
RADIOTRACER MEASUREMENTS OF SPUTTERED CONTAMINATION 
IXCURRED DURING ION IMPLANTATION PROCESSING 

B. J. Masters 
IBM System Products Division, East Fishkill Facility 

Hopewell Junction, New York 12533 

Summary 

Radioactive tracer measurements have been performed in 
order to establish limits for the degree of sputtered con- 
tamination to be expected during implantation processing in 
stainless steel target chambers. The information collected 
provides a useful set of working curves for the particular 
wafer-holding arrangement employed, and is presented in a 
form that should be convenient for use in the design of other 
stainless steel target-holder geometries. 

Introduction 

Ion implantation is proving to be commercially feasible for 
the introduction of controlled amounts of dopant impurities 
into silicon devices and integrated circuits. In most pro- 
duction implantation systems, oldde-masked silicon wafers 
are mounted in stainless steel or aluminum target holders 
and exposed to beams of accelerated and mass-separated 
boron, phosphorus, or arsenic ions in the keV to MeV 
energy range, Ion beam currents may range from a few 
nanoamperes to lmA, with radial doping uniformity achieved 
either by electrostatically sweeping the beam across a fixed 
target holder or by mechanically translating the wafer holder 
through a stationary ion beam. Because the target holder is 
generally e.xposed to the primary ion beam, the possibility 
that undesired impurities will be introduced into target 
wafers by sputtering of the holder material is a matter of 
some concern and is the subject of the present study. 

Experimental 

All implantations were performed with a SOOkeV Vande Graaff 
system producing mass-analyzed and electrostatically swept 
beams of I’B+, 3%+, or 75As+ at current densities on the 
order of 10-S A/cm:!, while maintaining a vacuum of approx- 
imately 5 x 10T6 torr in the target chamber. The “standard 
targetholder geometrv, ” to which the sputtering results 
are referenced, is shown in Fig. 1. In this arrangement, 
a 2.25-in. (5. ‘72cm) diameter silicon wafer covered on the 
front surface with a thin layer of thermally grown Si02 is 
held in a recessed stainless steel backing plate by means of 
an annular clip of ~1302 stainless steel, 5.5lcm ID and 
0. 041 cm thick. The clip presses the wafer firmly against 
the plate, thus ensuring that the wafer hacksidc is thermally 
and clcctrically contacted. Because the ion beam is swept 
over an arca slightly larger than the wafer area, this clip 
~dafines the implanted arca on the wafer, and the 17.3-cm 
intc,rnal perimeter of the clip is directly exposed to the ion 
ham. 

~1 ra~liot~acer tcchniqtic 5~3s cmploycd to measure the amount 
of mttcrial trm5ferre~l from the clip to the wnfcr drrring 
iml~lantation processing. For this purpose, #strips of clip 
maicbrial Or of 11 :;o’L stainless steel wire mesh, made rarlio- 
:tctivc~ 1,~ ~~.q,osurr~ to thermal neutron flucncca of 0.23 - 
1. 0-i ,019 n~:utri,uh/cm2, LCC rc pas itioncd in front of th(.rmal 

Fig. 1. View of the “standard target-holder geometry 
to which the results presented in Figs. 3 and 
4 are referenced. 

oxide-coated silicon wafers to serve as sputtering sources 
during implantation. Wlrterial transfer was calculated from 
radioactivity measurements of the implanted wafers, together 
with radioassay of known aliquots of clip or mes: material 
from the same radioactitatlon vintage. rl 90cmO Ge(Li) 
detector and multichannel analyzer were employed to count 
the 0.32MeV gamma rays emitted hy 51Cr ( tli’Z=27. 9 day?). 
Since the major constituents of :302 stainless ,+teel (‘il’.‘, 
Fe, lS’?, Cr, 9’;$ Yi ‘j”, Mn) are \lery close to each oher in I _ 
mass number, preferential sputtering of any ozc ,+pccits 
was assumed to be ntgligible. (This was roughly confirmed 
by peak gamma counting of t,thcr sputtcrecl rarlioacti~atior. 
products, q59Fc, ‘ioCo, and ,“Co. ) For wafers in direct 
contact with the sputtering source anti mar-normal inci- 
dence of the ion hcam, the amount of sputtcrcd contamination 
transferred was observcsd to vary in direct proportion to the 
perimeter of clip or mesh material cLA~(JsCil ta the hUTI. 

Conscquentl:;, simple corr<~c lions I~:F~:~. been :lpplicd to the 
mcasurcmcnts, and rcsult.5 arc riportcd :~b Ihir tom1 number 
of “atoms of stainless ,,tccl” cxpcct~l to bc tr;uXfcrrrd for 
the “standarcl targ2t-holti~~r~ gwrnetr!. ” of Fig. 1, 
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Results and Discussion 

Figure 2 is a reverse autoradiogram of n wafer previously 
in contact with a rectangular strip of activ;$d clip material 
during 8 5 s 101F cm -’ implant of 130 keV As+ ions. The 

predominnnce of sputterin, m frcm the lower edge of the clip 
arises from the dependence of forward sputtering upon the 
incidence angle of the ion beam. Owing to the 7’ mis- 

orientation of the wafer with respect to the ion beam (for 
the purpose of minimizing lattice channeli% of the implanted 
ions), the lower edge of the clip was more exposed tc the 
beam thn Lvere the right-hand or upper edges. 

ION FLUENCE (ions/cm2) 

Fig. 2. Re\-erse autoradiogram showing radial distribution 
of contamination sputtered from a rectangular 
piece of clip material. 

The &served dependence of sputtered contamination upon 
implant fluencc cr dose is shown for GOkeV arsenic implants 
in Fig. 2, and n First-order relationship is c-iident, From 
the ctuldpoint of silicon device processing, it may be noted 
that 1O1, atoms of the first transition group metals repre- 
j(>nts an amount sufficient to eweed the solid solubility of 
tlx:se elements in the, wafer at temperatures commonly 
Clili;lCJ~Cil fcr pas t-implant annealing cpies. The perfor- 
n::unc’c of an c,lcc’irical junction in silicon may be seriously 
dc~~wlt~d II\; such precipitation effects Furthermore, cvcn 
at cwn~cntration lcwls far lxlow xhat rc-quired for prccipi- 
tation, Ihr,s: cl(~mc~r.ts may protlucc delclerious clfecL> upw’ 
tl-c l,Ulli c,lcctric:il properties of silicon (e.g. , carrier 
:,i,ncc!liI‘:rtion, I,esi.- tix it5 , and carrier lifitimc-j. 

7%~ ~~-,crwtl :imounth d sputtc~~c~il contamination incurrt:d as 
9 Tuncti,)ti of incirlc-nt lx~ron, phosphorus, and arsenic ion 
rr.t”:-” arc prcacntt4 in Fig, 
L .,1-z: 

4, for ion fluonccs of 1 x 101(j 
It nppc‘a~‘:, that spi~ttc~rin,g yic-It I variations it ilh cwrgj 

:il‘(’ 01 on::,- ~ccontl:uy~~ importrlnct~ thror~gho;rt ttw cni’rg> 
i‘:lIlPi ~~Cjlll~liOliI~,~ i~l:ll~lG~‘i~rl for irn~:lnn’xtion plocc~5,-;ing. n 
I , I,‘.‘. t >. 1 i’ , :L ,ili.ong tiept ntic~r~~:c~ ~.q,on liw inciricnt ion ma:,:i i:. 

Fit. 3. Amount of stainless steel transferred from retain- 
ing clip to wafer as a function of 60 keV As+ 
implanted ion fluence, for “standard target-holder 
geometry. I’ 
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Fig. .1. Amount uf sputtt:retl cclnt:t!:lil~:itic,il intlLdccci.l 
pe 1’ 1v:Kfcr, as a function 0C ic~plnntc~d spcscicb 
and cne t-:y, 101‘ fluences cut’ 1 Y lULG i0n5:‘i.,li2 
:,ni! *’ .+,.. ,j.. .,L<iill..llYf tttt’;ct t;c,1;t< i* g.ldi;;c:r,! .” 
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eMdent. The obser~d trends are believed to be fairly 
representative of the sputtering behavior of other group III 
and Y clopant ions over this same cncrgy range. 

FinaIl.v, the effect of varying the distance from sputtering 
source to \vafer taTget is shown in Fig. 5. These measure- 
ments \\ ere made nith 1.25 in. (3. 1Y cm) ivafers, and nith 
an extended source, consisting of an activated sheet of 
stainless steel mesh approximately the same size as the 
target w,a.fers, to reduce the time required for measurement 
of the collcctcd radioactivity. The solid line of Fig. 5 
represents the calculated fall-off of sputter-contamination 
S(x), as a function of distance, assuming isotropic sputtering 
irom a point source located on the beam centerline at dis- 
zance s upbeam from a wafer of diameter d, 

S(s)/S(s=O) = 1 -s/(x2 + d2/4) 
l/2 

(1) 

SCREEN-TO-WAFER DISTANCE km) 

Fig. 3. Sputter contamination incurred 13~ l.%-in. (3.18- 
cm) wafers as a iunction of distance iron1 an 
extended sputtering source, obsen-ed for 1x10 16 

crne2 implants of 60 keV As+ ions. The solid 
curve is the relationship espected fcr a point 
source using Eq. (1) and a value of d = 3.18 cm. 

It is seen that the experimentally observed data points fall 
off somewhat more rapidly with distance than calculated, as 
expected for nn eldended source. It is concluded that sput- 
tered contamination arising from beam-defining apertures 
located more than a few wafer diameters upbeam from the 
target xraftfel. is generally unimportant, and that the inverse 
x~anre law may be applied for large source-target distances. 
Ob~~o~~sly, this conclusion is inwlid for certain “postaccel- 
erntion” implantor configurations, for \vhich the pussi- 
bility csists that matcrinl sputtered from apertures or Acktiocvledgment 
Isridded Einzel lenses located upbeam from the main accel- i3 
cration tuhr may he unitiirectionnll:; accclernted and im- The author is indebted to G. Jung for assistance in carrl.ing 
planted together \\ith the primary dopant beam into target out the ion i&antations used in this inlrestigation. 
u afe rs . 
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