<%
L

748856

-~

el

e

OR00- 9290. 3- &

Semi~Annual Technical Report
Period thru 30 June 1972

ARPA urder Number: 1562
Program Code Number: 61101D

Grant Number: DA=ARO-D-31-124=71-G134

~ Name of Grantec: University of Maryland

Effective Date of Grant: 15 June 1971
Expiration date: 14 June 1972

Amount of Grant: $47,000

Principal Investigator: Rolfe E. Glover, III
(301) 454-3417

Co-Principal Invesiigator: Robert Glosser
(301) 454-3502

Title of Work: Optical and Electrical Properties of Amorphous
Elemental Semiconductors

Sponsorship: Work sponsored by the Advanced Research Projects Agency,
ARPI\ Ordcr No. 15620

The views and conclusions contained in this document are those of
the authors and should not be interprcted as necessarily representing
the official policies, either expressed or implied, of the Advanced

Rescarch Projects Agency or the U.S. Government.

Approved for public release; distribution unlimited.

Reproduted by
NATIONAL TECHNICAL .
INFORMATION SERVICE D DC
U S Department of Commerce 2 ()
Springfield VA 22151
C(e 2N e
SEP 25 1972




I. Summary

At the moment, the full complement of in situ measurements is being
made on amorphous germunium deposited on 4°K substrate using our new cryostat.
We have measured the resistivity, optical transmission, reflectance and
photoconductivity at temperatures ranging from 4 to 575°K.

The program for studying the optical and electrical properties of
amorphous silicon has culminated in several highly relevant discoveries.
We have ecarlier reported that both the optical and electrical properties
stabilize at annealing temperatures between 400°C and 600°C above which
crystallization then occurs. We find also in this range of annealing
temperatures that the log of the low temperature conductivity is proportional

1
to T W, This in itself has been seen by others but in addition we find
physically reasonable numbers for the parameter of Motts model; namely, the
density of states at the'F ermi level N(EF), the fall off parameter of the
wave function for localized states near theF‘e;mi level y, the average

hopping energy W and the hopping distance R. This seems to constitute theé

first complete test of Mott's model.

II. Research Program and Plan

Now that our in situ cryostat, optical system and electronics, is in
full operation we wish to investigate the electrical and optical propertics
oi amorphous germanium over the full temperature range from 4°K to 675°K.
We plan to look for the effcct of in situ annealing in germanium prepared
and amnealed under ulera hipgh vacuum conditions and see if in situ weasuro-
nents yicld results similar to those obtained under less ideal conditions.
We also wish to compare the properties of films prepared at 4°K and anncaled

to sonie tcmperaturc with that of films directly evapoiated onto a substrate

J I_ Reproduced
best a(vail:bleroc'gp&




I e

e s > ’ VP . = . - L TR

of that temperature. Since most of the Previous reports on amorphous
germanium have been with samples exposed to ambient gases, we will

investigate the changes in transport properties under controlled exposure
to various gases,
II1. Progress during the Period

oo In Situ Measurcments

A number of films of amorphous germanium have been deposited at
liﬁuid helium temperature and we have measured in situ the electrical a.d
optical properties. The influence of in situ annealing on these propertics
has also been investigated. Preliminary results show that the conductivity
of a film deposited at liquid helium temperatures is relatively high and is
found to increcase exponentially with temperature from 50-300°K. Such an
anncaled film when remeasured from 77-300°K exhibited a smaller conductivity
than observed in ;heas erosited case. The activation energ& calculated from
these measurements for the annealed film increased with temperature.

"The in situ measurements of transmission and reflection in the spectral
range of 0.8-2u show that as deposited films in the studied spectral range
have a high absorption cocfficient which decreased considerably on annealing
to room temperature. The enhanced conductivity and high absorption coefficient
of the as deposited films can be intuitively understood on the basis of the
presence of a large number of dangling bonds in the as deposited films., On
annealing, the number of dangling bonds decreases causing a decreasc in con-
ductivity. Also there is.gn onsct of an edge in the absorption coefficient.

In situ photo conductivity measurcments are being attempted for as
deposited films. So far we have not been able to get a healthy photoconductive
signal. Efforts ave being made to improve the signal by changing the geometry

of the electrodes and increasing the light intensity. Room temperature annealed
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fiims show photoconductivity. .Thu spuectral and toemperature dependence of
photoconductivity of such anncaled films is now being studied,

In order to throw light on effect of phonons on the fundamental absorp-
tion edge, we have studied the transmission ana reflection at different tem-

peratures (4.2, 77 and 300°K). The results of these studies are being

analyzed. Reproduced from
est_available copy. ¥

9. Electrical and Optical Properties of Amorphous Silicon

The results of this work have been reported at the recent APS solid
state meetings in Atlantic City(l) and Washington(z). In addition we have
just completed a letter describing this work.(3) We report on five samples
whose starting material ranged in resistivity from ~v100-cm to 50009-cm. All
of these showed an apncal stable state for temperat;rcs above 400°C but below
the crystallization temperature which -is greater than 600°C. In this highly
annealed state, both optical and conductivity measurements yield an intrinsic
gap of 1.QeV—1.5eV (the gap in crystalline silicon is 1.1eV). If one now
investigates the low temperaturc conductivity of amorphous silicon annealed
to this high temperature, }t is found that to within experimental error (3%)
the conductivity fits a T & law as predicted by Mott.(4) Others have claimed
tﬂat they have observed Mott's process of hopping conduction at low tempera-
tures. However, previous investigatioms either had not attempted or had
failed to obtain physically reasonable numbers for the parameter of Mott's
model. In the one previous casc(s) where an attempt to obtain these nuubers
was made, the numbers Wé?? unphysical presumably because the films had been
only slightly aancaled. The numbers we find are N(EF) varying between 1019
and 1023 emfevl, ¥yl v 17\, R(Z00K) ~ 104 and W(200K) ~ .leV. Physically
these arc reasonable numbers and furthermore satisfy the criterion set by

Vott for the validity of this wodel YR 2 8 and W >> kT. In addition, we find
n »



i_:hat the optical absorptlon edge shifts to higher energy with a diminution
of the long wavelength tail., This indicates the removal of dangling boads
with anneal.

Finally preliminary work on the photoconductivity of amorphous silicon
shows a definite structure below the gap whicﬂ cannot be attributed to inter=-

(6)

ference pecaks as has been suggested clsewhere.
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