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Sn Ùlms grow n on silicon substrate by d.c. magnetron sputtering have
b een investigated by slow positron implantation spectroscopy . A s the sub-
strate bias is one of the most imp ortant factors a˜ecting the structure of a
sputtered Ùlm, Ùlms grow n at various substrate bias ( + 80 V , 0 V , {80 V )
are compared and their prop erties are discussed .

PACS numb ers: 68.75.+ x, 78.70.

1. I n t rod uct io n

T he use of b ias sputte ri ng of Ùlm s is a powerful m etho d for contro l l ing im pu-
ri t y concentra ti on and adjusti ng compositi on [1{ 7]. Zhang et al . showed tha t the
base bi as vol ta ge strongly inÛuenced the Ùlm resisti vi ty and tra nsmitta nce duri ng
depositi on and tha t a key way for obta ining a good Ùlm quali ty is contro l led and
adj usted preci sely by a reacti ve gas parti al pressure as well as a negati ve substra te
bi as [1, 2]. By changing the bias potenti al , Ùlm s wi th a wi de range of conducti v-
i ty [3] and structura l and opti cal pro perti es [7] can be deposited. Furtherm ore,
there is a di rect correl ati on of al l the m echani cal pro perti es wi th bias vol tag e
to o [4]. The results in [5{ 7] show the opti mum depositi on condi ti ons as indi cated
by an almost unda m aged deposited layer [6], whi ch are di ˜erent from [7].

In thi s work, the ro le of bi asing the substra te wi l l be discussed in term s of
the defect structure of sputter deposited Sn Ùlms on sil icon substra tes. Thi s has
been carri ed out by using slow positro n im planta ti on spectroscopy (SPIS), whi ch
is a suited m etho d to characteri ze the structure of magnetro n sputtered Ùlms [6].
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2 . E x per i m en t a l

The Sn Ùlm s, wi th the thi ckness d of 1 ñ m, were deposited on high puri ty
Si p -typ e plates ( ¿ 0.5 mm ) by d.c. magnetro n sputteri ng in argon atm osphere
(v d : = 1 0 0 nm / min). The source m ateri al was 99.99% pure ti n. Duri ng the depo-
siti on the current was kept consta nt ( I = 0 : 2 A). The sputteri ng system was
arra nged wi th a substra te carri er for appl icati on a negati ve and positi ve bias
potenti al. The sputter target input power (N = 7 5 W ) and the to ta l pressure
(P t o t a l = 8 È 10À 3 mbar) were kept constant wi th the bi as stepped from { 80 V to
+ 80 V.

The SPIS was carri ed out at the slow positro n beam \ SPONSO R" at R ossen-
dorf . The positro ns are guided m agneti cal ly to the sampl e and can be accelerated
in the energy range from 30 eV to 35 keV in steps of 100 eV. The energy resoluti on
of the Ge detecto r at 511 keV is (1 : 0 9 Ï 0 :0 1 ) keV. 7 È 1 0 5 events per spectrum at
each incident positro n energy have been accum ulated.

3. R esul t s an d d iscu ssio n

The SPIS data have been obta ined for Ùlms deposited at bias potenti als of
{ 80 V, 0 V, and + 80 V, respectively. One sam ple was measured from i ts back side
in order to calculate exactl y the substra te bul k characteri sti cs of Si needed for the
evaluati on of the data measured on the deposited Sn layers. Using the softw are
packageV EPFIT [8] the Si bul k coul d be Ùtted to be S Si

b = 0 :4944and the positro n

Fig. 1. S -parameter versus incident positron energy of magnetron sputtered Sn Ùlms

on Si for di˜erent bias p otentials (+ 80 V , 0 V , {80 V ).
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Fig. 2. S versus W plot of magnetron sputtered Ùlms w ith di˜erent bias potentials.

di ˜usi on length L Si
+ = ( 213 Ï 20) nm . Fi gure 1 shows the S parameter versus the

inci dent positro n energy E of m agnetro n sputtered Sn Ùlm s on Si substra te for
di ˜erent substra te bi as potenti als. At a smal l positro n energy of 30 eV the surface
value of S and W depends on a lot of e˜ects | an incompl ete crysta l l ine structure
at the surface, oxi dati on, im puri ti es. For thi s reason, i t is impossible to expl ain,
why S ( 3 0 eV ) < S (5 keV). One can only say, the positro n anni hi latio n at the
surf ace ta kes pl ace wi th low energy electrons.

In Fi g. 2 the S { W plot of the three m agnetro n sputtered sam ples is pre-
sented. The sputteri ng wa s carri ed out at di ˜erent bi as potenti als. The S À W

pl ot gives a good overvi ew about di ˜erent anni hi lati on states and at least three
positro n anni hi lati on states are vi sible. Sta rti ng from the surface state a second
state framed wi th ci rcl e 1 is reached characteri zed by a high S parameter. The
range f ram ed wi th circl e 2 is assigned to the deposited lay er between the layer on
the to p and the Si substra te and characteri zed by a S =S Si= b ul k < 1:0. Due to the
thi ck Sn layer we do not reach the bul k va lues of S and W of the Si substra te
at the m axi mum of the inci dent positro n energy as demonstra ted by the empty
ci rcl e. At positro n energies of 35 keV about 60{ 70% of the positro ns anni hi late in
the Si substra te, the other part in the Sn lay er. Tha t m eans, 30{ 40% of the S and
W param eter of the Sn layer contri butes to the m easured S and W parameter at
35 keV. For thi s reason, we do not m easure the Si bul k values at 35 keV. From
the S À W pl ot no inform ati on about the depth dependi ng defect structure can
be extra cted. For thi s reason, VEPFIT calcul ati ons have been done in order to
cl ass a typi cal value of the S param eter to a depth in the sam ple. The results are
summ arized in the Tabl e.
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T AB LE

V EPFI T results.

bias [V] d [nm ] S= S bulk L + [nm ]

{ 80 V 0{ 269 ( Ï 6 ) 1.0485 5 Ï 2

3-layers Ùt 270{ 914 (Ï 6 1 ) 0.981 5 3 Ï 9

deeper tha n { 2 1 3 Ï 2 0

914 nm Si substra te

0 V 0{ 45 (Ï 8 ) 1.056 4 Ï 2

4-layers Ùt 46{ 230 (Ï 6 ) 1.044 5 Ï 2

231{ 974 (Ï 9 5 ) 0.981 5 3 Ï 9

deeper tha n 2 1 3 Ï 2 0

974 nm Si substra te

+8 0 V 0{ 45 1.061 4 Ï 2

5-layers Ùt 46{ 79 1.045 1 2 Ï 4

80{ 270 1.068 6 5 Ï 1 0

270{ 780 (Ï 7 6 ) 0.986 5 8 Ï 1 3

deeper tha n 2 1 3 Ï 2 0

780 nm Si substra te

For the Ùt of the m agnetro n sputtered Sn layer wi tho ut bi as potenti al a
four- layer m odel has been used. The layer structure of the sampl e is al ready seen
by naked eyes in Fi g. 1. On the to p of the sam ple we observe two layers wi th
hi gh S parameters fol lowed by a layer wi th an S param eter lower tha n tha t of
the Si substra te dra wn in Fi g. 1 as a l ine. Tha t m eans, there are three layers
characteri zed by di ˜erent S param eters on the to p of the sampl e fol lowed by the
Si substra te. The characteri stic depths of the layers in the T able are always related
to zero at the surface. The layer thi ckness i tself can be obta ined by subtra cti on of
the concerni ng layer bounda ri es.

The com pari son of the bi ased and unbi ased Ùlms resul ts showed tha t the
structure of the Ùlm s depends on the bias vol ta ge appl ied to substra te.

W hen the d. c. bias is appl ied to the substra te i t accelerates di ˜erent ions
to a hi gh energy so tha t they bombard the substra te, whi ch not only changes
the pro perti es of deposited Ùlms, but also removes som e of the deposited Ùlm s.
W hen the substra te has a negati ve bi as potenti al i t is bombarded m ainly by Ar +

positi ve parti cles. Contra ry to a positi ve bias vo ltag e, the substra te is bombarded
by negati ve parti cles.

Our data can be summ ari zed as fol lows:

1. In the \ back" experim ent (Si substra te) S Si
b = 0:4944, W Si

b = 0:1415, positro n
di ˜usi on lenght L Si

+ = 213 Ï 20 nm and positro n li feti me §b = 2 1 8 Ï 3 ps.
The value of l i feti me is the same as in [9].
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2. For al l sam ples in the \ face" case (Sn Ùlm ) a few layers have been discovered.
The to tal layer thi ckness sputtered to the substra tes is about 800{ 1000 nm .
Thi s points to a removal of som e substra te and al ready deposited Ùlm duri ng
sputteri ng as the sputtered thi ckness should be 1 ñ m . Such e˜ect has been
described to exi st in Refs. [1, 2, 6].

3. For the unbi ased Ùlm (U b = 0 V) there are three layers on undam aged Si
substra te. The surface layer is characteri zed by a high S value (about 5.5%
increase compared to the bul k) and a di ˜usi on length L + = (4 Ï 2 ) nm .
Ano ther but less defected layer to wards the substra te fo llows ha vi ng about
4.4% increase in S com pared to the bul k and a di ˜usi on length L + =

(5 Ï 2 ) nm . Open-vo lum e defects shoul d be smal ler in size com pared to
the surface layer.

4. For the bi ased at U b = À 80 V Ùlm onl y two layers on undam aged Si substra te
could be Ùtted. However, there is a hint for an addi ti onal layer between the
Ùrst and the second layer, as seen from the graph in Fi g. 1. The surface layer
is characteri zed by a hi gh S value (about 4.8% increase com pared to the
bul k) and a di ˜usi on length L + = (5 Ï 2 ) nm .

5. In the case of biased Ùlm s at U b = + 80 V the deposited Sn Ùlm shows
the m ost compl icated structures . Three lay ers on the to p of the substra te
are characteri zed by high S values (about 6.8%, 4.5%, and 6.0% increase
compared to the bulk, correspondi ngly) and di ˜erent di ˜usi on length (see
the T able). The S param eter of the layer, between 270 nm and 780 nm
below the surf ace whi ch consi sts of deposited Sn to o, is a l ittl e bi t higher
tha n tha t m easured for the other sampl es.Thi s should be caused by v acancy
typ e defects in thi s region.

Al l the above e˜ects are related to the adato m m obi li t y and the ion{ sol id
intera cti ons ta ki ng place cl ose to the acti ve growi ng surface duri ng depositi on.
D uri ng bias sputteri ng ini ti al ly there wi l l always be a certa in ti m e interv al before
a m onolayer is deposited onto the substra te surf ace. Duri ng thi s ti m e interv al the
substra te wi l l be sputter etched. In som e bi as interv als these etch depths become
substa nti al before sputter etchi ng is prevented by the deposited Ùlm layer. A bias
appl ied to the substra te can attra ct ions in the pl asma to bom bard the growi ng
Ùlm. Thi s bombardm ent gives an addi ti onal energy to the parti cles condensed on
substra te and peel o˜ the ato m s wi th a weak bondi ng from the Ùlm .

The results in [10] showed tha t when di ˜erent bi as vol ta ges were appl ied
to the substra te the net depositi on rate decreased as compared in case wi tho ut
the substra te bias. Several e˜ects may contri bute to thi s: increasing in substra te
etchi ng by increasing ion current densi ty to the substra te; substra te surface is
m odi Ùed by the ion bom bardm ent; sticki ng coe£ ci ent of ato m s to the substra te is
decreased due to ion bombardm ent m odi Ùcati on. The sputteri ng yi eld of a growi ng
Ùlm changes som ewhat from the point when the Ùrst ato m adheres to the substra te
to the point when the Ùlm alm ost com pletel y covers the substra te surface. It is
cl ear tha t the physi cal pro cessesare to o compl icated in the magnetro n plasma in
order to estimate the inÛuence of di ˜erent electri c and magneti c Ùelds.
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4 . Co n cl usion s

As seen from our resul ts the substra te bi as pl ays an importa nt ro le in the
Ùlm growth. Fi rst inv estigati ons could dem onstra te tha t the slow positro n im plan-
ta ti on spectroscopy can be a useful to ol to clear up the depth depending structure
of open-volum e defects created by m agnetro n sputteri ng wi th di ˜erent bias poten-
ti als.
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