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I. Introduction

This report summarizes our results of the last twelve months.

The two primary research areas were (1) neutralized ion beam sput-

tering of insulating barriers on GaAs for MIS app lications and

(2) classical and quantum electrical transport in InA s epi laye r s .

During that period the folll.’wing reports were submitted for publi-

cat ion:

1. “Oxide Barriers  on GaAs by N e u t r a l i z e d  Ion Beam Sp u t t e r ing ” ,

L. C. Meiners , R. C. Pan , and .T . R .  S i t e s , J .  Vac . Sci.

Technol .  14 , J u l y/ A u g u s t  1977.  [Repor t  SF9; Abs t r ac t  in

Append ix A]

2. “E lec t r i ca l  C h a r a c t e r i z a t i o n  of the  Heteroep it a x i a l  InAs

on GaAs I n t e r f a c e ” , H.  A.  Washburn and .1. R.  Si tes , B u l l .

Am. Phys .  Soc . 22 , 318 ( 19 7 7 ) .  [ A p p e n d I x  B}

3. “M u l t i l a y e r  Model of InA s Ep ilayers ” , H. A. Washburn ,

Thin  Soj id Fi lms , to be publ ished . [Report  SF11; Abs t r ac t

in Appendix  CII

4.  “Deposit ion of Oxides  and Ni t r ides  by Neut ra l i zed  Ion

Beam S p u t t e r i n g ” , J. R. Sites , 7th  I n t e r n a t i o n a l  Vacuum

Conf .  P r o c . ,  Vienna , 1977. [A ppendix  D l

5. “O s c i l l a t o r y  Transport Coefficients in InA s Surface Layers”,

H. ~\ . Washburn  and .1. R.  S i te s , s u b m i t t e d  to  E l e c t r o n i c  l’ro—

per t I vs of 2—D Solids C on f .  and S u r fa c e  S d .  [ W i l l  he R epo r t

SF13; Abstract in Appendix E]

In addition we have comp let ed relocation of our laboratory , a d d i n g

in the process several pieces of electra ! and optical analysis equip— 

-
~~
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ment. Of particular note is our new ISI Super IIU scanning electron

microscope purchased in conjunction with several other researchers.

We have also added two new students to the program : Ms. Lynn

Bradley from Clarkson College , and Mr. Joe Bowden from the Air Force.

Both are currently working on the prob l em of using sputtered Si
3
N
4

as an encapsulent during the annealing cycle following ion ~mplanta—

tion of gallium arsenide.

II. Insulating Barriers

Silicon nitride layers were deposited on single crystal n—type

gallium arsenide substrates by neutralized ion beam ~ .ittering, and

the electrical properties of the layers were measured. The sputter

depositions were done using a one Inch diameter beam ion gun. The

general experimental techni ques for doing the depositions as well as

results from other dielectric materials have been described previousl y ’.

The target used was a 99.999% pure polvcrvstalline silicon blank.

The sputtering gas was a mixture of Linde l.’}{P nitrogen and 1 . i n d t ’  I’HP

—4
argon. A background pressure of at least 3 x 10 tort n i t  r~~~J O I ~ w o ~

necessary in order to get high resistivity layers. The s p i i t t ~~r i n g

rate was, of course , reduced when nitrogen was introduced Into the

vacuum system, and a partial pressure of I x ~~~ tnrr argon was re-

quired In order to obtain deposits. The s m a l l e r  mass t h e  n i t  r og n

atoms reduces the sputtering yield
2
. The vacuum system was equipped

1 
L. C. Meiners , R. C. Pan , and J. R. Sites , J. Vac . S d .  Technol.,
Vol. 14 , No. 4, (1977). (Sec Appendices A and D.)

Handbook of Thin Film Technology, L. J. Maissel and R. Clang, McGrav-
HIll , 1970.

_____________________ _________ - ~~~~~~—
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w i t h  a l i quid n i t rogen  cold t r ap  and the background pressure  was

5 x I0~~ t o r r .  The t a rge t  and s u b s t r a t e  were held in pos i t ion

w i t h  q u a r t z  f i x t u r e s  in order to  avoid i n c o r p o r a t i o n  of m e t a l  a toms

into the layers .

Auger electron spectroscopy (AES) of the silicon nitride layers

revealed t ha t  some oxygen contaminat ion  was present  in all the  layers

studied . A typical  spec t rum , as shown in Fi gure 1 , was obtained

a f t e r  spu t t e r  etching for  three  minutes  in xenon at 1 Ky . The

oxygen d e f i n i t e l y  appears to he in the si l icon n i t r ide  layers and is

not just the adsorbed surface oxygen. Additionall y there is an in-

creased concentration of oxygen near the gallium arsenide surface.

More data will be taken by Mr. Meiners , who has returned to NOSC , to

obtain the percentage of oxygen concentration .

Aluminum dots  were depos i ted  on the  layers and cu r ren t—vol t age  and

capac i t ance—vol tage  (CV) measurements  were made on the m e t a l — i n s u l a t e r —

semiconductor devices . The resistivity of the layers was typically

iol4_iolô ~2 cm. CV measurements  were made in the  f r equency  range

l02_l06 H z .  Da t a  fo r  one of the  samples is shown in Figure 2. The

frequency dispersion of the curves is evidence for a distribution of

surface states at the gallium arsenide surface. However , it is

not yet clear that the CV data taken at 1 MHz corresponds to the

theoretical “high frequency ” curve, where surface states are no

longer responding to the ac voltage . Further CV measurements at

higher frequency are planned in order to be certain that the true

high frequency curve has been obtained . In this respect the work Is

.1
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q u i t e  similar to that of Zeisse et at. 3 
on pvro ivtica llv and

anodically prepared insulators on gallium arsenide. The evi-

dence to date poLnts to the conclusion th~it on our s am p l e~ t h e

gallium arsenide surface is in depletion with zero ~yite vol t , i ~~ e .

Large nega t ive  gate  vol tages take the surface into inversion ,

but  large p o s i t i v e  vol tages  do not  drive the s u r f a c e  past  f l a t

band. The same conclusion seems to  apply to anodical ly  and

pyrolvtica llv prepared layers. Further elucidation will be at-

tempted by Mr. Meiners by taking high frequency (>10MHz ) CV data

these samples , and by the use of saturated photovoltage mea—

~nts which give a direct measurement of the surface pot tial .

Il l. inA~~~~ i~~yer Transport

Recent measurements have emphasized the quantum regime of sur-

face transport. Analysis of dc measurements in the higher tempera-

ture classical region were reported earlier.
4 

At 4 K and below

the InAs epiLayers exhibited oscillations in the Hall coefficient

and conductivit y which can be explained by assuming the existence

of quantized energy levels in the narrow surf.ice accumulation

l a y e r .  (See Appendix  E) Two such levels  have been observed and

t h e i r  p o s i t i o n  determined in term s of t he  gate v o l t a g e  n e eded i.

produce them it  zero m . ig n et l r  f i e l d .

3”Electrl ca l Properties of Anodi c and Pyrolytic Dielectrics on
Gall ium Arsenide ”, C. R. Zeisse , L. J. Messick , and II. L. Lile ,
J. Vac . Sci. Technol., Vol. 14, No. 4, (1977).

6
H. A. Washburn and J. R. Sites , Bull. Am. Phys. Soc . 22 , 318 (1977);
H. A. Washburn , ONR Report SF11 [Appendices B and C]

- -~ — .—., -~~--- =-~ —~~~~------
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In order to emphasize the oscillations , a small voltage

modulation was added to the dc gate voltage and a lock—in amp lifier

was used to measure the differential voltage across the samp le and

Hall voltage. While this procedure comp l icat es the an;ilvs!s b’

shifting the phase of the oscillations , it should not introduce

significant errors. Figure 3 shows a typical measurement which

contains two primary components oscilitor y in B~~ . which are i~~ c f l

fled with quantized levels. Measurements similar to Fig. 3 ~or

other gate voltages show an orderl y progression of the levels as

the surface potential is varied.

While developing the above differential techniques , measurements

were made at 77 K and results interesting in themselves w1r~ found .

Primarily in the gate voltage region near flat—hand condition and
dV 1 dC

into depletion dramatic structure in the ~-~ -— and vs curve

were observed and they exh ib ited a dependence on freq~ie ncv ! the

e x c i t a t i o n  voltage and on magnetic field. This str ic tur e is n t

reflected in the dc Vh, Va, and C vs V~ and it is thought that the

results offer new information about the surfac e states and their

lifetimes and positions in the InAs—oxide interface region . Analysis

of the results is presently underway. Attempts have been made in

the past to account for the hysteresis in the capacitance (and also

seen by us in the  conductance and Hall coefficient ) vs. V
~ 

by using

cha rges ins ide t he oxide and by using condiic t I on t h r o u g h  t he ox I do ,

m d  he curr ent mi asuremen (5 may add some ci ar it V .
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*UX1DE BARRiERS N (;aAs BY NHJTRAL1ZED ION BEAN SPUTTERrNc.

-I-

L .  ~~. >le iners , Ru—Pin Pan , arid J. R. S ites

Department o l’hysi s

Col ora~ a S t  a t  Pu j ye  r ~ it v

Fort Coil iri s, ( .ol r a do , sb5~ I

APd~T RACT

Tantalum and i l i r on  oxides have been sputter depo sited

on t o  ga l h u m  rr smni. d e using a 501) cV beam of neut m l  ized ar g o n

a t o t n a .  M I S  devic es show v e ry  l o w  leakage and c o a -  itances th i t

ran be vari ed f r o m  f u l l  accumu lation to depletion with the

applicat ion of m o d e st  volt;i~ &c . Other me,i stirenents (breakdown

field , dielectric constant , adherence , Au c er  profile , and photo—

luminescence) als’ suggest that these s t r u c t u r e s  hold p o t en t i a l

usefulness f o r  i n s u l a t e d  g a t e  (iAs c ir e l i t  r v

*Support  by  ONR (N ~~~~ k i  d —  ; f - - ~ — O 9 7 h )  and NASA (NS~ —1O8t. ’ .

Permanent A dilr , s: N a v a l  E Ic ’ t r ’ n l i s  1.11)0! m t  ar ~ ’ Cent or , 1Pm I) f c ~~~,
c .,1 II mm L ; i

_____ —.~
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Appendix B

Abstract Submitted

for the San Diego Meeting of the

American Physical Society

March 1977

Physics and Astronomy Bulletin Subject Heading
Classification Scheme in which Paper should be placed
N~miber 47.5 Semiconductor Transport

Electrical Characterization of the }leteroepitaxial
InAs on GaAs Interface.* LA. WASHBURN and J.R. SITES,
Colorado State Univ.——Transport coefficients were meas-
ured on n—type InAs epilayers grown by VPE on semi—insu-
lating GaAs and were found to exhibit a variation with
magnetic field characteristic of an inhoinogenious semi-
conductor. To analyze the measurements a multi—layer
model was used which assumed three regions: the free
InAs surface , a bulk—like layer, and the InAs—GaA s inter-
face. By using an lb S  structure for gate voltage con-
trol of the top surface and by sputter—thinning the epi—
layers with neutralized low—energy ion beam, the trans-
port parameters for the interface region were deduced.
Various profiles for the carrier density and mobility in
the interface region were then evaluated by comparing the
predicted magnetic field and thickness dependences of the
Hall coefficient with measured values. A good fit was
obtained using an exponential variation of the electron
density with distance from the interface and an electron
mobility limited by a defect density proportional to the
carrier density. For the samples measured, the inter—
face layer,~ at 77K, had a net electron density of about
2Y1013 cm~~ and effective mobility of about 2000 cm

2/V—
sec.
*Work Supported by ONR

Submitted by

James R. Sites
Department of Physics
Colorado State University
Fort Collins, CO 80523

_  _
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MULT I— LAYER MODEL OF InAs EPILAYERS

H. A. WASHBURN

PHYS I CS DEPARTMENT

COLORADO STATE UNIVERS I TY

FORT COLLINS , CO. 80523

SUMMARY

The charge carrier transport coefficients of an inhomogeneous ,

thin sem i conauctor in a MOS structure were obta i ned using a mu l ti—

layer model. The expression for the H a ll coeff~cient of a three— l ayer

system extended to arbitrary strength magnetic fields was used to se-

parate the bulk transport parameters from the parameters describing

transport at the two surfaces. Experimenta l ly , a gate vo ltage was use d

to vary the surface under the ox i de from depletion to accumul ation and the

Hall coefficient measured as a function of magnetic field. The charac

teristics of the back surface were obta i ned with the front surface held at

the flatband condition. The variation of the front surface parameters

with gate vo l tage was obta i ned with the front surface in accumulation.

The measurements were made on a MOS structure consisting of an I nAs ep i—

layer depos i ted by VPE procedures on a semi—insulating GaAs substrate

covered by a pyrolytic silicon dioxide insu l atin a layer and aluminum gate.

___________________________________ - _ _ _ _ _ _ _ _  - ---  
~
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DEPOSITION OF OXIDES AND N I T R I D E S  BY N EtT TF1 .~.Lr ZI . :D I ON BEAM SP TT T F RIN C *

James H .  Sites

Physics Department , Colorado State University

U r t  Collins , Colorado , LS .•\ , ~0~ 23

A b s t r a c t :  A n e ut r a l i ; : ed  beam of a rgon  ions t in s  n o n  used to spUt! r
depos i t  c o n d u c t i v e  oxides f o r  s o l a r  c e l l  :mppl i It ions and dielectric
oxides and n i t r i d e s  f o r  i n s u l a te d  ga te  st ru  t ure s  on ( aAs .

INTRODUCTIU~’
POWERSeveral types of hi gh qualit y oxide and

nitride layers nave been spil t ter dec c- it—
ed using a neutralized ion beam s o u r c e .
This  t e c h ni que u t i l i z e s  r c c e i e r a t e d  i o n s , TARGETg e n e r a l ly argo n , but  d i flers from other 

SUBSTRATEs p u t t e r i n g  t echn i ques (see Fig. 1) in that
all elec tric fields arid charge separat ion
is contained wi~~hin the source chamber. _______

The peimarv sputter henri is neutralized
in the sense that it coitains equal num—
bers of ions and e l e c t r o n s . “ dc SPUTTERING
The basic beam source is a modified Kauf-
man thruster , first developed for space—

rf POWERcraft propulsion /1/. ‘this type of beam AND M ATCHINGhas proven usefu l for hi gh resolution
pattern etching /2 ,3/, c or f - i c e  texturi ng 

______ TARGET/4 ,5/, and thin film deposition /6—8/. 
_______

Advan tages of using th is t v p f beam t~~r
sputter deposition include ( 1 )  ind e p e n d en t \ /  

SUBSTRATEc cn tr o l  of a l l  p a r a m e t e r s , ( 2 )  e l e c t r i c a l
n e u t r a l i t y  at bo th  t a r g e t  and s u b s t r a t e , ______________

(3) relativel y low energy (80—800 eV). ~~~~
collimated beam , (4) abilit y to sputter
insulating targets without special pre—
parat  ion , (5 )  st r a i g ht f or w a r d  in situ rf SPUTTERING
clea n ing  of b c t h  t a r g e t  and sii hs t rate ,
(6) relatlvei’; ~ow bell jar prossure ANODE
(<l0 ” torn , and (7) ease of t a  tive —

sputtering. The drawbacks or. ii) the re— ~ _____ TARGET
l a t iv e ly  slow d e p o s i t i o n  r o t  ~

‘ 1t ~ hour) 

\
~~~~~ J/ ~~—MA G NET lC

and (2) the somewhat complex source re— CONFINEMENT

___________ 
OF E L E C T R O N Sqii I ren. r~ -‘ SUBSTRATE

DEPOS ITION

The neutraltzed Ion beam source is shown MAGNETRON SPUTTERING
schematicall y in Fig. 2. Accelerated
electrons from a hot cathode collide with I TARGET
t h e  sou rce gas produc ing  pos i t i ve  I o n s .  ION
rhe number of ions produced , which deter-
mines the density of sputtering particles . 

~. ~~~~~SUBSTRATEcan be varied by adjusting the cathode
current. Th19 density is increased by
Lengthen ing the effective cathode to anode
path for the electrons through in arrange— POWER
nent ‘if permanent magnet ; w i th fields tire SUPPLI~~t i e r  of 100 gauss. the p is it ly e i o n s  i r e

- — -  _ _ _ _ _ _ _ _ _ _ _  NEUTRALIZED ION BEAM SPUTTERING

~,i cpo rt ed by MNR , ~,\SA , and URDA . Fig . I . Camp r ~ in i t  .prl tt erin c t chui q ucs.

— 
‘ -

~~~~~~~
—

~~~
- _ _ _  - - -

~~~
—.—..—‘
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ANODE There is a probability, proportiona l t o— —( 500 v 1 I the residual gas pressure , ci  t h e  posi-
tive ions neutralizing through chi r ce cx—

GAS INLE T~~~~~ _____________ 

change , and a much smaller proh ahilit ’.’ i t

d i r ec t  r e combina t i o n to  t i r e  g round s t a t

M~~ NETIC
+ ve loc i ty  is t h a t  ti e’ beam tends t o  ( 4FIELD 

One consequence of the  h i g h e r  el ec t ron

slightly more negat lV4 at the edges t i n

in the center. The beam a l s o  t c O i l S  t o

CATHODE 
________ 

diss i pa te  somewhat  in b o t h  e n e r g y  and
(450V ) i n t e n s i t y  due to  collisions w i t h  r e ’. r l i i , ;

~~~~ gas atoms . By introducing the argon , or
SCREEN GRID ocher gas , directl y into the s o u r ce  ch a r ~—

( 450 V )  — ber, well sealed except for the grid hol es.
ACCELERATOR —7’ 

— 

t h i s  problem can he minimized .
GRID ( - b Oy)

shown in Fi g. ~+ .

NEUTRAL I ZER ~~~~~~~~~~~~~~~~~~~~~~~ 

(500 eV ) 

The a r r angemen t  f o r  s p u t t e r  d e p o s i t i o n  i s

ION BEAM SOURCE

Fi g. 2 .  N e u t r a l i z e d  ion beam source .  ~~~~~~~ ‘J 
CURRE~~~MON(TOR
SHUTTER WIT H BEAM

accele rated by a negat ive  voltage ott the
lowe r grid . The upper , o r screen , gr id ‘ A l’l I REE POSIT ION

SUBSTRATE HOLDE RB
is posi t ively biased to de f l ec t  the ions 1so they wi l l  pass th roug h the holes.  Both C

grids are made of g raphi te  sheet w i t h  the  
, TAROET

ARGON LEAK
holes in hexagonal arrays aligned with VALVE _j_ OXYGEN LEAK

one another. -=~~~ ‘== ~~~~~~~~~~~~~~~~~~~~ 
~~ iALVE

Ions emer gi n g from the  source pass by a
hot filament which injects sufficient Fi g. -~~. S t i t t e r  d e p o s i t i on  , ; r r m n o . o . , . ’ I i t .

electrons to neutralize the beam. The ac-
celer ato r gr id is kept  sli gh t l y negat ive  D u r i n g  s t a r t — u p  t h e  ‘cam is blocked by .r

shutter. The attached ic im c u r r e n t  mon i —to p revent these e lec t rons  f rom back—
st reaming i n to  the  source. The resul t ing  tor  measures  t h e  i o n  current fall in g on

beam co ns ists of posi t ive ions of energy .1 fixed area when the monitor is  biased

equal to the anode potent ia l , which ca n to repel electrons. Rv t ransl ating the

be va ried . These par t ic les  all have very s h u t t e r , it can al s o  t o  used t o  measure

near l y the same veloc ity bo th in magni tude the beam u n i f o r m i t y .  Neut r a l i z a t i o n  is

and di rec t ion .  The n e u t r a l i z i n g  electrons obta ined  it zero net cu r ren t  when t h e
moni to r is at  ground i t i n t l a l .ha ve much higher veloci t ies , r andomly

oriented with an average component equal An aperture above the target and sub-
to that  of the ions. (See Fi g. 3 . )  st rat e cons t r a ins  the  beam cross section

to be no g rea t e r  t h a n  the  p r o j e c t i o n  of

f i x t u r ing  are cons t ruc t ed  of m a t e r i a l s

r 
stray sputtering. Other parts of the

• that will not introduce d’isasterous im-
purities in deposited layers if stray
sputtering should occur. The target it—

the target in its plane , hence minimizing

self can be a metal , insulator , packed
powder , or essentially any physically
c o n t a i n e d , Low vapor pressure  ma te r i a l .

Pre—deposition sputter etching of the
t a rge t  a nd subs t r a t e  is genera l ly  adv i s—
ible . In the coifi guration pictured , the
substrate is rotated first to position A
where the beam falls on the target , but
the sputtered ri,i rt icles are shielded from
the  s u b s t r a t e .  rn position B the sub-
strate is cleaned , this step is much

~~~~ Fig. 3. Schemit Ic of heim m i r e  crit i c a l hr ’ ’ r i i s ’ one w a n t s  to ov ’id



-~ut ’ i c , ’ damage .  Our procedure has been — 16 — The attractiveness of this structure as
to  r e i i i c i  t h e  beam energy to about  100 eV a solar cell stems f r o m  t h e  t r a n s p a r e n cy
and to etch fo r  about f ive minu tes .  of the  ITO layer (>85% over the sun ’s

In position C a.tual sputter depos i t ion  s p e c t r u m ) ,  t h e  b u i l t  in a n t i — r e f l e c t i n g
index of refraction of ITO, the relative—takes place. The ang les and’ positions of
lv low r e s i s t i v i t y  of t h e  l ay e r  (5 xtin target and substrate were chosen to

—c m) ,  the reasonable built—in voltagegive reasonably uniform coverage and still
( 0 . 9  vo l t  at room t e m p e r a t u r e ) ,  and t h ekeep th o  substrate Out of the  beam p a t h .
h igh  i n t e r n a l  q u a n t u m  e f f i c i e n cy  ( 9 57

fl many cases oxygen or n i t r o g e n  is in—
‘with the sun ’s spec t r um ) .troduced between t a rge t  and s u b s t r a t e  to

:‘r’fii :e a film chemicall y different from Fig. 5 i l l u s t r a t e s  b o t h  t h e  d a r k  c u r r e n t
the target used or to fine tune the stOi— diode curve and the s~ lar cell curve us—
~‘h i o m et r v  of the depos i t ed  l aye r .  The ing the  sun (93 mW /cm~) for illumination.
substrate holder does contain a heater Thi s  p a r t i c u l a r  ce l l  was 0 .07  cm 2 in area
which is seine cases improves the quality and had a front layer composition of 91’
of t h e  device being fabricated . Ambient ln’,03 and 9% Sn02 .  Th e r esul ti ng open
temperatures during deposition in the circuit voltage (0.51 volt), s h ’r t  cir—
absence of such heating are the order of cuit curren : (32 mA/cm2), and d i o d e  f i l l
400°C at the target and 200°C at the sub— factor ( 7 f l~~) lead to a conversion effi—
stra te. ciencv slightl y above 12%. In compari-

son with diffused junction silicon solar
RESLLTS cells , this structure has a son”what low—

The oxides and nitrides cha t  have been er open c i r c u i t  v o i t a g e , h ut  a h i g h e r
short circuit current due to an enhanceddeposited are suimnarized in Table I.
spectral response to the blue part ofThese depositions include both conductive

oxides on silicon for solar cell app lica— the spectrum , presuma~~I~ because the dif —

t ions and dielectric layers on GaA2 for fused junction surface dead lover has
been ei imin;ited .insulated gate structures and encapsula-

tion. In each case, when the pre—depos i-
tion sputter etch was performed in s i t u ,
the f i lm s  showed good adhes ion , res is tarce

2O~

to abrasion , and reproducible properties
1 m m  run to run . Both the direct sput-
tering of the material to be ueposited

comparable films . Thicknesses were gen— 
03 0 4 0  06

and reac t ive sputt er ing w ith a meta l l i c  o
target were successful and y ielded roughl y

V (volts)

erally e ween 500 and 5000 X and deposi-
ti on ti mes f rom ten m inu tes to an h o u r .  -2O~

!,rv erc are small crystallite , deg enera te , I

Lho corductive indium tin oxide (ITO)

n—typ e semiconductors . They fo rm good ~4O 1

q u al i ty heterojunction diodes when ~eposi— Fi g. 5. ITO/Si diode curves , w it h and
t ed ‘in p—type sing le crystal silic~on /9/. without light.

Table I. Su~~ary of materials deposited .

1aterial Target Atmosphere Substrate Purpose

Ind ium Tin Oxides ~TO Slight 0
2 

Silicon , ‘ixlO
4

’—cm Heterojunction
(several compositions) 375°C Solar Cells

tan talum Oxide Ta 0~ (‘,aAs , 2YC l0’
~~l 

M I S
Ta

2
0
5 

- GaAs 2x 1 1

Sili con Oxide Si 0.. GaAs , 25 °C , io i 5 
MIS

Si02 -~~ GaAs io
l2

S l i t  ‘li tr hi& ~t N~ G .iA s , 25° C E0~~ ~f l5 • t’fl C .ipslilO t ion
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The sputt er ing  of dielec tric layers  on to _ 17 — 
/ 4 /  A.  J. Weigland and B. A. Banks , J.

GaAs has shown that it is po~~~ible to Vac. Sci. Technol., 14 ( 1977) 326.
form a high resistiyity (>10 il—cm) , high /5/ W. R. Hudson , J. Vac.  Sci.  T e c h n o l . .
breakdown (2—3 x lO°V/cm) film by the 14 (1977) 286.
neu tra l ized ion beam technique , that the /6/ J. B. DuBow , D. E. Burk , and J. R.
GaAs su r f a c e  can be driven from depletion Sites , App l. Phys. Letters 29 (1976)
to acc umula t ion thro ugh the app lica t ion 494.
of a ga te vol tage (Se e Fig. 6), and that /7/ L. C. Melners , R. C. Pan , and J .  R .

Sites , J. Vac. Sci. Technol.. 14
(July/August 1977).

I /8/ K. S. Sree Harstia , K. J. Bachmann ,
At -SI1N,.O.A, __~

_
~~~H P. H. Schmidt , and E. G. Spencer ,

~~20O~ A r s o ’ 5 , 4X l 0 ~~~cm 5 
~~

_-
~
“

‘

~ Bu l l .  Am. Phv s. Soc . , 22 (1977)  3 4 7 .
/~~
‘ /9/ D. E. Burk , J. B. DuBow , and J. R.

I / / Sites . Proc. 12th Photovi’ltaic s

/ Specialists Conf . , Baton koii ge
/ 

/ 10/ C. ~~. W i l m s e n  and Szp ak , C. S. ~av a1
coin S v s t & m . s I t r .  I c  h n i a I  N t t

112 ; ft in  S o l i d  F i l m s , to he put —
too ii
-20 -10 0 0 20

DIAS (v o l t , )

Fig. 6. Capacitance—voltsgo curve of
MIS structure on gallium arsenide.

surface state densiLies have a similar
distribution and magnitude to those found
when insulating layers are formed on GaAs
by some of the alternative techni ques
/10/. Best results to date have been
achieved using Si3N4 on the <100 A’ sur-
face of GaAs. The silicon nitride films
additionally form an encapsulating layer
for  anneal ing  of ion i m p l a n t a t i o n  l aye r s .

The c r i t i c a l  f a b r i c a t i o n  procedure  to
achieve the hi gh resistivity seems to be
the removal of any impurity materials
from the support fixturing. Replacement
of the original stainless steel with
quartz led to a three order of magnitude
improvement . For minimizing surface
state density , it seems most critical to
perform the final sputter etch before
deposition with a reduced energy beam.
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Appendix E

OSCILLATORY TRANSPORT COEFFICIENTS IN

InAs SURFACE LAYERS

H. A. Washburn and J. R. Sites

Physics Department

Colorado State University

Fort Collins, CO , USA 80523

Magneto—oscillations have been observed in the conductivity and

Hall coeff icient of InAs f ilms grown heteroep itaxially on GaAs substrates .

An MOS structure was employed so that the surface layer could be driven

f r om dep letion to strong accumulation through application of the appro-

priate gate voltages . Differential measurement techni ques were us ed to

clarify the oscillations in the transport properties. Magnetic fields

up to 6 tesla and temperatures down to 1.6K were used.

The observed oscillations are attributed to energy quantization in

the surface accumulation layer. Our interpretation shows two subbands

with densities at zero gate voltage of 7 x lO”cm
2 

and 3 x l0”cm 2
.

The mobility of the excited subband was approximatel y twice that of the

ground state subband .

The oscillations showed very little temperature dependence between

1.6 and 4.2K. We also observed very little temperature dependence of the

flat band voltage or the bulk Hall coefficient , indicating the absence

of freeze out effects. We did , however , see some sp litting of t h e lower

subband oscillations at higher magnetic fields suggesting sp in spl itting

of the Landau levels for this subband .

- - ‘ - .- ________


