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I 
n. The excellent pesformmce of Brftieh "red dot" crysta ls  f e  

explained R R  due t o  the kgife edge contact inat  A polfehod ~ X ' f l i C B o  

H i g h  frequency mctlffcntfon 8ependre c r i t i c a l l y  on the ape%e;y 
of the rectifytnc boundary layer o f  the crystal, C, For hl#$ comvere~on 
e f f i c i ency ,  the product cd t h i ~  capacity m a  of' t h e  @forward" (bulk) re-. 
sistance Rb of  the crystnl must b@ sm%P, 
depende primarily on the breadth of tha b f f e  edge 
i t s  lbngth. The contact am &harefore ~ E L V Q  a rather large area wMQh 
prevents burn-out, 
thh3 the breadth of &h@ knife edge should be bdt8~1 than E~$O$B% %fI-' amo 

For a knife edge, this produet 
very 14ttle upom 

For a wavsIL~n+3tih of PO emo the eowp,o%a%8sne 4 w W  
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t l o a  which are due t o  the combined effect of  conduct iv i ty  and Capacity, 

not deal  with the so l id  e t a t e  theory of rect l fylne:  contact8 which l e  t r ea t ed  In a 

raparate r e p o r t  (43=12)., 

underetanClng of the present  paper, 

Thle paper dea le  only  with tho5e phenomena In high frequency r e c t l f i c a -  

I t  doen 

A knowleCgs QQ t ha t  repor t  l e  not aetseesarg f o r  t h e  

In  the  report mentioned' It i r s  ehown that  a eonefs t sn t  theory of the 

contaot can be obtained by aesumizrg that the sur face  of t h e  c r y e t a l  han the same 

chemical compoeltlon a e  the I n t e r i o r ,  f o e o O  without, the  acssuntption of an artiffcia1 ' 

blooking layer, ' I t  l e  neceeeary t o  aas3u.m a hlgh d t e l e c t r f c  conetant ouch as f e  

u8ually found for non-metallic elements, In al l  nurser%cal ea lcu la t ione  we shall. 

8~8umd a dieleetrio conetant a e 10, Ueing the meae-ed number of conduction 
F- 

* ,  electrons f o r  %tveragan eil ioon, the thiehasee of the boundary layer then comes 

.' o u t  t o  be of  the  order  of lo"" orno "he motion o f  elerrtrone through t h e  boundary 

Uycr I s  e e e a n t i a l l y  like. that  In a dloiie, einca the mean f r e e  path of  e lec t ron8  

18  about 6 x 10"' a n o n  foeoo eeveral  tlmee the thlckaeee of the  layer, 

=. . 

The o h s r e o t e r l e t i c e  of the  contact for D,C, are the usual ones: i n  the 

forward d i r e a t i o n  the cur ran t  increaeee exponent ia l ly  with the applied vol tage up 

. , t o  a Certain vol tag% 'pea I f  the vol tage  Ils &reater than (pc, any amount o f  .current 

can pees through the contact  hmernbsr, however, the bulk reufetance dfecueesd 

below!), 

for 8 b a a  vol tage  o f  about ,I vo l tg  i f  the back volt- i o  Increased t o  about one) 

v o l t  o r  more, bredcdown occur6 due t o  the Schottky effeet ( b a g e  force, ) 

fa the backward d i r e c t i o n ,  the  current  TeRches a small uaturatfon value 

. The aotual  resistance bn the forward d i r e c t i o n  for v o l t q e e  c r e a t o r  t h a n  i u  

i ,  y 18 determined by the bulk reslstancs of the cryetalo If the contact  area l e  a 
i r  c 

. .  

" ,  " I  
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c i r c l e  o f  r a d i u s  8 ,  the  r e s i s t ance  is, according t o  a well-known formula of poten- 

t t ial  theory,  
c ;  

1 R c - -  
4 6 %  , 

where d is the conduct ivi ty ,  kcordine: t o  experiments o f  D r ,  Beckere of the B e l l  
3 Telephone Laborator ies ,  tho area of contact  derived from Bq, (1) agrees well wfth 

that measured under a microscopeo 

Mentally from the slope of  the strafght part o f  the DOCo curren t  vo l tage  character- 

isticdo 

The reefetance R can easily be obtained erperi- 

Values of  R In t h e  neighborhood o f  2C'.6@ ohms are commona For the back 

re( ;5atmcep very much h l&er  values  o f  aavaral thousand ohms are usua l ly  obtained 

f o r  good r e c t l f i e r a c  

The boundmy layer a c t s  a8 R capac i ty  i n  add i t ion  t o  having a conductance,, 

As the p o t e n t i a l  acroes  the boundary layer is increasedp  more donators  i n  the sur- 

* face layer muet be charged up 80 an t o  i n c r e a m  the th ickness  of  the lAyero I f  
F .\ 

1 the p o t e n t i a l  decreaees,  the donators w f l l  r e t u r n  t o  n n e u t r a l  condi t ion,  I t  can 

easily be shown (ofo Report 43-12) that  the effective capac i ty  of the boundary 
' 2 .  = b 

' 

- .  
e a -  ~ layer l e  

Aa: c = : -  
457 d 

where .A l e  the area of the oontact and d the thlckness of the boundary layor, 

This thleknese depends slightly on the applied vol tage ,  being given by 
I 

\ 
Ipro-p,) 4: 'I, (3, 

the d i f f e r -  where l? 18 the number of donators  p e r  cm,, e t h e  e l e c t r o n i c  charge, 'po 

once o f , t h e  work func t ions  of metal and semiconductor, and 'pa the appl ied  voltego 

in the forward d i r e a t i o n ,  This dependence on cp ho,wever, l e  not very important. 

suremeuts of the capacity**ueing Intermediate  frequency give va lues  of the  

or of 1 wrf,  With d P 

3 
d 

Be 

2 and C o 10 this  gives aa area A o f  about 10"' emo 
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..which i e  of  the  same ord.er AS that deduced from Eqo (1 )  or from.geometric measure- 

ments of t h e  size of t h e  po in t  under %he microscopeo 
J 

s e a c i t y  and R,P, R c j a t i O n  

If the  contact  i e  exposed to  high frequency f ie lds ,  t he  capac i ty  will 

shunt out t h e  r e s i s t ance  o f  t h i  contact i n  the  backward d i r ec t ion ,  

Been becauee a c a p a c l t g o f  1 wf corraoponds t o  a resistance o f  only 50 ohms at 

This is e a e i l y  

h e 10 cmo Therefore, a hieh back r e s i s t ~ n c e  is of  no use f o r  the hlgh frequency 

r e c t i f y i n g  ac t ion  of  t he  contact ,  but t h e  capac i ty  o f  t he  contact  i e  t he  signifi- 

cane quant i ty ,  

q Peg, A 
L . - .  

The equivalent c i r c u i t  o f  t h e  contact i e  given i n  Figure 1' The ,con=* 

. . t a c t  iteelf i e  equi'valent t o  a r ee l s t ance  R In  p a r a l l e l  wlth a capac i ty  C, The 
C 

Patter quan t i ty  i R  s l i g h t l y  dependent upon the  appl ied  volt- (Eq. 

quant i ty  depend8 very e t rongly  on 9 

reefe tance  Rb which i s  given by Eq, (1) and i s  independent o f  t h e  appl ied vol tage.  

For reasonably large forward voltage Rc i s  very small oo that the e f f e c t i v e  ixtped- 

the  former 

In  series wlth t h i s  element i s  the bulk a 

3 

~ ance of t h e  contact  proper f e  0 and the  t o t a l  Impedance is equal  t o  Rb0 Poor an;p 

backward vol tage  and a l s o  for -11 forward voltageo the reu ie tence  Rc i a  very 

large eo t h a t  the e f f e c t i v e  impedance o f  the contact  proper. i e  

Then t h e  t o t a l  impedance is 

1 - 
i c w  

1, 

0 
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The r n t l r i  of back t o  forward impedance which l e  s i g n i f i c a n t  f o r  the rocfificaDPan 

of light in ohms.," In order t o  get a {:ood ~ ~ t i f i c ~ t f o n ,  Expression ( 6 )  nuat bs plcd 

rsnal!. QB p o e e i b l o ,  preferably smaller then l,, 

ditlon bscornes increasingly more difficult to eatfefly ae the wav0 length dlecredBwecJ,, 

I f  we a0slvne a circblnr contact of lradiiis a, then t he  right-hand efde of Eqo ( 6 )  4 e  

propor t iona l  Lo a> Xf we take h = 10 c m C , )  d = 10m6coo. ri 

and require ExpreRsion ( 6 )  t o  be lesa than 1,) we obtaAn the condition 

It Po Been imrnsdiately that M a  cob- 

-1 
m 10, 0 e 20 ohmo1 em, 

Th3.s  show^ that good rectification cadi o n l y  be, obtaQPrced with 0mll p s h t  
t * .  
contacts,, The amdler the area of ths  contact, t h e  b e f t m  ehould be t h e  convemgiogl 

,- 

,I 
"officbency of the  contact at high fkequency, I t  2 5 ,  o f  cous"$@, trrw that ( 7 )  465 

0 
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'. only a neceeeary and not a eu f f i c l en t  condition for good r e c t i f i c a t i o n ,  I t  is 3180 
/- 

\ :  neceesary t o  have a l o c a l  o s c i l l a t o r  o f  s u f f i c i e n t  amplltude In orde r  t o  be ab1.a 

t o  make f u l l  use of the  r e c t i f y i n g  propertieo of  the contac t  a n d ,  i n  tu rn ,  the 
. .  

_ -  . l o c a l  o e c l l l a t o r  power may be l fmited by  the  noise i t  genera tes  i n  t he  c ryRta l i  

However, given the power of the  local o e c i l l a t o r ,  the e i z e  of t h e  contac t  has tx 

be made small, 

margin. A capacity of 1 cmo whhch COrI~?sponds t o  the average o f  t h e  rec t i f ie r8  

measured by D r ,  Beringer. w i l l  give a = Ci 

the value O 0 4 ,  Lawson, af  the t b f v e r e l t y  o f  Penneylvania, ha8 s tudied  contacts 

with a vary ing  from about 3 10"' t o  cm:, 

The con tac t s  a c t u a l l y  uaed fulfill condi t ion  ( 7 )  by a conelderable  

lov4 cm, 80 t h a t  Exprsesioia ( 6 )  hae 

The requirement of  am11 p o i n t  coritaet expla in8  the function of tnppfng @ 

l a  producing a eood reCtff leXo Ae the ea& b*hlBk:er Pe drought I n t o  contact  wi%h 

the crytatal sur face  f o r  t he  f irst  time, the re1a; ivoly s o f t  t u n g s t m  i e  ceueed $0 

flow p l a e t i o a l l y  and t o  aeeume the  $hap+ o f  the eJilPcon surfacep, Then. the tapp:ng 
I 

- w i l l  move the CL.L%~EI whteker t o  a different area on the  s l l i c o n  which w i l l  have 

. d i f f e r e n t  irregulatlties from the area f i r a t  touched, Therefore, the cat whiekar 

.* w i l l  now make contac t  only I n  a Pew poirite rather than ove:i- the entirs flattened 

. eurface (Pig, 21, Thie will obviously improve t h e  rectifying c h a r a c t o r l e t l c s ,  

Baforg wing 

- c . .  ; .. 

*a The fo l lowing  pictrtr 

Fig, 2 

t d. t o  m 



A measure of t h e  s i z e  o f  the contact  ..rea l e  given e i ther  by the  foiward 
I *  

r e s i s t a n c e  o r  t h e  buck r e s i e t m c e  f o r  D O C ,  The Porwerd r e s i s t a n c e  i s  inversely 

1 propor t iona l  t o  the  diameter of  contact, (Eq., 11, The back reRistance is inverae2-y 
" 

- p r o p o r t i o n a l  t o  the  area of contaa t ,  For t h i s  rmaon,  the back r e s i s t a n c e  i s  n 

' more s e n s i t i v e  i n d i c a t o r  o f  t h e  size  of the contacto Mox*eover, the  f O r w A r d  res i e t -  

a c e  w i l l  be reduced If there i a  contact  at more than one poin t ;  A  mall forwa.rr1 

resietance,  caused i n  thiq way W i l l  not  be det; ' imental  t o  the r e c t i f y i n g  character-  

f e t f c ~  o f  t h e  contac t  becauoe they depend on7.y on  the i r .d iv iduR1 s i z e  of  each con-. 

tact, The r a t i o  of  back-to-front reeiettsnce w l l ? ,  however, no t  depend on the  

number of contac t  points but  w i l l  glvs a d i r e c t  Ind ica t ion  o f  the average size o f  

t he  individual con tac tn  Therefore,  the back-to-T'ront ratio will be a better nenaure 

of  the rectifying c h a r a c t e r i s t i c  of tho: contact  for R,F. than tho forward D O C ,  7 

r ee l e t aace ,  Therefore, althouyy! a high back-tc-front r a t i o  I s  o f  no d i r e c t  uae for 

high frequency r e c t i f i c a t i o n ,  I t  is s t i l . 1  i n d i c a t i v e  o f  small poin t  contac t  and 

t he re fo re  w i l l  probably Ind ica t e  a good r e c t i f y i n g  contac t  f o r  h i g h  freouency as 

well ae €or D,C. 

_ *  . ,  

I t  muat  be remembered, howevern that  the b a c k t o - f r o n t  r a t i o  does not 

depend on t h e  contac t  area alone, The back r e e i s t a n c s  dependle very RsnAilively 

on the d i f f e r e n c e  of the work functlonr,  o f  metal and aemlconductor which ifmy be 

very 08nSlQiVe t o  burface layare o f  oqrgaan mcl the l i k e ,  

inf luenced t y  f l u c t u a t i o n s  in ths thfcknaas of' the boundary layer and o the r  reaeonn 

which cauee l o c a l  concent ra t ions  of' t he  e l ec t r i c  P i ~ l d  a d  thus enhance the Schottky 

effect (cf, Report 43-12), 

back resiatsmce more. e t rong ly  thar. t h c  capacity of the contact ,  

f i r themore ,  i t  w i l l  be 

'Phe average donator  d e n s i t y  w i l l  A ~ Q O  Inf luence the 

4 I 

I 

. .~ - .3 ., / .  . r 

- , . - . - . .  .. . .. . ,. . .  .,.. 



The 8-11 area of contact which 18 required f o r  good r e c t i f i c a t i o n  IQ 

undesirable from the s tandpoint  o f  burn-out.; The power going through t h e  cryottl l  

w i l l  be diaeipated i n  a smaller volume? If the arm o f  contact IR emaller and w l l l  

therefore  hea t  the boundary layer t o  a hlghcr tsmpsrature,  A t  w c h  a high tempsrn- 

t u r e  t h e r e  w i l l  be t i i f fue lon  o f  ~!anal;ors f n  the cryRta1 which w l l l  opoil the rectl-  

fying c h a r a c t e r i s t l c ~  HO deocribed in t ho  nccorupmy8ng r epor t  (43-13)0 

even the  tunp;sten nmy dlffuoe I n t o  the crystal and thereby C ~ U B Q )  too  high conduct- 

i v i t y  of  t he  boundary l a y e r ,  

Rselbly  

Dr,, Torrey of t h l e  Laboratory has ca lcu la ted  tha t  the temperature retlcheff 

i n  the boundary l aye r  l e  given by t h e  f o r m u l a  

' Here P i$ the  power (in weeta 

p % *  

golag througa the cryata,, 4,2 € B  t h e  converefon 

f ac to r  from joules i n t o  ccaloriera, 0 i s  the e l e c t r i c  conduct iv i ty  o f  the Cr$$tta'l., 

' * lg 4 g  its heat conductivity i n  tha ueraal u n i t e  (caloriee/cm, per degree/cm,), kM 

i s  the same for the, metal and Y i s  the  fitaPf anglcs of the cone formine the t i p  of  

the cat.*a whisker, For e l l i c o n ,  k Is about for tungsten, kMzz 0,4,  me 

moet important f e a t u r e  of Eq, (0 )  is thrat, for SI of  given conductivity 6 ,, 8 is 

propor t iona l  t o  the forward reaicltnnce of the contact ,  RbQ 

t u r e  w i l l  be higher  f o r  a emaller po in t  which has A h l e h  forward ras le tancs ,  ?hie  

agreee with the  experience that t h e  bea? r e c t i f y i n g  c r y s t a l s  u sua l ly  are moet nenai- 

t ive  t o  burn-out,  I t  t he r s fo re  e@erns d i f f i c u l t  t o  produce c r y s t a l  r e c t i f i s s a ,  whioh 

a r e  at the same time seneitive and stable wainst burn.-outC 

2 
6 

c 

. 

Themefore, the tempera- 
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. propor t iona l  t o  the  area of  t he  contact  owing t o  t he  very  Amall th lckneus  o f  t he  
' 

boundary layer- .  

make contact  in a knife edge r a t h e r  t h m  i n  n c i r c u l a r  po in t  the r e e l s t a n c e  w i l l  

R,,, however, depends on the  shape o f  the area o f  contac t ,  I f  w 0  

. 

.be very n e a r l y  inverne ly  proportj.onn1 t o  the  length  o f  the knife edge and abuioe'; 

independent o f  i t a  breadth. The former f s c t  I s  ozen i f  we, consider  a knife edge 

of given breadth b and dlfferect  l ene th  a) )b .  Tien f o r  a given applied p o t e n t i d .  

the  cur ren t  muat be n e a r l y  proportfonal  too a ,  Kor.eover, t he  r e e i e t m s e  i e  dlmen- 

e ionnl ly  g iven  by the  r e s l e t i v d t y  divfdsd by 6 o m ~  length ,  so that t h e r e  l e  no room 

f o r  any s t rong  dependence on the  breadth o f  the  knlfe edge, D r ,  Torrey has calcu- 

l a t e d  the r e e i s t w c o  f o r  a contact  whose ~ 3 ' 0 8 ~ 1  arjation is 8n e l l f p e e  with semi- 

axe8 a and b., For a>) b, he: f i n d s  

Therefore,, t h e  Important quant i ty  f o r  rectificaeionsbecomoe now 

1 .  

C R b F  A R b P  b I n  4a/b (no 1 

I t  l e  therefore alrnont independent of the maJor Cimenslon a and depende eeeentially 

only  on the  emaller d h e n o i o n  bo 'Pherefoxe, i t  i n  poaefble  t o  ob ta in  A good r e c t i -  

. -  

fying contac t  by ueicg a k n i f e  edge whclee breadth  i~ e m 1 1  compared with the c r i t i -  

c a l  dimenRion given in Eq, 171, but whose length may be qui te  large compared w19h 

that quan t i ty ,  

i n g  to Eq, ( 9  ,. 

power and will conmauent ly  be very BtabXe agalnet burn-out, 

Such B contac t  will. have R very ernall forward r e e i e t a ~ c o  I$., accord- 

I t  w i l l  t he re fo re  have & low temperature f o r  any given traasrnltteti  

X t  appeare that knife edge con tac t s  .have been made and i nves t iga t ed  by 

the  British General E l e c t r i c  Company, Ltd, 

posaesa as good r e c t j f y h g  propcrt leR afi t h e  b e t t e r  American rect i f iers ,  and t o  

They have' invariably been found t o  

be capable o f  aue ta in ing  powers o f  86 much aa  5 wntte for long t h e e o  

lent performance was never underetood up t o  the presento 

'Phi8 excel- 

It appearg t o  be due not  .=-\ 



80 much t o  t h e  chemical and hea t  trerrtment o f  t he  cryeta18 as oimply t o  the urn8 o f  

a knife-edge contact ,  I t  must be kept tr-i mind, however, t h a t  Q knife edge can 

make good contac t  w i t h  t h e  c r y s t a l  on ly  i f  thc c r y s t a l  sur face  15 very accura te ly  

plana and sxtrenely smooth; Therefore, we bel leve  t h t t  t he  Er:Ltinh t reatment  o f  

the  c r y s t a l  has  mainly t h e  effect  o f  making its aurfnce plane,. 

( *  

Cruet& Proaerties Affectin% && RecLif ica t ion  

I n  view o f  t h e  p o s s i b i l i t y  of getting r e l i a b l e ,  seaoitfve and eturdy 

crystal rect i f iers  by mama of  a knife ;edge contact  t t  is hRrd3.y worth while t o  

diecues t h e  o the r  f a c t o r e  which in f luence  the  perfornance of t h e  c r y a t a l . .  Moat 

o f  t hese  f a c t o r s  nre contained i n  t h e  formula f o r  t he  thfckneea o f  the boundnry 

layer, Eqo (31, 

From t h i s  formula i t  vould appear that betl;er r e c t l f i c a t k o n  would be 

,- obtaliied by having a emaller  d e n s i t y  o f  donatore ,  Ndp How8vor, the conduct iv i ty  
c .  " 

' 6 is propor t iona l  t o  t h e  d e n s i t y  o f  conduction e l ec t ron8  In the  bulk of  the  si l l-  

. . con, In  g e a s r a l ,  the  number of  conduction e l ec t ron8  I s  n e a r l y  equal t o  t he  number 
- ?  

o f  donators  (cf, Report 43-12), Therefore,, the product o f  capac i ty  and forward 

r e s i s t a n c e  becomes actual ly  -e= and t h e  r e c t i f i c a t i o n  worm,, as B l e  decreaeedo 

However,, an >Acre- in t h e  number o f  donfttors l a  not  d e s i r a b l e  e i ther ,  If t h i s  

number ie increaeed beyond I t s  normal va lue  07 about 10l9 cm;! the  thicknees of  the 

d 

. boundary layer w i l l  become too  emall a n d  the c o n t m t  w i l l  then break down very 

Oa8ily in t h e  backward d i r e c t i o n  ( c f ,  Report *.03-12)0 

A p o s s i b i l i t y  which meme t o  give a ga in  would be t o  t r y  t o  increase  the  

conduct iv i ty  without affecting the  th lcknese  o f  the boundary l a y e r ,  "his can be 

. done if t h e  mobi l i ty  o f  t he  e l e c t r o n s  in t he  crystal  can be  increased,  Now the 

mobi l i ty  seem8 t o  be more o r  l e e s  a constant  f o r  each bae ic  eubetance I r r e s p e c t i v e  
a *  



of  the  lmpur i t i ee  but i t  is about 3=5 times greater f o r  Ge than f a r  Si.* If I t  

I s  poss ib l e  t o  overcome the  somewhat worm mechanical c h a r a c t e r i s t i c s  of Ge i t  
( '  

may be worth while t o  use t h i s  substance as n rectifier i n  view o f  t h e  higher mo- 

. b i l i t y  o f  i t a  e l e c t r o n s ,  However, i t  will probably h e  necessary t o  produce purer 

Ce before  thiR aubstance can be used. 

An improvement would. obviously be o x a i n e r l  if we could reduce t h e  numbe? 

00 douatore in t he  boundary layer o f  the  c r y s t a l  without reducing t h e  number o f  

conduction e l e c t r o n s  i n  t h e  bulk material, 

from t h e  su r face  layer t o  tho  I n t e r i o r  o f  the  c r y s t a l ,  

'Thin would r equ i r e  R removal o f  donators  

I t  seems v e ~ y  d i f f i c u l t  t o  

do thiR by chemical meaxin although t h i s  p o e s i b i l i t y  should not be a n t i r e l y ,  disre- 

Carded ,  An. i nd ica t ion  of  an i n t e r e s t i n g  p o s e - ? ~ l l l t y  may be found i o  the  r e s u l t s  

of  Laweon o f  t h e  Univere i ty  o f  Pennsylvania vho i s  at present  s tudying  the  burn- 

out  of  c r y e t a l s ,  

QIS 

He ha8 found that '  the  cryet:Ils appa ren t ly  become b e t t e r  rect i -  
f 2 

3 
f i e r s  upon a p p l i c a t i o n  of  a forwnrd vol tage  equal t o  about - o f  the  voltage requi red  

\. 

.for burn-out, R t e n t a t i v e  explanat ion o f  thiH phenomenon i e  as fol?.ows, me vo l t age  
' 

~ applied w i l l  raise t h e  temperature high enough t o  CBUBQ diff i ioion of a toms  i n  t h e  

boundary layerc .At the  same time, the d i r e c t i o n  o f  t h e  applied voltage i s  such 

that I t  w i l l  mowe'electrons from the  eemicondilctor i n t o  t h e  met31 {we ~ppeak, for 

s impl i c i ty ,  of  an Notype c r y s t a l ) , ,  I t  w i l l  t he re fo re  accelerate charge donators 

i n t o  t h e  i n t e r i o r  of t h e  eemicond.uetor mcl will t h e r e f o r e  make the  surface l a y e r  

' poorer in donatorso  T h l g  w i l l  CRUBO an fncreaae  of t h e  th ickncas  of t he  boundary 

layer and therefore i a  l i k e l y  t o  improve the r a e t l f y i n g  c h a r a c t e r i s t i c  both f o r  

DOC,  and R,F, This po in t  w i l l  have t o  be s tud ied  i n  more detcaflg if i t  18 correcto 

then an equa l ly  large backward voltage muet make t h e  r e c t i f i e r  worsea 

An actual theory  of the R,F, r e c t i f i c a t i o n ' a s  a func t ion  of  t h e  loca l  

osc i l la tor  voltage w i l l  be developed i n  t h e  near  f u t u r e ,  Also R -theory of  t h e  noise 
t 1' 

i '  3 

Report8 from hrdw and Pennsylvania Univera i t%es ,  

lvate Communication 



will 'le attempted, Thc ideas preaente8. In t h i s  pe-per ere necessarily t e n t a t i v e  

axi ace pub1Ishec! at t h i e  time only in Ordt? is  1,o accelerate experimental work on ,. 

t'nf.0 FrQblcm,  

l iuirci  u n t i l  exgerlmentu on relateti problems had been completed 

If i t  were n o t  for t h t s  frict, t k s e  n o t e s  would not  have been pub- 

I d y  thalike are due t o  rmny members of the Crystal Rectifier Groups of 

the R i d i a t l o n  Laboratory (Groups 53 trnd Si) f o r  much valueble information on 

exper?rnental reeruLtei I am also much o b l i g e d  t o  & e q  S e i t z ,  S c h l f f ,  and Lawson 

o f  thr? Uuiversity of Pennsylvania, rand t o  Dr,. Beclrar of the B e l l  Telephone Labora- 

t o r i e s  f o r  valuable information a n d  discussions, 

H, A ,  Uethe 
101 24/42 



7 Bulk R-eeintance of Crvetal a L;. Thin Contact 

bY 
II, C ,  Torrey 

We Rpproximate the contact surface by ~a e l l i p s e  o f  semidiameter$ 

a,, b (a )  > b )  and chooee r e c t a x u l a r  axe8 so that  the x-y plane contains the con- 

tac t  surface;  the long  dimension of tho contact being along the x-axis. We now 

define e l l ipeo ida l  coordlnatoe 5 ( r by I 

2 

M 

The confocal e l l i p s o i d s  = constant are tho equipotential surface8 5 
of the problem, e i n c c  f o r  1 degenerates in to  the e l . l lp t i cn1  contact,  

a .  LaP1ace"e e o u t l o n  f o r  the potent ia l  V becomee; 

where A l e  an integration constant,  

Thie makes V = 0 at the whisker contact and if B = Vo ( the  applied poten- 

tial) at 5 =  oc; 
A-l = JG.+ 65 

V 0 a2) (5. b 2 ) T  
0 

?&ue (12)  becomes, using J'ierceLIs tablee  (No, 5431, 

7'- \ L 

< I '  . 

13 



IC r: , / l o b l a  2 2  

rind 

(13b) -1 K = en (1, k) 
0 

I s  the COnyJ l f? te  e l l i p t i c  integral  o f  the f i i7s t  kind with modul.us k ,  

the radial dlr . t ,mce f r o m  the center of  the w n t a c t :  a8 r - 4  5- 2' and 

No*.r i f  r i s  

2 

v j v o  ( 1 m - L  ) K r  

The current l e  thuR 

(13a) 

and tho rcsletnnce i e  

a b  a 

K vo 
= -' 

K 
R z -  

2nua 

when 6 = conduct iv i ty ,  

(14) 

This result I R  general, 

So fur, we hitire not used the c o n d i t i o n  thnt a ) )  b. In fact, ci = b, 

the well-known r e s u l t  f o r  a c i rcu lar  contact of radius a. n 1 K = 5 and R = - 
40 a 

I f  a)) b, k - I ,  and H31n4; 

So t h a t  for u long thin contact 


