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1. INTRODUCTION

1.1 BACKGROUND

The influence of surface damage and secondary or included growth defects

on the electrical transport properties of elemental and compound semiconductors

has been well established and documented in articles and technical reports

published over the past decade. A number of investigators have used defects
• 1—4 • 5—8introduced at a surface by mechanical means, or by ion imp lantation to

control defect or impurity gettering from the opposite surface of the semi-

conductor. The largest number of studies has been directed toward improving

the quality and ultimate device yield of silicon wafers. However , recent

applications of back—surface—damage—gettering techniques to GaAs wafers have

shown considerable promise for improving the quality of GaAs based FETs.

Studies at the IBM Fishkill Laboratory by Sckwuttke and Yang1 have

demonstrated that back—surface mechanical damaging of GaAs wafers by impact

sound stressing can effectively reduce the front surface concentration of

defects and the num1~ of dislocation lines propagating from the wafer into

active epitaxial layc on the surface of the material. However, there

have been no detailed stt~ ‘ optimize back—surface damage techniques and

extend this application to ~~~~~ fabrication of device structures. In

addition, no detailed information has been published on the effectiveness of

controlled damage in impurity gettering GaAs. It Is of particular interest

to determine whether gettering of impurities such as chromium and other heavy

metals can be obtained , since these are known to be responsible in part f or

the “mobility/concentration dip” effect in epi—layers grown on GaAs substrates.

The relative efficiencies of back—surface gettering of defects and impurities -
by either mechanical damage or ion—implantation—produced damage has also not

been previously established .

The obj ective of the present study is to investigate and compare back—

• surface damage techniques in regard to defect and impurity gettering in an

attemp t to optimize procedures that will be effective for the production line

processing of devices. The first phase of this program is directed toward a

detailed investigation of gettering procedures , while the second phase entails

production and testing of prototype device structures on GaAs . This report

presents a sununary of the first six months activity in the first phase of this

program. 
-
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1.2 SUMMARY OF RESULTS

In the first six months of the research program , we developed an

apparatus for the uniform production of mechanical damage at the back—

surfaces of both Si and GaAs wafers. The results of investigations to

characterize the distribution and nature of defects introduced by

mechanical damage is GaAs, as well as the efficiency of defect and impurity

gettering , are summarized in the sections to follow. Detailed descri ptions

of the results for SI will be included in a separate report .

For the GaAs program , the following results have been obtained :

o Identification of dislocation line distributions as a function

of abrasive particle size, rotation rate , and exposure time of

the wafer.

o Identification of front—surface—defect—gettering efficiencies for

variable back—surface—defect concentrations.

o Consistent evaluation of Cr and Au defect gettering by dislocation

structure at the back surface.

o Investigation of defect stability times or maximum allowable

processing times at 800° C. for effective gettering.

o IdentifIcation of encapsulation layer gettering effects and the

correlation of these effects with Ga and As outdiffuslon.

o Comparison of mechanical and ion—implantation gettering of defects

at the front—surface.

o ldent i f ica t ion  of impurity “reverse” annealing or de—getter ing

p effects.

The results obtained in this reporting period and current data are

being prepared for presentation in three technical papers.

I
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2. EXPERIMENTAL PROCEDURE AND APPARATUS

The laboratory appara tus  fo r  mechanical ly  c r e a t i n g  cont ro l led

• back—surface damage in small samples is shown schematically in Figure 1.

The teflon base of the unit is supported by rods that are connected to lab

stands and a clear  luc i t e  cy l indr ica l  cover f i t t e d  i n t o  a c i r c u l a r  groove

notched into the base plate. A spring—loaded metallic sample stand is

used to provide vertical pressures up to 150 psi against the rotating

abrasive disk. Abrasive cloth a t tached  to the disk is used to produce

mechanical damage during operation . Since alignment of the rotating disk

with respect to the sample is extremely critical for uniform damage

production at the back—surface , the suppo~ t f i x t u r e  for  the drive sha f t

connecting the motor and rotating disk was designed so that critical vertical

and horizontal adjustments could be made before any experimental run.

Rotary motion of the disk is provided by an external motor connected to the

vertical head by a flexible drive shaft. Angular velocity is controlled by

vary ing the input to the motor wi th ~ maximum rotation rate of 25,000 rpm

recorded in the free running state , and 22,000 rpm in a typical run mode.

In all cases, it was necessary to determine the rotation rate as a function

of vertical pressure of the sample against the rotating disk. Total exposure

time is monitored and control provided manually or automatically for pre—set

time intervals.

Samples are mounted on the smooth face of the sample stand and the force

adjusted by altering the compression of the spring attached to the stand.

During operation of the unit , it was found that the flow rate of deionized

water must be controlled carefully to provide proper cooling of the sample

and removal of mass during abrasion. Total exposure or operational time

was also extremely critical for GaAs wafers, although relatively less so

for damage introduction in Si. In each case, the time of exposure was

monitored and controlled manually or with an automatic “on—off” electronic

timer.

3
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3. DAMA t’;E IISTRLhIJTION AND STABILITY

3.1 M 1CROSTR IJCTURAL DAMA(; E

G a l l i u m  a r senide  wa fers  used In these exper iments  were ob ta ined  from

Crystal S p e c i a l t i e s, Inc., Monsanto , and Laser Diodes. The samp les were

of (100) orientatIon (± 10) and doped wi th Cr or Si to levels of 0.008

and io8 ~ cm , respectively. Specimens were prepared for back—surface—damage

exper imen t s  In the  form of pa r a] l e l o p i peds or 5 mm x 5 mm l a t e r a l  dimensions

with a thickness of approximatel y 15 — 20 mi ls .

TRI—M—ITE (3M Corp.) paper disks containing silicon carbide particles

of sizes 0.3 u rn , 12.5 u rn , 30 pm , and 60 ~Jm , were used in these experiments.

Rotation rates were varied between 1000 to 10,000 rpm and the sample exposure

t ime was systematical ly a l t e red  in the range , 30 sec to 180 sec . A s t a t ionary

• platform pressure of 47 psi was expe r imen ta l l y  found to y ield the most

adequate and reproduceable results.

Samples for transmission electron microscopy/diffraction (TEM/TED)

analysis were prepared by conventional jet thinning from 2.5 mm x 2 . 5  mm

specimens . To establish control data for each of the experiments , the

microstructure of samples cut from as—received wafers was analyzed at both

the front and back sides of polished specimens.

Figure 2 shows a representative series of bright—field electron

micrographs obtained f rom GaAs wafers damaged at the back surface using a
30 pm abrasive particle size, 8,000 rpm rotation rate and exposure times

between 30 sec and 3 m m .  At a 30 sec exposure time , edge dislocations

lying in the (100) plane and inclined dislocation lines form continuous

forested nests extending beneath the surface . After 1 mm and 3 mm of

exposure, th~ dislocation density Increases significantly and extremely

complex forested regions are formed . The abrasive process produces a region

of mass removal and circular grooves extending into the substrate at the

back surface.

After 30 sec of exposure 0.7 mu of back—surface material is removed

and grooves extending to a depth of 1.2 mils are observed in the scanning

electron microscope. Similar groove depths are detected after 1 mm and 3

mm of exp’~sure, but the mass removal thickness increases to 2.0 mils and

5
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[a]

[b]

{c]

FIGURE 2. BRIGHT FIELD TRANSMISSION ELECTRON MICROGRAPHS OF
BACK-SURFACE-DAMAGED GaAs WAFERS (PARTICLE SIZER

• 30 pm , 8000 rpm). a) 30 sec exposure time; b) 1
mm exposure time; c) 3 mm  exposure time

6



5 ml is, respectively . Experiments conducted at similar exposure times

using particle sizes of 0.3 .am , 12.5 pm and 60 pm show that the amount

of mass removed increases significantly after 3 mm of exposure and groove

heights are approximately equal to the particle size.

In contrast to results obtained on Si, where broader , more complex

grooving occurs as a function of exposure time , the distribution of

grooving is relatively independent of exposure time. However, the mass

removal rate is greatly increased for GaAs, and short exposure times are

desirable. The results of experiments conducted under similar conditions with

the rotation rate varied between 2000 and 8000 rpm suggested that the most

uniform distribution of macroscopic damage was obtained at 8000 rpm.

In sharp contrast to earlier studies and to practices currently used

by manufacturers in back—surface damage of Si wafers, we found that

assessments of the concentration of microscopic damage introduced into the

GaAs substrate cannot be characterized by the depth or distribution of

macroscopic grooves and/or pits produced at the back surface. TEM analysis

must be used routinely in these applications to identify the distribution of

microstructural defects. In Figures 3 through 6, transmission electron

micrographs show the distribution of damage at various depths for samples

subjected to rotary abrasion at 8000 rpm for 30 sec at a vertical stage

pressure of 47 psi, using particle sizes of 0.3 pm , 12.5 pm, 30 pm and 60 pm ,

respectively. In all cases, we observe a distribution of microstructural

damage extending beneath the region of mass removal and macroscopic grooving.

Hence, the experimental conditions used produce a laterally continuous sheet

of dislocation lines in forested arrays and tangles that extend to a

maximum observable depth of 1.5 pm below the depth of gLooves at the back

surfaces. In Figures 3 — 6, we observe that the maximum near—surface

concentration is produced for the larger particle sizes. In addition, the

density of dislocation lines decreases rapidly as a function of depth for the

smaller particle sizes. In all samples examined , we detected no dislocation

line structure at depths exceeding 1.5 pm.

In Figure 7, we show a plot of the dislocation line length density
p(cm/cm3) at various depths from the back surface for the variable particle

sizes used. For a particle size of 0.3 pm, the dislocation line density

7
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FIGURE 3. BRIGHT FIELD TRANSMIS SION ELECTR ON MI CR OGRAPH S
OF SECTIONED WAFERS SHOWIN G DAMAGE AT DEPTH
(0.3 pin ABRASIVE PARTICLES); à)d - 1000
b) d 7000 

~; 
c) d 1.4 pm.
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[a]

[h]

“U
[c}

• FIGURE 4. BRIGHT FIELD TRANSMISSION ELECTRON
MICROGRAPUS OF SECTIONED WAFERS SHOWING
DAMAGE AT DEPTH (12.5 pm ABRASIVE
PARTICLES ) ; a) d — 1000 

~
; b) d — 6000

c)d .i pm.
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FIGURE 5. BRI(HT FIELD TRANS)flSSI0~ ELE CTRON MICROCRAPHS
OF SECTIONED W~~~ RS SHOWING DAMAGE AT DE~TH

• (30 pm AIRAS VE PARTICLES) ; a) d 1000 X;
b ) d — 4 0 0 0  ; c ) d — l p m .
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[b}

[c]

FIGURE 6. BRIGHT FIELD ELECTRON MI CROGRAPUS OF SECTIONED
WAFERS SHOWING DAMAGE AT DEPTH (60 pm ABRASIVE
PARTICLES),; a) d — 1000 X; b) d — 7500 g; c)
d — 10.2 pm,
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FIGURE 7. DISLOCATION LINE DENSITY VS DEPTH FOR VARIOUS PARTICLE
SIZES (8000 rpm, 30 see).
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decreases from 3.7 x 1O
9 

cm/Cm
3 in the near_surface region 

to negligibly

small concentrations at 
depths <1.5 pm . As the particle size is 

increased ,

cm/cm

the dislocation density 
also increased to a maximum 

of 7.2 x 10
10 3

(parcic].e size 60 ijmn) . In each case, we observe 
a negligible line density

at depths 1.5 pm. Of particular Interest, 
however, is the presence of

a graded dislocation 
density observed reproducibly 

for samples used in

these experiments. The slope of the concentration 
vs. depth line increases

rapidly as a function of 
particle size, approaching 

saturation for particle

sizes 30 pm.

The data show that the 
rotary back_surface damage 

technique produces

a graded defect layer rather 
than a uniform layer of 

constant defect

concefltrati0~~ 
This result is of significance 

to the ~~~~~~~~~~~~~~~~~~~~

procedure since the resulting 
strain field at the back 

surface will also be

sharply graded and defect 
and impurity gettering will 

be subsequently

I
influenced, as discussed in 

the next sections.

3.2 ThERMAL STABILITY

To evaluate the 
applicability of the gettering 

techniqUe to a device

processiflB line, it is 
necessary to define a 

stabilitY time or period 
in

which the defects will 
be retained at temperat~~

es approaching those

normallY encountered in 
routine device fabrication 

or processing procedures
.

Therefore, we conducted 
a series of experiments 

in which back—Surf ace

damaged wafers were 
coated on the front 

surfaces with a

plasma_deposited Si3
N4 

layer Loused at 300
0 C and annealed at 800

0 C for

periods in the range , ½ hr. to 6 h-rB. After annealing, the nitride layers

were removed and the samples prepared for TEM 
analYSi5 by jet thinning 

from the

front surface. Figure 8 shows a 
representative traUsmi55~

01
~ 
electron ~jcrograplt

obtained at the back surface of samples before and af ter annealing at 8000 C

for variable periods. 
As anticipated, we 

note a reduction in 
dislocation

density as a function 
of 8nnealing duratiofl

. in Figure 9, we show a plot of

the unannealed fraction 
of dislocation lines

( ~ p1(x)
fl

)
E po(x)
i—i
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FIGURE 8. BRIGHT FIELD ELECTRON MICROGRAPHS OF BACK-SURFACE-
DAMAGED WAFERS (30 pm PARTICLE SIZE , 8000 rpm , 30 see)
AFTER ANNEALING ; a) 30 m m ;  b) 180 m m .
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as a funct ion of annealing time at 8000 C.

The increased dislocation density and complex forests produced by the

larger particle sizes will require longer annealing times, whereas for the

smaller particle sizes, annealing will occur more rapidly . In all cases,

residual dislocation structures will remain in the samples after extended

anneals at 8000 C. However, for a 60 pm , unannealed damage factions

< 10 to 15% gettering by dislocations will be Ineffective. Similarly,

residual structure remaining in samples damaged by smaller particles will

not be efficient for Impurity and defect gettering. Hence, a maximum

stability time for gettering by dislocation lines at the back surface,

is between 4 and 5 hrs. If the annealing time exceeds the damage stability

time, then”reverse” annealing or “reverse” impurity gettering will likely

occur, as has been noted in Si. This phenomenum is presently being explored

in more detail for GaAs.

I
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4. EFFECTS OF ENCAPSULATION LAYER

Since dielectric layers are routinely used as annealing caps for

gettering or ion—implantation studies, it is essential that the encapsulation

layers be examined to determine possible gettering or deleterious effects

caused by the encapsulant during annealing. In previous studies by the
9—12 13,14author and others , it was shown that the presence of oxygen in

silicon nitride encapsulating layers is associated with the outdiffusion of

Ga and As from the GaAs substrates during annealing.

Alterations at the surface of a GaAs substrate annealed with nitride

caps containing oxygen are also noted In the form of brown discoloration

zones or layers relatively inert to chemical etching. Kozl~r , et al ,
8 

In

studies of Si02/S13N4 capped ion—implanted (back surface) GaAs samples ,

reported the presence of an inert surface layer after annealing and a slight

or apparent cap—gettering effect on control (undamaged) wafers. In this

investigation, we were concerned about possible gettering effects by the

encapsulant and whether the currently used plasma deposited caç~a would be

adequate for getterlng studies. Silicon nitride caps used in this study

were formed by low—temperature (300
0 C) plasma deposition on GaAs at

Avantek, Inc. Auger electron spectroscopy (AES) combined with in situ

Ar—ion milling was used to obtain the chemical/depth profiles of the S1
3
N4

(GaAa) structures. The AES data were obtained by irradiating the sample

with a 3 kV, 10 A electron beam and monitoring the differential spectrum of

secondary electrons with a cylindrical mirrow analyzer during Ar—ion sputtering

at a vacuum level of 5 x lO~~ Torr. A standard semiquantitative formalism’5

was used to analyze the AES data.

In Figures 10 and 11, we show representative chemical depth profiles

(normalized) obtained on S1
3
N
4
/GaAs structures before annealing and after

a 30—minute anneal at 8000 C in a flowing H
2 
atmosphere. The unannealed

sample shows a residual oxygen present throughout the film with no initial

Ga or As outdiffusion from the substrate. After annealing, the second sample

clearly shows that Ga and As have outdif fused from the substrate through the

encapsulant to accumulate on the surface of the nitride film. This result is

in agreement with recent results that show oxygen content in the nitride can

17
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be correlated with outdif fusion of Ga and As.

In separate experiments , we removed the caps of control and annealed

structures by immersing them in a dilute HF solution. Examination in an

optical microscope and scanning electron microscope (SEll) showed no apparent

modification , discoloration or pitting at the surface.

To provide further comparison, we did AES profiling on Si
3
N
4 
caps

known to contain a high concentration of oxygen. In Figure 12, we show the

normalized AES profile of the annealed (8500 C) S1
3
N
4/GaAs structure. It

is apparent that Ga has outdiffused through the cap to the surface of the

film. However, in comparison to the results shown in Figures 10 and 11, the

oxygen concentration is higher and the amount of Ga outdif fusion greater.

After annealing, the same cap was removed in a separate experiment and

examined optically and in an SEM. In both cases, a slightly discolored

or nonuniform surface was observed with small regions showing resistance

to conventional chemical etching.

We next prepared two sets of samples from the S1
3
N
4 
capped wafer

provided by Avantek. In the first set of samples, the nitride layers were

removed from the substrate by immersing the structure in a dilute HF solution .

The remaining samples were first annealed at 800° C for 30 mm in 112 and the

cap subsequently removed in HF. All samples were then immersed in a standard

H2S04: H202: 1120 (3:1:1) solution to expose defects or etch features on the

(100) surface. Figure 13 sh’ws representative optical mlcrographs of control

and annealed sample surfaces after etching. Comparing Figure l3a) (control)

and Figure 13b) (capped, annealed), we observe a slight reduction in the

surface defect density, indicating a small apparent reduction in surface

defect concentration. We then repeated the experiments on several sets of

samples with essentially identical results, thereby supporting the contention

that the encapsulant may exercise a small, but perceptible , defect gettering

effect.

S From the data obtained , we conclude that the quality of encapsulting

layers can exercise some Influence on defect gettering at the front surface.

It is also apparent that outdif fusion of Ga and As should be suppressed ,

particularly for long annealing periods. In the present experiments, the oxygen

concentratf ,n in nitride films can be correlated with Ca and As outdiffusion

20

.__ ~_-~~~~~~ ~~~~~~~~~ 
• 

•-



I I I I 1 1 I

U)

• —• • • • • . •~~~~ : 
~~~~ :.— 

~~~

_ 

— 
—

~~~~~~~~~~~~~~~~~~~~~~~
•
~~~~~~~•

-
~~~~~~•~~~~~ /

•.

I
,

~~ C

I
LU

•

O c n

: ° ~~~~~ LU
-

a.
I
I C)

•P 0 .2

\
- I - LC)

I : co~j
• 

(~ cø

z ü5\ 0
S
S
.

I /
Co •

s (s.uNn MIVU.LIBbiV) A1ISN~ LNI 1I3OflV ~
- 

-
• 

-
.

FIGURE 12. AES CHEMI CAL DEPTH PROFILE (NORMALIZED ) OP HIGH OXYGEN CONTENT Si 3 
N 4

________ -. -- 
FILMS ON GaAs AFTER ANNEALING (30 mm , 8500 C) . 21 ~~

_ _ _  • - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _



500

I
• I

P 
• a

-. 
. p

.
S •

. • - •
I

.~~ P • I
• .

S
• I I

I I

• 
P • S .

S • -

(a) 
4

P
p •~ , •• p •

, .; .
P

.
• I

• U
S I ~

• . 
. . . - S

I

(b)
FiGURE 13. OPTICAL MICROCRAPHS SHCMING DEFECTS AT THE SURFACES

OF CONTROL (UN ANNKALED) AND ANNEALED S13N4 CAPPED
SAMPLES ; a) Control ; b) Annealed .

22 - :

— I--- 
•~ 

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



and the creation of vacancies in the rear surface region. The small

gettering effect observed can then be associated with the presence of

) excess Ga and As vacancies at the surface or differential strain within the

interfacial region.
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5. DEFECT GETTERING

To evaluate the gettering efficiency of back—surface—damage wafers,

we examined 50 samples prepared under a variety of experimental conditions.

Since the required annealing cap was shown reproducibly to exert only a

negligible effect on gettering of defects at the front surface, we assumed

that all observable reductions could be primarily associated with strain

introduced by defects at the oppoisite surface. In Figures 14 and 15, we show

representative optical micrographs obtained at the front surfaces of control

and back—surface damaged , annealed GaAs samples with (100) orientation , exposed

to a pH controlled H2S04
:H
2
0
2
:H
20 (3:1:1) etch solution .

In Figure 14a), the control samples were coated with a 1000 X plasma—

deposited S13N4 layer. After stripping the nitride layer in an HF solution,

the samples were exposed to the (3:1:1) etch solution . Simi larly , the sample

in Figure l4b) was capped with S1
3N4, and subjected to 30 seconds of mechanical

damage using a 30 jim particle size and an 8000 rpm rotation rate. Subsequently ,

the sample was annealed at 800° C in flowing H2 for 30 minutes and the cap

removed in HF. After rinsing in Dl water and drying, the sample was exposed

to the (3:1:1) solution to reveal defect etch figures at the surface. The

optical micrograph of the control sample shows an etch figure count of

10~ 1cm
2
, whereas after mechanical damaging the back surface and annealing,

an etch figure density of 90/cm2 is observed , representing a gettering

efficiency of 99.1%. In identical experiments on separate sets of samples,

we obtained comparable efficiencies in the range, 927. to 977..

In Figure 15, control and mechanically damaged samples were treated ~n

a similar fashion, except that the particle size was reduced to 0.3 pm. The

etch figure density in the control sample (Figure l5a)) is 7 x l03/cui
2
,

whereas the etch figure concentration in the back—surface—damaged sample that

was annealed is 1.2 x ~~~ corresponding to a defect gettering efficiency

of 83%. Subsequent experiments showed good repeatability, with an average

gettering efficiency of 81%.

In all cases, we were able to demonstrate that the mechanical damage

introd uced in the back surface yields a significant impr ovemen t in sub stra te
quality and reductions in defect concentration at the front surface of the

wafer. Correlated TEN examination of samples exhibiting dislocation densities

• 24
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(etch pit counts) � l0~/cm~ showed similar reductions in defect density after

damaging and annealing. However, in several cases, localized regions of

high dislocation density were observed on control samples. Examinations of

gettered samples obtained from the same wafer showed no apparent dislocation
nests and a significant recuction in the number of dislocations intersecting

the (100) surface.

In a correlated set of experiments , we implanted the back surfaces of

10 GaAs samples with 350 keV Ne ions to a dose of io16 ions/cm
2
. All implants

were done at room temperature and the front surfaces capped with 1000 ~ thick

Si
3
N4 layers. After annealing at 800° C for 30 mm , the encapsulation layer

was stripped and exposed to the surface etch. A defect density of 6.6 x

103/cm
2 was observed on the unannealed control sample in Figure 16a). After

annealing , the def ect densit y at the front surface of the implanted sample

dec reased to 1.7 x 103/cm2 (Figure l6b), with an apparent gettering

efficiency of 74%. In all samples examined , we were unable to obtain gettering

efficiencies comparable to values routinely observed for the mechanically

damaged samples. It is apparent that damage stability during thermal annealing

is an important factor in defect getrering. To increase the effectiveness

of ion—implantation gettering, it will be necessary to either increase the

damage retention time or provide a graded damage profile by multiple implants

of varying dose and energy. Additional experiments are currently in progress

to improve ion—implantation defect gettering in GaAs .
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6. GOLD AND CHROMI UM IMPURIT Y GETTERING

Although a number of studies have shown that heavy metals and other
impurities can be e f fec t ive ly  gettered in Si by ion—implantat ion or
mechan ical damage , there have been no extensive inves t iga t ions on the

gettering of Au and Cr by defects in CaAs. The purpose of these experiments

was to determine if impurities can be gettered by defects introduced by

mechanical damage at the back surface of GaAs wafers.

Silicon— and chromium—doped wafers of (100) orientation were obtained

from Monsanto, inc . and Crystal Specialties , Inc. Reslstivities were of the

order of io8 ~2—cm (Cr—doped) and .008 ~?—cm (Si—doped). After cleaning and

degreasing the wafer surfaces, specimens were exposed to rotary mechanical

abrasion using particle sizes of 0.3 pm , 12.5 pm , 30 pm , and 60 pm.

Expe r imen tal techn iques were iden tica l to those described in the previous

sections. For gettering experiments, we coated the polished front surfaces

with gold or chrome powder (99.99% purity) suspended in methanol. Afterwards,

the samples were weighed to assure uniform concentrations for each experiment.

Control samples (no back—surface damage) were similarly coated for comparative

analysis. All samples were then annealed at 8000 C for 30 mm to one hour

In flowing 
~2

•

Secondary ion mass spectroscopy (SIMS) and Cs—ion milling16 was used to

obtain impurity concentration profiles at the back surface of each sample.

A gold implanted sample was used to obtain both concentration and depth

calibration for the annealed samples.

Figure 17 shows a plot of the log Au—ion intensity and concentration

as a function of depth from the back surface for annealed samples damaged by

rotary abrasion using particle sizes , a, in the range , 0.3 pm to 60 pm. We

observe that the maximum concentration of gettered Au atoms increases rapidly

as a function of increasing particle size. For a particle size , 0.3 jim , the

maximum Au concentration is located within a narrow near—surface region of

width 500 ~~. However , for a > 30 jim, the Au is distributed throughout the

dislocation line region. In comparative studies of a number of control samples

(no back—surface damage) containing Au at the front surface and annealed under

similar cond it ions, we observe no Au at the back surfaces .
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To determine the correlation of Au concentration and dislocation line

density , we compared the integrated impurity and dislocation densities in
the ratio:

d

a - [C(x) dx
J p (x)

where C(x) (cm~
3) is the con centration of Au as a fu nction of dept h , p ( x)

(cm/cui 3) is the measured dislocation line density in sectioned samples over

the depth , d(cin) at the back surface (p # o). Calculations of a, then ,

provide a dimensionless number defining the number of impurity atoms associated

with each dislocation line.

Figure 18 shows a plot of a vs particle size, using the previous equation

and data from Figures 7 and 17. The graph illustrates a linear dependence

of a and particle size. Since the dislocation density is proportional to the

size of the abrasive particle, it can be inferred that the gettering efficiency

is also proportional to the dislocation content at the back surface. When
5 5a — 1.5 x 10 , there are approximately 10 Au atoms associated with each

dislocation line at the back surface. For an average line length 0.5 pm ,

there are then l0~ sites available along the core of a dislocation line for

trapping of individual impurity atoms . However , since a 1.5 x 10~ , the
number of Au atoms present greatly exceeds the available core sites for
trapping, and the Au is not trapped along core sites but is present either
in the form of impurity clouds surrounding dislocation lines or precipitates
pinned at the edges of dislocations.

To obtain additional information on the possible location of Au in
relation to microstructure at the back surface , we prepared annealed samples
for TEM/TED analysis. For comparison, we also examined damaged (control)

samples prepared under identical conditions but annealed with S1
3
N4 rather

than Au on the front surface and undamaged (control) samples coated with Au

and annealed . Figure 19 shows an electron micrograph obtained on a back—surface—

damaged sample (a — 60 jim, 8000 rpm, 30 sec) con taini ng Au at the fron t surface
af ter annealing f or 40 minu tes in flowing 112. The presence of precipitates

can be noted along the length of these dislocation lines in the bright—field

micrograph shown in Figure 19. Corresponding dark—field inicrographs also
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confirm the presence of Au on dislocation lines. In all samples examined ,

we detected similar decoration of the dislocation line structure by

precipitates. In contrast , we observe no evidence of precipitation along

dislocation lines in any of the control samples prepared and annealed in the

same manner. We can, therefore , conclude that Au Is present in the form of

precipitates pinned alor .~ dislocation lines.

If , Indeed , the Au 5s predominantly localized along dislocation lines,
it would be interest ng ti~ estimate t~~~ flumber of Au atoms pinned along each

line using TEM data. Froi~ a number of micro~’raphs , the mean (image) diameter
of precipitates was found to be 100 A. Assuming an actual diameter,

d 50 ~~~ , and d 2.74 A , the number of Au atoms contained in eacho Au
precipitate reg ion is < 6 x 10’. The mean number of precipitates per

dislocation line was then determined and the Au concentration calculated to

be 0.95 x 10~ atoms/line.. In contrast to the corresponding value of

a = 1.5 x 10~ atoms/line calculated from SIMS and TEN data (Figure 18), we

find reasinably good agreement, particularly in terms of the experimental

uncertainties in adequately imaging all of the precipitates selectively pinned

along dislocation lines.

Similar experiments were conducted on back—surface—damaged samples

containing a Cr layer on the front surface. After annealing for 40 mm

at 800
0 

C in flowing 112, we observe detectable concentrations of Cr within the

region containing dislocations. In Figure 20, we show representative AES

spectral data obtained from the back surface at a depth of 1000 Chromium

is clearly present at levels of 0.7 atomic percent. At depths of 1 pm , Cr

is still present, decreasing to concentrations below the detection capability

of AES for depths > 1.2 Urn. Additional SIMS profiling is currently in progress

to obtain quantitative data on the concentration of gettered Cr as a function

of depth .
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7. CONCLUSIONS AND FUTURE EXPERI MEN TS

In the first six months, we have developed a prototype unit for

Introducing back—surface damage in Si and GaAs wafers and have demonstrated

that the process can be optimized to produce adequate gettering of defects

and impurities in GaAs. It has been shown for the first time that Cr and

Au impurities can be gettered by back—surface mechanical damage. Dislocation

density gradients and corresponding strain field gradients at the back

surface are responsible for the gettering action observed.

Contrasting experiments performed on Ne—implanted GaAs samples have shown

mechanical damage gettering to be superior and more cost effective. In

both cases, the annealing cap was shown to exercise a small, but perceptible,

influence on gettering of defects at the front surface. Cap gettering was

shown to be attributable, in part , to the outdif fusion of Ga and/or As

from the substrate , creating localized vacancy—rich regions that aid in defect

annihilation. Improvements in capquality and the elimination of oxygen from

nitride encapsulants should aid in reducing apparent cap gettering effects.

Of particular interest for both Si and GaAs gettering is the problem

of thermal stability of defects during annealing; the stability period will

define the usable time of active gettering during processing cycling or

device fabrication. Beyond a fixed period (4 — 5 hours at 8000 C for

mechanically induced damage), reverse gettering will occur and impurities will

be released from dislocations at the back surface to move into the bulk toward

the front surface. For ion—implantation gettering , the problem is an especially

acute one, since the induced damage is largely annealed after 1 hour.

To improve the stability time, we are continuing experiments using

an As—doped Si0
2 cap on the back surface to prevent the loss of As 

vacancies.

It is conceivable that dislocation structure and ion—induced damage can be

retained for longer periods in the presence of excess As at the Interface.
C-

We are also beginning experiments on the growth of liquid phase epitaxlal/

vapor phase epitaxial (LPE/VPE) layers on back—surface—damaged substrates. Of

particular concern in these experiments is both the stability time of damage

and the reduction of Cr diffusion across the interface into the epitaxial layers.
17Recent studies at Plessey Inc. have shown that Cr outdif fuses readily from
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the substrate (non—gettered) producing a level of l015
/cm3 in the epi—

layer. Our studies have demonstrated that Cr can be effectively gettered

at the back surface when the distribution of damage is optimized . It is

of importance, however , to determine If the observed outdiffusion across
the epi—layer/substrate interface can be reduced or eliminated by strain

fields introduced by damage at the back surface.

To further investigate the problem of impurity diffusion, we are ion—

implanting Cr into the front surface and annealing prior to growth of the

epitaxial layer on control and back—surface—damaged wafers. Using SIMS,

TEM and Hall—effect profiling, we will be able to determine more about the

influence of structure and impurities on epi—layer quality.
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