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EFFECT OF PHASE TRANSITION ON SHF-CONDUCTIVITY OF THIN GERMANIUM

i FILMS

f ; V. P. Zakharov, Ve N« Chugayeve V. I. Zaliva
. ]

: {Kiev)

B

ABSTRACT Studied is the change in abscrpticn of SHF-radiation by
thin cermanium films in which the growth of crystals is observed

during irradiation by powerful 1light pulses. Established is the

existence of an intermediate phase on the interface of the growing

@

cry¥stal and amorphous filme The SHF-conductivity of this phase is

clcse to the conductivity of molten germaniume. The amorphous

L g

film-crystal phase transition begins at a temperature of ~300°C.

Ao o

FTD-1ID (RS) I-1549-76




o

poC = 1549 PAGE 2

Estimated is the magnitude of activaticn energies of the phase

transition in the amorphous germanium film,

Amorphous semiconductors have recently beccme the object of very
thorough 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 sutstantial effect on their
ehelgy zOone Structure, althcugh it leads tc the development of a
rumber of characteristic properties. The most structure-sensitive
parameter in such subjects is conductivity. A disturbance in the
long-range order in the arrangement of atoms leads to the development
cf additional liquid dispersion, which is significant in comparison
to the usual back-ground dispersion at room temperatur2s. The length
cf the free path and, consequently, the mobility of the charge
carriers, ¥ill be determined by the degree cf discrder in the
amorphcus semiconductors [ 1-3J. A break-down in the long-range crder
also leads to the development of fluctuation levels for both donor
and acceptor levels, the ratio of which fcr different substances can

vary by several orders of magnitude.

Thin germanium films, obtained by vacuum application on
unheated, unstructuUred sUbstrata, are a typical representation of

amcrrhous semiconductors. These films are nct as dense as crystals;

FTD~ID(RS)I-1549-76
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their grainr size is smaller than 1(H)A, and as a rule they are
1 characteriZed bY hole ccnductivity with low carrier mobility (100-200

cmZ2/Ves)a

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 te

; achieved by electron-beam treatment cr by the fccused radiation of a
é centinuous laser [5~7]. Similar structural changes occur in "free"
germanium films on grid-holders, when acted upcn by powerful pulsed
light radiation. Information on the concentration and mobility of
cur :nt carriers in films can te obtained by studying their

absorption of SHF-radiation. The growth of crystals in amorphous

germanium films should obviously lead to a change in the absorgtion
of SHF-radiation both in the growth prccess and in the final state as

ccmpared to the beginninge. Most important is information on the

intermediate states Which cccur in the filw during the phase

transition of amorphous film to crystal.

g e

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

T

germanium films acted upon Lty pulsed and irtermittent laser

FTD-ID(RS)I-1549-76
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radiation, During irradiaticn cf the germanium film by a poverful
focused light beam the growth cf crystals is cbhServed in a region of
the film which consideralbly exceeds the region of the direct
radiation effect. Determined as a result were the growth rates of
crystals in portion of the film bounded by the cell dimensions of the
holding grid on which the film rested. Because cf the possible
scatter in the beginning of Crystal growth at different points on the
film, Which may be caused by the finite rate of propagation of
activation energy over the film, these data can be regarded as

avVeraged for a number of elementary acts cf crystal growth,

In order to avoid this in the present work we used a method of
simultaneous activation of the phase transition by irradiation cf
significant areas of the film by pulsed gas-discharge lamp IFP-800.
To study the absorption of SHF-radiation by the germanium film during
the phase transition, it was placed in a three-centimeter waveguide
of rectangular cross section in a position perpendicular to its axis
between the radiator and the detector. The fils was irradiated
thrcugh an opening in the wall of the waveguide covered with a
semi-transparent metal grid or glass with a conductive transparent
coatinge. The signal from the SHF-radiation detector entered the input
0f the oscillograph, whose scanning was synchronized with the

triggering of the lamp pWlse. Amorphous gersanium filas were obtained

by spray application in a vacuum onto unheated glass substrata. These
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were later rinsed in water and placed on capronr holding grids.

Electron-microscope studies of the germanium films irradiated by

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

dimensions and direction of growth of these crystals was determined

by the cell geometry of the holding gride. At the proper levels of the
light fluX from the lamp the average dimensions of the single crystal
grcwn were ~10 ume For similar enlargements and crystal dimensicns

>4

(from 20-30 A to 10-20 pm) the conductivity of germanijum films

increases several orders in direcCt Curreént [7].

]
E’ Figure la and b show typical oscillograms cf the change in
absorption of the pcwer of the SHF-wave by the film in which the
rhase transition is observed and in the recrystallized film during
heating by the radiaticn pulse of the lamps The radiation power of
the lamp pulse in bcth cases was the same. In ccmparing oscillcgranms
there is a noticeable difference in the change cf absorption of

SHF-wave power by the films, which is primarily determined by the

conductivity of the latter as a function of their original structure.

irradiation by the lamp pulse characterizes the usual heating, then

D
4
)
]
] If the change in conductivity of the recrystallized film during
the phase transition in the amorphcus film substantially changes its
i
|

conductivity. The beginning of the phase transition in the film is

related to the point on the oscillogram where there is a sharp change
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in the slope of the curve describing the absorgtion of SHF-radiation
by the film in time. The change in abscrpticn of the SHF-radiation by
the amorphous germanium film dquring irradiation by the lamp pulse
ocCurs in the following sequence; increase due to heating, sharp
increase of phase transition in time, relatively rapid decline
directly after end of phase transition, and expcnential decline,
which characterizes the cooling of the filw in the recrystallized

state.

The time of the beginning, the length cf the phase transition,
and the rate of growth c¢f crystals in the film, determined by
SHF-meaSuTement, Wwere ccmpared to the change in its optical density
under analcgous conditicns of irradiation by a pulsed lamp (Fig. 1c).
The technique of measuring the change in the optical density of the
film is described in [ 9], where it is shown that the end of the phase
transition in the film ccincides in timse with the moment of
stabilization of its level of optical density. These prameters of the
studied pProcess determind by two independent methods agreed with a
deglee Of accuracy suUfficient to assure that the change in the
SHF-absorption and optical density of the film was caused by a single

factor - the growth of crystals in the film,

Despite the noticeable change in absorption of SHF-radiation

during the phasSe transition, the level of aksorption by the
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recrystallized zone at the edd Of the lamp pulse had undergone an
irreversible increase of only 2-3 times, i.e., it Was incomparably
lcwer than conductivity with respect to direct currente. The
temperatUre dependences of SHF-abscrpticn by amcrrhous layers and
their conductivities with respect to direct currente measured during

slow heating in a thermostat, were alsc different.

These differences can be explained by the fact that the
resistance of amorphous structures measured by direct current are
determined by high-resistance interfaces between relatively ordered
grains, while the most conductive portions, i.e€., the grains, play

the major role in SHF-adsorptione

It remains to be explained what causes the sharp, yet
reversible, increase in absorption of SEF-radiation by the film
during the phasSe transition. This fact can be explained by the
presence Of an intermediate phase during the prccess of crystal
growth, whose conductivity differs significantly from that of the
germanium film in the amorphcus and recrystallized state. We know
that during melting of germanium its Conductivity acquires a metallic
natUre. Melting of films in the center cf the grid-holder cells was
achieved by specially selected conditicns in the experiment. During a

ccntinVoUs increase in the temperature cf the film melting in the

center of the cell begins only when the growth cf the crystals in it




DOC = 1549 PAGE 8

ends (Fig. 2).

The advent of the liquid phase causes a further sharp change in
the apsorpticn Of SHF-Tadiation by the germanium film (Fig. 3).
Despite the fact that only a small portion cf the total area of the
film is melted, the change in absorpticn of the SHF-radiation caused
by it is comparable with that which occurs during the growth of
crystals. In repeated irradiation of recrystallized films the nature
of the change in absorption by them of SHF-radiation coincides with
the hehavior of their temperature change. Thus, it is logical to
assume that during the prccess of crdering cf the film structure
there develops an intermediate phase, which in its properties is
similar to molten germanium, and this phase is localized near the
moving front of the growing crystals. When the growth of the crystals
ends, just as at the end of melting, absorpticn of SHF-radiation by
the film decreases sharply, changing tc a curve which describes the

cooling of the recrystallized filme

The initial course of the film heating curve before the
beginning of the grovwth of crystals in it and the increase in
abtsorption of SHF~radiation related to this lets us estimate the
temperature which corresponds to the beginning of the phase
transition. For this purpose the change in abscrption of

StiF-radiation by a film during slow thermal heating was studied.

o
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Deterrined as a result was the temperature at which the increase in
absorptioﬁ of SHF-radiation corresgonded to the same change for a
film heated by a pulsed lamp up to the beginning of the phase
transition in it. The temperature thus estimated for the beginning of
the phase transition turned out to be ~300°C. The energy absorbed by
the film before the beginning of the phase transition constituted a
value of 103 cal/cm2, which is sufficient for heating a film SOOAK
thick to 300°C. Considered in this case was the heat removal of
energy to the coils of the holding grids the reflection of lamp
radiation from the surface of the film, and the nature of the energy

‘istribution of the lamp in space.

Thus, by studying SHF-conductivity, which is one of the most
structurally sensitive parameters of thin films, we can get some idea
O0f the processes Which accompany the rearrangement of the structure
in them during phase transitionse. The rather bhigh time resolution of
the given method (~10-6 s) makes it possible tc study the kinetics of

phase transitions in thin films of metals and semiconductors.

Received 5 May 1970
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Fig. 1. Change in absorption cf SkF-radiaticn (a, b) and optical
density (c) of germanium films during pulsed illuminiation: I -~ time
interval of film heating pricr tc¢ rhase transitions, II - duration of

phase transition (scanning period 100 pm/cm).

Fig. 2. Photomicrograph of molten pcrticn of recrystallized germanium

film ( 1200).

Fige 3. Change in absorption of SHF-radiation Ly germanium film
irradiated by high intensity pulse. I and II - see Fig. 1; III - time

of existence of liquid phase (scanning periocd 1 ps/cnm.
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