of t he cases th e results are qual it ati vel y similar to those obtained with filter No. 1 .
If soc-c e re du ction in tuning ran ge is acceptab le , line 8 offers an interestin g solution :

a tunin g ran ge of 37 M Hz combined with Q values hig her tha n 500. If a lower-loss

t i i ~~ir i g  coil is used , the Q values are improved by up to 100 or more (line 12) . A

ti .~hter coupling to the resonator in lInes 13 to 16 leads to tradeoffs in Q versus D

sir ila r to those found in Table 3.
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Table 4 . Performance Parameters of Filter 2
(Si varactor )

F ( M H Z )  487 ~ s 1107 ~~~~~ 12C”~’) ~~~ 10200
C ( F F ’~ 1.2 6 C0.- PF~~~~ 0 ,~~ C l  F 1 3  13 . 43

C2 3- Q,~ I F’) ~0 DO Fl ~,I Dl
(PF) (MH Z ) ‘ I’S) - NH ) (D8)

I 99 .6 99.0 20’) 0 .001 3~ $ 4~ 5 42 .3  4: -3 1 126 39.6
2 1.0 9-~.0 2~1U ‘),~~) :, j  422 ~~0 47.7 442 1152 39.2
3 0 5 0 Ii u c  , uq  I ~ 41 ~ 4~~~~ 11 1 ~ 8
4 9 9 . 0  1. 0  . i - - 0  1c . Ccic i 4 -31 305 ¶ 2 . 9  4 :~7 5?. -’ 4t .~~
5 1 . 0  1 . 0  7’1’0 0 0”l 442 42 ’~ 4~..U 4~~7 5;:~ 4._ ,~
6 0.5 1.0 2013 ~i.0~’1 4513 ~~~~~ ~~~~~ .:- ~~ 53- 4 4.~.9
7 99.0 3,0 7~ i~1 0. , , t c l  4C’9i 3’13 50.7 460 733 43.7
0 1.0 .0 200 0.~”i 1 4~ ’) 572 46. ’) 4 64  7~~4 42 .8
9 0.5 1~~O 300 ,l . , l c t l  443 734 4 3 .4  4C ~~ 345 4~~• j

10 99.1) 1.13  1107 0 .00 1 4 31  40 1 ‘30.5 4-3 7 ~3 42 . 1
11 1.’) 1.0 11:1 7 0 . 1)0 1 44 3 531 4 7 . 1  4:~7 9~~ 42 . 1
12 0.5 1.13 11’17 0 . ( - .:’l 4 5’) (53 44 . 7  4 5 7  93 42 . 1
13 ~~ 13 1 fl 2 ’ ”  (I i i 5  4 _ .-1 1 4 MO ’) 1 ‘S
14 °~ I) 34 • 1) ‘‘1” 11 1 4 553 5 8
15 99.0 ~9.0 20:’ 1 3 .7 2 0  :-:-:- 124 4 .3  43 3 217 ~.8
16 99.0  9 3 . 0  200 0 . 03 0  3~~ 105 2 .2  433 108 0.9

I n fil ter No . 3 (Table 5) the same silicon varactor tunes a resonator whose
parameters are f = 919 MHz , Q = 892 . and C 1.02 pF . Direct tuning by the
varactor leads to a 106-MI-(z range but a low -end unloaded of only 258 . For
more uniform resu l ts  across the tuning range , we have to resort to a capacitor
coupled in series to achieve (l ine 3) a range of 36 MHz accompanied by Q values of
588 to 913. No ne of the cases with B I or 2 produced accept ably hi gh quality
fac tors. The four tests with stronger coupling (lines 13 to 16) show the familiar
t rend ., The different  filter units do not show identical insertion losses for a parti-
cular  t . which i s understandable from the differences in f i lter  L / C  ratio and Q,

The degradation of varactor performance continues in Table 6, where f i l te r
No , 4 (basIc parameters f = 1420 MHz , Q 1206 . and C = 0. 58pF )  is  descrih~~d .
The directl y coupled varactor produces a tuning range of 207 MHz for an unaccep -~ -
ably low Q 162 . I n the best case found in this list (l ine 3) , C2 0. 5pF reduces
the tuning range to 80 MHz and increases to 430 . A further reduction in C 2
appea rs necessary for acceptable fil ter performance, From the data presented so
far , it is clea r that commercially available silicon tuning varactors are a lim iting
factor in wide-range hlgh-Q tuning performance , particularly at hig her uhf frequen-
cies.
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Table 5. Performance Param eters of Filter 3
(Si varactor)

~F(t1HZ)- 919 ~~ 232 Q1~ 12000 ~~~ 10290
C< PF)— 1.02 t13 ( PF -~ 13.3 C 1’ P F)~ 0. 43

C2 B Q2 I FO ~~ Dø Fl  qi Dl
(PF)  (HHZ ’ ( D O- ’ (MHZ) (D O)

1 99.0 99.0 200 0.001 70-3 250 57.5 309 842 46,0
2 1.0 .9 .0  2013 0.001 773 443 51.9 S30 8913 45.3
3 0.5 9~ .O 200 0.13171 2139 5~~ 49. 1 245 913 44.9
1 99. 0 1.0 2130 0. flOl 7-3 :3 134 6 1.5 919 425 53.0
5 1.0 1.0 200 0. ’~’0l 220 256 57.5 919 424 53.0
6 0.5 A . O  200 0 .013 1 1336 338 54.4 919 424 53. 1
7 99. 0 2.0 200 0. iji3 i 746 216 59. 5 0~~ 563 49.9
8 1.0 2.0 200 0.130 1 791 346 54 .3 865 618 48.9
9 0.5 2.0 200 0.001 2 19 470 51.2 071 ~~ 1 48.1

10 ~~ .0 1.0 892 0.001 792- 2 19 60.0 919 679 49.0
I I  1.0 1.0 892 0.0’) l ::~~~1I 297 56.2 919 679 49.0
12 0.5 1.0 092 0. 1301 2-~~t~ 333 53.3 919 679 49.0
13 99.0 99.0 200 0.1,105 703 250 29.8 809 751 19.0
14 99.0 ~~ .0 200 0.0113 703 228 18.6 3-139 563 9,5
15 ~~ .0 99.0 200 0.0213 7133 168 9.1 809 281 3.5
16 99.0 99.0 200 0.030 703 118 5.2 809 153 1.?

Table 6. Performance Parameters of Filter 4
(Si varactor)

F~ MHZ )- 1420 ~~. 1206 ~-3~ 12000 Q4~ 10200
C C P F ) —  0.58 CQ (P F ) -  0 .3 C 1( P F ) —  0.43

C2 B ~2 I FO ~,O DO Fl  UI Dl
(PF) (11HZ) (D O )  (MHZ ) (DO)

I 99.0 99.0 200 9.13131 9-18- 162 61.6 1155 818 45.8
2 1.0 99.0 2013 0.001 113-3 1 293 55.7 1202 952 44.1
3 0.5 99.0 200 0.00 1 2 2 ~~ 439 51.4 1235 1045 43. 1
4 99.0 1.0 2139 0 .u Ol  1164 109 66.8 1420 327 55.6
S i.e i . o  200 0 .001 1197 144 62.9 1420 326 55.6
6 0.5 1 . 0  200 0 .Oui  1226 191 59.4 1420 326 ~~ .67 99.0 2 .0  2130 0.001  1038 133 64. 1  12~~ 472 51.4
8 1.9 2.0 2013 0.001 1L ~ 3 2 13 53.5 1283 536 49.8
9 0.5 2.0 2013 0.001 1179 309 54.5 1297 597 48.~

*0 99.0 1.0 1206 0. t”0t 1164 129 65.4 1420 610 50.
II 1.0 1.0 1206 0.00* 1198 167 61.5 14?’) 610 5(1,
12 0 .5  1.8 12~ 6 0. ’.’OL 1226 2 19 58.2 1-LO 6 113 50.
1? 99.0 99.0 2’)0 0. 13135 940 159 33 .8  1 155 7~ 9 1 8.
14 3 9 .0  99.0  21) 0 0. 1 1 1 0  9-1-8 150 22.3 1155 543 9.~I S 99.0 ~~ .0 200 0. ’~28 948 122 12.0 1155 ~69 3.4
16 99.0 99.0 200 0.030 948 93 7 .3  1155 146 1.?
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I i . x - t s  ir e  ‘In Ier w: av  in  i ndus t ry  t o  produce h i g h e r — Q  tun ing  varac tor s  of
- , . r i - ~1~ other ~~an ~j h r o n . Toward the  ~- n - l  of th i s  inves t iga tion  severa l  d eve lop—

m ecfl 4~ i - n t~~ ‘f a ip ’~ - cz~l I t , i n i  a r s e n i d e  v a r a ct o r  becam e available to us. ~Ve t e~ t e - I
one ~f hc’’-e i O - .’S in t h e  our - f i l t e r s  in c - \ a c t l \ -  t h e  same wa s- a~ we li i i  ,h e  s i l i con
• • 4 i ~~4 -  I cr .

TIr e  c~~~n r r f . ~ - t - i r c r - s m e a sur e - i  value b r  t he  (~~~\~ ~-ar a c tor  i~ Q , .  11600 ,
7 -~ :i Q curve for the new (lic)de , plotted para l le l  to the Q cu rve  for t h e

~i I i ccu n jo le m l  a - I i u - i t e i to pass th rou gh  Q = 11600 at —4v bias voIta .~€ . This i-s
an a~~~~’in p t i on  n :ade  for want  of any other measured  performance data . Based o r,
the  e \ t r ap rb l ateci curve , values of = 34000 (at 50 \ l H z )  and Q4 28800 (at 50 :\JHz )

are found. 7deasured as before , the capaci tat ,~-e - versus - voltage curve gave
--i l-ie-i of 2C~~ = 0. 34 p F and 2(

2 0. 36pF . The calculator program -va s  then re run
for 311 fou r  f i l te rs  w i t h  the new rh od e parameters ,

The (~a•- \ i  cases I (no .- er ie s  capacitor  C ,, no t u n i n g  inductance weak
cou pl i n g )  are ~hmvn f~ r f i l ters  I th rough 4 in Table 7 . A tun ing  range  of 21  \ IH z
is a c h i e v e , in f i l t e r  1 at = 77 1 a n - I  842. This compares most closely with
line 3 of T~ h 1e 3 ( -‘si . where  ap p r o x i m a t ely  the  same Q ~:a lue s  are obtained with a
l 4 — \ J l I z  t un ing  range . Fi l t e r  2 when tuned by a Ca A s  va rac to r  diode covers 26 \ I H z
at Q ‘2 6 an d 1186 , This compares with a 17-MHz tuning ran ge at Q0 

= 823
and Q 1 1161 (Si , l ine 3 , Table 4) .  In the case of f i l ter  3 we find a 58-MHz tuning
range w i t h  Q,, = 6 17 and Q 1 n57 , The corresponding numbers  from l ine  3. T3hle
S (Si) are ~6 MHz , Q 588 and = 913. Lastly, in fi lter  4 a tun ing  r ange of
127 M h z , Q -166 , and Q1 = 1212 compare with 80 M h z , Q = 430 , and Q 1 = 1045
in l ine  3 , Table 6 (Si ) . In all f i l ters  there  is an approximate  improvement  of 50
percent in t u n i n g  range when comparing the GaAs type wi th  a Si type connected
throug h a 0. 5 pF series capacitor .
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I d l . -  7 . l’ .- r t n , - i i i a , ,  • }‘a r ar  • ~crs ( I  I j l t . - r — -- 1 t o  4
It v ,r ,~ t o r t

0 ~~~- t 7~~~~d O ”  rd4 ~
C F F ~~~ 1 . 02  C0 rF~~~~ -~ ~~

‘ ‘ 1 - c~F,. 0. I V

C2 E ~ 2 I FO ~‘) i -c Ft  ~~~1 Dl
- - - I:~ i - -

~~0 2 ’ i t i u ’ i ’3 l  7~ ~~~3 3 i r  4 _ - 9

F(~ lH >= 42;’ ~~ t i c ’~ k-= : - 4- -o ’ 3 ~~~ 23300
‘: ‘ PF~~~~~~~ i . 2 ;  C 0 - : F F ’ =  0 . 1  (I’~~ F~~~~ 0,1~~

c2  C- 02 1 FO ~ ) 00 Fl  ~ 1 DI
PF) (11H ) DE~ ~t iH2

—‘ 3 . 13  1~~. 0 2(0 13.00 1 4~- l  926 41.4 4 57 11~~4 2 2 . 3

~ ‘~ ?HZ -~ 9i~ ~ = 392 ~ 2-’ 74 000 ~ 4= 23:3013
C - F F ; - ~~ 1.o2 ‘ ‘ ) - PF > O .l ’ C 1( P F) =  0.18

C2 B ~2 I FO kO DCI F t  ~ i Dl
(PF> (l1H~~d ( EE~, (MH2~ ( t i E —
99.0 99.0 2130 0 .001 734 4 17 4 8 8  1352 957 44 , ’.

F riH~~-= 1410 S= 1206 ~~~ 240 00 ~~~~ 222013
C - F F ~~ 13 .53 c o - r r . =  0 .17 C~~~P F ’ -~ 0. 18

:2 B ~ 2 T F0 ~0 DO Ft  ~ 1 D l
( M H ~~~- ( D E )  1d82 ’ (D O )

39.0 ~2, 13 00 13.00 1 1 12 2  4 56  50 .9 1150 1212 4 1 . 7

, I ’I PL IMIXE ~TIo \ OF 1 l \ I f l  IIH I (:Al. FILT I: R s

To val idate  our r ak - u l a t i on c  we measu red  the  ac tua l  t un inc  p e r f o r m a n c e  of
he l ic a l  re sonators  1 t h r ou gh  4 when tun e d  directl y by a varactor diode . The exper-

r i e n t a l  ~~- t u ~ i s  s how n  as a block d iacr am in F igure  8. A t est sit nal is ~enera t e . I
in a doubly ba lanced  i x e t -  hv  h et er o dy n i n g  a -w s ignal  from the osci l la tor  (0 . 1 to

2 (,Hz ) w i t h  a sweep sicna l  f rom the  POLYSI ’~OP 1. The POLYSKOP I (m a n u f a c t u r e - b
by RoM e & ~~- hwar z )  is  a or b in a t i o n  tes t  i n s t rumen t  , -on t a in ing  a sweep generator
(0. 5 to 400 \ I I17  i i i  f ive  ran l~es) . a • - a l ih r a t e d  a t t e n u a t o r , a VTV P. I ,  and a 7 1 V - t u h e
disp lay .  The 1~OLV.SKOP I is  a ’l i u s t e ~l to produce a sweep of 40 M H z center
f r equen cy and -i ~weep ~- i d t h  of i ip p rox i n i a t e lv  5 MHz. The lower sideband of the
doubly balanced m ixer  output signal at the R port is  t uned  wi th  the uw osc i l l a to r  such
that  it  t i - i l l  , ov sr  the  passband of the  hel ical  resonator  under test.  For simp le  and
accurate f r e q u e ncy  measurements , a f r equency  -variable marke r  -~iEnal from an
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e x t e r n a l  gene ra to r  I S  superposed on the  T V — t u b e  ‘i - a - . - . The m a r k e r - ,~er .- r a t ,r a n - I

(‘W osc i l la tor  r . - lu e r u - i e s  are measured  w i t h  the  f r e q u e n cy  - d , m l : t , - r . The m i x e r

output  si~~m i a I  is coupled into an i~ out of the h e l i c a l  r e sona to r  t h r o u gh  3-dR pads.

For es ,s€- coup l ing  w i t h  the resonator , e i the r  s m al l  ~oupi ing loops or c a p ac i t i v e

probes ~i re  misc ) . When  acl~uste i i  to the lower s ideband t h e  resonator  suppresses

t h e  upper s ideband generated by the  balanced r , - m x e r . The output  Ir om t h e  he l i ca l

resonator  is a m p l i f i ed  in a 4~ -d13 or 65-dR wideband  a m p l i f i e r , therm m - c i - t i I i e d  by

the  - r v s t a l  detector , and displayed on the POLY~~KOP I. A dc power supp ly pro-

~‘ides t h e  i-ever-sr  bias for the  varactor  throug h a l -M Q  decoup ling res is tor  H . The

cr i t e r i a  for the s t - i c - f i n n  of H are ( I t  low voltage crop across R.  and (2 )  neg l ig ib le

r .- hr ’ -t i nn  in resonator (~~.

FREQUENCY MARKER
COUNTE R GENERATOR

CRYSTAL
DETECTOR

DOUBLY POLYSKOP I 
W IDOSCILLATOR BALANCED AN Fl0 1—2GH z MIXER I R

L

VARIABLE
3-d B PAD ATTENUAtO R 

~~-dB PAD

c~ 
0-SOy
DC BIAS

- SUPPLY

C

VAUCTOR—TUt ~~DHELICAL
RESONATOR R

Figure 8. ExperImental  Setup for M easuring F i l ter  Parameters

Capacitor C lOOp F is l a rge  enough not to affect the varactor tuning perform-

ance substantially. The physical layout of this capacitor and of a hel ical  resonator
Is shown in Figure 9 , The helix IS soldered on bot h ends to the cylindrical  shield.

The end plates are removable. A post extends Irom the center turn of the helix
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through the shield . Two-hole f lange-mount SMA connectors are lastened directl y

to the  shield . The varactor is mounted externally to the resonator in a small

enclosure connected to the capacitor belt strapped around the resonator shield.

The externa l mountin  of the  varactor is convenient for experiments but is other-

wise of no advantage . Insulation between the strap and the shield is provided by
0, 005-in. Teflon disks . The bypass capacitor of IOOpF is therefore essential l y
a low -inductance air- insulat ion t ype that  has high Q. Earlier attempts with a

lumpe d s i l v e r - m i c a  capacitor were not successful. Figure 10 is a photograph of

a f u l l y  assembled unit.  Bias voltage is fed in through a coaxial cable. Figure 11

shows all fou r  resonators without the capacitive strap and the end plates , Note the

insulated center post .
Calculated and measured results are listed in Table 8 b r  the silicon varactor

and in Table 9 for the gallium arsenide varactor. The calculated data are con-

lensed from Tables 3 through 6 for  the Si varactor and f rom Table 7 for  the GaAs
varp ctor.

\~~li)

Figure ‘I • Varactor-tuned Halfwave
Helical Fi l ter  (cutaway)
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Table  8. C a l c u l a t e - I  a n - I  S l e a s m r e  I Per form ai , -e of ~ i :a r~~- ‘om- T u n i n g

F 1 5 t H ? )  D0
(dB )  F 1

( i \ l H z )

I 260 504 43 . 1 299 858 37 . 2ra lc
I - 262 443 44 . 0 2 8  ~24 4 , 5

f- as

388 465 48 . 3 438 1126 3’ a , 6

2 182 499 4 1 . 0 435 855 :17 , 5
- p as

3 701 258 57.5 1109 842 46,0c a lc
3 701 275 — 1107 740 27 , 0

I :

4 -4 8 162 61 , 6 1155 818 45 .8caic

4 ‘49 191 64 , 0 1164 ~6” 45 . 5eas

Table  ‘ . C a l c u l a t e d  and I~leasured Per formance  of I a-\ s Varactor  Tun ing

( n i t  F (M H z ) D~ (dB) F 1
(M Hz )  lJ 1 idB)

2°3 771 38,3 314 842 36.°- air
2 1 4  524 48.5 313 728 46.0rr: eas

2 43 1 926 41.4  457 1186 38.8
‘ -a lc

430 729 38. 0 454 857 37 . 5

caic 
7(, 4 617 48. 8 852 ‘57 44 4

3 7°4 555 26 0 848 771 -‘° 0m ea S

4 1123 466 50. 9 1250 1212 4 1. 7calc

r-m eas 1136 460 51 . 0 1256 937 40. 0

The agreement  between the ca lcula ted and measured frequency range is t-er ~-

good for all  t i t t e r s . The largest discrepancy in frequency  is found in unit  4 , whose

ca lcu la ted  values for the  tun ing  range are 127 MHz and 207 MHz and measured

values are 120 MHz and 215 MHz . The error does not appear to be systemst ic but

is a t t r i bu ted  to s t ray capaci tances  in the experimental  setup not accounted for  in

the calc ulation.  Insertion losses D and D vary  considerably between theoretical
0 1 -

an d real values but are not expected to coincide. In t he calculat ions , t = 0. 001 was
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as sumed , w h i c h  produced a f a i r l y  l a rge  spread in m i ~~-rt t on  I ss i- s r a n~ - i n L ’ - -

6 1 , 6 cIfl to  36 , 9 d13 . On the  other hand , m e r h a ni - a I l y  i d e n t i c a l  - n i m l i n g  i ) ) p s  we re

used on a l l  f i l t e r s , w h i c h  resulted  in  a r ange  ‘f m - ~ - r t ion  I r - s - ,es f rom s-b . (I I I I  t o

26 . 0 113. The only impor tance  t hat c ab -u l a t e i a m - f  measur - .- I cou p l i n g  losses  1 i - .v . -

in t h i s  context is to  demons t ra te  tha t  the  Q values  a re  for • - ~~--a- i m i a I l ~- i m i l o a r l c - I

resonators .
A m-omparison between c a l c u la t e d  and measured Q revea l s  9 1 1  t he  r - t - i~~ i r . - - I

qua l i ty  factor is I l  percent  low o~ the  average . t h i s  is s t i l l  cons ide red  i he in
good agreement v - it h  the  expected va lues . It i s  p o s s i b le  t h a t  t h e  t - - ~ t . - r n - i l  m o u n t i n g
of the diodes is bess than  opt imal . Solder ing the  diodes d i r e c t l y  to -9. -  c l i x  -

produce s l i gh t l y better results . The enclosed m o u n t i n g  as sk . - t -h . -  i n  I i~~ u rP  ° j~
superior to  an open -ons t ruc t ion  previously used , w h i c h  y i e i - i e  I a m~~uch x orer
resonator qua l i ty  factor ,

7. coN(:U sI()~is

Four tunable  ha lfwave hel ical  resonators covering the f requeru-v  r-an, !e 2 14  I , ,

125 6 S i l l ?  were investi gated to de te rmine  the highest  unloai ied Q. The va racto r s

used for f r equency- tun ing  are the best low-loss commerc ia l  u n i t s  cu r r en t l y  avail-

able . Expected and measured f i l t e r  performance agree w e l l , It was tound  that  at

m i n i m u m  varactor capacitance the  varactor  9 matches  tha t  of the  u n t u n e d  he l ica l

s t ructure, that is , wi th  the exception of the Si varactor  tun ing  f i l t e rs  3 and 4 , t h e

varactor is capable of m a i n t a i n i n g  the  overall  c i r c u i t  9 or even i m p r o v i n g  i t  son e-

what .  At m a x i m u m  varactor  capacitance this  is t rue  onl y for the  (
~ \s  va r ac tn r

tun ing  f i l t e r  I . In a l l  other cases the  va rac to r  causes a m o d e r a t e - tn - s e v e r e

Q-degradation of the tuned helical s t ruc tu re, the degrada t ion  i n c r e a s i n g  w i t h  fre-
quency. At higher frequencies the varactor is the l i m i t i n g  factor  in n a r r o wb a n d
low-loss filter design.

At uhf the fo l lowing  parameters  were  specified for a J TII )S  r e m - e i v c ~ - . r - a t  n - I

f i l t e r : 4

I )  Tuning range: 969 to 1206 MHz
2 ) Insertion loss: I dB (maximum variation: I (113)
3) Bandwidth:  10 MHz
4) Group delay distortion: 10 nsec (within 5 SlIIi  f rom

re nter frequenc y )

4 , Covlt t , A . L. (1975) Specifications for Tunable h - i l t e r ,  M I T R E  Memorandum ,
18 November 197 5~ unpublished.
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In Table 10 , f i l t e r  unit 4 with GaAs var actor- tuning was investigated under

load condit ions , w h i c h  approximately  yield the desired bandwidth. Two paral lel

varactor s (C
0 0. 34 p l- and C 1 0. 36pF) were assumed fo r  increased tuning

range . Two para l le l  varactors tuning the halfwave resonator’s are equivalent to a

sing le varactor  t u n i n g  a quart erwave resonator. The reason for connecting two

varactors in p ara l l e l  IS that larger-capacitance diodes that have very high 9 are

not available. A tun ing  range of 171 MHz (16. 3 percent) is bound in Table 10 which

corresponds to 72 percent of the JTIDS specification. Filter 4 was not specifically

tailored for th is  application but serves to illustrate how well the requirements can

be met wi th  a single-pole varactor -tuned helical design.

Table 10, Filter 4 Performance With Parallel GaAs Varactors

F(MII Z)* 1420 ~ 1206 ~ 3— c.40)O ~ 4a 26300
C( P F ) =  0.58 CO(PFI. 0.34 CF( PF)= 0.~~6

— C2 B ~2 I FO qo ~0 Fl qi Pb
PF MHZ <DO ’ <MHZ (P81
99.0 ~~.0 2A 0 O.wDl 959 418 53.3 1130 1263 42.2
99.0 99.0 200 0.040 959 94 2.2 lI3~ 95 0.?

The insertion loss ranges from 0. 7 to 2 . 2 dB and the bandwidth from 10. 1 to

11. 9 51Hz . The group delay distortion within  the 3 -.dB down passband fo r  a s ing le-

pole max imal ly  flat  t ime-delay  f i l te r  becomes 15. 8 nsec at 10. 1-51 Hz bandwidth and

13 .4 nsec at 11. 9-MHz bandwidth. Since this  is unacceptably high,  a two-pole
quarterwave helical f i l ter  is considered. W i t h a 3 dB bandwidth of 10 1.1Hz, a

max imal ly flat  t ime-delay fil ter with two poles wil l  exhibit a group delay distot-ti on

of 8. 3 osec. According to Table 10 we assume that an unloaded 0 of 1263 can he

achieved at 1130 MHz and an unloaded 0 of 418 at 959 MHz.  The Electronics

Engineers ’ Handbook 5 provides graphs for designing a two-pole  f i l t e r  of finite- -Q

elements  that will produce maximally l inear-phase shape wi th  resist ive generator

and load. Based on these graphs , insertion losses of 0. 9 dB at 1 130 MHz and
2, 8 dB at 959 MHz can be expected for 10-MHz bandwidth.

This puts the two-pole helical f i l t e r  close to the  desired specif icat ions. A low -

noise ampli f ier  of ~ 3 -dB gain and wide dynamic range ahead of the f i l ter  could be

used to compensate for the insertion loss and noise figure degradation.

5. Electronics Engineers’ Handbook, Fink , D, G., Ed. • McGraw-Hill , 1975.
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