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Surhu -c  Charge Breakdown in A rgon
Fu sed (~ua rtz l~.elv in Method

.I P l I lA  ,,lIfll, On r0~~l’(S,~ •IIl~ 1 o •s •~~ y snd ld .nhIIy by blncb nw,,b.,)

i’he stabi l i t  v of electric charge ad sorbed on a fused quart z surface has been studied .
In particular , the cl tcct s  of e lec t r ic  field strengt h , radiat i on , and ambien t  gas pres-
st i  rc ha VO been invest igate(l . It is lound that t ran  sk’ i’ to or from the surface I ii suffi
( ient (‘ha t~~~ I ’ 1.1) n eu t r a l i z e  an ‘xl e m a  I electr ic Ii  (‘1(1 occurs read i lv under ul t rav io le t
r-~ i! :1 i 1111 . l-:v i( leflc e i s  presented tha t  changes in su rface c ha ~ in the presence of
a g~i s a mb ient  occii r when the  elect n c  f i ek l  at the surl.’~ce eXceeds the breakdown
l i e k i  ol the gas . I 1a rt ia I d i scha  rges then uccu r which  al te i’ the so i t  ~~-c cha i’~~~’ in
-wch a way as t o reduce th e  f i e ld below t~hi~ breakdown valuc_
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ABSTRACT

The stability of electric charge adsorbed on a fused quartz surface has been
stud ied. In particular , the effects of elect ric field strengt h , radiation , and ambient
gas pressure have been investigated . It is found that transfer to or from the surtace
of su fficient  charge to neutral ize  an external electric field occurs readily under
ultraviolet  radiation. Ev idence is presented that changes in surface charge in the
p resence’ of a gas ambient occur when the electric f ield at the surface exceeds the

breakdow n field of the gas . Part ial  d ischarges  theii occur which alter the surface
charge in such a way as to reduce the field below the breakdown value .
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INT R (  IDI CTI( IN

This  report (le’S( ’ i ih e s  a br i ef  inv est iga t i on  of the’ storage and transport II

charge on or near glass surfaces . Interest in th is  phenomenon was prompted Iw
observations III a I)UlSe ’d e ’( Ind t I ( ’t io l l  l) 1’ (Ie ’ess occu r r in g  between electrodes (~fl a g 1ass

su rtace under the app l i ca t i on  Ill dc voltage . The observa t ion  that t ight  and heat inc t - ’a~ c
the pulse rate suggested that the  process involv ed the iree ’ing of electrons from surface ’
traps under  the combi  ned inh l uen c e  ol (he app lied electric f ie ld  and radiat ive or t l i e i -m a l

ac t iva t ion .

Experinient s tinder controlled atmosphere indicated that this  process was
enhanced by condit ions I avor i i i g  i u n i z a t i . l n  of th e  gas in contact with the ’ surface’. ‘l ’h is

imp lied that the phen omenon invo lv e s  the ’ t runslor of charge from the surface to the
gas. To seek fu rther evidence for such t ransfer , experiments were ’ performed in
which  the magnitude ot the char’,~e on a glass surface could be measured as those
I)ammi ,’tei’s w h i ch  coat t o l  t he  pulsed conduction wer e ’ var ied . The exper iim’nta I a~ Up roach
and resul t s  ol t h i s  study adI - described below . The extension of th i s  studs’ in the ’ d i  ccc—

ion of stii’tace’ charge I)h en llni e ’na on glass ~ as made in l)reterencc to the explorat i on
(I f electron 1)001 ing effect s at l iquid  surfaces , which  had been under considerat ion
ea i-I er . I’he r esults  oh the  studs’ of the pulsed c onduction l)I’u ( ’ e’ss itself  tormed the
ba sis  I I ) ! ’ an inven t ion  t iist ’losui’e describing a control labl e ’  random nois e ’ genera l  II’ .

Exp er imen ta l  Method of Surface’ Charge ?~1’a sure ’mcnt

The tec hnique used for measurement 1)1 the so rIacc ch a r ge  is a n 1odilic at  ion
of the K e l v i n  method s i m i l a r  to that described by W i l l i a m s  and \~~ ~~~ ‘l’he desi gn
and ope rat i (Ifl ( I f the expe (‘101 e’nta I c e l l  is it  lustrated se heniat  ica 1 lv in 1” i g-u re 1 . ‘I’he

spec i fllefl is a fUsed s i l  ie’a plate , about 2 mm thick , which  forms one wall  ol the ~‘acu i i I i i
ce l l .  I h e  charging and 1lisc ha rg in g  p i’oc’es 5 ( 5  unti e I’ st~ dy take p lace on the inner

surface ut this  p late’. W i t h  in I he ( - I ’ l l  and e use to t h i s  su r i ace  is a nickel mesh d e c  —

trtxh’ whi ch  e ’afl ht ’ IiIa (I I ’ tO usi ’ ii  late in :i d ir ect ion perpendicular  to the surface and
thus has a v a ry i n g  capac i t iv e  coupl ing  to  it . l’ht ’ osc i l  tat ing motion is t r ani- inu t ted

through an insulated vacuum ls ’I lnw s. .\ e- i m  (t Vi ~ i s  the osc i l l a t i on  at I liz . l’ h ex-

ternal  surface  III the lu -oi l s i t  h ’:i pI: i t i  t a  mmi i ’s  a s ’ni it l inspa r(’1)I p l a t i n u m  coat in g

which  servos as a (’ ou n te r— t ’I  1 ( t  rode cI lU) I l e d  capae it i~ o lv ( I I  the if li l er  so I l a l  e ’ and I I I

the use i l l a t ing  elect rode. T in ’  t r a n 4 m 1  r encv ol I l i  is U le ’ett’ ude p( ’i’lll i ts  m t  l’o(llU’t I I ) !)  I l l

I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,.. . .
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i’adiat ion into the cel l .  Res i s t i ve  hea t ing  may be’ used to ~‘ai’v the temperature. ( )p er—

ation can be in e i ther  a vacuum (Ic :L (‘l int rol led gas ambien t . A (‘0 rona diseha I’ge’ at a

Ii igh voltage ’ e’lectrode w i t h i  U t h e  e’e ’t I a f f I I I ’ d s a e  un\’ e’nient n iear is  ut p rov id ing  eha I~~I t I c

~~~~~~~~ 

it ion on the  so r iace und er  stu dy .

In ol)e’ r’at ion , the ’ nuv: ihk’ elec t rode is ( ‘(InIle ’cte ’d to an cle ’e ’ti’onìet c ’i’ . It ( l i t ’

elec t roine ’ter input  is I n t l  me ’n (a r i lv grounded at sonic ’ Posit ion (If the osc i l l a t ing  e l  o c t  r sle

where its capacity to th e  eilntei’—e le ’ctrode is 
~
‘‘i’’ then the voltage V el ac ross the

electrometer  at some t ither  ~ I IS i t  ( I l l  I I I  the electrode’ where ’ t h i s  capacity is t’ T 
— H

I

~~~ ( )  ‘~~~T ( 1 )
V 1 - 

C.

where V1 is the ’ bias  voltage ’ applied to the counter— c ’le ’ctro de , q is the charge’ on the

inte m l  surface’ of the’ hise’eI si I ic ’a plate , (‘
~~~ is the cai )ae ’ it~ across this  p tate ’ and

is the’ total capac itv  l)e’tWee’n the ’ i i iovab le electrode and ground. This relation assuni e s

that  tI-ic var iat ion .~C,1, lI(’c~ i s  in a t i m e ’  short compared with the RC time’ cons tant  ot

the electrometer c i r c u i t , tvp ica l lv  of the order of one hou r, Tile determinat ion 1) 1 c~
(Ie’pe’nds on the’ fact that (he ’ electrometer voltage no loiige’r var ies  with the’ pus i t i t l i l  t i t

tile ’ movable (‘lt’ctro(k ’ when

— V .

M c’a su r e’iiient is made’ by observing the electrometer output on an oscilloscope’ or

iiit ’I (‘i’ 1 S the motion of t h i s  elect rode produces e’vel ic change’s in 
~~~~~~~ 

Adjus tm ent  oh

the’ voltage ~if t he t ’i i t i ate I’— c’le( ’trode , to a ~a lue produc ing a nul l  in th e  va r  iat i l lf l

ol’ electroni etel’ output  w i t h  electrode posi t ion y ields  V and thu s I l .  [X j i i ’ l ’s: lug the

I’esu It as i surface ’ c!l:i rg& ’ deiis it y  ,

V
U - -

er
-i 

- -
~~~~
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wher e ’ € and t are the dielectric constant and thickness of the si l ica plate , respec t iv e- I  v .
‘l’vpieal lv for fused s i l ica , 

~ ~~~~ 

1 . With t 2 aim WI ’ have

— 1 2  - 2(7 — 1 1 .5 \ 1( 1 \ ( ‘ ) I tI l~~( ’f l 1 I - I )
5 n

= —10 ’ V
Ii

whe’re ’ e T is the’ magn itude of the electron charge and V n is e~~ ressed in volts .

Several sc’t s l i t  data We’re’ obta ine’d at diffe’re ’nt levels of surface charge

density to confirm the ’ appi ic ’ab il i t v of l -q .  (1) by measuring 
~

‘el as a function of

Figure 2 shows two plot s of (h i s  relation when Q, is (lose to zero , one measured

under vacuum and one at one’ atniospl ie ’re I~ f argon. The’ sma l l  value ’ of a is shown l)V

the fact that V 1 vanishes near 
~~~~~ 

0. The slope of the vacuum curv e’ is somewhat

the’ higher of the two . According to Eq. (1), this  slope is 
~~

‘
T/’(C j + C

T) and the

ditferencc is apparently produced liv a change j~ ~~~T due to a slight f lexing of the

s i l ica  plat e under vacuum . ‘Fhe’ v a l i d i t y  of the measurement is not affected sine ’ e’ Isit li

curves v ield the’ s a in t ’ value of V and hence of a . The curve ’ in Figure :t was obta in edn 5
w i t h  the s i l i ca  so i- fac e  negat ive lv clia rged result lug in  a sh u t  t i t  the zer o in t h e - elI ‘ I - —

romet er output to :1 e l  lu nte? i’ —e ’ I eeti’iidt’ voltage of 127 ~ \‘. Tb is Curve ’ ~va s obt~i i III ‘el

at (I n c  atmospher e ’ j ) i ’ e ’ ssu I’c’ and has the same’ slope as the one’ atmosphere’ CUI’Ve ’ ill

l- ’igure 2. 

~‘——__ -~~~~~~~~ --—-.~-~~~~~ -‘~~~~~~ 
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Mea surcment s wci -e i n i t i a t e d  to ido nt  lv the (actors to w h i c h  a( isl ) i 1)t ion and

de’so i’pt ion oh ( l ie ’ su rhi c ’c’ ch a r g e -  a i-c most sim s itve . I h e  results to  elate’ are ’ ck’s - 1’ ih c d

l I c ’ l I I n

Change’s in sur lae i -  charge density have bee’n produced with two di ff c ’i e ’nt

source’s of mobile ’ c’hai’ge: ( I )  a disc’harg e at the high voltage electrode, and (2 )  pho to—

electr i( ’ clii c~s ion ifl (tU ( ’e d l iv  ultraviolet radia tion. With respect to the latter l I r ~ cc’s s,

it appea rs that in the  l resc’ne- e’ of light of suff icien t quantum energy , cha rge transfer

occurs bebveen the si l i ca  surface and the ’ movable electrode until the electric iie’ ld

be ’twee ’n them vanishes . II t h e ’ r oi ; n tcr—ele e tr od c ’ voltage is positive , this requires

t he  addi t ion of negative ’ charge t ( I  the s i l ica  su i’lac’e’, pr esum abl y by photo elect con s

emit ted ii’oii i the’ in ovabi e e l e ct  i’o(le ’. If the counter—el es ‘t i-od e is negative, the ’ i’ev e’ i’se’

d irt ’e’tio ,i ol current flow occill’ s , ~~~ s ib l y  by photoeni i ss i ’m of electrons from t he’ s i l i c a

surfac e itself . Suffic ient so rla ’ t eha rge’ has been induced in thi s way to ne u t r a l  ii. e

( ‘OUnter— i’l e ’ctrtSlc ’ vo l tages  ranging  f rom —~~k i tI  to ~( l ( t  vo l t s . I heso change’s uCc ’U r

rc ’adil~- il -i vacuum.

Both 1)05 it iy e ’  ~ind negat ive discharge ’s have been used t t  I dc}l 15 it surfac e’ cha i g e ’.

Most experiments to elate’ have ’ involved use’ e)1 a negative disc ha rge in los’, I i i ( ’~~sl i1e ’~
of argon . As in the ’ ph ’t ie ’ lil I s sivc  p i- I ) e e ’s~~, the \ t l i l a g e -  on the c o u n t e r — e l e c t  rode’ ran

be used to control the c harging l eve l .  In t h i s  e ase’ , t h e’ cont i- ti l  is less exact , and ~ c ,

iii agn itude of the’ i’osu It i ng s i l l - I  n-c ’ e’ha rge’ is  I l l  I l - a l : !  I lv g I t ’:! te ’r than (hat  1’e~ lu m t - i  I -

neutralize ’ the ’ - ount 1’ i — e ~ ectrode VI t l t  age .

Pe’rhaps the 111( 1st s tr i k i n g  obse r~ (ta ) ns h: iv ’ ’ bc’e’n of ’ the  del)c ’il den( ’e ’ U I I  sit  i - L a ( - (-

I - h t m l - I - d i s s ipa t i on  on the l I l ’ c 5 ~ u r ’  of the gas and on the e l e c t r i c ’  f ie ’ I c I  w i t h i n  t h e  t ell .

it should be noted that when the c ’nunt er—el ect  rode’ \ ‘ ( I I t  age is a( !just e(I to the ’ ~-a tue

Ii ich n u l l s  the ’ output ot I Ti c I l l I l v a h i c ’ c i e c t ro th - , there  is no I c l i i  bet~ (‘eli l i i ’  SI  l i t a

sur fa -e :01(1 ( I i  is ( ‘ i c - I - I  i- ta lc . I I  t h e  c - i t i i , i t t ’ r — e ’ l c ’e - t i ’ o t l e -  ~ i t l t : i c c c  is th en  ;id iu s(t ’d P - t l l i i ( ’

i i t ln ’ i ’  v a l u e , V1 the ’ I ie ld  i n s i d e  the c e l l  nea r t h e’ s i l  ca su r f ace ’ is p r op l l r t i t i n a l t o

- l i i i ’  a g.  ,- e’n t i o s i t i l I n  III t h e’ m o v a b l e  elect i’l I ( l c ’ . lii v :le ’ul In i  a( I’ I I ( I l l i  t e ’ ’ l l l U t  i a —

tu is’ , i t t - g a l  I \  s i i t ’ I : i t ’ i ’ I h,I i - ge is s t : i h t k ’  foi ’ va lue ’s  II  i \  Ii 
— V t  I t  at l e a s t  th Ou \ . h ow—

i l l  the ’ ~l l ea  U Ill I - ~ 1 a i _ . i ‘ I I , pai l Ia I l oss  -I ~— l i  I’l l ) - t ’ l i : t  mgI’ I lii R’ ’ t t t ’  :i t niue ’h II iwe i’

v: I l i i i ’ — , t i  ‘ I ‘I ‘IU I liii (Il l I I t - I l l  lii ’ I i ’ II l i t - .~ ‘ II i i ’ t id h i t ’ U~ — it 11 ) 11 III liii’ nio ’,:il l I - I - I ’ l l  l i l i t .
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This was i l lustrated by expe’i’iments of the fo t l o~ in g kind. At a g iv e - t i  l I i - e’ss i l i- c’

u I  :1 mgI in , 
~ l t ~‘as se’t at ~i l ) II ( l t  I uOO V and a negat vt ’ di sc harge ’ ciper’ :itecl in the c e l l .

t inie r thc ’se cut i d i t  iI ) I i ~~, adsorption of n egat iv e  surfac e c-ha r-ge- occurs  to y i e l d  a value ’

of V near 1000 V. I hie movable clee’tr ode was then stopped at a selected posi t i t  In and
\‘ re ’(lue’e d sto~ I to zero. In gc’n(’ral, V is reduced to some retnanent value- V inh n o
the coo z’ se tI t h i s  proc’ess , due~ to loss of surface cha t - ge ’ , V is a measure’ (I f th e’

elec t ric l ie l e t  at the su rface’ whe’n V 1 is se -mo , li-i F igure’ 4 , V is plotted as a Icinet ion

ot ar gtin pressur e’ f o r  thre e’ p osit ions of the movable elect l’t) (l e. It (‘an be sect -i that  b r

• each electrode posit ion , V shows a minimum as a (unction of pressure , the m i n i m a

moving to increasing pressure as the distanc ’e between the fused silica surface ant I the ’

e’lc’c’tro de is increa sed. Also  the value of V at the minimum increases with inc lc ’a se ’
of this distan ce,

It is probable ’ that these reseilts are i i’eflc ’ction ott Paschen ’s law re la t ing

hi-eakdo wn voltage in a gas to pressure and e’l(’c ’ti -t)d ei spacing. The re rnaii e’nt surfac e’
c harge is dete tin m eal h~- the maxi mu iii f ie ld  the gas can  support without brenl~e1owii ,

.\ccI i i ’d in g to t h i s  mtide ’l , wil t il the  fic ’ld clue to the’ sci i ’ I : t : - ’’ charge exceeds (lie ’ bt ’e:d-,d t tev n

f i c ’ ld , i partia l d isc ha rge IK U l i r s  in the gas neat - the surfa c-e and the c’hargel d 5 J ) c ’m i t - s

foi’iii e ’el in  ( l ie ’ dis c harge ’ neut r a l i ze  part of the sur fac e cha rge. The’ relative ’ I t o s c i  i I I f l ~
of t h l ’  Ui in ima ci t  the ~-a i i -  o ts  cii i’v -s :is well as the’ i’e’lat ive magn itudes of V at the ’

in i i i i  i i t a  a t ’c’ in qua l i ta t ive  agreement with this picture. A similar explanation has be’i’ti

p r (ipo se’(l for the ’ par ti al discharge of c’ I ectret s at redu ced pre ’ssure. —

If t h i s  is the corre ct explanation , a fu rther sign ifi e’an t  cluest ion exists t e i n—

(‘en) ing the i-ole’ pla yed liv the s eu’ fae -e iii t r igger ing  such partial discharge’s and the ’

e’xte ’nt to  w h i c h  iii is role is aff e c ted by the state ’ of the’ so i’I :ice ’ , Such :i role iii  ich t

depend , l i i i ’  e’xa mpl e, on (he ’ av:E i i : eh i i l  it~ ol relatively I t t t i s  clv bound so rlae - e - c’iia l’g( ’.

A dc ’s ira b le extens km ti t  the present wor k is the’ e’xplorat ion of t hi e e’f !c’ct s U if  t e ’i i i p e ’ i’: itur e

v : i r i : t t i o i i  i t t  t hc  surface’ IIIII ’ lti: -  t o  a f tc ’ r  th e  t ine whi t-ti the surface’ charge is Ia 4 t i U U \ i i 1 .

_ _ _  _ _ _  — - . -  • - ~~~~--- • -~~-- -  .—-- ----
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