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The Correlation Properties between Substrate and Molybdenum Back Contacts
Fabricated by DC Magnetron Sputtering

& 8 oM ET
(Seok-Ki Kim * Sang-Ok Han)

Abstract - Bi-layer Mo films were deposited on soda-lime glass substrates using DC magnetron sputtering. Increasing gas
pressure, the resistivity varied from 1x10™® to 83x10° Q - cm. Furthermore, stress direction yielded compressive-to-tensile
transition stress curves. The micro-structure of the compressively-stressed films which had poor adhesion consists of tightly
packed columns, but of the tensile-stressed films had less dense structure. Under all gas pressure conditions, Mo films
exhibited distinctly increasing optical reflection with decreasing gas pressure. The expansion of (110) peak width with the gas
pressure meant the worse crystalline growth. The impurity levels in the Mo film exhibited highly concentrated Na, Se and O
elements due to less dense micro-structure. The degree of Na diffusion depends on the type of the glass substrate used and
the nature of the Mo film.
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A Moy M ER iz MEo] 1.04 eVE WTh E 349 soda-lime glassolth ol AFE Htat A2 L F
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2B el Eltarget)?] A7 AF 10 mm X F4 6 mmE
Cerac Co.olA AZF &% 995 %E AMLsigch Ealed,
71 4 FErE 588 E4L % 19 JeERRUATHTIL

E 1 g2ledn @ ¥ eS| 22y =47
Table 1 Physical Properties of the Molybdenum, substrates
and absorber layer

Back Absorber
Contact Substr;t:s . Laver
Properties Sodalime| Coming
Molybdenum Glass 7059 |Cu(inGa)Sey
Glass
Electrical resistivity 52 _ _ -
(22 -cm)
Coefficient of Expansion 50 89 % 90
X 107 (cmjemy'c)
Strain  Point (C) - 480 593 593
Anneal Point (C) - 525 639 639
Meiting Point (C) 2617 - - 1250
Bailing Point (C) 4612 - - -
Na compounds (%) - 15%HT| 0.1% -

Z1BAA-E HA AlA A (detergent)®} DI waterE 1:9¢] B)
2 EEsY oF 3087 2239 AAT & =43 DL water2
T 302 2o AHS mprgem )T ojEH B
g AAE7] As ofMEC] Y oW WAOE AL
A3 Ave] ALEsidh wheb Az Fu|e) x7Fe 2
2] Bxs} TMP(Turbo molecular pump)& o] &3l 5 x 107
Torr ©]3tE Y% ¥, main gate valve®t A {FA( Mass
Flow Controller)& °]4€34 05-20 mTorrZ 2 T4EE =4
ok 7187 elA E(target)oFe] 7l 60 mmo|s, uiute]
TY4d S 98 15 mpmé] =2 3 AAZCh g Az
AP 80 W2 1A3stn, IAE E¢E AAE 98 &5
T AZ oy 2953 3 F Ad¥sAct ol vy FAE
1m A2 A&str] Hs) Ax 4H5 A7k e F3485
Tt old AzE WFAY MW= 085 - 1.1 gmol Ak

T3 AzdH W& ZF2-8(deposition rate)¥ H|o] T}
HE o] &3lM %A (adhesion)E FAlstHTh FEridel &
¥ Navb E€]2d 93E 53] Cu(lnGa)Se; Aoz it
2 gAztuat ok 39 FAH(three-stage process)o 2
Egjud wago] WA In, Gad Sed FA F3AF ¥, Cus
Se & F¢AA BAH & CullnGa)Se; vHH-g A g} o}
AHo 2 In, Gatt Sed ] FLAA HeEsEME AP Ho)
Atk CulnGa)Se: 2Hs FAFo N HYPL ABE Ax
Rtk 23 12 AEY Az FHZE JEd Aot

22 SM5H

£ B2 Bteto]l EAlE Tencor-stylus(Alpha-step 200) 2.2
ZAsRR, 719s Eud wanie Hay HAe geol=
AP E ol &3ttt A7) vAEL 492 ¥ (4-point probe
method) 22 FA3Ich wete] HETE H7) A8 V&2
2 BaS0s& AH4-8= VIR- UV 2100(Shimadzu)o]-&-3ta] Arth
Aoz ZAsiuct dote mAyrze AR FFE SEM
(Phillips 2000 series)® XRD(X-ray diffraction)dd]|2 ztzt &

150

Mt vtz 2zt JEeo ZAETE 23 o] LAFEA
7} caneca 4f (Secondary Ion Mass Spectrometer)& o] &5}
12} o] O'F o] & 4x] 55 keV, 2HEHE 150 im X 150
8] EzeA depth profilec] W& FEEXE st

Substrate cleaning
(D.I. water, Detergent)

)
Mo back contact deposition
(DC Magnetron sputtering : - Working Pressure : 05 - 20 (mTor)

- Inoin power : 80W)

In+Ga+Se
(Substrate Temp. : first stage 350°C)
+
Three-stage Cu+Se
process

(Substrate Temp. : second stage 550C)
+

In+Ga+Se
(Substrate Temp. : third stage 550°C)
I}

[ Cu(lnGa)SegliVIo sHabs |

Measuring

(Resistivity, Adhesion, Refiection, SEM, XRD, SIMS)

a8 1 MBS M= 3%
Fig. 1 Process flow chart for fabrication of CulinGa)Sex/Mo
films
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Fig. 2 Variation of the electrical resistivity of Mo fiims
deposited as a function of the working gas pressure
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Fig. 3 Adhesion of Mo films indicated by the deposition rate
as a function of the working gas pressure.
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FAE e o)F%(bi-layer)d] ¥ AxE Cu(InGa)Se; et
HgARe FEATo2 &4 gl wto] AREUL. 1 9
o Alleman J.$& HA ¢ 300 A2 Cr-underlayer& Azt
F, o1 el EEHdE Az PHAHY §4L dddn
AASAcH4], SAIRE AA adFAe HEY AS e Az
97 AR FAHY @3 FHE nHIgw, FY 228
AHE§E Mo/Mo 728 T o|F 3 (bi-layer) AZzWye] U4
freld Aoz Atz gt

32 utetel AW SN

I9 4= E28Ed 42t oy ajq72zE #&F Hold
o] AuolM 05 mTorry) LolM Azd wte Id o4
T27t X D3Hdensely) ZAARE o|F1n ey, 10 mTorr
ddME AL AR HojH L B 4 Uk olg & 1)
Mz zpole] wiet A7 vjHg @ FAHAFe WIage
2 FA4se ez oo gAY 4y 23 WS
TAe) vt gl A AH(grain boundary)dls 442
TZ(columnar structure)& 48 & F YUCHO =3 A=z
Aol W A7) Mg} vret gH o] vlA 7RI 3 kALE
EAT ggde] slg Aoz AayUn

a8 4 H=tHo wE geisd gfefel ciH oM =E,
Fig. 4 SEM morphologies of Mo films at various working gas
pressure, (@ 0.5 mTorr, (b) 10 mTor.
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Fig. 5 Optical reflection vs. photon energy of sputter-deposited
Mo films as a function of the working gas pressure
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x1/5- (a) 0.5 mTorr
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Fig. 6 XRD analysis of the working gas pressure in the
strongly 110-oriented Mo films
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Fig. 7 (110) peaks of Mo films shift as a function of the
working gas pressure
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