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EVALUATION

1. This report is the Final Report on the contract. It covers research

done on characterization of gallium arsenide materials during the period

June 1, 1975 to May 31, 1976. The objective of this research was to

evaluate the crystalline perfection and to characterize the defect struc—

ture of gallium arsenide materials. For crystal perfection studies, a

unified computer program was developed for the interpretation of Kossel,

Kikuchi and electron channeling maps obtained during x—ray and/or electron

beam analysis. These programs will be applied directly in house to the

analysis of gallium arsenide materials and can be easily extended to new

• materials of interest such as indium phosphide and other Ill—V materials.

The technique of Impact Sound Stressing, developed by the contractor has

many applications to GaAs material and device characterization. It can be

applied to evaluate polishing effects , fracture properties and effects of

microdamage on device properties. It also provides a means for the study

of damage propagation and for investigation of the possibilities of damage

• gettering in lIT—V compounds .

2. The Rbove work is of value since it provides basic knowledge which

makes possible the characterization of the defect structure and thus the

• improvement of gallium arsenide materials and device *~tructures for use in

AF systems.

JANE BRUCE
Contract Monitor
Solid State Sciences Division McEs$’Ga lv
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SUMMARY

The Kossel pattern technique provides valuable information

- • on the crystallography of crystalline solids. Interpreta-

tion of such p atterns is difficul t and recen tly compu ter

techni ques have been employed to ob tain maps corresponding

to the patterns . Published techniques require the knowle dge

of one exper imen tal p arame ter , such as the specimen to film

dis tance , in order to emp loy such techni ques.

Chapter 1 presents a computer program capable of genera t ing

Kossel and pseudo-Kossel maps “direc t ly ” of the type as is

observed experimentally. Consequently, it is poss ible to *

study ch anges in Kossel line arran gemen ts as caused by

varying parameters , such as Kossel camera constant , sample

• orien tat ion , lattice constant , and others. Such chan ges are

simply “pro grammed” and the resul ting Kossel maps dis play

the influence of the parame ter. The pro gram makes possibl e

absolu te la tti ce parame ter measuremen ts wi th an accuracy of

lO~~ . This is achieved throu gh the recording of just “one ’S

• experimen tal Kossel pattern . Other techniques rely on

mul tiple recordings with varying camera constant.

The program is also capable of genera ting Kikuchi maps and

channeling maps. Thus , a single program is presen ted wh ich

is useful for computer generation of indexed Kossel , pseudo-U

Kossel , Kikuchi and channeling maps.

5 
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The second par t of this report (Chapters 2, 3) describes

the application of Impact Sound Stressing (ISS) to GaAs .

ISS is a novel t echnique  t h a t  is capable  of in t roduc ing

mechanical damage into crystal surfaces. ISS was previously

successful  in s t u d y i n g  damage p ropaga t ion  in si l i con  su r f aces

and in improving genera t ion  l i f e t i m e  in si l i con  w a f e r s

through damage getter ing . Chapter 2 of this repor t descr ibes

spec ialized impact sound stressing equipment for GaAs . The

determina tion of various equipmen t and operational parameters

is d iscussed and a table of ~,arameter values is given . Graphs

of input power and time period of ISS app lica tion vers us

obtainabl e damage densi ties are developed from a ma trix of

test runs. ISS damage at the GaAs surface and below is

charac terized with the aid of light optical and scanning

electron microscopy .

Chapter 3 descr ibes measuremen ts of damag e depth in GaAs

due to ISS. Two methods for the determination of ISS damage

depth in GaAs are descr ibed in detail. The techn ique s,

bevell ing and cleaving , involve structure etching and

scann ing elec tron micro scopy , respec tively. ISS damage

induced at 10 watts power , for 60 seconds , reaches a maximum

depth approaching 30 urn. The majority of damage sites

reach a depth of 10 pm. A decreasing number reaches deeper

than 10 pm , and a small percentage reaches maximum depth

of ~ 30 pm.

6
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COMPUTER GENERATION OF KOSSEL
AND PSEUDO.KOSSEL LINE MAPS

by H. F. Kappert

INTRODUCTION

The divergent x-ray beam method is often used for quantita tive strain analysis

of single crystals (1 , 2 ) ,  for measurement of lattice parameters originated by

compositional variation such as in GaAs1 P (3) , and also for defect studies

(4) . Kossel cameras are available to take photographs of so-called t1Kossel”

or “pseudo-Kosselt ’ patterns generated by a divergent x-ray beam . The

metl~od is not as sensitive as x-ray double crystal dlffractornetry where lattice

parameter variations of up to 4d/d = io 8 can be measured . However • if Ad/d

is of the order of ~~~ the divergent beam method is experimentally more con-

venient because of much shorter exposure times and simpler instrumentation .

Difficulties encountered in evaluating Kossel line data generated by the diver-

* 
gent x-ray beam technique arise in indexing the Kossel lines forming the pat-

tern . The indexing procedure is relatively simple for samples with a known

low order surface orientation , such as (001) etc. , and also for Kossel lines of

high symmetry . In general . indexing of Kossel lines is time-consuming and

7
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tedious . Therefore • it is desirable to have a computer program for generating

indexed Kossel and pseudo-Kossel patterns. If such a computer program is

available , it also becomes possible to study changes In Kossel line arrange-

ments as caused by varying parameter s such as sample orientation , lattice

constant , Kossel camer a constant , etc .

Published procedures for computer generation of Kossel patterns are based

on the stereographic projection for Koasel line generation (5) . However , this

type of projection results in circles only whereas true Kossal and pseudo-

Kossel patterns show ellipses and hyperbolas as well . Thus these programs

require additional work in transforming computer generated patterns into the

type of patterns observed experimentally. Experience gained during writing

and working with a progr am for the computer generation of Kikuchi and

channeling pattern for TEM and SEM investigations (6) indicat ed to us that

it is not desirable to program a computer to carry out this additional trans-

formation . It is more expedient to use the new concept described in this

report . This program generates Kossel and pseudo-Kossel line maps directly

as observed experimentally .  It is a short program and can also be used to

generate Kikuchi and channeling maps as well -- li the last step of calculating

the data before plotting is replaced by the stereographic projection . Thu s .

a single program is presented capable of generating Kossal lines , pseudo-

Kossel lines , Kikuchi maps and channeling maps.

8
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GEOMETRI CAL CONSIDERATIONS AND BASIC IDEAS

By definition true Kossel line patterns are produced by diffraction of a source

point of characteristics x-rays located in the surface of the sample under investi-

gation . Such x-rays can be generated by an electron beam focussed on the sam-

ple surface (Fig . la) . Pseudo-Kossel patterns are produced by non-characteristic

x-rays . They at~ generated by focussing the electron beam on a small area of

material different than the sample under Investigation . The x-ray producing

material (e .g . ,  Cu) is at some distance b from the sample surface (Fig . ib)

Figures la ,b show the geometry of the two types of pattern generation assuming that

the x-ray wavelength is the same in both cases . In the case of the true Rossel

pattern the envelope of the diffracted x-rays is true cone. The cone axis is

perpendicular to the set of (hk&) planes but , in general , is inclined to the sur-

face normal at an angle ,8. The intersection of the Kossel cone with the film

plane (the Kossel line) is either a circle , an ellipse or a hyberbola depending

on s.

For the pseudo-Kossel pattern the Kossel cone is distorted for the sam e set of net

planes (hkQj . However • the cone can be reconstructed using the mirror image of

the source produced by the x-rays in good Bragg reflection along the sample sur-

face . The difference between the reconstructed cone In Fig . lb and the true

Kossel cone in Fig . la is a shift (xshfft ~ ~~hift~ 
relative to the electron beam axis .

As a consequence the intersecting line of the cone with the film plane is shifted by

Kossel Maps 9
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Fig . 1. Geometr y of x-ray reflection in the case of a) a true Kossel pattern
and b) pseudo-Kossel pattern.
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the same amount (x 
hift ~‘shift~ 

toward the electron beam axis with reference to

the true Kossel line . Therefore , using the coordinates (x ’ , y t ) of points on the

true Kossel line , the corresponding coordinates (x , y) of points on the pseudo-

Kossel line can be deduced : x = x’ + X hift and y = y’ + 
~shift~

From Fig . lb the coordinates X ghift . 3’shift can be derived as follows :

2tan 8 + I
hift 2 b 2

~~~x 2
tan 8 - tan $~

2taxi 0 + 1
~~shfft

’
~~Y 2tan 0 -t a n $y

with 8 = Bragg angle , b = distance source - sample and tar 2
$= tan 2 $~ +

tan 2 
$~~~~

.

The basic concept of generating Kossel and pseudo-Kossel lines Is shown in

Figs. 2 and 3. These drawings are made for the true Kossel situation . We

consider two orthonormal bases : the ( è , ~~~, ~) standard basis , with the z-axis

parallel to the electron beam axis , and the [(100) , (010) , (001)] cubic basis

fixed with the crystalline sample . Calculating each Kossel line separately the

cubic basis will be rotated together with the crystal by coordinate transforma-

tions in reference to the standard base:

1. into a position where calculating the coordinates of the intersecting

lines of the Kossel co te with the proj ection sphere is convenient

and

Kossel Maps 11
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Z0~XLM /~~/ “ — )~? rn (/ J pole frejec f~~)
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b hkl) plane

Fig . 2. Geometry a) for calculating coordinates on the projection sphere for
all (hkt) poles with structure factor F � 0; standard basis is parallel
to cubic basis. b) After rota ting the sample to get the desired orienta-
tion (h 1k19..1) parallel to the i-axis. The examp le of (hk9~) pole shown
in the f~gure will be rejected by the computer program because the
pole intersects the film plane outside the actual film size area .
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a
ower Kossel cone

/

(hkl) Kos el line

/ 

/

er Kossel cone \

~kc ~j  ~~~~~

film plane
x •

~./

/

b lower Kossel cone
/ (rejected)

Fig. 3. Geometry a) to generate Kossel cones and to calculate the array of 180
coordinates of the intersection of this cone with the projection sphere;
b) after rotating the sample with the desired orientation parallel to the
1-axis . Only that part of the Kossel cone circle is calculated which will
be proj ected within the actual film size ar ea .

Kossel Maps 13
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2 . into a final position for a given crystalline orientation of the sample ,

e.g., (001). (110). (111) , etc.

Intersections of Kossel cones and projection spheres are always circles. The

projection of these circles from the center of the proj ection spher e to the film

plane is then carried out . Through this procedure the circles on the sphere

transform into circles , ellipses or hyperbolas in the film plane . (Here , if

Kiku chi and/or channeling maps are desired, the stereographic projection

has to be used.)

To avoid unnecessary calculations only those Kossel cones are considered

which intersect the film plane within the small area of the actual film size . For

this purpose a circle of approximate film size in the film plane is projected back-

wards onto the projection sphere. A limiting z0-value by the constant z-coordi-

nate of each point of the projected circle on the sphere is obtained . Then the

coordinates ~~~~~ 
~hkt

’ Z
hkL of the pole of the net plane (hkt) intersecting the

projection sphere are calculated . Only those Kossel cones are considered where

~~~~~~~ (Fig . 2b) .

Figure 3 shows how Kossel lines are obtained . We start with the cubic basis in

a position where (hk~ ) is parallel to the z-axis of the standard basis . In this

position the Kossel cone of the corresponding set of net-planes (hkL) intersects

the projection sphere in two planes parallel to the x-y plane of the standard basis .

The Intersectin g lines are circles . The z-coordinates of each point on the circle

14
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has the same value ZZ (1) or ZZ (2) for the top or bottom circle respectively.

After rotating the crystal with reference to the standard basis in order to get

the desired orientation (h 1, k1, t 1) parallel to the z-axis , we obtain new coor-

dinates (Xc P 
~‘c ’ z~

) of the circle points . Once again a check is made as to

whether parts of the circle will come into the photographic fi lm area by corn-

par ing z~ with the limiting value z0 . The part of the circle with will

be projected into the fi lm plane and this results in new coordinates (x’ , Y’~)

of the Kossel line . To obtain the pseudo-Kossel pattern the shift (x hif t .

as mentioned above is added to the (x ’ , Y’~ ) coordinates .

THE PROGRAM

The program is written in FORTRAN IV for an IBM 1800 Computer .

Input data

1. Position Cu , v , w) of the atoms in the unit cell and the lattice

parameter a0 of the investigated sample

2 . Radius R of the projection sphere

3. Distances , sample-film DF and source-sample DS , where R =
DF + DS

4. Approximate film size 2X x2Y _

5. Wavelength A (LAMB) of the x-ray source used In the camera

6. Sample orientation (h1k1t1) = (IX1 , 1X2 , 1X3)

Kossel Maps 15
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Program Steps

1. Structur e Factor

The structure factor F is calculated by

F2 = 2; cos2 2 IT (uh + vk + wl) + sIn2 2 iT (uh + vk + wl)

for each set of net planes (hk~ ) .

2. Bragg Angle

The Bragg angle 8 for each set of net planes [Ilk L) with structure

factor F � 0 is calculated by the Bragg Equation .

3. Pole Coordinates on Projection Spher e

The coordinates (XHS , XKS , XLS) of the intersection of the plane normal

[hkt] with the projection sphere are calculated for the cubic basis [ (100) ,

(010) , (001) ) parallel to the standard basis (ii , j~, 2) .  Then the crystal

is rotated so that the desired orientation (IX 1, 1X2 , 1X3) is parallel to

(;~, ~~~. 2) .  The transformation Is carried out by

/XH \ 1
h1/fs1 k1//s1 

11/1s1 
~ /

XHS

( XK ) = ( h2/fs2 k2/1s2 12//~2 ) (
\XL / \h 3/,1s3 k31 ,fs 3 13

//53/ 
\xLs

2 2 2
with s = Ii . + k. + 1. .1 1 1 1

Thus (XL XK , XL) are the coordinates of the plane normal [hkt] inter-

secting the projection sphere for the final desired orientation of the crys-

tal in reference to the standard basis . Only net planes where XL> XLM

are considered further on.

16
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4. Coordinates of Kossel Cone on the Projection Sphere

a. The crystalline sample is rotated in a position that [hkt) is

parallel to the 1-axis of the standard basis. The coordinates

(XXC , YYC) of the Kossel cone Intersection with the projec-

tion sphere are calculated in 180 steps of 2~ making a complete

circle . The x-coordlnate is a constant value ZZ (1) for the top

circle and ZZ (2) for the bottom circle .

b. The crystal is rotated so that the desired orientation (IX 1, 1X2 ,

1X3) is parallel to (i) . For this transformation both the matr ix

mentioned in 3 and the inversed matrix have to be used . An

array of coordinates [XCI (KK), YCI (KK), ZCI (KK)J for the

180 circle points is obtained. A check is made to determine

which par t of the circle will be plotted as a Kossel line within

the plotting area by comparing the coordinate ZCI (KK ) with

the limiting Z
D 

-value XLM .

5. ProJection onto th~ Film Plane

The projection Onto the film plane gives a two-dimensional array

(XP (J) , YP (J) ) for the Kossel line to be plotted .

XP (3) = XCI (KK ) x R/ZC I (KK ) - XSHI

YP (J) = YCI (KK ) x R/ZCI (1(K) - YSHI

XSHI = YSHI = 0 in case of tru e Kossel lines.

Kossel Maps 17
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8. PlottIng Section

The Kossel or pseudo-Kossel lines are drawn. At the end of each line

the (hk £) value Is plotted for line Identification purposes.

RESULTS

Examples of computer generated Kossel pattern for GaAs wIth [0011, [110],

and 11111 surface orientation are shown in Figs. 4, 5 and 8 respectiv ely.

CuR,~ radiation with a wavelength of A = 1.54051 R Is used in all cases .

The pattern In Fig. 4 is true Kossel pattern (with the exception that the

characteristic x-rays of GaAs are not used) with DF = R = 2 .63 cm between

sample surface and film plane. Figures 5 and 6 show pseudo-Kossel pattern .

The originaL computer generated map is reduced in size by about a factor of

two . Figure 7a shows a real pseudo-Kossel pattern as obtained in a Kossel

camera . Figure 7b shows the corresponding computer generated pattern .

This plot Is a best fit to the photographic pattern. The camera parameters

were not known before but could be determined to be DF = 2.45 cm and DS

= 0.1 cm. The asymmetry of the pattern is caused by a slight deviation of

the [001 ] sample orientation from the z-axis . The best fit in this respect

could be obtained when the (3 1 60] direction is parallel to the z-direction .

• Finall y,  to get approximatel y the same patter n by computer simulation as was

obtained experimentally by the Kossel camera , the lattice parameter of the

sample under investigation had to be changed by 0.1% from 5.6435 R to
5.8491 R. No additional matching was necessary for this sample .

18 
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Fig . 5. Example of a computer-generated pseudo-KOssel pattern of a GaA s

sample with surface orientation [1101. DF = 2.45 cm and DS = 0 . 1 cm.
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Fig . 6. Example of a computer generated pseudo-Kossel pattern of a GaAs
sample with surface orientation [111] . This map was plotted by using
the attached FORTRAN N program for an IBM 1800 compu ter .
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Fi g. 7. a) Actual photograph of a ps eudo-Kossel pattern of [ooi] GaAs.
b) Comp uter plot fi tted to the photograph in a ) .  The best fit

was fo und with DF = 2 .45  cm. DS = 0 .2  cm, surface orienta-
tion ¶ 3  1 601 close to looil  and lattice parameter a0 = 5 . 6491
a val ue 0.1% larger than the tabul ated value .
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The following experience was obtained during such fitting experiments:

1. Influences on the Kossel line arrangement from different

parameters (e . g . ,  distance source-sample or lattice

param eter) could well be distinguished .

2. An absolute lattice parameter measurement with an accuracy of IO~~

now appear s possible by recording just one experimental Kossel

pattern instead of the otherwise necessary multiple exposures with

varying camera parameters (1 , 4 ) .  The precision is obtained by

fitting experimental Kossel patterns with computer generated maps.
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PAGE 0001

C

~ 
r . ( 5 . f  . A T ~ V f l S S~~L AN P PSE (JOO—KOSSEL PATTERN

C
C.
•~~~~~~ I C - ~~. ) ,  1 44 3  P R I N T E R )

~~~~~ ( ‘ ~1 I ) T T I , t P
ST R A N S F t R 1 I A C E
• A R I T H~’ F T I C  T Q % C ~~
‘LIST A l t .
.cr~ wn~o T t~~t~~s

l’~T’Gfa 11,011 ,ol l A , HA kIKU0000
P E A L  L A M 3
fllM ~~~S ION U l A ) ,V 18 ) ,w (8),SF~ 9,9,9),xP1160),vPI1e0I,ZZIZ), KOSS000L

I X C I I 1 ~~O ) , Y C l S 1 9 0 ) , Z C 1 I I 8 O ) , X C 2 l 1 8 O ) , V C 2 l I b O I , Z C Z l 1 $ O )  KOSS0002
C
C R E Afl L A T T I C E  P A R A M E T E R
C

(1I 10 1 - 1 , 5  KIKIl O Ol O
W~~A’) ( ?, 7)  U I I I , V ( I) , W (I) KIKO JOOU
FflRM .% T (3f6.2) K IKUOOI 4

10 L I ~~T IN I’E ~ t~~uooia
C
C
C R IS NA D I IJ S OF S T E R O  SPHERE
C

O F- 2 . 45 KoSSoQl~
flS~~~.1 KOSSOO2O

KDSSOO2I
C
C R 1 . R A If I I~ flF PLOTTING CIRCLE, XO ,Y0 PLOTTING SQUARE
C

X I)~ ~~. KOSSOO23
Y0 ~~. KOSSOOZ4
PI= SQI T(X0*XO ,YO *YO) KJKU O O2 S

C
T , 4 r - 4 ~~A N ( Q 1 / K )  0(0550030
X I~~-R*CII S I T HEM) 

. 
KOSSOO3S

C PPO’~~’C~I ( 0 4 , K ,L)  VALUES
C

f f1  t~~ ~~~~~~ KIKU O OSO
KIK UOOSI

• DI) 2~ ~~~~~~ 0(IK’10060
‘t ~~ ’~— t  0 (IK ’IOObL
r) rf ~~ ~~~~~~~~ KIKUOO 7O
L L ~~ l — L  KI kUOO7L

C
C CA LC ’ILA T~ SI O4 U CT U I I FA C T O R

F C
F 1 . O . O  K1KU0080

V. 0(0 J0’)$S
TI ’~~T~~~ .0 KIK UOOQ’ )
r l ) 50 ~~‘ l . 5  KIKJ O O Q S
A
~~~

..? -
~~

l J t i ’ )
~~

0 I l + V ( N )
~~

K 1 + W I M ) S L & )  0(10(1)0100
F 1 . F 1 . . C O S ( A )  K IK’ JOLOS
F2 . F2 .S IN(A ) 0(IKU0L06

SO CI ’ P,T I N I J C  0 ( I K U O L O T
F- R1VIN ’ ~ ( F 1  ~‘2.F2**2 K I K U O I L O

K I% U0 117
3° COMTI’il ’E K IKUOLIS
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PAGE 0002

29 ( ‘ . 1 1 .  i KIV’P O I 1*
19 C l  K J K J 0 I Z ’ )

X S  - ‘~l • ). ~‘
YS ( U .4S,.AL ~ IY’)52O7
C ALL S C ’ o 1~~ I ZSCAL ,YSCAL ,0.0,0.0) KIKOISTOS
00) 1’) “1 .17 0 (0550122
H1 . 1 1 *  0(10(01 0123
HLA . I ItRS( I1l) .1  0(10(1)0123
00 II) ‘.1,17 0(0550124

01KU0 123
‘(li.IA’~S I W 1) . 1  KI KUOL2S
0(1 40 L .1,17 0 (10 (1)0126
11.1— 9 0 (10 (0)0127
LI A .I4~1S IL 11.1 0 (10 (00127
F— SF (0114, K 1 A , L I A J  0(10(1)0125
I d E-I.) 40,41),6O 0(10 (00129

60 SQ .S0RT(Fl0ATIHL ~ H1.0(1*K1 ,L1*L1)) 0 (10 (00190
C
C 8RACG AN C,Lt X — R A Y  LAMBOA .L.54031AE, GA AS A .S.6435 AE
C

t.A~4i ’1. t4051 KOSSOIQ I
0(0550192

TIlE .SQ ’ILAMA / (2 .*AO )) K0SS01 93
IF (THC— 1. ) 65,40,40 K0SS0193

65 ET .THF/ SQRTt1 .—THE* THE) 0(0550194
THF T .ATAP4IET ) 0( OS SOL9S

C -
C
C SEL (CCT PL M4ES OF HIGHER INDEX THAN SMSQ
C

S’450.t.5 KOSSOZOO
IF (SMS Q— So~) 140,140.40 0(10(110203

C
C CALC U LATE COO RDINATES ON STEREO SPHERE
C
C FOR P01 (H 1 ,K1 ,L1 )
C

140 IE (50—0.5) 40,40,141 0 (10(110300
141 XI)S .R*H 1/SQ 0(10 (00305

XKS .R*0 (1/SQ 0(IK’J0310
Xt.S .M’Ll ,SQ K1KU03 20

C
C TR ANS I TIU M TO OESIR EO OR IENTATION W ITH COORO . IXI.IXZ, 1 X3
C

IX 1-1 K0SS0361
1 X2 .1 K0SS0362
IX 1 .1 KIJ$5036 3
X1 .F L OA T II X L )  0 (0)550364
X2 .FL UA T( 1X 21 0 (0550365
X~~.FL1 14T( IX3) 0(0550166

• Q .S~ K TIX 1AX L .X2SX2 ,X 3 *X 3 ) KOSSO 165
x~~1 .xl/ Q k05S0366
X12 .X2/Q 0(0550167
X 33 .X 3 1(3 KO S SO3A$
QX.SQR I(X11*X33*1031*X33.X32*X33*X32SX33 ,X32s*4.,X31**4.. K0SS0369

22.*X32’X32*X31*X3 1) K05S0370
QV .SQRT( X3 2*X32+X3 1*X 31) K05S0371
IFIOY—0.5)123,123 ,122 0(0550372

122 XLL n— X3 1sX 3310X KOSSOSYS
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x1.~= — X 3 2 ’ X 3 3 /QX K0S5037S
X1) . (X ~~2*X32,*3L .X)I)/QX 0 (DSSOI’Ô
X f l . X~~2/q) Y 0(01550177
122.—V)1 /QY k0)S50375
0(73=0 . K0SS0379
GO TO 123 KOSSO IRO

123 XI 1-1 .) KOSSOI 8I
0(12.0. K0SSO3~ Z
X1 3 0. 0(0550383
0(21 .0. KQ5503R~.
*12=1. KOSSOIRS
*1 3=0. KOSSO1S6

125 S1 .S IJNT (X11SX11 +X1 2 *X 1 2 .X13SX 13 ) 0 (10 (00371
S2 = S’I’i ) *21*X21.X22’X22 .X23*X23) 0(10 (1)0372
S).SQ)Tl* 31*031.032*X32.X33eX33) 0 (10 (110372
A 1 I = * 1 1 / 5 1  0 (10(00175
A I2 .X 1? /~~1 0 (10(110376
A 1 3 .X1 3/SI 0 (10 (00177
A2 1=X 2 1 / S? K11 (,lO178
A 2 2 = X 2 i ’ / S 2  0(10(1)0379
A2 3=X 2 )/ S7 0 (10 (00380
A3 1— X1l / S~ KI KI JO 38L
A 12 .X 32/S3 0(1KU 0382
A~ 3= X 33 /~~1 0(10(11038)
X ll .Al1 ‘VIl5 .It12 .XKS+413*X15 0(10 (110385
X K=421 *XHS ,A22 *XKS ,A2 3*XL S 0(10 (00386
*1— A ll KHS .A32~ XKS .A 33*X1S 0 (10 (110387

C
C *SH I , Y S H I ’ S H I F T  OF KO SSEL ELLIPSE FOR PSEUDO KOSSEI. PATTERN
C

(T2=FT ’ET K0S50388
XHL XH/Xt . KOSSOI8S
XK L X K / X t . 0(0550)88
XSIII ’12. SX,4 ’CS/XL)SIIET2 .t.)/(ETZ—XHL )) 0(0550388
YS HI .t?. *XV *O S/X L I*UETZ +1.)/1ET2—XKL )) KOSSO)89
I F C X I — X L M )  40,40,130 0(0550390

C
C RE JFCT P1 A~i (S OF HIGH FR OROER
C

130 XI 3 10 (C’O. S( HIA—1 )+100. S IK1A—1 )+IL 1A—1 ) 0(10 (1)0190
• 01) (10 !H.1,5 0(10(110391

I H I ’ I H— l  0 (10 (00392
(10 “ 0 ( ‘ .1 , 5  K1K U0393
1 0 ( 1 = 1 K — I  0 ( 10 (0 10 30 4
00 100 ( 1- 1 , 5  K lV ’ 10195
1 1 1 = 1 1 — 1  KI K IJ O 19b
IF I I ) 1 1 + I X I  ‘ILII 100,100,101 KIK UO3°7

101 00 11 0 ~l ? ~~~ K1K U0398
X 1 2 — f 4 * ( I r ’ O U . ’IIIl,lOO. * IK l .ILL ) K 1KIJ OV) 9
P 0 * 1 = 0 ( 1 1 — 0 ( 1 2  KIK’10403
A If0)X A .cS()~~)X I) 0 (10(00402
Ic (A R r ) ( 1- o . I )  45,45,46 KIK’i0403

46 IF (” O X I )  113,45,110 K1 K110404
45 0(1 III  M .I,3 0(10(0)0406

1 H5 .1H1SM+1 0(10(1)0407
IKS .IK1SM.1 KIKUO4OS
ILS IL I*M +l K1kU0409
IG .IHI .IKI.ILI 0(10(00410
IF 116) 111,111,43 0(10(110411
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43 FH.SI(1 ’lc ,I K S,IL S ) 0 (10 (110412

IF ( F t l — I . I  1 1 1 , 1 1 1 , 41 0 (10(1041)
111 C 0 1 J 1 1 1 1  0(10(1104 15
41 R’~’F1’A T IN ) 011CU0416

R V = F L O A T I N )  01KU0411
RM’l=PO JN Q IRN/RM)  0 (10(110415
IFIR NN—4 .) 232,252,40 0(10 (110419

110 CONTI NUE K1kU0420
100 CON T IN IE 0(!KU0421
90 CONTIN”( 0(10(1)0422
RO COPIT 1N I JE 0 (10 (110423

C
C COO RD INATES FOR D IFFR .CONE ON SPHERE
C
232 Sa SINI TH E T ) KOSSO500C .ros , TsET ) . KOSSOS IO

RP.R.C k05S0320
ZZ (1 1•R ’S KI1SSOS)0
Z Z ( 1 ) - — R ’ S  0 (OSSOS4O
SQX . 5~jR TI X H S Ø X L  S’XHS*XL S+XKS*XI . S•XKS*XI . S.*kS**4.+*NS**4..2~~~*KS )COSSQ 600

2*XKS* XIS *XH S ) KOSSObOI
5Qy çQi~ 7(  X K S * X K S +X H S . X H S )  K05S0610
I F l S JY—O.~~) 143,143,142 K0S50612

142 X XII=— X H S ’XLS/S QX 0(OSSOÔIS
X X 1 2 = — * KS*X 1S~ 5QX KOSSOÔ2O
*0(11=1 X KS’XKS+XHSSXHSIISQX k05S0625
XX21 .XK S/SQY KOSSO63O
XX I’.—X llS /S QY 0 (USSOÔIS
0(0(21.0 .  K0SS0640
GO 10 145 0(0550641

143 0(0(11.1. 0(0550643
*0(12.0. 0(055064)
0(0(13 .0. K0S5064)

*0(21.0. (0550643
X*2j . 1 .  K0SS0643
X X2 I=O . (0SS0643

145 XX3 1=X II S /R KOSSOb4S
X X 3 2 . X 0 ( S / R  KO SSOASO
XX33=XI S/P KOSSOASS

C
C TRANS FOR sA T ION TO SYSTEM (001) PARALLEL TO i—AXIS
C

SX I .SOM T (X ’(11 SXX11. X XI2 A X *12+XXI3* X X13) KOSSOOSO
S0 (2 S~~(T 1xx21*XX2I .XX22 *XX2 Z .*X23 *XX231 K05S0682
SX1 .SQRI(X %l1’X*31•XX32*XX32.X033*XX331 (0550683

C
C MAT RI (
C

A A I I = Y X 1 1 / S X I  KOSSO’OO
AA L ? = X Xl .’/SXl KOSSO7OL
A A1)=X X11 /S*1 (OSSOTOZ

(0550703
A422 .X X22 1SX2 (0SS0704
AA II .0(4/315X2 (OSSO7OS
A A 3 1 = X X 3 1 /5X3 (0S50706
AA32 .0(X32/S*3 0(0550107
AA3 3=XX 3 3 /S03 - KOSSOTO.
O AA1 1~~AA22SAA 33 .AAZ1SAA 32sAA1 3 .AA3 1sAA12*AA23—AA3t sAAfl sAA13 0(0550710

2—6611SAA32*AA23—AA211AA1 2eAA33 0(0550711
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C
C MA T R I X  ff. V~ )4 Sh)
C

B 11 .(A*~’? 4 A V — A A 2 3 * A A 3 2 ) /D  k0SS0720
81 / . — ( A - 3 1 ? A A I 3 — A A 1 3 S A % 3 2 ) / O  0 (0550721
Bk i~ (641 ) ‘A A2 3—AAL 3 ~~4422 Ill) K0S50722
1121 =_ ( A A ? l e A A i ) _ 4 4 2 3 * 6 4 3 1 ) / O  (0550723
1 1 ? Z . 1 A 4 1 1 * 4 4 3 3 — 4 4 1 3 e 4 A 3 1 ) F 0  K O S S OY 24
K ? ) . — I A A I I SA A ? 3 — A A 1 3 S 4421)/O 0 (0550723
1131 . (A’12I*443?— AA 22 ’AA 3II /D K’)550726

~3 2 = — ( A A 1 1 * 4 A 3 2 — A A L 2 S A A 3 1 )~ O KOSSO ???
ft~I 3.( A AI1 ~~AA2~ —AA 12 ’AA21 )I0 (0550128
(1ET1 .I.5707’~6—THE T KOS SOY3O
DE~~*1 / SOU T IR*R—X L*XL ) KUSS0 732
0F 1 2 = A T I t N I R E )  K0SS0734
RET 3 = R E T 2 — H F T I  K0SS0136
ZM~~f ’ S l N ( R E T 3 )  KO SS O73B
DII 50)0 ( — 1 , 2  K0SS0730
.i.o (0550155
01) 600 M =2 ,3 60 , 2  K0SS0760

K0SS0765
PH.M s3 .141593 /Ip O . (0550770

C
• C COORI) OF 0(055 CONE, (HKL) PARALLEL TO i—AXI S

C
XX C=RP ’COS (PH ) KOSSO780
YYC .RP *SIN (PH) 0 (0550785

C
C COO PO OE RO SS CON (,(OO1l PARALL E L TO Z—AX IS
C

X C= tI1I’XX C481 2~ Y YC+B1 3 ’ZZ (I) (0550800
YC= 112 1”XXC ,11 22 *YV C+ F?1 SZZ II) KOS SORO2
IC .331S XxC ,632’YYC .Ik31*ZZI I) 0(0550804

C
C CODIl D f)f ~fl5s CONE ,wA NIED CENTER POLE PARALLEL TO i—AXIS
C

X C t (K P ) . A I 1 ~~XC ’A1 2 ’YC +A 13SZ C 0(0550 (120
YCI(Yl ’) .a21’XC .A22’YC .A23*LC K0SS0~k22
2d b ”  ).A31~~XC .A32*YC.A33 SZC 0(0550 (124
IF( (Z C L I 0 ( KI — Z M )— O . 0 1 )  530,550,600 KOS SOR3 O

550 K0( 0~~X~ 0(0550 (132
V V j~~~ I ( ’ 0 4 3  0(0550013 ’.

600 Cfl’~T (‘4 fF K~)SS 0)(14O
00 (cOt R K = 1 , KK 0 (I)SSOI(41
K3~~1 R 0 — W K O + K K  K0550R42
X C f l K 1 ) . X C 1 ( K K I  0(11550(143
YC 2 10 (3 ) Y C I I K K )  0 (0550144
ZC2IK ~~)— ZC II X K) (0550 (145

601 C I1NI IN’I F 0(0550546
Dl  (

~~ 2 K K K K T , I 8 O  0 (05500147
l(4 l( K~~Kl( () K O SS OR 47
*C2(W 4 ) = X C I ( K X I  K0S50945
YC2 (K4).YCI(KK) (0550848
2 C 2 ( K 4 ) . Z C 1 I K K )  0(0550848

602 CONTI N u E K05S0849
00 603 0((.1,180 KOSSOSSO
IF (ZC ZIkK )—0(LM) 603,603,580 KOSSO8S2

580 J=J .1 (OSSOSSS
C

I
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PAGE 0006

C C0O~ 0 flo KISS CONE IN PROJECTION PLANE
C

XP I I )=XC2IK’ ( )‘k/?C2l kKJ— *SH I KOSSOS6O
Y PI 1 )-YC 2IKK k .K/ZC2IKK )—YSHI KOS50863

603 CONTINUE 0(OSSOS7O
C
C PLOT TING SECTION
C

IF I I — 1 4 0 ) (100,690,699 KOSSS’OO
690 CAL L  FR Ill Y I—2 ,XP I I J , Y P I I )J KI (I)52L0

W RIT F (S.6)#,Z) H,K ,I. C
6962 rORHAT 18Y,31 3 )

DO “30 JJ .1,J K1KU5220
700 CA Ll FPLII T (O,XP (JJI,YP IJJ )) (((005230

CAL L FPL OT I—1,X P IJ ),YPIJII KIIWSZAO
OX=* P (i )—X P( J— 2 ) . ( (0(1)3312
UV .YP (i)— Y P (J— 2 ) (OSS5SIO
IFI’)*) “012,7011,7010 (10(05314

7010 flr l .AI A N I D Y F O X )  (10 (135316
GO TI~ 7020 (1(05316

7311 011 =o.o 0 (1 (015320
CII TO “02’) (10(103328

7012 OFL .A T (1FIIDY /D*) ,3 .L41593 (10 (05330
7020 X H = X P( I).3.5*Cfl5(QELJ (((‘33335

Y I1 .Y PIJ) ,0) .SAS IN IOEL) 0 (10 (15340
H A l Al~S 1I 1 1 I (1(05 341
KA.IA) j S(Kl ) 0(1(115342
LA .I A $ S I L 1 )  (1(115143
CA L l 0’~’I~ I l XR ,Y1 4 ,.L,.I2,DEL ) KI0115343
w P t l r I l L , 7cQ 9) IIA ,KA .LA • K(K1J535Q

7099 fII4 M A T 1 3 1 1 )  (1 (05351
XMI X (3—O.3S SSINID EL) (10(1)5360
YRk .!18,0).lSeCt)S(OfL) kI (0I3361
DXU .O .2 5* C G S IOE L 1 (((05362
(1Y14.O .~~5 STN l 0 F L )  kI I(~J 53b3
X I4 ’~~X i ) 1 ’ O X 0) ((V05)65
Y(12=YTf1 .OY (1 (1(1)5366

0(1(013367
Y~~~ .Y ( % 1 . 2 . SD’V 13 (((‘15168
X R4 .XRI.3 .~~)XL) KIk’J5369
Y b 4 = Y H 1 ~~3. •DVO (1k115170
IFI HI) 70A1,7060 ,7C)60 (1(05372

7C 61 CAL L F)’IUTI—2 ,X81,Y141) (1 (105374
CAL , F~~1OT I— L , Y02,YB2) k1 K U5373

7C60 (FUl l) 7071,7070,7070 ((0(05376
7071 CA l L FPI.OT l—2 , X82 ,9112) 0 (10(11 5171

C A ll F I ’LO T I— 1, X113,YB3 ) Ix’15378
7C70 1F 1 11)7081 ,S00,500 Kl0 (_ ’J5379
7081 CA l . ) FPLO TI—2,XB 3 ,Y63 ) KIVUS ’60

CAt ). EPL OT (—1,X 014,Y84) 0 (10(05381

4 500 CZ)t. TIN ’IE 0 (10 (03300
40 CUN TI’: IE (((05400
30 CnN? TW’E (10 (115500

• 20 CON T (N IlE (1(135600
CALL FCHA R(12.,12.,.1,.12,0.) (0555800
W RIT F ( 1 t , 01001) 1*1,1*2,10 (3 (OSSSSIO

5001 FORMAT 13 (3, ’ POLE’I k0SS5620
CA LL FCHARIIZ.,11.,.1,.12,O.) k0$S5523
W R ITE III ,SOO 2) KOSSSS3O
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PAGE 0007

6002 EI)11A1 ( ‘ Y C S S F I  P A T T E R N ’ )  K05S5(135
C A L L  C iII’ J D T I J I,Jfl ,JY) Kf)S5 5446
CAL ) f C l I ( 1 U I l c ) . , 1 0.,.I,.12,O.) (0555 (140

W I I I T E I I I , 01C0l) JW ,JO,JY (OSSS’345
KDSSSlS0

C AL ’ )C IIAR( 12., —IO .,.l,.12,0.) (0555353
W R I T C ( 1 I , P 004) OF , LA MB K0S55860

$004 FfI R 4T 1’ fl i = ’,F5.2, ’C N ’,2X .’LAMBDA .’,F$=5 ) (0S551365
C A ll  EC IIA II (IZ., — 11.,.1,.12,O .l (0S556 70
W 9 1 1 F 1 1 1 , 01035) OS ,A0 1(0555875

6005 F O R M A T I ’D S = ’ ,F5.2, ’CN’,bX, ’AO.’,Fe.3 ) (0555860
CALL FCH AR (t2.,—12.,.1, .12,0.) K0S55665
W R I T F I I I , 110061 6 KOSSSB9O

$006 FO RM A T I ’  P= ’,FS.2, ’CM’,2*,’RUN NO.’) (0555595
CA L l. E X I T
END

‘CC (NO
0.0’) 0.00 0.00
0.30 0.30 0.00
0.30 0.00) 0.30
0.00 0.50 0.30
0.25 0.25 0.25
0.75 0.75 0.25
0.75 0.25 0.75
0.25 0.75 0.75
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Chapter 2

IMPACT SOUND STRESSING (ISS) OF GaAs WAFERS

by R. G. Dessauer and E. Heam

1 . INTRODUCTION

Surface damage in cova len t ly  bonded c rys ta ls  is only i l l

unders tood.  Numerous workers  in the field have studied

damage in semiconductor  c ry s t a l s  caused by gr inding ,

polishing , or lapping . 1 Due to the complexi ty  of damage

introduced by these techniques a compl ete analysis of

crystal damage is very difficult. Consequently, the

annealing of damage is only partially understood and only

few experimental facts to support a cause and effect re-

lat ionship be twe en or iginal damage and subsequent defec t

generation are available.

In this context the technique of Impac t Sound Stress ing

(ISS) has become very useful to s tudy mechanical damage in

s i licon surfaces. 2 This technique has found unique utili-

zation not only in degrading silicon surfaces in a con -

trailed manner - - and thus allowing detailed damage studies - -

but  also in using mechanical  damage , introduced on the wafer

backside , to reduce the defect  densi ty  (s tacking f au l t s )  in

the wafer  f ron ts ide .
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This report descr ibes  the appl ica t ion  of ISS for GaAs

wafers . The intent of th is  investigation is to develop a

technique for I I I  - V compounds capable of introducing , in a

controlled manner , damage into crystal surfaces. This will

provide a means not only for the study of damage propagation

in such crys tals , but also for investigation of possibili ties

of damage gettering in III - V compounds .

2.  ISS EQUIPMENT

The Impact Sound Stressing (ISS) technique used for sil icon1

has been adapted for  the introduction of microdamage into

GaAs surfaces .  The b r i t t l e  na tu re  of the mater ia l  and the

i r regular  s izes and shapes of wafers  mandate ce r ta in

per t inent  process and equipment changes.

The non-c i rcu la r , non -uniform shape of GaAs single crysta l

wafers  is due to the horizontal zoning growth process. This

process is general ly  used for  the production of standard

qual i ty  mater ia l . I t  resul t s  in a s ingle  crystal  ingot

having  the shape of the containing boat . The s ize  and shape

of wafers cut economically from such an ingot are thus

determined by the quantity of material placed in the boat ,

i ts  shape , and the sl icing di rec t ion.  N o n - u n i f o r m  wafe r s  are

34
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accommodated in the ISS appara tus by moun ting them on circular

membranes which are then placed in to  the apparatus .

The flexural stresses induced in the brittle wafers and the

mounting material , during ISS , are reduced by placing the

sample carrier membrane away from the source of sound . This

arrangemen t pro tec ts aga ins t wafer breakage and avoids

detachment of the samples from the membrane . It permits the

convenient use of wax for sample mounting .*

A s imilar membrane , but without a sample attached , is used

as the driver. The driver membrane impels the tungsten

balls agains t the s ample mounted on the carrier membrane

above , thus producing the microdamage.

2 .1  Equipment  Desc r ip t ion

A schemat ic represen tation of the apparatus is given in

Fig .  1. A pho tograp h of the actual  equipment as in

opera t ion is shown in Fi g. 2a , w i th  the acoustic enclosure

containing the ISS unit to the right of the controls console

conta in ing the e lec t ronic  equipment .  An additional view

showing the apparatus w i t h i n  the acoust ic  enclosure is g iven

in Fi g. 2b.

*Recently , a vacuum system has been success fu l ly  used to
hold samples on the sample car r ie r  membrane dur ing  ISS.
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,Support Fra me
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PD 6O Dr,v r / V ibration
Spea ker / lso ated

Acoustic Enclosure Base

Fig . 1. Schematic of Impact Sound Stressing (ISS) apparatus
for GaAs .
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Fig . 2a .  Photogra ph of ins t ru m entation correspond ing
to Fig.  I (acoustic enclosur u at r ig h t) .
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Fig.  2b.  Equipment  wi th in  acousti c enclosure.
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The source of sound is the driver portion of a loud-speaker

(A t l a s  Model PD -~~OT / 6 O w a t t ) ,  opera ted  by a M a c I n t o s h

M l - 2 0 0  power a m p l i f i e r .  I n p u t  power to the  acoust ic  d r i v e r

is monitored by a Fluke 8000A di gital multimeter for coarse

setting to avoid overdriving . A Hewlett-Packard HP 203A

function generator provides the sinusoidal oscillation .

This equipment is also capable of producing square wave

pulses.

The sound tube is a p o l y v i n y l  ch lo r ide  (PVC ) p ipe a t tached

to the driver by a threaded PVC coupling . The samp le holder

assembly is threaded to the top end of the sound tube. The

effective length of tube , coupling the driver memb rane in

the samp le holder assembly to the driver , is approximately

35 cm. The assembled unit is suspended in the support

frame . The support p late rests on adjustment nuts threaded

on the three symmetrically placed support rods . This

• three-point suspension is used to level the apparatus . A

button’type bubble level placed on the support plate serves

as levei indicator. The support frame rests on a base

equipped with four vibration isolators. It is located in

the acous tic enclosur e wh ich reduce s environmen ta l soun d to

levels accep table in open labora tory or manufac turing

areas. A high impe danc e m icrop hone , used to monitor the

sound emi tted at the samp le carri er memb rane , is installed

in the hinged cover of the acous tic enclosur e . It is

loca ted so that when the cover is closed , the microphone is

ISS of GaAs 39



positioned directly above the samp le holding assembl y. Sound

attenuating foam rubber is installed on the microphone as

needed to avoid overdriving it. The output signal from the

microphone is displayed on a Hewlett-Packard HP l220A

oscilloscope.

Repeatable ISS action for different runs is achieved by

keeping the displayed amplitude on the oscilloscope constant .

This is done by fine adjustment of the input power to the

driver at resonant frequency for each run . This moni tor ing

system corrects for the effects of small differences in

samples and sample carrier membranes arLd also neutralizes

the effects of resonant frequency changes caused by aging

of the driver membrane. Effects of small changes in the

effective tube length due to replacement of drivers or other

assembly parts are corrected similarly . The oscilloscope

also aids in accurately finding the resonant frequency .

A Jetailed sketch of the sample holding assembly is given

in Fig. 3, and a photograph of the actual unit , as in

operation , is shown in Fig. 4a. In Fi g. 4b the sample

carrier clamping ring and membrane have been removed , and

the membrane with a sample mounted is disp layed above the

unit. The tungsten balls are seen resting on the driver

membrane. *

* The balls are approxim atel y 0.3mm in diameter and , in order
to avoid repeated counting, several quanti ties ~cre weighed.i-igure S shows the corre lation of wei ght to ~Je ~; c-r of
bal’s. The s lo~~ of the line g’.ves the wei ght ~~ one ball.
This graph may be ~ ;ed to we ig h out tbc correct number of
baiis to w it h in - 0.05%.
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Tweezer Cutout ) ixi
3 Times 
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Each Part V714.1 ~~~~ I ‘~~~ ~l,\ ~~~~~~~~~~‘~~~3 Stainles s Stee l

~~~ Sample ~~~~ Membrane

K n u r I~~~~ 
Clamping Ring

I 
~~~~“0. 015” Thick-S pring

Steel Membranes

,.-‘~~~~-Coupling
7’ (Aluminum )

Pipe Thread to Match
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Fig. 3. GaAs sample holding assembly for ISS.
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sample above.
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Fig . 5. Plot of weight vs.  number of balls . Slope gives a value
of 0.0005 g for a single ball .
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The impact chamber conta ining the tungs ten  bal ls  is formed

by the two membranes and the membrane clamping ring . The

dr iver  membrane is clamped into the coupling by the membran e

clamping ring , which is fastened to the coupling by three

screws.  In Fi g.  3 , the sample is shown mounted on the

samp le carri er membrane , which res ts in the top of the

membrane clampin g rin g . The membrane is held securely in

place by the sample carrier clamping ring. This ring dis-

• tributes the holding force exerted by three spring clips

located 120 0 apart  around the membrane clamping rin g . Th e

spring cli ps may be swivelled away to facilitate removal of

the sample car r ier  c lamping r ing and membrane for sample

change s . Cutou ts are p rovided in the membrane clamp ing r ing

and coupling to facilitate removal of the membranes. A

knurl  is provided on the outs ide  of the coupling to facil-

i t a te  ins t a l l a t ion  on the sound tube , which threads into i t .

The membranes are made of tempered spring steel. An anal-

ysis  to de term ine the op timum membrane thickness is pre-

sented in the next section. The 3/8mm thickness was found

to give maximum amplitude for driver input power within the

• specified limit , at resonant frequency . This frequency is

~ l000 cps when the membranes are new. However , an ag ing

effect was noted. This results in a slight convex upward

deformat ion  of the dr iver  membrane and an accompanying
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increase of the optimum resonant frequency . Any effects of

th is on ISS performanc e can be coun terac ted by the moni tor-

ing sys tem described ea r l i e r .  Fur thermor e , other ma terials

may be inves t igated  for  use in membrane s w ith a view toward

eliminating this aging effect.

2 . 2 Determina t ion of Membrane D imen sions

A convenient membrane diameter of 5.5 cm free (unclamped)

wa s chosen . The op t imum membrane thickness was then

de te rm ined by analys is.

Membrane osc il la tions and the occurrence of resonan t modes

of the driver membrane were measured using a transducer.

The transduc er , whose ou tpu t was fed to an osc i l loscope , was

f irs t placed over the impac t chamber wi thou t the sample
• carrier membrane in place. The frequency was scanned at a

dr iver input power (10 watts) compatible with the sensitiv-

ity of the transducer. The position and amplitude of the

fundamen tal and harmonic  modes were p lo tted. Resul ts for

various membrane thicknesses  are g iven in Figs. 6-9. These

r e su l t s  are hel p fu l  in the choice of membran e thickness .

The measurement was repeated w i th  the sample ca r r ie r  mem-

brane , the tungsten balls , and the sample to be stressed in

place . The results showed a neg lig ible change in
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Fig . 6. Output vs. frequency of a 1/8 mm steel diaphragm .
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Fig . 7. Output vs.  frequency of a 1/4 mm steel diaphagm .
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Fig . 8. Output vs.  frequency of a 3/8 mm steel diap hagm .
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frequency but a large change in amp l i t ude .  This indica tes

that , in the f u l l y  assembled confi gura tion , the osci l lations

are damped but the resonance of the system is maintained.

The criterion of maximum coupling led to the selection of

the 3/ 8mm thick membrane a t a f requency of ~ 1000 H z .

On e lon g te rm chan ge observed was the membrane aging eff ect

ment ioned earl ier.  Incr eas ing resonan t frequ ency was coinc i-

dent with a gradually increas ing , permanen t bowin g away of

the membrane from the driving force. A change of +400 Hz

had occurred after about ten hours of operation. The fre-

quency appeared to stabilize at about 1530 I-li , after con-

t inued use.

2.3 Evaluation of ISS Operational Parameters and Damage

Site Densi ty in GaAs Sl ices

A study of the effects of driver input power and time period

of ISS appl ica t ion  and the i r  in f luence  en damage s i te  den-

sity was made. A set of curves was developed to serve as a

gu ide for select ing op t imum combina tions of these opera-

t ional  parameters .
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A group of po l i shed  samples was treated with ISS in a matrix

of selected power and time settings. One thousand tungsten

balls were us ed in the impac t chamber. The s amples were 1/ 2

mm th ick , of irregular shape , and varied in su’~fac e area

f rom 1 to 4 cm 2 . Their surface orientation was (100),

resistivity: 0.00349 cl-cm , and dop ing : Sn- 6.5 x 1017.

2.3.1 Matrix Determination

Initial experiments provided guidelines for the

selection of prac ti cal values in the matrix. The

experiments showed that excessive driver input power

causes a catastrophic pulverization of the GaAs surface by

the tungsten balls. At the lower power limit the balls fail

to frac ture the surface due to insuff ic ient energy impar ted

to them by the driver membrane . An excess ive ly long time

period results in overlapping of damage site boundaries

preventing density determination. It may also have a minor

effec t on surfac e pulver iza t ion due to increased probability

of repea ted impac ts at the s ame s ite. Time conserva t ion is

also considered in the setting of the time period upper

limit. The lower limit of time was selected to provide

sufficient damage site density for microscopic studies.

Sample thickness was considered , to avoid breakage at higher

power levels .
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The experimental matrix selected is given in Table 1:

Table 1. Exper i r.ental Matrix - i)river Input Power versus

Time Period of ISS Applica tion

- Time Power ( w a t t s )  
___________

(sec.) 10 15 
j~

20 25

30 Run 1 Run 2 Run 3 Run 4

43  Run S Run ~ Run Run 8

____________ 
Run 9 Run 10 Run 11 Run 12

75 Run 13 Run_14j Run 15 Run 16

2.3.2 Damage Site Density Determination

A pho tomicro gr aph (magnification : 46X) was recorded of

the ISS treated surface of each sample processed in the

matrix. The number of damage sites visible within a

sixteen square centimeter area on each micrograph were

counted. The count was performed independently by three

individuals and the three sets of statistics were averaged.

The results were used to calculate the d e n s i ty , u s i n g  the

simple equation: d N (m) 2/lô; where d = density

(si tes/cm 2), N = number of sites per 16 cm2 area on

micro graph, and m = magnification of micrograph.

2.3.3 Matrix Data Analysis

Damage s i te  dens ity ob ta ined from four teen of the sixteen

runs is plotted vs. time period in Fig. 10. Data from

runs 15 and 16 was omitt ed since it appeared to be spur ious .
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Fig . 10. ISS application time period vs. damage site
density at various driver input power levels .
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Constant power curves are fitted to the data points. The

curves are shown terminated at the matrix time limit of
0 

7~~ seconds . Thes e curves could be extended, however , s inc e

greater densities are possible with longer time periods.

Several subsequent runs made at 12.5 watts for 200 seconds

yielded a density of 492 x 102 sites/cm 2 . The non-linear

shape of the curves may be due to increased overlapping of

damage sites , at higher values of t ime and power. Thi s

would reduce the density count at those values to less than

th e actual impact density. The lower power curves appear

to be flatter , with 10 watt curve approaching a straight

l ine . This could be due to an effect tending to reduce

densities at lower power settings , wh ich may be explained

as follows .

The tungsten balls , travelling in various trajectories within

the impact chamber , produce impacts w i t h  unequal force. The

-j proportion of impacts xkaving insufficient energy to cause

surface fracturing would therefore be hi gher at the lower

power levels. This would then lower the damage site density

for thos e leve l s .

The curves should reach a maximum when the density becomes

so h igh that further damage sites cannot he distinguished. A

theoretical value for this density limit is approximately

1670 x 10 2 sites/cm 2 , neglecting overlapp ing effects , hut

assuming that the sample area is comp letely covered. Tu e
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value for the denstiy limit was calculated using an average

area per damage site of 600 square micrometers. Distinquish-

able overlapp ing of damage s ites could raise this value by a

factor of three. It appears possible , however , that the

balls impac t the surface in cer tain patterns depending on

the oscillating frequency . This could cause certain sample

areas to remain low in damage for all practical time periods.

Such an effect would set a lower countable density limit. In

either case , densit ies approaching the limit ing values may

be expected to have considerable effect on the severity and

variation of damage. This would be due to the high p rob-

ability of repeated coincidence of ball impact sites.

In this se ction it is shown that while appl ica t ion t ime

is the major fac tor influenc ing damage si te density,

driver input power also affects it. This may be due to

changes in ball velocities resulting in variation of

the number of impacts per unit time .

The curves in Fig. 10 indicate that both time period and input

power influence the damage site density . An additional

analysis of the experimental data was made to determine the

relat ive effec t of these two opera t ing parame ters.
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Pairs of matrix runs made at equal power levels for

different time periods were selected. The percent in-

crease in time and the resul t in g increase in damage si te

densi ty from the shorter to the longer run were determined.

The average dens ity incr ease for all pairs w ith the same

t ime increase percentage , but at different power level s

per pair , was calculated. This provides a measure of the

influence of t ime alone , which is shown as curve I in

Fig. 11.

E
S

I: Time Increased -

~~? 150 - I Power Constant

II: Power Increased -

Time Constant.

~ 10 30 50 70 90 110 130 150
INCRE ASE OF TIME , POWE R (%)

Fig . 11. Damage density vs. time dependency .
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Conver sely, pairs of runs made for equal time periods ,

at di fferent power levels , were selected. The percent

increase in power and the increase  in damage site dens ity

were de termined similarly. The average density increase

for all pair s wi th the s ame power incre ase percentage , but

run for diff erent t ime periods per pair , gives a measure

of the influence of driver input power alone. This is

given with curve II in Fig. 11.

I t can be seen from the plo ts tha t the leng th of time

per iod has a greater influence on damage site density

than has driver input power. This is shown by the

location of curve I above curve II. Their positions on

the graph indica te that the relat ive impor tance of t ime to

power is about 2:1. The non-linear shape of these curves may

be due to the increased probab ility of overlapp ing of

impact sites When the time or power difference between the

runs cons idered is increased. This would result in a

decreased difference in densi ty count . This effect is

grea te r  for t ime , as evidenced by the greater instantaneous

slope of curve I, and should be in propor tion to the grea ter

influence of time on damage site density.
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2.3.4 Summary for Selection of ISS Operational Parameters

The curves in Fig. 10 may be used as a guide in the

sel ec tion of dr iver input power and t ime per iod of ISS
application for given damage site densities. It must be

kep t in mind, however , that they may be considered valid
only for the equipment and frequencies described in Sec tions
2. 1 and 2 .2 , and the material described in Section 2.3.

The pertinent numerical values are summarized in Table 2.

Table 2. Sample , Equipn~ent and Operational Parameters Usedfor ISS Treatment of Gallium Arsenide

Parameter Value

Sample

Surface orientation (100)
rhickness 1/2 mm~
Surface area 1-4 cm
Resistivity 0.00349

Sn-ô. 5x10)oping

iguipmeflt

Sound tube effective length ~t35cm
Sound tube inside diameter 4.7cm
Impact chamber height 8mm
Impact chamber diameter 5.5cm

~embrane free diameter 
5.5cm

~embrane thickness 
3/8mm

tall diameter ~O.3mm

~umber of balls 
1000

requency (with new membranes) ~s1000 c/s

asamples (1 cm x 1 cm squares) as thin as 1/4mm have been run
at 12.5 watts without breakage.
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Damage s i te densi ty  requirements depend upon the purposes

for  which the ISS t rea ted  mate r i a l  is to be used. Most

r equ i remen t s  probabl y fall wi thin the range of 15K to 30K

sites/cm 2 . However , as ment ioned earlier , densities approaching

50K s i t e s/ cm 2 have been obta ined.

Two examples ar e given in Fig. 12. Both samples shown

were run at 12.5 watts driver input power and an oscillating

frequency of 1.53 kc/sec. The sample shown in part a. was

run for 50 seconds ; the other one for 200 seconds . The

dens ity difference is quite apparent in these micrographs.

3. DAMAGE CHA RACTERIZATION

3. 1 Surface Effec ts

Depre ssions , roughly square in shap e , are generated when the

- 

- 

tungsten balls strike the GaAs surface causing the material

to yield locally. The sides of the squares are aligned in

[110] directions as determined by x-ray topography in con-

junction with light optical microscopy. The shape of the

damage sites can be seen well in Fig. 13.

The damage s i tes  seen in the relatively low magnification

micrograp hs of Fig. 12 have a pitted appearance. Figure 13 ,

however , indicates a network of fine linear tractures rather

60 4 ,
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b. 200 sec; l3lX magnification .

Fig . 12. LSS damage on Gai ~s , 12.5 watts , 1.53 kc/sec at two
application time periods .
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Fi g. 13. Crystallograp hic ali gnment of 1SS
da mage  sites in (~ iA s ; 855X
tna g n i f i c a t i u i i  .
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than pits. In the highly magnified views of Fig. 14 it

become s apparent that the damage sites consist of numerous

clu sters of short microcracks running normal to each other ,

in the same crys tallographic directions as the sites them-

selves. The microcracks form square-shaped depressions on a

smaller scale but similar to the damage si tes of which they

are a par t .

It may not be quite clear from these light optical micro-

graphs , taken wi th Nomarski contras t, whether the square-

shaped areas are rai sed or depressed. They are , however ,

identified as depressions in Fi g. 15. The insert in the

loi . ..-r left corner of the figure is a light optical micrograph

(320X magnifica t ion) of a square array of ISS induced frac tures

in GaAs . The main portion of Fig. 15 is a scanning electron

micrograph (4300X magnification ) of the same array . This

shows- that the area between the long fractures is a depression

- 

- rather than a mound as might be concluded from the

inser t . The SEM illus tration also affords a good v iew of

the fine linear fractures running normal to each other ,

especial]v near the lower right corner.

A long fracture with curved end can be seen at the right of

the damage site in Fig. l4a. These fractures occur at

some damage sites and may have either one or both ends

curved. They also lie along crystallographic directions ,

and may be due to a stress relief mechanism.
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b .  Nute: Two larger square arrays of
micro f rac tu res  at edges of damage  site .

F i g .  14. Clusters of micro f r ac tu res  forming
crys tal lographica l ly  oriented [ 110]
square a r r ays  at ISS da m age sites on
GaAs : 1390X magni f ica tion .
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ISS induced square a r r a y  of
microcracks  in GaA s:  43 00X
magni f ica t ion . Inser t  shows li g ht
optical mic rograph  of same a r r a y :
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3.2 Subsurf ace Eff ects

The stresses induced by the yie-lding of the material at

the ball impact sites produce subsurface defects such as

dislocations , slip and additional micro fractures. These

defects can be displayed by etching . The etching solution

and technique is described in Chapter 3.

Figure lôa shows a damage site after a 15 seconds etch

treatment. The insert at the bottom right corner of the

m icrograph shows the same site before etching at about

1/5 the magnification . Some of the original surfa ce

fractures in the foreground of the site are propagated

and still visible after etching , while others have been

etched away . A dense network of defects has been exposed

by t h e  etch. The two large fractures at the top and right

s ide of the etched damage s ite run in cry stallographic

d irections.

Another sample , etched for 60 seconds , is shown in

Fig. lob. This displays well the typical intricacy

and p rofusion of the def ects below the damage s ites.

The two frac tu res , ind ica ted by arrows , lie in a

crystallogr-~ph ic direction.
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1~ ~a. 15 sec etch; 855X magnification .
Inser t :  Before etching 167X
magnification .

-
‘ 

. 
.

. .

;4~

. 

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

~‘

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

b .  6~ sec etch; 855X magnitication .

Arrows point to f rac tures  aligned
in ‘110? direction .

Fig . 16. Etch fi g ur e s  of ISS ditnage sites
on GaAs.

ISS of GaAs 67 

-~~~~~~~~~~~~~ -- ---~~ -- - -~~-.~~~~------~~--— - -



--_- - ‘~~~~~~~~~ ‘~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

It was noted during repetitive etching that the etch

f i gures  of a g iven  damage  s i t e  f i r s t  i n c r e a s e d  in s i z e

and then decreased. An examp le is given in Fig. 17 ,

where the etch figure appears to reach a maximum size

near steps 4 or 5 and then decreases. (This is also

c o n f i r m e d  when the  average  s i z e  of e tch  f i g u r e s  at t he

d i f f e r e n t  steps is compared . )  The p henomenon i n d i c a t e s

t h a t  t he  volume of defect networks generated beneath ISS

damage sites is not constant for different ]evels into

the material. Apparently it first expands to a m a x i m u m

cross-sectional area and then contracts until the deepest

extent of the damage is reached. The schematic sketch

at the bottom of Fig. 17 illustrates this. The depth

of ISS damage varies approxima te ly from 10 to 30~m for

the parame ter values inves tigated , an d is d iscussed in

Chapter 3.

The appearance of the m icro graphs in Fig. 17 suggests

that the etch figure is of uneven height above the general

surfac e . Th is was inves t igated by SEM and found to be

true . Apparently the damage sites etch at a slower rate

than the surrounding undamaged area. This results in

the etched de fec t grooves dev e lop ing raised rims . It may

68
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Fig . 17. ISS damage site . Etched r e p e t i t iv e l y
— from 4 to 40 sec ; 1130X magni fication . 
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be noted that etch figures shown in Fig. 16 do not

appear to be r a i sed .  This is an opt ical  e f f e c t  obta ined

by a difference in Nomarski contras t se tting to accen tuate

the defect networks.

Detailed electron microscopy studies of ISS damage sites

on GaAs surfaces are in p rogres s but w ill not be comple ted

by the end of this contrac t . These s tudies will be

repor ted  somewhere e lse  when concluded.
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Chapter 3

DEPTH OF DAMAGE INDUCED IN GaAs BY
IMPACT SOUND STRESSING (ISS)

by A. G. Dessauer

1. INTRODUCTION

The controlled introduction of microdamage into polished GaAs

surfaces by ISS as described in Chapter 2 is useful in the study

of polishing effects and fracture properties of the material .1

It may also be employed to study effects of microdamage on device

properties.2 A knowledge of the depth of ISS microdamage is

necessary for these applications .

Determination of the depth of damage is made by two separate

methods , bevelling and cleaving . In the first method , samples

are bevelled and subsequently etched to reveal the extent of

damage down the bevel. In the latter method samples are cleaved

through damaged sites and the cleavage planes are examined by

scanning electron microscope.

Presently only (100) oriented samples have been examined for

depth of damage.
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2. EXPERIMENTAL PROCEDURES

2.1 Bevelling

2.1.1 Bevelling Procedure

The samples to be bevelled are cleaved to a convenient size

along crystallographic directions as indicated by the ISS damage .

They are between 400 to 500 ~m thick . The cleaving procedure

will  be described later .

The sample is then mounted on a 2° bevelling block with glycol

resin. It is oriented so that the bevel lies along a crystallo-

graphic direction .

The abrasive slurry used is a suspension of 0.3 ~m aluminum

oxide particles in water at room temperature . The slurry is

applied to a horizontal plate glass bevelling surface. The

bevelling block with sample is gently placed into the slurry

on the plate. Care must be taken to prevent edge chi pp ing of

the sample.

The bevel is formed by gently moving the block in the direction

of the bevel edge. At the end of each stroke the block is lifted

off the plate , bevel side first. Upon return to the starting

position , the block is lowered gently onto the plate so that the

bevelled edge makes contact last. No bevelling pressure is

applied other than that provided by the 250g bevelling i lock.

The procedure is schematically illustrated in Fig. 1.
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Beginning of Stroke

~~ight ot bêock: 250g.
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Bevelling Action

End of Stroke

Fig . 1. Bevelling technique.
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A 1.4 mm long bevel representing a depth of approximately 35Mm

is sufficient for ISS damage applied with 6 to 10 watts power

for about one minute . The final bevel angle , which varies due

to sample thickness variations , is determined by goniometer .

This permits accurate depth calculations from the bevel angle.

2.1.2 Etching of Bevels

Bevel surfaces show only a few traces of the most severe ISS

damage . A structure etch must be applied to make the extent

of the damage visible.

A portion of a sample is shown before bevelling , after bevelling ,

and after etching in Figs. 2a , b, and c, respectively . Several

severe damage sites are visible on the unetched bevel in Fig . 2b.

An example is the site marked with an arrow on all three micro-

graphs . In Fig. 2c large numbers of etch figures are seen out-

lining the damage sites not identifiable before etching .

The etch used for delineating the damage consists of equal parts

of HNO3,HF and deionized water
3. The sample is held with teflon

coated tweezers on the side opposite the bevel. It is dipped

into the etching solution bevel up. The sample is held motionless

in the solution for four seconds. Three seconds are required

for etching action to start as evidenced by bubbling .
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1!
Fig . 2a. Microdamage in GaAs surface , induced by ISS at 6 1/4 watts

for 60 sec. Arrow locates damage site visible in Fig. 2b.
Sample ID # 6.25/1/10~-2l . 46X magnification .
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Fig . 2b. Same area is in I- e, ~~i Levelled ~t an angle of 1° 19’ -
46X m a g r 4 l i A L  i . -
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Fig . 2c. Same area as in Fig. 2b after a 4 sec structure
etch; 46X magnification . Arrow locates damage
site magnified .n Fig . 2d.
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Fig - 2d. Closeup V i . -~ (3.~t)X m ag ixilic ati on) of etch

‘L u r e  i n d i c i t e d  by a: iw in I- ig . 2c due to
damage  site  1 c • ,t , d by arrows in
Figs . ~~:i and 2b .
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Etching time is controlled accurately with a foot switch actuated

timer . The timer is started the instant the sample is dipped .

It signals the end of the etching cycle with an audible signal.

The sample is then withdrawn and immediately quenched in water.

2.1.3 Identification of Etched ISS Damage on Bevels

A band of damage delineated by the etching extends down from

the intersection of the bevel with the sample surface (Fig. 2c).

In addition , scattered etch f i gures are seen fa r ther  down the

bevel . Some of these may be due to other causes such as con-

tarnination , irnbedded abrasive particles , or extraneous surface

damage. Determination of the maximum depth of damage necessitates

identification of these figures as ISS damage . This is accom-

plished by either one or both of two procedures. The questionable

etch figures are first examined for typical appearance by high mag-

nification light optical microscopy and scanning electron micro-

scopy . Additional identification may be made , if necessary , by

location correlation with micrographs of the area in question

taken before bevelling. The closeup view of the etch figure

shown in Fig. 2d reveals that it has the “typical” appearance.

It can also be correlated with a damage site in Fig .  2a .  I ts

location , 115 mm from end of bevel and 23 mm from edge of bevel

measured on micrograph 2c, corresponds to that of a heavy damage

site at a location measured similarly on micrograph 2a. The etch

figure is thus identified as outlining ISS induced damage .
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Some examples of etch figures typical for ISS damage are compared

with etch figures due to extraneous causes in Fig. 3. Two low

magnification (46X) micrographs showing sections of an etched

bevel are given in Fig. 3a. The etch figures being compared

are indicated by numbered arrows. They are shown magnified in

detail in Fig. 3b. Etch figures 1, 3 , and 7 (Figs. 3b—1 , 3b—3 ,

and 3b-7) are not due tc ISS induced damage. The remaining four

etch figures are typical of etched ISS induced damage and are thus

identified . The long etched out grooves are due to fractures

and the short feathery ones are etched dislocation chains. Figs.

3b-2 , 3b-4 , and 3b-6 are good examples . The two lower micrographs

in Fig . 3b-4 are SEM recordings. The lowest one gives a closeup

view clearly showing the etched grooves. The lower micrograph

in Fig . 3b-6 gives another such example. The upper edges of

the fractures seen in the SEN micrograph of Fig. 3b-5 appear

broken away . This may have occurred during bevelling .

Etch figure 1, at high magnification , is seen to be a shallow

surface disturbance atypical of ISS damage.  Etch ~i.;ure 3 is

identified in the SEM micrograph as a form protru~i.:.~ from the

surface. it may be an imbedded aluminum oxide part i~~ e carried

to its site in the abrasive slurry during bevelling . :n_ h E M

micrograph in the lower portion of Fig. 3b—7 shows that etch

figure 7 has none of the typical etched grooves of ISS danaye .

:t may be due to surface contamination .
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Fig . 3a. Sections of etched bevel  on ISS dam aged GaAs.  Bevel  ang le is
10 32’ , sample ID ~ 6. 2 5 / a / l 0 — 2 1;  46X magnification . Numbered
drrows mark  etch f igures  magni f ied  in F igs .  3b-1 t h r o u g h  3b-7 .
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Ligh t optical micrograph 1390X magnif icat ion
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SL .~.I ii icrograph; 4 .7 KX magni fication .

Fig . 3h 3. Particle wi etched bevel .
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- Light optical niicrograp h ; 1390X magnification .
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SEM microgr ap h showin g broken edges on some grooves ;

- 
4.7KX magnif ica t ion .

Fi g .  3b-5.  Etch t i i ~ure  due to ISS dan:~it ~e .
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Lig ht optical micrograph ;  900X magnificat ion .

p

SEM niicrograph; 3.2 KX magnhtication .

Fig . 3b -- 6. Etch figure typical of ISS damage .
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Lig ht optical microg ra ph ; 855X magn i f i ca t ion .
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iIIF

SEM micrograph ;  900X m a g n i f i c a t i o n .

Fig. 3b-7. Etch figure not due to ISS damage. Possibly caused
by surface contamination .
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2 . 2  Cleaving

2.2.1 Cleaving Procedure

The samples to be cleaved are placed oxi a sheet of filter paper

with the polished side containing the damage facing down . The

paper fo rms a resilient base. The edge of a glass slide is

placed along the desired crystallographic direction and a slight

pressure exerted until the sample cleaves . A clean and accurate

cleavage plane is obtained by this method .

2 . 2 . 2  Identification of Damage Sites on Cleavage Plane

Damage sites on cleavage planes must be properly identified .

This is to avoid errors which would occur if extraneous chipping

and other non-ISS induced damage were included in depth of damage

measurements.

The area on the sample surface adjacent to the cleavage plane to

be examined is photographed by light optical microscopy at low

magnification (46X) . In observing the fine surface fractures

at the damage sites, considerably better contrast (and at lower

magnification) is obtainable with light optical than with scanning

electron microscopy .

These surface micrographs include the end of the sample or other

identifying marks in addition to any damage sites which have been

cleaved through. Similar micrographs are then taken of the cleavage
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plane. The two groups of micrographs or montages are aligned

by the noted identifying marks. Damage sites may then be located

on the cleavage plane visually or , if necessary , by linear measure-

ments taken from the end of the sample , or from other identifying

marks.

Damage depth measurements can be made on light optical micrographs

of the cleavage plane at up to about 200X magnification . Consid-

erably better accuracy is obtained with the scanning electron

microscope where magnifications of more than a factor of ten

higher is obtainable due to its great depth of field .

The light optical micrographs are used as a guide to locate the

damage sites on the cleavage plane in the SEM at a similar mag-

nification . The cleavage passing through an ISS damage site

causes part of the fractured volume to collapse and fall out.

This provides excellent contrast in the SEN and the sites are

easily located for subsequent high magnification recording .

The procedure is illustrated in Fig . 4.

Figure 4a shows the surface of a cleaved sample in the top micro-

graph. The arrow points to a damage site which has been cleaved

through. An edge view of the same area is given below the surface

micrograph , with the damage site identified on the cleavage plane .

Magnified views of the area of the damage site are given in Fig. 4b.
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Cleavage plane ; 46X magnification .

Fig. 4a. Cleaved , ISS damaged GaAs sample , sample
ID #6.25/1/10-21. Arrows indicate cleaved
through damage site .
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~ Light optical micrograph of surface;
167X magniric.ation
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___________________________________ Light optical micrograph of cleavage plane:
167X magnification .

~~~~~
• .  ~~~~~~~~~~~~~~~~~~~ ~~~~ SEM micrograph of cleavage plane;

200X magnification.

Fig . 4b. Magnified view of damage site shown in Fig. 4a for
location in SEM .
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Fi g . 4 c .  High m a g n i f i c w ;~ -E~\I noicrograph of
damage site on cleavage pl ane located
in F i g .  4b; 2KX magni f ica t ion . Depth
of damage scales 17 .75 , m .
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The edge view at the center is used as a guide to locate the

damage site in the scanning electron microscope . A slightly

more magnified scanning electron micrograph of the same area is

given below . This shows where the damage site has been identified

on the cleavage plane . Figure 4c shows the final scanning elec-

tron micrograph of the damage site on the cleavage plane taken

at 2000X magnification . The cleavage plane is placed perpen-

dicular to the electron beam for recording . This avoids fore-

shortening and allows direct depth measurements from the micrograph .

3. RESULTS

The samples examined give an indicat ion as to the depth of damage

to be expected from 60 sec ISS runs at 6 1/4 to 10 watts  power.

The bevels showed a hi gh damage densi ty  band reaching to a depth

of about 10 ~m. Maximum depth for individual damage sites ranged

to over 27 t im . Table 1 below gives the detai ls  for  four  bevels.

The first number of the sample i d e n t i f i c a t i o n  represents the

dr iver  input power in watts  used for  each run .

Table 1. Depth of ISS Damage in GaAs as Measured on Bevels

Maximum Damage
Sample I d e n ti f i ca t i o n  Bevel Ang le Depth (nm) Resistivity

6.25/a/10—21 10 32’ 14.5 ( >10 1k—cm)

6.25/c/l0—21 10 34~ 19.0 ( >10 a—cm )

6.25/1/10—21 1° 19’ 19.2 (>10 a—cm)

10/10—22 10 16’ 27.4 (~~0.001~~-cm )
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Maximum depth measurements on bevels are made in the standard

manner. The perpendicular distance from the bevel/surface inter-

sect to the f a r t h e s t  del ineated damage s i te  on the bevel is measured

directly on the micrograph . The following equation is then applied .

d = ~~~ (Ltana )
m

where d = depth of damage in microns

L = dis tance measured on micrograph in mi l l ime te rs

a = bevel angle (measured on goniometer)

m = m a g n i f i c a t i o n  of micrograph

The maximum damage depth found  by cleaving correlates wel l  wi th

that  determined by the bevell ing technique .

The damage sites cleaved through are located on the cleavage p lane

a~ d are micrographed by SEM at 2 0 0 0 X  m a g n i f i c a t i o n  or h ighe r .  The

depth is calcula ted f rom measurements  made direc ti ’.’ on the micro-

graph and the m a g n i f i c a t i o n.

~aximum depth of damage approaches 26 ~ m , which is in the same

order of magni tude found wi th  bevel l ing . Table 2 gives

depths  found on six cleavage planes. Driver input power

is shown in Table 1.
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TABLE 2. Depth of ISS Damage in GaAs as Measured on Cleavage
Planes

Maximum Number of Average
Dainaqe Sites Damage

Samp le Identification Depth (pm) Resistivity Measured Depth (un ~
10/9—29 13.6 — i o  a—cm — —

6.25/1/10—21 (plane a.) 17.8 >10 a—cm — —

10/10-22 (plane a.) 23.5 ~~0.00l CS—cm — —

6.25/1/10—21 (plane b .) 25.8 >10 a—cm 8 19.3

10/10—22 (plane b .) 24 .8 0.OOl a—cm 27 16.5

10/LD—784 15.3 0.00349a-cm 6 12.7

Damage on any given sample reaches a range of varying depths at

different sites . This is due to the tungsten balls , in var ious

t r a j ec to r i e s, impacting with unequal force and impact angle.

4. CONCLUSION

ISS damage induced at 10 watts power , for 60 seconds , reaches a

maximum depth approaching 30 M m. Most of the damage sites

reach a depth of 10 M r~. A decreasing number reaches deeper than

10 urn , and a small percentage reaches maximum depth of ~ 30 M m.

Resistivity does not appear to be a depth determining factor.

It might be expected that dep~-~ would vary somewhat with power

settings and , due to repeated impacts , even with time. Tests
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indicate, however, that this may not be very significant within

the limits of the experimental matrix described in Chapter 2.

Two effective methods for determining ISS damage depth in GaAs

have been developed . The methods, bevelling and cleaving , are

complementary . Cleaving is more convenient, but good accuracy

requires use of a scanning electron microscope.
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