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Abstract: The desiqn ot high voltage leedlhrough components needs to salis{y mulue ly coatradictory requiremenis selected geomelr Ds c mcnsions

and mater aLs ol a high voltage leeotnrougn neeJ to prevenl voltage breakdown Llnderworst case cofdltlons whlle size and weight are otien ccn:i:ralned

The compact size requireffent ls iess important n masstve systems (dlslribulio. ol eleclric ene'qv) bul t bacornes criiical wlh requrrenrenis (i lrmrteo

space 3no.,cr tow msss. Both constraifts on size ano we girt, are cruciat n !tF prwer de ivery slsterrs ior plasnri processirrq rn th.: lrDm cordLrclor

inoustry and jn satellite-moirnted lnslrumenls lor space exploratron, such as Inskurnenls lor solar wind measurements' Express ons ior opl Insl dlmensron-

inq ol  a h igh vot tage leedthrough are def lveo in th s papei for the case of  del iver  ng : lF enerey lo a p lasma chrmberv3 an inrpedance msich nq retur 'ork
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l ion.  lnstuments for  h igh€nergy physics exper inrents.  X ray syslerns,  syslerns drc lst r ibLrt icn ol  e lecl rc energy] '

Dof oditev optimalne geometri j ie in izpeljava izrazov za

dimenzioni ranje kom ponent vi:sokonapetostn ega prehoda

K j u 6 n e b e s e d e : d e e k t r i . | i m a t e | a l i ' d i | n e n z l j s k a c p 1 n l i z 3 c ] j a ' m o . n o s ] e k o ] p o n e n t e .
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lzv ledek:  Konstru ranje ko mpo ne nt  v isokonapebsln h prehodovmorazadovol i l  izk l iu6uloie se zahleve Ve ikost i in n latera rko pon ent  v so (or  lapelosl

|egaprehodamorajopreprec( |napelo5r | ]1ptebo]pr jnarneUgodnej5hpogoj ihdeloVan] i r ' inss1enlsk0zahleVepogostoome]uje loVel ikos1inrnas()V
sokonapelostn h komponenl. Zahteva po malhnrh d menzilah in masah visokonapetostnih pfttrodovle manl pomembna v velkih s slemih (ol nap lmerpn

diskibuci j  e lektr i ine energi je.  zahleva po majhr iost  patekrt i6na,  kadarsod er ; t le rn rnasa celctne naprave vnaplejomeiene Kompaktne 2merein

rnajhna masa v isokonapetostnih s istemov sta e lemenlarn zahteviv a)  konslruk(  i j i  s  s le mov za genenranie ndovaj .n jeeektromagnelneenerglevrad-

jskem irekvenanem (RF) obmo6ju za vzbuianje f-lF plazme za prlzvodne proces€ v irrdelavr nnkroeletirofskih vez i. in b)v konstrukcili salelitskih sistemov

Vtem prispevku so dolo6ene optimalne geometrije in so lzvedeniizraz. potrebn za rplimalno kolstruiranle visokonapetostnega prehoda pridovi\anju RF

energie v plazemsko komoro preko sistema za impedandno prilagalanje, lzvelene geom,-'trije in zra,ll so uporabnl za nadrtovanje visokonaDetostnih

preh;dov v RF tehnik i in na drugih podroi jh ( instrument iza raziskovanje vesol ja,  in$lrumenl iza eksper inrentalno delc vvlsoko-energetski f iz ik  raentqen-

skl  s is temi.  d lst r ibuci la e lektr iane energl le) .

1 .  I n t roduc t i on

A un i ve rsa l  p rob lem i n  t he  des ign  o l  R [ :  power  equ ipmen t

is  the t rar ts fer  o f  RF power  across equl r i ln ler r t  wal ls .  Ty l l i -

ca l  examples are energy t ransfer  out  o f  RF generators ,

in to  and out  o f  match ing networks,  anc l  in to  loads.  At  h igh

[ ]owers,  the phys lca l  des ign of  such feedthroughs runs i t - r to

the dr f f icu l ty  o f  sat is ly ing mutua l ly  con l . rad ic tory  requrre-

rnents .  One requi rement ,  re la ted to  vo l tage,  is  t l ta t  there

be suf  f  ic ient  separat ion between the ce nter  conduc; tor  a ld

the  r va l l .  The  o the r  r ec tu i r en rcn t ,  I r o t  f u t t r j an re t r t a l  bL r t  qu i t e

comnron.  is  t i - ra t  o f  over-a l l  s ize reduct ion -  vyhrc i ' r  nray l r rn i t

t hc  spacc  ava i l ab l c  f o r t hc  f c ' ed t i r r oug l l .  \ / l r e t t  t he  t t t r ped -

ance  i s  con t ro l l ec l ,  as  ou t  o f  a  gene r -a to r  anc j  i n to  a  ma tch -

ing network ( the t rvo be ing connecte(1 by a  50 Ohtr  ca-

b l r - : ) .  tes t r :d  conrmt t rc ia l  so lLr t ror ts  ex is t  for  d i f  ferent  power

ranges; .  l ' .  i s  ra t  the i r - r ter face of  the loads (e  g  the l  RF p las-

m , r  cha r rbe ' )  and  ma tc ;h i ng  ne two rks  / 1 , ' 1 , / ,  t ha t  t he  RF

ar r J  n rec ran i ca l  de : s i gn , . ; r s  f  ace  t he  cha l l c t r 13e  o f  goome t -

r ic :  opt imiza l ion , /3 i .  Wrat  nrakes th is  in ter tace cr i t ica l  is

t l r : :  uncon t ro l l e : J  i n tpec j i i t r ce ,  o f  t hc  l oad  / 2 ,  5 / .  Fo -  a  g i v -

en pov/er ,  r , t rhorse maxtna l  va lL te  is  known as the power

rat ing o f  the ge, 'nerator  [ ' ; , ,u  , . , , , , i ,  a r ld  for  var iab le l  load i r l t -

pe :dance ,  t he  vo l t ages  t i r a t  n ray  appea r  a t  t i r e  f eed th roug l l

c€rn reacn e) ( I r€ : rne ly  h igh va lues.  Hence,  the feerdthroLrgh

de:srgn vq; l {313cS;  3rc  f ro t  t l rosc c) lpected in  s teac ly  s i i l te  op-

er i t t ion,  Lru t  those that  may bc generated by t i re  vvors t  t ran-

s i r - rn ts .  f t , l \ ^ /€ tve ' .  s l 'o r t
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Thus, for a generator power rating ltr,, ,o,,,, eind maximal

t rans ien t  load  imPedance 2 , , , , ,  iS

l r 4 .  . Jenko  A .  l ' " 4av re l i c .

Opt ima l  D imer rs ron ing  o f  Cor r - rponer r ts  fo r  a  l "1 rE: t  Vo l tage Feedt l t ro r rg l ' r

t rue  nr :a r  a l l  ed t ;es .  The r :dge o f  the  w indow in  a  cab ine t

wal l  is ;  tht , '  crr t iczt l  ore 1 'o l ieedt l - r roughs l t  thus fo l lotvs thal

al l  rac i  c curvatur( l  must be rnaxtnr ized not otr ly the dis-

tance:: ;  b i : tweer ccnductors.  l 'h is is why we i r rstal l  i r r to tht :

windc, ' rv r '  tube of  c luterr  d iamr: ter  D and wal l  th ickrress w' ,

as shc,wr-  rn F: igure 1 .  I  he length of  th is tube is rrot  improt '

tant .  l1 c i ;Ln be opt i rn ized wrth rerspect to other consic lera-

t ions  (e . r , ; . ,  mec;hanrc i r l  s t ruc tu re) .  The op t ima l  wer l l  th tck . -

ness rv of  thet  tLrbe wi l l  be determined below.
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and the feedthrough design vol tage (peak value) is

I/r,"t = K

where K is the designe/s safety factor.

Fortunately,  the feedthrough design problem natural ly spl i t : ;

into two parts.  One is the opt imizat ion of  conduc;tor shapes,

regardless of  the required maximal vol tage rat ing;  the oth-

er is the select ion of  i ts  overal l  d i rnension. Tl-re f i rst  part ,

which is pure physrcs,  can be solved once fcr  a l l  for  an'y

type o f  feedthrough geomet ry  -  wh ich  is  c lone in  th t :

present paper for  an easi ly mar- iufactured feedthrough. Tht l

second part  depends on the appl icat ion.  Here,  we onl 'y

suggest  gu ide l i t res .

2.  Der iva t ion  o f  express ions  fo r

op t im iza t ion  o f  shaPes and

d imens ions  o f  conductors

We state the problenr as fo l lows:

i u ,  u  g i r t , ,  t \ J u t t r )  t t o t v  u p u l t l l t g  u t  U t c l t t t c L e t  t ' l  t t t o  e c 1 ! J t -

nat  v , 'a l l  dc tc rn ' , ine  t l t c  f  ceJ t l t ro t tg l t  s l tapr :  l l ta l  w i t l t -

s/ands the highesl ,?F voltage if the dielect'r ic is air.

Here,  D is the var iable that  character izes the prhysical  s ize

of the solut ion (second part  of  the problem).  As we shal l

see, t t  is  proPort ional  to V'n*.

The mechanical  feedthrough model is that  of  a cyl indr ical

corrductor (usual ly macje of  copper tubing) r : f  d iameter d

passing at  a r ight  angle througlr  the center of  the hole.  The

support  issue is i r re levant in pr inciple,  provi tJt :d the coro-

na paths along insulator surfaces are suf f ic ient ly long.

The vol tage l imi t  for  th is model is def ined b) '  the onset of

a rc ing ,  wh ich  wou ld  take  p lace  be tween the  center  con-

ductor and the wal l  over a distance (D -  61, i ' , t - .  As arcing

beg ins  a t  loca l  ion iza t ion  spots l  when the  c l ie lec i r i c  f ie ld

exceeds the  medrum's  charac ter is t i c  b rea l<down va lue ,

(about l  OOO V/mm for dry air) ,  the of ten quoted conrputa-

t ion  o f  e lec t r i c  f ie lds  as  vo l tage d iv lded by  d ts tance regu-

la r ly  leads  to  g ross ly  under -des igned feedthr rughs .  Th is  ts

because the vol tage over drstance expressic,n is val id only

between paral le l  capacrtor plates.  In al l  other cases, we

must  use  the  exac t  de f in i t ion  o f  the  e lec t r i c  f i r : ld ,  wh ich  is

t l - rc gradiel t  of  the poterr t ia l  furrct iorr .  Ti-r is rs;  part icular ly

Figure 1 T u bt>-ty,o e h r g h v o lt,'t g e f e e dt h to u g 11

Disrer<;ar ' ,J ing for  the t r r le beirrg the edge ef  fccts at  the r , 'nci

o f  th is  tube,  r tu t ' f i r s t  task  rs  to  c le te r rn rne  the  op t in ta l  d t , ln t -

e te r  o f  the  inn , : r  condt tc to r  tn  te rms o f  ho le  open i r rg  o f

d ia rner te 'D u t  a  cab i r re t  vva l l  fo  th is  end,  we v iew the  ge :

omei ry : rs  a  cy l  ndr ica l  ca .pac i lo r  v rhose inner  e lec t rode t : ;

of  outer radius z ' -  d/ .2 ar-rd ot- tcr  c: lectrocle of  innct  racj iur ,

l l  =  ( - - r  - . . ' W i r , 2  S o l v i t l ' - t  t i  o  l  ; l l t l S r - r '  1 - r 1 ' 1 ; 1 : r i i r l r r  { r r r t l r r -  c r l ' r . t )

wi th i r r  t l - r e  can r t c i t t l r  e  V r , l r  -  ( l  t l - r p  po ten i ra l  f r t n r - i i n r r

cD=Q (r ) Oetween th,e tvvo cot-tductors ts

o ('r) =

The nrar - tn i tude of  the e lect r ic  f ie lc l  is  then E

E_i4ltl -
I tl'" I

--v
/ . , \

'  l L t  I
t ' l n  I  I

l L ,  l\ . /

Clear ly,  i ts  maximal value is at  the minirnum value of  r ,  r ,vhich

I ) /  
-  

C .

_I/

( l l

This ' ra l , re is t r ;  be minin-r ized by proper ly select tng thei  ra-

t to a/b =or, : l  1- l lven b,  t ry, : l  thu:s requi16' i l '6 ' , , . , 'D'r  -  0

' I

t . "
/>/ '-_

',!::.: -':-:
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' t"
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the calculat ions are idenl ical
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L t ! n r . l \  --at -

whrch imPl ies

) + r - o
Hence,  the  so lu t ion  Is

a - blu.
T h i s e s t a b l i s h e s o n e r e l a t i o n s h i p b e t v r e e r n D ' d ' a n ' C w :

) _u -
D  - 2 v '

e

The next task is to determine the opt imal value of  vt t .

The fol lov, , , rng intui t ive arguments give us a start tng point :

To minimize the f ie ld inside the capac; i tor ,  i t  is  bet ter to

h a v e a s n l a l | v a l u e o f w ' a s t h i s | e a v e s a g r e a t e r s p a c i r r g
between the conductors.  A th in wal l ,  l rcv,rever,  impl ies a

smal l  rad ius  o f  curva ture  a t  the  edge,  r re lme ly  w/2 ,  as  i t  i s

showr]  in case c i r - r  Figure 2.  Hence, f  rorn the pOint  Of v iew

of edge ef fects.  i t  is  bet ter to have a thrckr:r  wal l

I J  I IV  conL iuc to r  J

-t-- 
1=--11----

f r r  c( ,1 ! r t :

' "  ' r '  "  - d  , .

l e c , l t h rougL  . : l r d ,  r oundcd

c ; ' l r nde r  app rox i r r l a t l on  o l

l o r c c  i r n c s

may' incre€.se the densi ty ' r f  l i r res at  the edge of  the oyl l l r -

rJer by a fa: tor  of  e v; i thoLtt  degra'c ing the vol tage rat ing of

i l re  dev ,c€r ,  ?S suggest  t l re  3eomet r ies  anc l  fo rce  l i r rcs

s;hor,vn in r : iashed l rnes in Figr-rre 2,  case C l l r is  occ;urs i f

rnre take the rerdius cf  curvature at  the edge to be the radt-

LS r - r f  the  i r rner  c t l r tduc tor  d iv ided by  e ,  t 'e  ,

\ \ , - ( .1  le .
lV i th the prreviour;  equat ion,  th is qives us the :ornplel te so-

|  . l t i r : rn:

D
l l  

- -  
,  t.. ' ,..|

( f

t:./ - ev;.

l rJurner ical ly,
1)

v):_ _*_ , (3)
9 . 3 9

. D
, , 1  -  r A \

l . - 1 5  
'  ' ' '

The next  task rs  to  re la te ,  the v , r indow's  d iarneter  D to  the

ab r ;o l u te  ra ;< i t nu tn  o {  pcak  FF  vo l t age  '  v ' ' ' o ' '  ( 1 ) t ha t  cou ld

p c : ; s i b l y a p F ) c a r - o r t t h e c o r - i d u c ' t o r ' T h e g o \ / e r t l l n g c q u a -

t i on  i s  ( 2 ) .  Cc rn l c i n i ng  r t  w i t h  re l a t t i on  (1 ) ,  v / e  ge t

F : =
" nra>l

a l n

l  / - .  . . , - . J
/  /  C ;  u l  l U

( l D  - -?  v ,
,.1 --
L t -

) - o
-  I '  | , , , f t ) uo
( , , ' n (  u ,  l l t  \ / ' )
\ '  \ t ' ) )

h( +
\ D

b 1
, ; b

t , '
-. 1'  n , a x

,  (7t
( / l l l l  ,  i

\ 1 )  j

') ?.e
: :  -e- -  -  I )

^  /  2 ,  " r \L c v  , . .  )

f c cd t l uough  end ,  cu l y ie lds

-L',r-,.," == li.

Figure 2 Encls of tube-tYPe high v'oltage

feedthroughs.

An exact solut ion to the problem of opt imal wal l  th ickneiss

wou ld  a lso  grve  us  the  op t ima l  shape e lccord ing  to  whLch

the edge should be formed. Such a s; [ - ra1le ls not presr3r l t

in cases A and B in Figure 2 that  are : ; imple to nranuf ac-

tu re  From the  s tandpo in t  o f  r lachrn i r rg l ,  one v ' rou ld  eas i l y

dec ide  fo r  e i ther  case A or  case B i r r  F igure  2 '

F igure  2 ,  case c  i s  qu i te  c losc  to  an  r : . xac t  so lu t ion .  Add i -

t ional  cornputat ional  and nracl l in i r rg ef for ts of  atr  exact so-

lu t ion  o f  the  op t ima l  edge s l rape wou ld  hard ly  be  jus t i f  ied

by the rnarginal  improvement.  We t l - rus assume that the

ec lges  te rmina te  in  a  semic i rcu la r  p r .Of i le  o f  radrus  w/2 .

For  a  l reuns t tc  es t imat ion  o f  the  mi r r i rna l  va lue  o f  ' "v /2 ,  we

note  tha t  the  dens i tv  o f  fo rce  l i r res  no 'a r  the  edge (bu1 tn -

s r d e  l i r e  c y l r n d e r ) r s  e q u a l  t o  t l r e  d e r t r ; r t 7 . r t  t l r e  l r l r l e l  c o t l -

duotor  d iv ided by  e  Hence in  a  goot l  sppr .Uz . i t r ra t io t ' t ,  v re

Express;Lng Power  ln

i r rg  E" , - ' ,  =  106 V/ rn ,

lr lu metric;al l1r,

- f
n t  I

D l  c n )  l  -
L J

c)r

, ,2 ( , ! t  n  2 )  6l - ) = K  - ' : : - _  r / -
100( , t  c  v

--=6.() t  xtr . l - : r l r r /

/ - . r f -

2r ' ( r ' t '  + : l \ ^ ,12P  7  I
\  / \  N C t t - t ' d ! ' I t ' - t t l t : ' l--7D

kV/,  a l l  d imensions in nreters,  ztnd tak-

we f ineLl ly g;et

D  ' /  l - =t  
t , , r  - ,  , , l r r l  

' -  I t t : r r '  I

2 t...,i,2,",,

o.i K Jri ',,,-:,., lr,rr) 1a".lt : l .

/) [,;nr-l 
== 0 J K I'n,.^ [fa',]

-1  
hc sa; : t ; ,  lac t . , r  K rcr la t t l l  tc  bc  sc |ectcc l  Fcr  l r  50 1 lcr .

c ;ent  se i fe t ) ' I r l i . l rc l i r l ,  fo 'e ; le ' t l lp le  ' "ve v ;ou lc l  have l (  =  1  5

and  he r r ce ,  t hc  s  t r p i e  ru l e '  o f  t t - i u tnb

t ,

/ )  L IV  c t rn , i . t

l

loret I  u)cs, '
, , ' t | | r ! - < 1 -

l eed rh rough  cnd

r !  r s  abou t  ze ro

casc '4
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Op t ima l  D imens io r r i ng  o f  Co rn l - r onen ts  f c r  a  H ig i r  Vo l t age  Feed t i r r oug l r

D [crn-] = I'n,,,, lttV-l ' (5)
L  I  u r d ^ L  J

l {  V, , , r ,  has already been est i rnated with a reasrnable safe-
ty  marg in ,  one can take  K :  1 ,  wh ich  y ie lds

D [crn]  
-  o J V,n, ,  [ t -v]  (6)

Thus ,  a t  l eas t  one  cen t ime te r  o f  w indow d iamr> te r  opcn ing

is  requi red for  every  seven hundred vo l ts  o f  peak RF vo l t -
aop  Th i s  ass r rmes  t ha t  t l r p  pdop  o f  t he  w indov , l  r s  mecha r t -u y L .  '

ical ly terminated with a tube that leads through thr:  window
in  the  equ ipment  wa l l ,  F igure  1 .  The tube is  t , r  be  made
according to the opt imal dimensions der ived above. Any
other dimensioninq makes matters worse.

l iv  conductor  l )  t i l l \ r c o n d L c t o r  D  d  H \ /  c o n c u c t r r  I )  d

iqrec l rngs .

Y*: t ' -^ '
t
I

I
I

I

c q u r P n l c n t  \ \  a l j ,

r l  l s  a b o { r t  z c r 0

e rsc . . l  - l r c  l J  ca : c  C

Figure 3 High vollage feedthrough ruithc,ut a burlt-

These resul ts are for  i ramed feedthroughs, r , t , l - r ich are of-
ten a natural  mechanical  solut ion regardless of  'vol tage rat-
ing considerat ions.  l f  the f rame is not needed, however,
i t s  leng th  may be  reduced to  the  min imum,  whrc :h  i s  i t s  wa l l
th ickness ,  w.  l t  may then be  imp lemented as ;  an  in tegra l
par t  o f  the  hous ing  wa l l ,  p rov ided i l s  edges  are  n tach ined
to  a  semi -c i rcu la r  p ro f  i le ,  as  i l l us t ra ted  in  F igur , :3  case C.
The requ i red  open ing  D is  then smal le r ,  s ince  i t  does  no t
have to accommodate the f rame Geometr ies and force
l ines shown dashed in Figure 3 are ident ical  i lo those in
F igure  2 ,  and so  is  the  ana lys is .  Resu l ts ,  i .e . ,  mod i f ied
des ign  equat ions  are :

, D
A  -  - ,  ( 7 )

L-

( B )

[ ru ' ]  (e)

Cases A and B in  F igure  3  v ;ou ld  be  s imp le  to  manufac-
tu re  bu t  such gcotnc l r tcs  a re  i t tadequatc  fo r  ' - ;p t r t l i za t io r t

o f  f e e d t h r o u g h  d i r r r e n s i o n i n g .  s i n c e  s h a r p  e d c l c s  i m o l y  i n -

tcnse loca l  p rca l . r .s  in  fc rcc  l ine  densr t i cs .

3. \Atorked ()ut erxannpl,es

Let us;  as: lume trat  the Rl ' /S vol tag, :  at  fu l l  generat<tr  pow-
er in : r  matched condi t ion is 2 i . lV.  Tne peak vol tage rs t l ' rerr

2x^lZ,  v, , ,hrch can be. corrservatrvely roundecJ to 3 kV. *et
us  fu r t  te r  assunre  tha t  exper ie r rce  and computa t ions  rnd i -
cate that  in the caser of  v ' ro 'st  t rarnsient misrnatch the stcerdy
state vol tage gcts ,JoLl l r lc  c i .  at  nro: ; t .  Tlren, we nray t : rkc:
V,, . ,ax =.  6 f lV.  Equat icns, ,  (6) ,  (4)  anci  (3)  then yield

D _ 0.7 ,t 6 == -1..2 cm.

/ 1
lL , '

d - _ - = l[ .24 c:m,
3..+

, 7 ' )
h ' -  - - : -  -  0 .45  c rn .

9.,+

Hencc,  t l r€  s rna l les t  p , rss  b le  r , : t - lL r : r t  fecd t i r rough rcqr r r rc t ;
a  w ind  lw '  open in  g  o f  4 .  2  , :e r t t i rne ter rs ,  a  center  conductor
1.24 cm r di i lmeter arrd z,r  windornr f rame of  r ,val l  th i :kne:ss
0.45 c;m Figurt :  1 showl;  the gen,:ral  appearance. Both
ends cf  t - re tuber are rol lnded as shown in Figure l l  case
C. The lerrgth of the tuber is, arbrtrary, ancl nray be ver,/ short

For  a  s ; t ra ight  feedthrough,  car3e C in  F igure 3  ( r - rc i  sepa-

ra te  t u l t e ) ,  equa t i ons  ( i J ) ,  ( 7 )  and  t 8 )  y i e l d  t he  so lu t ron

] )  =  ( ) . ( t  
" , ( t : : :  

l . 1 j  g 1 1 1 ,

,  
/ )  

,  a 1( i  -  -  1 . . 1  J I l . i ,

l . - 1 2
\r - --- - 0.-1!) crn.

e

We scr:  t l ' rat  t l re diametcr of  t l r r :  ccnter conductor arrrd the
t l - r ickrrr :ss;  of  ther wal l  are essent ia l ly  the same, but a much
smal le '  o l rening; is reqLr i red. Tne trader-of f  is  in ther th ic;k-
ness  r : f  t i re  hour ; ing t  wt r l l , ' r yh ich  rnus t  be  0 .5  cm.  l t  i s  a lso
esserr t ra l  !hat  thr :  hole be snroot l t ly  nr i l led to a semi-c i rcu-
la r  p ro t i le

Final ly,  wo mLrs:  emrphasi ; , :e thert  th i :s ent i re analysis refcrs
to  a i r  z is  a  d ie lec t r i c .  lhe  suppor t ing  insu la to rs  a re  a lso
assunred to  be  des igned fo r  ra  su f f i c ien t ly  long  sur fa , :e
c o r o n i l  p a t h  t - ) l e a r l y ' ,  a  s u b s ; t a n t i a l l y  m o r e  c o n r p r a c t
feedt i r rourgh  is  p ross ib l i :  r f  the  iv incJow and cent ra l  conduc-
tor carr  br l  cornr le le ly iand t ight ly Jrot tecl  (no air  g ia i rs)  in
some app;ropr ia le strur. ;1ural  dte; lcct ' ic .  Ti ' ie relat ive georn-
etry of  tht :  o l , r t inral  solr t ic . , r t  rcrnains the sanre,  i  e re a-
t rons  ( l ' )  i rnd  (E)  a re  s t t l l  v i t l td ,  bu t  equat ton  (9 )  beco ines

d D
l { ' -  -
l t  _  

r  t

/) r)-

r ' f  
- 1  

r t  r  ,D l  c r n  l =  0 . 6  A  l ; , , , .
L J

c
D[ . ' t r l  =  0 . ( r  '  A ' l  , , , . , *  [ f  t  ]L r r

( 1 r J )

v , ,here ,  ' : '  r s  t i re  d i r : le rc t r  o  s  re la t rvc  d ie lec t t i c  cons tan t  a r td

r i ts drer le: ; t r rc strerrr_t th relat ive t r l  l l i '  We see that thu'die-



M .  J e n k o ,  A .  M a v r e t i c :
Opt ima l  Drnre  ns io t r ing  o f  Cor lponer r ts  fo r  a  f l igh  Vo l ' :agc  Fee d t l - r r r lu . l i r

lec t r i c  cons tan t  t r '  works  aga ins t  us ,  wh i le  the  d ie lec t r i c

strength r  is  in our favor

Example :

We cons ider  the  same prob lem as  above,  bu t  w i th  le f lon

encapsu la t ion .  We have e  =2 .5 ,  and le r t  us  take  r  =  50
(which corresponds to a dielectr ic strength of  5O k 'V per

m i l l i m e t e r ) .  T h e n ,

? 5
1J  =  0 .6  7L 'n , " *  =  0 '03  Vr , "^  =  0 .03  +  6  =  0 '  l8  c tn  ,

5 0

d = o ' l B - o . o 6 6 c m .
e

The minimal wal l  th ickness (w :  0 .O24 c:rn) is i r re levant in

this case, as any real ist ic housing v73l l  la,cruld substant ia l l5t

exceed i t  in any event.

This example pornts to two issues not c<-rrrs idered above.

1 .  The curretr t  carry ing capabi l i ty  of  the conductor.  t l lear-

ly,  the rv i re tv i th a diameter of  0.6 mnr rn th is exampler

is  p robab ly  unrea l i s t i c  (un less  the  mrn imal  in rpec la r lce ;

o f  the  load is  so  h igh  tha t  the  RF cur ren t  i s  very  smal l ) .

H o w e v e r ,  i t  i s  t h e  l e s s o n  t h a t  c o u n t s .  O n c e  a

teedt i r rough des ign  ts  conrp le ted ,  the  conc juc tor  d t -

anreter,  d.  rnust  be revtewed for r ts current carry ingl

ca l rab i l r t y .  A t  RF f requet rc ies ,  the  rcs is tance r rus t  b t l

cor rpu ted  accura te ly  bv  tak ing  the  sk i r r  e l f {ec t  in t t l

a c c o u t t l .  l l  a  l a r g e t  o t a l n l e l e l  I S  c a i t u c l  l o l .  l l l e  w L l l t l u v /

u l a y l t e l c t  D  t t r u s t  l J c  l l l ( .  l c . r s c c j  c l u ( - , u l e i i r r g l y  -  v r i l r t t r

by redoing the mathematical  anal ; 's ; is  under the as-

sumption of  a given d,  or ,  overcons;€:rvat ively,  by pre-

serv rng  the  geomet r ic  re la t ions  der r ived  abover  ( t .e . ,

b y t a k i n g  D : e d ) .

2.  The dissipat ion in the dielectr ic.  l f  the dielectr ic;  wert :

ideal ,  i .e. ,  i f  i ts  d issipat ion constanl :  l l  "  were zeTo, (as

i t  i s  in  a i r ) ,  the  des ign  equat ion  ( lO)  wou ld  s r - r f f i ce .

With real ist ic dissipat ion constants,  i t  is  not .  The reat-

son is that  at  suf f ic ient ly high f ie ld strengths and fre ' -

quencies,  even for the smal lest  etv 'a i lable t  "  (as in

Tef lon and Ultem),  enough power is dissipated in the

dielectr ic to heat i t  faster than i t  c?:r  cr lo l .  As t l - re dier-

lectr ic strength decreases with terncerature /6t '  , Iher-
mal runarnray and catastrophic fa i lure immediatr : ly  fo l -

low.

We extract  the fo l lowing lesson from thes,3 Oorrsider3t ions; .

In  se lec t ing  a  po t t ing  d ie lec t r i c ,  a im a t  a .  rn i l i r ra l  d ie lec t r i c

cons tan t  € . '  and  rn in i rna l  d iss ipa t ion  cons tan t  u  "  l t  i s  a  mis -

take to searcf ' r  for  nraxirnal  d ie lectr ic stre rrgth r ,  as i t  ts most

unl ikely that  the dielectr ic strength of  t l ' re cold dielectr ic
r ,v i l l  ever bc'  a l inr i t r r tg de sigrr  paramcte'r

4.  Conc ' lus ic ln

A' :  h  ,gh vo l tagers ,  l l te  prhys ica l  ,Jes ign of  feedt f ' r roug;hs runs

into the cl i f f  culty c,f  seit isfying mutual ly contradtc;tory reclr-r ire-

n^e r r t s .  One  requ i re r ren t  r e l z r t ed  t o  vo l t age ,  i s  t ha t  i he re

b:  suf  f ic ient  s r :pe l ra t ion between the center  cot rductor  a t rd

t l - re  v , ,a l l .  lhe o ther  requi rement  is  sav ing t f ' t t - '  equt l tn lent

vo lu rne .  T l - r e  f eec i t h rough  des ign  p rob le rn  sp l r t s  i r r t o  op t i -

r l i z i t t ion o1 shapes,  in  se lect icn o f  mater ra ls  e i r l rJ  in t t l  c i t l -

c r l i . l i on  o f  d i n t c r r s ; i ons .

r l r p t ima l  f e :d t r r oug l r  shap res  and  exp ress io r l s  f o r  r l l r t r t t t l t l

r J imr :nS ro r r rng  a re  de r i ved  i n  l . h iS  pape r .  Ou r  g l l t i r r r i , z l t t t o t l

s - rg< ;es tS  s ;e l €C t i on  t l f  me r te r i eL l s  v r i t h  a  l ow  c l t t l l l r ; I t i t :  t ; o t t -

S la r r t  and  v r i t h  a  l ow  d i sS tp la t t o t . t  cons tan t  f o r  1 ;o I t i r l r ; t 1 t t : l g t ;

t r i c s ; .  l t  i s  t n o s t  u r r l i l . . e l y  t h a t  t n e  d i e l e c t r i c . ' ; l t c t t r ; l l r  , r l  l l r r r

: o l c j  d i e l ec ; t r i c ;  wou l c j  be  ; e  l im i t i ng  des ig t r  1 ) i t t r t t r t t : l t r t
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