
r~ *o—AO5I ljfl FOREIGN TECHNOLOGY DIV WRIGHT PATTERSON AFO OHIO F/S 20/3
CHARGING DIELECTRICS WITH A BEAM OF CHARGE D PART ICLES .(U ~
AUG 77 A A VOROSYEV. 0 B TEVOOIIIMOV

IS4CLASSIFIED FTD ID(RS)1 1fl6 77 it

~~~

l 477

EU

END
DATE
FIt•~ D

4—78
DDC



FTD—ID(RS)T— l~~ 8—77

FOREIGN TECHNOLOGY DIVISION

~~~~~~ CHARGING DIELECTRICS WITH A BEAM OF CHARGED
PARTI CLES

by

A. A. Vorob ’yev ,O. B. Yevdokimov ,
V. N. Gusel’nikov

I

ö~~~~~~~~~~~
R 2 O

~~~
T h f l

~

Approved for public release;
distribution unlimited.



-. ~~~~~~~~~~~~~~~~~~~~~ V~-V-V ’V~ V-VV --V-V V S  S__ V_~___V•_VV V_ _ V-___ __ -V~V-S_ SS- ~VV -_~~V-V~~ [-VV~~ —— “ V-VS_S  - - •~V-V-~~V-V -V •V- •?- V~S-”VV •~V - VV ~•S-’~~VV~~VV_ V _V_V_ W•VSV V ___SVVSV S -V , ,____,__ . 
~~~~~ _ - . ,_ -V.- —-.-—. _ V . 

~
,__ •

~
, _

~
_

FTD ID(RS)T—114’48—77

urn— —~~~ ~ V

eiwa..
EDITED TRANSLATION V 

— 

~~~~~~~~~~~~~~~~~~~~~~~~~~

uurn~~~~~~ ftaILrT~ —
FTD_ID(RS)T_1Lt48_77 23 August 1977 ___________

MICROFICHE NR: A. 1
CSP73l9~4868 - - -

CHARGING DIELECTRICS WITH A BEAM OF CHARGED PARTICLES

By: A. A. Vorob ’yev , 0. B. Yevdokimov , V. N.
Gusel ‘nikov

English pages: 9

Source: Radiatsionnaya Fizika Nemetalllcheskikh
Kristallov , Vol. 3, 1971, PP. 131—138

Country of origin : USSR
Translated by: LINGUISTICS SYSTEMS, INC .

F33657—76—D— 0389
Mark C. Reynolds

Requester: FTD/ETDP
Approved for public release; distribution unlimited

THIS TRANSLATION IS A RENDITION OF THE ORIGI-
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAl . COMMENT. STATEMENTS OR THEORIES PREPARED BY;
ADVOCAT EDOR IMPLIEDARETHOSEOF THE SOURCE
AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION
OR OPINION OF THE FOREIGN TECHNOLOGY DI. FOREIGN TECHNOLOGY DIVISION
VISION. WP .A FB . OHIO.

FID ID(RS )T~ 1LI~48~ 77 Date 23 Aug 19 77

- ~~~~~~~~~~~~



V - V~~~~~~~~~~~ -V~~~~~~~~~~~~ -V~~~~~~~~~~~~~~ -VV~~ _V -~~~
S -________________

V 

Charging dielectrics with a beam of charged particles
by

A.A.~~orob’~ev , O.b.~~vdokimov , and V.t~.Gusel’ nikov

The interest in the charging of mac roscopic particles

of mat ter has grown in recent years. This is c onnected
with the desire to accelerate macroscopic particles to

high velocities with the goal of modelling the ber avior

of micrometeorites , and initiating thermonuclear fusion

Li]. I :~ a d d i t i o n , charged macroscopic pa r t i c les  are
use d as “fuel” in reactive electrostatic motors. The

r~ean s usually used in stiarging macrosconic particles

inpart to them a surface sharge. The development of
accel erat ion te chnology has made it poss ible , in re cen t
years , to give a volume charge to dielectrics , through
irrad i~~tion ~~~ by fast electrons or gamma rays. This
metho d allows one to charge the entire volume of a d iel-
ectric wi th cross—sectional area up to several s quare
centimeters. The charge deposited within the dielectric

by this metho d can be so large that discharge, or even
spal la tion, sets in rapidly.

th e deposition of cnarge in volumes of matter onens

V new poss ibil ities in the inve sti~-ation of the processeE

of electron trapping, breakdown , electron mobility in
dielectrics and semiconductors . Also the effect of self—

ch arging in a se les of highly radioactive substances

on their catalytic and absorptive properties can be

de termined.

The pro blem of charge deposition in dielectrics by

fast electrons has two basic aspects:

(1) transport , rnodera ti - n , and triermalization of

fast electrons , with the creaLion of volume charge ;

(2) drift , cap ture by trapping, and neutral ization S

of thermal electrons. V
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In this article w e investigate certain theoret ical
spects of the build— up of charge in dielectrics by fast

elec trons.

The Theory of Charge nuild—up in the Approximation

of ~ffective1y iIlobile 
j
~le C trons. The motion of elect—

rons arrested in t~ e dielectric is considered in L3],
S from the point of view of an investigati n of the con—

V 
centration and depth at which the electrons are trapped.

In the accumula tion of cnarge in the dielectric it is

importan t to distinguish deep and surfac e trapping sites.

The latter , to a significant degree , det ermine t he mob-
ili ty of carriers , and hence determine the limitations

of criarge build—up in the dielectric . The deep sites

det ermine , all otner conditions being equal, trie value of

tne residual cnarge , and its duration.

The maximal stored charge in trie dielectric, nat-

u rally, is determined by the current of the beam of el— S

ec trons , and the properties~of the dielec tric , amom: which

are specific electric c onduct ivity, the type of carrier,
the mobility of’ the carriers, and their concentration ,

and the d e ns it y  and depthes of the trap sites.

These latteL properties, in turn, to some exten t

depend on the beam current , and the absorbed desage.

necessary condition8 for the build—up of a significan t

amount of charge in the die lectric , under lectron bomb-
ardment , ar~ : small specific conductivity for the did —

ectric , and low electron mobility. For example , photo—
conductors can not be used for charge deposition via

radiation.~
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Analysis shows that large charge build—up is most
likely when:

e(In~?e ~ i~n,0 ; fl~~ ?o ,  (1)

where n is the concentration of the electrons which have

accumulated in the dielectric , J j is their mobility, no
is the concentration of “ tree ” electrons at equilibrium ,
and e ‘ , and art the respective concentration ,

mo bility, and equi1i~)rium concen tration of nositive

charges.

We will exam ine the acc umulation of c harge in a diel-
ectric fulfilling condition /1/, assuming that the con-

centrat ion of âeep si tes is small , and the influence of

surface sites can be account ed for by the effective

mobility ~~~. The conc entra tion of electrons n(x,t), accum-
ulate d in a plate dielectric , in this case , is determ ined
by a system of equations:

DE(x .t) — — 
en()~~- (2)

~ 9(~ t) t ~~~
— (finE), ( 3 )

where g(x ,t) is the density, pei~
’unit time , of arr es te d

electrons , i e , the sourc e of tie volume charge.

The magnitude of the charge in the plate will be 
S

determined by the properties of the dielectric , and not

by t~ e properties of the surrounding medium. In order

to determine boundary conditions we suprose that the

plate is short—circuited , tha t is, at any instan t of tim e

(
j’E (x,t)dx~ O, ()4)

where 2- is the thickness of the plate. ~ Ie note that the
-3
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above condition on the inef fectiveness of the surround ing
V 

mediu holds for the case when the plate is in contac t

with a conductive medium ). Condition 14) indicates that ,
in fac t, inside the dielectric there is a point ol

zero field at whic h

E fr0, t)  =0 , /5/

In the general case the location of the point of zero

field is a function of time, and is determined by the
form of g~x,t). 

V

In p rac tice we meet  w i t h  two typ~ s of electron

sources: steady—state and pulsed .

Steady—state ~dectron Sources, g(x ,t)=P- )çx)

Wi thin the framework of the mo del unde r exam in-
ation the limiti -~g values n (x,t-~--~ cD) and ~(x ,t—~ rx~ )
can be ob tained from the ~-~ndom diistriuution of arreste~
elect rons  g0 (x ) .  In as much  as when t —3.~~ we have ‘j 1l~~~~.4 ’~

then from /2/ and /3/ it follows that

- 

/6/
ax~~ d~ J (‘~

Taking condition /5/ into account , we obtain , as t—4 Q)

the field inside the iielectric

5-t  Y29/gE ( 1
1
~~~~99

(x’)dx~~f” / 7/

where the plus sign is used when x< x0, and the minus
sign when x)x0. The limiti ’.~ -listrihution of electron

density is obtained from “7/ ~nd “2/:

V /zfle .,9, ~‘*~~dt ’(~ a~’Jg0 (t’2a~ ,) , /8/

Then tha ;j b~’oi~ t~~
V va lue  or  th ’-~ m x~ ” u m  c h - V~r - e  in a p l a t e

w i t h  d e n s i t y  S 
S

I
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The point of zero field,~ .s determined from /4/.- From

equation /9/ it is clear tha t the maximum charge in the

di e lect ric is proportional to •V
~~~. ~‘rom this , in par t-

icular , it follows that with a uniform distribution of

sources g0t,,x)~~g0
a.,, (eq~/~t)~IS , 

- /10/

where we have put x0’d/2. We now turn our attent ion to
the fact that the maximum charge is proportional to

as with self—charging radisactive preparations L41.

The dynamics of the charge in time are determined

by equations /2/ and /3/. Prom these there follows an

equat ion for E
a (OE E ’~~~~

- -
~-~TI~T!’ 7~7~ ~ 

‘ / 1 1 1

In the general case obtaining a solution to /11/ in elem-
entary functions is not possible. Finite formulas can

be obtained , for example , when g(x)5- g0. In this case, as
may be seen from /8/, the distribution of charge remains S

uniform as t—-~~tO , hence E~ X , t)~=~~’~L2. — x)E0 t, t ) ,  and tne 
S

so lu t ion  of equation /11/ has the form 
V

(eq \~~~P12(~~~) il-I (i ~~ /12/
E(x,t) (~ö-) t~T V

~j ~ Y2
[(f

j ~9) YZJ (1
)  ~E~(e) - ( +~ x) ,

wher e th ~~ tanh. The distribution of charge in time is

,-~(x ,t) .(eEg0/f,)~
11Th[(e’1j.~ )

‘
~t]

and the charge of the plate is S
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Q (x,t) - 

~ 
l/2~~~ n/(~~~~~ ~t J ,  /1 ~i

From equ ation /14/ it follows, that if t~ 9r,D then /14/
reduces to /10/.- The t ime r e q u i i e d  for the charge to
accumulate is

~~.(6/ 9(/g 0 ) 0’Ar tfl (k/ 100). /15/

where Ar th  tanh ’

It is c lear that the accumulation time lessens as
the beam curren t is increased , or with the increase of
the -~~~~~~~~~~~ooility.

The process of discharge after the radi ation is
shut off i- also interesting. The process of dischar~:e,
within the fra’ ework of the model we are assuming, is

described by equation / 11/ w i th  g=0 ; from th i s  there
follows

/16/ -

i~q~ation / 16/ has as i t s  solu t ion

~ 
60(t0)(f A’) /17/E(x , ~

) - 
Itfl0 E0(t0)(t’ t.,) 

S

where we have taken into account the fac t that at time

t-= t0, when the radiation is shu t off E(x,t) takes its

value from /12/, and the mobility of the elec trons with out
rad iation ~~ is to be distinguished from the value this

quantity assumes in the presence of radiation . ~%om

/17/ it follows that the charge of tne plate changes in

time according to the law: 
S

a (t) - ~Z5 ~ (t0)// .p0E0 (e.,)(t -t0) , /18/

With the condi tion ~“~~E,(9(t-t0) the behavior of the

charge in time does not deper~d on the magnitude of the S

initial charge , that is:

-V S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~
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Q(t~~ -~ l5/ 9. (t-t0) , /19/

and is determined exclusively by 
~~~~ 

However , it mu st be
‘n.bdoed that for large values of the quantities t,t0
the charge of the dielectric will be determined by the

‘~ep th o f the sites , and in this case formula /19/ does

no t  give a s u f f i c i e n t l y  precise answer .

pulsed Itadiation. In this instance two limiting

cases roust be distinguisned :
first: ~lectron mo bil i ty is large, and the res—

iiu al criar’e , at the mom ent of tne arrival of subsequ— S

‘a n t  pulses is practically zero ;
.~econd : ~lec tron mobili ty is small , and a signif— S

icaut numoer of pulses mu st arrive for a condition

cloce to saturation occurs.

In the first case formulas /14/ and /18. can be

-~dopted wittisut change. In the second it is necessary

to take into account the fact tha t in the sample there

is a charge, the value o f which grows from impulse to S

impulse. When tne number of pulses , necessary for
charge saturation , have arrived seve ral times over , it 

S

is possiole , without difficulty, to o b tain :ormulas
for the dynamics of the charge in time , using equations

/1 1/ and /16/. W i tn st ill greater num bers of impulses
the formulas Decome to cumbersome. The maximum cLlarge

can oe oot a i n , if one takes in to  account  the fac t tkiat
the condition of dynamic equiliorium is cnaracterized

Dy equality oetween tne c r l aL-ge i~ tue pulse ~~~ and tne
chaL-ge neu t ra l i zed  between pu lses .~~I t  is assumed tha t
the loss during the pulse arrival may be ignored).. Then

from /th/ it “ollows that

~ ~~p~r , /20/

1

5
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where Q 0 is the charge of the dielectric at the end of

the pulse, and T is the  interval  be tween pu lses .

Solving equation /20/ for “maximum ” charge Q0 , we

ob tain:

/21/

If , then Q0~~ q~. This happens in cases where

it  is poss ib le  to ignore the length  of the pu l ses , the
mobi l i ty  is large , and the dielectric has di sc harged at
the t ime of arrival of the next  pu lse . ~V i t h  then

0 f ~~~T . /22/

This is the more realistic case. The result /22/ reduces

to / 10/ if we take in to  account  the fac t tha t  and
are connecte d by the relation

q .eJ,IST /23/

The iden tity of relations /10/ and /22/ indicates , S

that with either pulsed or steady—state radiation , for
a dielectric with large internal conduct ance and low
elec tron mo bil i ty, maximum charge is stored . However,
one m u s t  remember  tha t ~~~~~~~~~~~~~~~~~ and therefore , all other
things being equal , with pulsed radiation it is possible

to store a larger amount of charge in the dielectric.

Conclusions

Maximum charge in the d ie lec t r ic  is de t e rmined
by the magni tude of the beam current. 

5

The accumulation of charge in time obeys a law of S

hyperbolic  t angen t s

_ _ _ _ _  -V
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The discharge of the dielectric follows in inverse proportion to

the time .

With pulsed radiation the magnitude of the maximum charge Is

greater than with steady—state radiation .
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