
AD—A039 282 FOREIGN TEO*lOtOGY DIV WRIGHT—PATTERSON AFB 0110 
- - 

FIG 20/12
EFFECT OF PHASE TRANSITION OF SHF—CONDUCTIV ITY OF THIN GERMANIU—ETC(U)
NOV 76 V P ZAKHAROV, V N CIIUGAYEV, V I ZALIVA

UNCLASSIFIED FTD— ID(RS)I 1549—76

_ _ I

I
I
I

I

I



‘I
______ 

I~ IUi2.2
_______ L 

•
3.6 II~~~

______ 

~~~~~

11111’ .25 

~ ~~

MICROCOP’~ RESOLUTION TEST CI-IART
NAIIOP4AI BUREAU OF ‘~ A N[)AR L)~ A



____

FTD—ID(RS)I—].549—76 ~

ii 00 UI
FOREIGN TECHNOLOGY DIVISION

b

~~~~~~ EFFECT OF PHASE TRANSITION ON SHF-CONDUCTIVITY OF
THIN GERMANIUM FILMS

by

V. P. Zakharov1 V. N. Chugayev, V. I. Zaliva

~~I~)
_ _ _  

‘~~D D C

IU~i~~uu i~D

Approved for public release;
distribution unlimited.

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



-~~

FTD ID(RS)I—15119—76

EDITED TRANSLATION
FTD—ID( R S) I— 15)49—76 30 November 1976

D- 1~-~-oo / ~,l6O
EFFECT OF PHASE TRANSITION ON SHF-CONDUCTIVITY
OF THIN GERMANIUM FILMS

By: V. P. Zakharov , V. N.  Chugayev , V. I. Zaliva

English pages: 11

Source: Fizika I Khimlya Obrabotkl Materialov, -

Nr Z~, 1972, PP. l~49—l52.

Country of origin: USSR
Translated by: Marilyn O].aechea

H Requester: FPD/PDRR
Approved for public release; distribution unlimited .

N _ _ _  _ _

THIS TRANSLATION IS A RENDITION OF THE ORIGI.
HAL FOREIGN TEXT WITHOUT ANY ANA LYTICAL OR
EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED BY ~
ADVOCATEDOR IMPLIEDARETHOSEOF THE SOURCE
AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLAT ION DIVISION
OR OPINION OF THE FOREIGN TECHNOLOGY DI. FOREIGN TECHNOLOGY DIVISION
VISION. WP.AFB . OHIO.

FTD ID (RS) 1~15149~76 Date 30 Nov 19 76

________ — 
-‘-.-

~
-
~ 

—
~~~~———~—--~.. —

~~~
-—- — .‘..

~~~~~
— 

~~ 
—. _______ 

~—



U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Trarxsllteration

A a A a A , a - P p p p R , r
B ~ 5 6 B , b C c C c 5 , s

B .  V , v T T  T s~i T , t
r r r 1 G , g Y y Y y U , u

~ a D , d ~ F , I
E e E . Ye , ye; E , e~ X x X x Kh , kh

~ Zh, zh 1.4 ~ 11 s~ Ts , ts
3 a  3 3  Z, z ~~~~ V s Ch, ch

K u  1, 1 W w  i l l u j  Sh, sh
I~1 ~ R ii Y , y U4 u~ ill ~q Shch, shch

• H i t  X x  K , k
J ~ .n 11 4 L , 1 bI ~i ~ 

y, y

M M  M M  M , m b b
H H  H H  N , n 3~~ 9 3  E , e
0 o 0 0 0, 0 10 io Yu, yu
fl j .j 17 ~ p A Fl if 1 Ya , ya

*~~~ Initially, after vowels, and after b , ~ ; e elsewhere .
When written as ~ in Russian, transliterate as ye or ë.The use of diacritical marks Is preferred , but such marks
may be omitted when expediency dictates.

GREEK ALPHABET

Alpha A a a Nu N v
Beta B B Xi E
G amma r y Omicron 0 o
Delta A 6 P1 11 it

Epsilon E £ • Rho P p •
Zeta z ~ Sigma E a c

Eta H n Tau T it
• Theta 0 9 1 Upsilon I u

Iota I ~ Phi 0 ç
Kappa K )t Chi X x
Lambda ft. A Psi ‘V ~
Mu M p Omega w

PTD—ID(RS)i—].549—76 i

L ~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ •• • ~~~~~~~~ • • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~‘--- • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~

-

RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS
Russian English

sin sin
cos cos
tg tan
ctg cot
sec sec

cosec ~ sc

sh sinh
• ch cosh

th tanh
cth coth
sob sech
csch csch

arc sin sIn~~
arc cos cos~~
arc tg tan~~
arc ctg cot~~
arc sec sec~~
arc cosec csc~~
arc sh sinh~~
arc ch cosh~~
arc th tanh~~
arc cth  coth~~- -9 arc sch seäh~~
arc csch csch~~

- - rot curl
ig log

GRAPHICS DISCLAIMER
All figures , graphIcs , tables , equations , etc.
merged into this translation were extracted
from the best qual ity copy available.

• FTD—ID (Rs)I—1 549_ 76 ii

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —— _ 
~~~~~~~~~~~~~~ ~~—- _ --— ~~~~~~~~~~~~~~~~ 

j



r

DOC = j5L4 9 PAGE 1

I
EFFECT OF PHASE TRANSITION ON SHF—CONDUCTIVITY OP THIN GERMANIUM

FIL!~S

P

D V. P. ?akharov , V. N. Chugayev , V. I. Zaliva

D
(Kiev)

P

ABS TRACT Studied is the change in abscrpticn of SUP—radiation by

thin çermaniun films in which the growth of crystals is observed

during irradiation by powerful light Fulses. Established is the
L/

existence of an intermediate phase on the interface of the growing

crystal and amorp hous film- The SHY—conductivity of this phase is

D 
clcse to the conductivity of molten germanium. The amorphous

film—cry stal phase transition begins at a t emperature of ~ 3OO°C.

0
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A

Estimated is th e ma gnitude of ac tivation energies of the phase
I

transition in the amorp hous germanium f i lm .

Amor phous semicon ductors have recently beccue the object of very

tho rough stUdy — both theoretical and experimental. This interest is

explained by the fact that the break—dcwn in the long—range order of

amorphous semiconductors does not have a substant ial effect on their

ener gy zon e Str ucture, althcug h it lea d s tc the developmen t of a

rumt.er of characteristic properties. The most structure—sensitive

• parameter in such subjects is conductivity. A disturbance in the

long— range order in the arrangement of ators leads to the development

cf additional liquid dispersion , w hich is significant in comparison

to the Usual back—ground dispersion at room tempe ratures. The length

ci the free path and , con sequently. the mobility of the charge

carriers, Will be determined by the degree cf disorder in the

am orphous semiconductors [1—31. A break—down in the long—range order

alsO leads to the development of fluctuation levels for both donor

and accep tor levels, the ratio of whic h fcr different substances can

vary ~y several orders of magnitude.

‘thin germanium films, obtained by vacuum application on

unhea ted, unstructured sUbstrata , are a typical representation of

amcrp hous semicond uctors. These films are nct as d.nse as crystals;

FTD—ID(RS) 1—1549—76
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• t h e i r  g r a i n  size is smal ler  t h a n  100 A ,  and as a rule they are

charact erized bY hole ccnductivity wit h low carrier mobility (100—200

• cm 2/V.s).

Recrystallization of germanium films leads to a sharp increase

in their conductivity. As the crystals increase up to —100 pm the

electron type of conductivity is restored , if n—type germanium is

used as the original material [4].

‘the growth of crystals in an amorphous germanium film can be

achieved by electron—beam treatment or by the fccused radiatio n of a

ccntinuous laser t~ —~~). Simila r structural changes occur in “free”

[ germanium films on grid—holders , when acted upon by pow erful pulsed

light radiation. Information on the concentration and mobility of

cur !flt carriers in films can be obtained by studying thei r )

ab~ orp~ ion of SUP—radiation. The growth of crysta ls in amorphous

germaniu m films should obviously lead t.o a change in the absorption

of SHF—radiation both in the growth pr ccess and in the final state as )

ccm pa r c~d to the beginning . Most important is information on the

intermediate states which cccur in the film during the phase

transition of amorphous film to crystal.

Studied in [8, 9] was the growth of crystals in amorphous

germanium tu rns acted upon by pulsed and irterrittent laser

FTD—ID(RS)I—1549—76
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radiation. During irradiaticn cf the germanium film by a powerful.

focused light beam the growth ci crystals iS cbserved in a region of

t n~ f i l m  w h i c h  c o n s i d e r a b l y  exceeds the  r e g io n  of the  direct

radiation eftect. Determined as a result were the growth rates of

cryst.ils in por ti3n of the film bounded by the cell dimensions of the -
~

holdiny gr id on which the film rested. Because ci the possible

scattEr in the beginning of Crystal grow th at d ifferent points on the 1.

• f i l m , which may be caused by the finite rate of propagation of 1
ac t i v a t i o n  en e r g y  over the  f i l m , these  da ta  can be regarded as

• aV r ay c~d for a number of elementary acts of crystal growth.

In ord er to avoid this in the present work we used a method of

s i t r u l t a n ~ ou s  a c t i v a t i o n  of the phase transition by irradiation of

s i q n ii i can t  areas of t h e  f i l m  by pulsed ga s -discharge lamp IFP— 800.

To stt~ y t he  absorp t ion  of SE l F — r a d i a t i o n  by t h e  ge rman ium f i lm d u r i n g

the phase tran sition, it was placed in a three—centimeter wa veguid e 1
0f rectangula r cross Section in a position perpendicular to its axis -

between the radiator and the detector. ‘the fil, was irradiated 
-

through an op~nin g in the vail of the waveguide covered with a

semi—transpar ent metal grid or glass with a conductive transparen t

coatinj. The signal from the SlIP—radiation detector entered the input 4
Of the Oscillograph , whose scannin g was synchronized with the iJ
tri ggerin~ o f the lamp p’llse. Amorphous germanium films we re obtained

by spray a~ plication in a vacuum onto unheated glass substrata. These

— ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
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• were later rinsed in water and placed on capron holding grids.

E lec t ron—microscope  studies Of the  ge r m a n i u m  f i lms  i r radia ted  by

a pulse lamp revealed the growth of single crystals in them. The

d i m e ns i o n s  and  d i rec t ion  of g r o w t h  of these c rys ta ls  was de te rmined

by the cell geometry of the holding grid. At the proper levels of the

• l i gh t  t i u X f rom the lam p the avera ge d imensions of the single crystal

grcwn were —10 pm. For similar enl argemen ts an d crystal d ime nsions

(from 20—30 A to 10—20 pm ) the conduct ivity of germanium films

b 

increases several orders in direct Current [7].

Figu re  la and  b show t ypical osc i llograms cf the change in

6 abso rp t ion  of t h e  pcw e r of the S U P — w a v e  by the f i l m  in which the

phas e  t r a n s i t i o n  is observe d a n d  in t h e  rec rys ta l l i zed  f i l m  du r ing

P h e a t i n q  bY the  r a d i a t i cn  pulse of the lamp.  The radia t ion po we r of

t h e  l a m p  pulse  in bcth  cases was  t h e  sam e .  In ccmp ar ing  oscillcgrams

• t h e r e  is a noticeable difference in the change cf absorption of

P SEl F—wave power by the films , which is primarily determined by the

• conductivity of the l a t t e r  as a function of their original structure.

If the change in conductivity of the recrystallized film during

irra diation by the lamp pulse characterizes the usual heating, then

the  p hase t r a n s i t i o n  in  the amorphous film substantially changes its

conductivity. The beginning of the phase transition in the fil m is

relatEd to the point on the oscillogra. where there is a sharp change 

- —- ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ • ~~~~
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in the  slope of t h e  cu r v e  descr ib ing  t h e  a bso rp t i o n  of SUP —rad ia t ion

by t h e  f i l m  in t ime.  The chang e in a b s c r p t i c n  of the SU P — r a d i a t i o n  by

t h e  a m o r p hous germaniu m film during irradiation by the lam p pulse -
~

oCCurs in the  f o l l o w i n g  sequence ; increase due to heat ing , sharp

• increase  of pna se t r a n s i t i o n  in t i m e , r e l a t i v e l y  rapid  decline
- • d i rec t ly  a f t e r  end of phase t r a n s i t i o n, and  ex p cn e n t i a l  decline,

which  c h a r a c t e r i z e s  t h e  cooling of the  f i lm  in the recrystal l ized

state.

i

The t i m e  of the  beg inn ing , the le n g t h  of the  phase t ransit ion ,
)

and  the  r a te  of ~j r o W t h  cf c r y s t a l s  in t h e  f i l m , determined by

S E F — m e a s u r e m en t , were c cm p ar e d  to the c h a n ge  in its optica l dens i ty  )

u n d e r  a n a i cqo us  c o n d i t i c n s  of i r r a d i a t i o n  by a pulsed lamp (Fig. ic) .

The t e ch n i q u e  of m e a s u r i n g  the  change  in  the  optical  dens i ty  of t he

f i l m  is described in [9), where  it is shown t h a t  the end of the  p hase

t r a ns i t i o n  in the  f i l m  coincides in t i m e  w i t h  the mom ent  of

S tab il i za t ion of it s  level of optical dens i ty . ‘these pr ame terS Of the

studi ed Proce ss determin d by two independent methods agreed w i t h  a

dEg ree Of accur acy s u f fi c i e n t  to assure  tha t the  change in the
-/

S H F— a t : sor p t i o n  and optical  densi ty  of t he  f i l m was caused by a single

f a c t o r  — the g r o w t h  of crystal s in the film . J

Despite the noticeable change in absorpt ion of SUP—radiation

durin g the phase transition , the level of absorption by the

~~~~~~~~~~~~~~~~~ ~ i - ~~~L, ~~~~~~~~ ~ ~~~~~ ~~• • •~~~~~• • • ~ • •
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r ecr y s ta l l ize d  zone at the  end Of the l amp  pulse had undergone an

irreversible increase of only 2—3 times , i.e., it Was incomparabl y

- lcwer than conductivity with respect to direct current. The

• 

- tem perat u re dependences  of SHF—absorpticn by amcrphous layers and

their cond uctivities with respect to direct current, measured during

• 
- slow h e a t i n g  in a t h e r m o s t a t , were also d i f f e r e n t .

These d i f f e r e n c e s  c a n  be e x p l a i n e d  by the fact  tha t the

• 
- r es is tance  of a m o r p h o u s  s t r u c t u r e s  measured  by direct c u rr e n t  are

de t e r m i r .e d  b~ h i g h — res istance i n t e r f a ce s  betwee n re lati vel y ordered

gr d in s , w h i l e  the most conduc t ive  por t ions ,  i.e., the  gra ins , play

-

- 
the  m a j o r  role in SE l F — a d s o r p t i o n .

tt . r e m a i n s  to be e x p l a i n e d  wha t  causes the  sharp,  yet

re ve r s ib l e , increase  in a b s o r p t i o n  of SU P — r a d i a t i o n  by the f i li

d u r i n g  t h e  Phase t r a nsit i o n .  This  f ac t  can be expla ined by the

presence Of afl intermediate phase during the prccess of crystal

g r o w t h , whose conductivity differs significantly from that of the

• g e r m a n i u m  f i l m  in the  amorphous and Eecrystalli2ed state. We know

t h a t  ( l u r ing  m e l t i n g  of germanium its cond u ct iv it y  acquires a met allic

na ture. Melting of films in the center of the grid—holder cells was

achieved by specially selected cond i t i ons  in the  exper iment.  D u r i n g  a

ccn tinuous increase in the temp erature cf the film melting in the

center of the cell begins only when t he  growt h cf the crystals in it
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• ends  (F ig .  2 ) .

The advent of the liquid phase causes a further sharp change in

t h e a~~~oL -p t i cn  Of S I - I F — r a d i a t i o n  by t he  g e r m a n i u m  f i l m  (Fig. 3).

-
- 

D e s p i te  t h e  f ac t  t h a t  o n l y  a s m a l l  por t ion  of the  total area of t h e

f i l m is m e l ted, t h e  c h a n g e  in a bso t p t i cn  of the SUP—radiation caused

• by  it is c o m p a r a b l e  w i t h  t h a t  w h i c h  occurs du r ing  the g rowth  of
- cry s t a l s .  In r~~peated  i r r a d i a t i o n  of r ec rys ta l l i zed  f i l m s  the  na tu r e

of t h e  c h a ng e  in  a b s o r p t i o n  by t h em  of SU P — r a d i a t i o n  coincides w i t h

• t h e  ~ eh a vi o r  of t h e ir  t e m p er a t u r e  change.  Thus , it is logica l to

assume t h a t  d u r i n g  the  prccess of c rd e r i n g  of the f i l m  s t ruc tu re

-

- t h e r e -  dev e l o p s  an i n t e r m e d i a t e  phase , which in its properties is

s i m i l a r  to  mol ten  q e r m a n i u n ,  and  t h i s  phase  is localized near  the

• m o v i n g  t : o r~t of the growing crystals. When the growth of the crystals

ends , just as at t h e  end  of melting, absorpticn of SElF—radiation by

t h e  t u r n  uecreases  s h a rp l y ,  c h a n g i n g  to a cu rve  wh ich  desc ribes the

coolir ) q of t h e  r ec r y s t a l l i z e d  f i lm-

T~e initial course of the  f i l m  h e a t i n g  curve before the

beg i f l f l in .j of th~ growth of crystals in it and the increase in

absorption of SHF— radiation related to this lets us estimate the

• tempe~ ature which corresponds to the beginning of the phase

t r a n s i t i o n .  For this purpose the change in absctption of

SUF—radiation by a film during slo w thermal heating was studied.

~— ~ — ~~-
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Dete r~~ined as a r e s u l t  was the  t e m p e r a t u r e  at which  the increase in

a b s o r p t i o n  of SHF— r a d i a t i on  cor responded to t h e  same change  fo r  a

f i l m  h e a t e d  by  a pulsed lamp up to the beginning of the phase

t r a n s it i o n  in it. The t e m p e r a t u r e  t hus  e s t i m a ted  for the beginning of

the phase transition turned out to be — 3 00 °C.  The energy absorbed by

the f u n  before the beginning of the phase transit ion constituted a

Va lu e  of 1 0 3  cal/cm2, w hich is sufficient for heating a film 50 0 A

thic k to 300°C. Considered in this case was the heat removal of

energy to the coils of the holding grids the reflection of lam p

radiation from the surface of the film , and the nature of the energy

• ~i s t r ib u t i o n  of the  l a m p  in space.

T h u s , by studying SUP—conductivity, w hich is one of the most

structurally sensitive parameters of thin films, we can get some idea

Of t h e  processes which  a c c o m p a n y  the  r e a r r a n g e m e n t  of the s t ruc ture

in the~ durin g phase transitions . The rather high time resolution of

the giVe n method (~~10—6 s) makes it possible tc stud y the kinetics of

phase  t r a n s i t i o n s  in  t h i n  f i l m s  of m et a l s  and SemicondUctors. 4
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Fig. 1. Change in absorption of SHF—radiatiCfl (a, b) and opt ical

dens i ty  (c) of g e r m a n i u m  f i l m s  during pulsed illuminiation : I — t ime

interval of film heating prier tC  ph a se t r ans i t i ons, 11 — duration of

p has e t r a n s i t io n ( s c a nn i n g  periOd 100 rn/c.).

Fig. 2. Ph ot o m i c r o q r ap h  of mol ten  p cr t i cn  of recrystal lized q e r m a n i u m

f i l m  ( 1200) .

Fig. 3. Change in absorption of SElF—radiat ion ty germanium film j

irradia ted by high intensity pulse. I and II — see Fig. 1; III — time

of existence of liquid phase (scanning period 1 ~is/crn.
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