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ABSTRACT

Using atomic force microscopy, the surface morphology and microstructure of
magnetron-sputtered CdS thin-films grown at 250 C on glass substrates were studied as a
function of film-thickness with thicknesses ranging from 50 A to Eor each thickness,

the height-height difference and product correlation functions G(r) aJtd Were used

to calculate the surface width and typical grain sizé¢=rom these results, values for the
growth exponenf = 0.82,surface roughness exponent= 0.5 - 0.7 and coarsening
exponentn = 0.7 were calculated. For small and intermediate thicknesses, anomalous
scaling of the height-difference correlation function was observed, indicating an increase
of the average grain angle with thickness as well as a large distribution of grain-angles.
However, at large thicknesses the average grain angle was found to saturate while the
grain angle distribution narrowed. The large valu@ afs well as the rapid increase in

the average grain angle at small and intermediate thicknesses indicate the existence of an
instability during the sputter deposition process. We conjecture that this instability is due
to “shadowing” which occurs as a result of scattering of incoming Cd and S atoms by the
Ar plasma during the deposition process and leads to a range of incident angles for
deposition. Such instability can lead to grooves between the grains and “pinholes” which
can destroy a completed CdS/CdTe solar cell. We suggest some methods to eliminate
shadowing during the deposition process and thus eliminate the instability.



[. Introduction

In this work, we studied the kinetics of growh for CdS on boro-
magnetron sputteringQt @80D9s a n-type material used in creating the

in a solar cell. It was our objective in this study to | earn nore abc
mechani sm of these filns from magnetron sputter deposition. W hope t
to devel op ideas on howto grow a nore efficient solar cell. These r¢

used to guide future conputer sinulations of the thin-film depositiol

Atom c force mcroscopy (AFM was used to coll ect height inform
CdsS films, and the data collected allowed us to study the norphol ogy
various thicknesses. AFM was devel oped fromthe Scanni ng Tunneling M
it uses a small cantilever (about 0.1 mmlong) with a snmall tip. The
underneath the cantilever, and the cantilever is scanned line by |ine
the sanple with the tip in direct contact with the sanple surface. A
scanner head of the AFMis directed at a mrror that nust be adjustec
beam directly over the tip. The forces between the tip and the cantil
cantilever to bend, and a position-sensitive photodetector (PSPD) ne:
deflection of the |aser beamas the sanple is noved under the tip. Tl
di spl acenents of light as small as 10 angstrons. The ratio of the pat
cantilever and the detector to the length of the cantilever itself r¢
anplification. This allows sub-angstromresolution in the vertical di
capability of the AFMto carry out small scan sizes allows for a conj
t he horizontal direction.

As the tip of the AFMis brought closer to the surface, the atoi
van der Waals forces. This attraction increases until the atons of tl
are brought so close together that their electron clouds begin to rej
el ectrostatically. This repul sion weakens the van der Waals force as
separation continues to decrease. The total force goes to zero when t
reach a couple of angstrons apart, about the I ength of a chem cal bot
force becones positive (repulsive), the tip and sanple are in contact
el ectrostatic force balances any force that tries to push the tip anc
When the cantil ever pushes the tip against the sanple, the cantilever
forcing the tip and sanple atons closer together. Due to this electt
care nust be taken to ensure that the tip does remain in contact wtt
repul sive force can occasionally force the tip away fromthe sanple 1
resol ution.

1. Analysis

The surface norphology of the CdS thin filnms was quantitatively
the height-difference correl abfron &mchct h@nh& ght - hei ght correl ation f
G(r) where r is the distance froma sel ected gri)gi® <(rh(mancAet@rs’. G
where h(r) is the height of the filma distance r fromthe origin in
the height of the filmat the origin. The value for the difference it



averaged over the entire surface. The hei ght-height correlation funct
represented by the expression <(h(0) - <h>)(h(r) - <h>))> where <h>
hei ght of the sanple.
At small length scales, one)expedtrcr@idsehaser ais the

roughness exponent. However, at |argep(lengatusaiaées The val ue at whi
G (r) saturates would be expected to increase with thicker sanples si
height difference at larger length scales. The distance r fromthe ol
saturation occurs should increase with thickness as well since the gi
coarsen as the filmthickness increases. Nokfm) | gt véeyvsaialel of G
di stances fromthe origin would not be expected to change with incre:
However, if the va{up bbr Gmall r increases with filmthickness, thi
grains with increasing sl opes.

The r) graph shown bel ow shows that the ((r) curwe crosses tl
value mhich is approximately the |l ateral size of the grains.
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The square root of r) at r = 0 is the root nmean square (rns) fluctt
sonetimes known as the width. The width is expéosesr & o vieg \t s <h>
growt h exponent.
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The 4 val ue varies"ashehe n is the coarseni ng exponent, and its \
i ndi cates how fast the lateral size of the grains are growng with it
t hi ckness. The rnms wi(dtele/ i) g. 4) was also plotted as a function of f
to provide information about the angle at which the grains of CdS wel
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A conputer programwas witten to calculate r) fromthe AFM hei ght
function of distance froman origin. For each gamplve,dtd,valard for r
o wer e cal cul at ed.anihenirdt h val ues for each sanple were nused t o neasut
B,respectively

Resul ts
Figure 1 shows the correlation function r) for a typical sam

t hi ckness for this plot was 2000 Angstaboe, waedet hber curve crosses tl|
X-axis is approximately 500 angstrons.

10 llllllllllllllllllllll

«Q
=

lllllllllllllllllll

G(r) (hm*?)
IS
lllllllllllllll

llllllllllllllllllllllll

0 50 100 150 200 250
r (nm)

Figure 1. Gr) curve for a 2000 A sanple of CdS on BSG



Figure 2 shows,{he €rves for all sanples grown on BSG gl ass. /
seen (except for the 5000 A s@npleal tdeatG whi ch each sanpl e begins tc
saturate increases with sanple thickness(rYThéorntheakeri sa@les is
expected since the surface shoul d becone rougher due to nore variati¢
i ncrease im)Gat initial r values for the thinner sanples (50 —300 A
sl ope of the grains is increasing. The sanples from 500-2000 A all st
initial val ugrf)gr bBta vheues around 0.6 indicate that the angles at w
grains are choosing to growis still very random The sanples with t
and 10000A gaveal ues of 0.7 (close to 1) indicating the grains are st

preferred angle at which to grow
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Fi gure2. Tiie)Gcurves for sanple thicknesses from50 to 10000 A

Figure 3 displays the width as a function of filmthickness. The
i ndi cates a value for the grfwfhadoqudnént82. This indicates a possi bl
instability because the rns width is growing al nost as fast as the he
Figure 3 does show that the sanples are becom ng rougher for increasi
t he roughness is growi ng nuch faster than expected.
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Figure 3. The root-nean square width of Gr ) with r = 0 for sanpl e thicknessi

Figure 4 shows how the valaneesf as a function of filmthickness.
coar seni ng exponent calculated with a fit to the last 6 data points
was 0.69. The first two data points on Figure 4, corresponding to fi
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Figure 4. r.asa function of sample thickness with a power law fit

to the data to measure the coarsening exponent n



and 300 A, have very Jdargss rgi ven their thickness. This is probably d
initial roughness of the raw BSG gl ass. An AFM scan of the raw BSG ¢
an rns Wi dth val ue of about 50 A which on Figure 3 would place it in
t hi cker sanples wth heights neasuring thousands of angstrons. The v:
coarseni ng exponent n is sonmewhatpsahukeanft0.8Refrom Figure 3. The
simlarities in the two nunbers indicate the grains of thicker are fi
at which to grow.

Figure 5 displays how the valvaei esdabk/ac.function of filmthickne
The thinner films show that the rnms width is incoeashorg tflastlesr t han 1
sanples there is evidence of a saturation indicating, as nentioned be¢
sanple are finding preferred angles at which to grow.
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Figure 5. Width/rC as a function of sample thickness

Figure 6 shows how the width of sanples of CdS deposited on bor«
conpared to the width of CdS sanpl es deposited on m croscope glass.
taken on the m croscope glass presented a growh exponent [ of 1.1 f¢
t hi cknesses 1000, 4750, and 9200 angstrons. It is unlikely that the |
continue if nore sanples deposited on m croscope gl ass were anal yzed
results do lend evidence to the initial roughness of the surface not
the rme width. A nore conplete study may provide different findings,
grew simlarly on BSG gl ass and m croscope gl ass.
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Figure 6. Comparison of rms width as a function
of film thickness for CdSdeposited on BSG glass
and microscope glass

Concl usi ons

There have been great efforts devoted to understanding the kinetic roughening of
growing surfaces with various techniques. Jeffries, Zuo, and Craig [1] studied the growth
of Pt sputter deposited on glass at room temperature for film thicknesses of 15-140 nm.
A roughness exponefd =0.9) and a growth exponeft€0. 3) were neasured to
conclude that the gromh was consistent with |inear diffusion dynam ¢
Krim[2] studied scaling behaviors of vapor-deposited silver onto qu
tenperature and found simlar results &tor 0h82) oagingsew( h exponents
(B =0.29). Zeng and Vidali [3] neasured simlar values for growmh (
roughness exporimat 9. 3) for growh of Pb on Cu(100) using helium beam
at 150 K

Qur results differ fromthose presented above. Qur roughness exj
smaller, and it indicated that our sanples needed to be grown higher
saturate and approach a preferred angle of growbh.n e | ower val ue of
experinments may be due to the higher growh tenperature of 250 C uset
experinments. It should be nentioned that the magnetron-sputtering pre
t hese sanples involved Ar ions hitting a taCgeanan® lkhoctsi. nghef f
ej ected CdS then travels through an Ar plasnma before being deposited
Collisions with the Ar plasma nost likely lead to a wide range of dej
better understanding of how the Ar plasma interacts with the CdS coul
under st andi ng our results.

The 4 val ues displayed in Figure 4 are very high for the thin sal
300 A A possible explanation for this fact is the initial roughness
presents data that shows the rnms width of CdS deposited on m croscope



surface, growng simlarly to CdS on BSG A nore conplete study of t
gl ass and neasur enentalofies c.coul d provi de insight icnval why waigh r
found for thin sanples.

Probably the nost interestin@wasuid tofi 9.t8% The experinents
menti oned above attai ned growth exponent val ues of 0.3. The possible
the large value in our experinent an effect called shadow ng. Wen
knocked off the target by Ar ions, they travel through the Ar plasm
deposited on the surface. This Ar plasma interacts with the CdS in si
allow the CdS to be deposited on the surface at a wi de range of angl ¢
toward the surface at these wi de angles nmay be bl ocked by peaks on ttl
previously deposited. This allows the peaks to grow higher and the ri
fast as aresult . CAS will still be deposited in the valleys if it ¢
sui tabl e angl e, but the IfAhsgensat aei nfli cate that shadow ng is taking

This rough surface may affect the efficiency of the solar cell.
pi nhol es inhibiting the function of the pn junction in a CdS/ CdTe sol
way to correct for this shadowi ng effect is to rotate the substrate ¢
deposited. Changing the conditions of the Ar plasma such as voltage,
field strength, etc. may also correct this effect.

These experimental results certainly provide many exciting areas to be studied.
Computer simulations can be done to try and model the plasma to come to a better
understanding of how it interacts with the CdS. More AFM work can be done with
microscope glass as the substrate and with, 8o&ted glass which is currently the
substrate used for CdS/CdTe solar cells.
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