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Abstract: The dielectric thin films applied to multi-colored semitransparent thin film solar cells have been

extensively studied. In this work, we prepared GeSbTe and GeTe chalcogenide thin films using magnetron

sputtering, and investigated their optical and phase-change properties to replace the dielectric films. The changes of

surface morphology, sheet resistance, and X-ray diffraction of the Te-based chalcogenide films support the fact that
the amorphous stability of GeTe films is superior to that of GeSbTe films. While both amorphous GeSbTe and

GeTe films thinner than 30 nm have optical transparency between 5% and 60%, GeTe films transmit more visible

light than GeSbTe films. It is confirmed by computer simulation that the color of semitransparent silicon thin film

solar cells can be adjusted with the addition of GeSbTe or GeTe films. Since it is possible to adjust the contrast

of the solar cells by exploiting the phase-change property, the two kinds of chalcogenide films are anticipated to be

used as an optical layer in semitransparent solar cells.
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photovoltaics) EJFA R [4]9] 730

Qg u
2otA ok AulFQ Zuts €& 4 Aot oAt Yd= GeTeSb U GeTe ut9to] LA S Veeco
=

sl

Al Z37NsHE9] Fupgo] ¥ NS EfYAR]  Dektak 150 surface profilerS o] &3s A5t
<9 LARAALO] 8ot AFe MU|NY Ee  wolel W IJAS SEM  (scanning  electron
UhALE 7 B s S8cts AFol HIshA A9 ©]  microscopy)e Ea WASIY T, AA JLRE XRD
FOIR|R] ekoronr, Est 542 7Wdstz] #fst 5A (X-ray  diffraction)2 o] &sto]  &Qlstgict.
oz ZIetEe FAT FARLAAS G487l GeTeSb % GeTe ululo] Enrg U YAgLS
HoiM e AIASGEe FFEI Ego digk A7t UV/vis spectro photometerZ o|8235t9 Z=A351Y
Aed=lofof & Ho/dol . t}. Essential MacLeod softwareS o] 835t A&

olof & Ao AVtEE= dolyX|ol T2k A gojMde AlXsto] GeTeSb U GeTe ®Bluto] Entg
ATEZF UL o7]o gigstel Fapgol W= gl wabg amEZS Ateln &4 Zue} vlws)
Sde Av Jgush Z3AskE e FF% S8 Aot Eah GeTeSb ¥ GeTe uluto] M &gl wheg
= WSt o2 SR ZaAstE &AM FolM ez wror glopmx|o] 59 whAbg o] OjEt A] B2
B MEEA 7 de] dEA e Te 7|RHe] oS AAlslo] GeTeSb 2 GeTe ututo] vpED
GeSbTe 8l GeTe Z3Astz 9ot AMEY S ©l  yaj=m wrot gjopsix|o ojx|= Dstxl gate xA}b
&ofol ok, & SR ZRASt=E N F¥ stec. A8 o]Mo] LRt GeTeSb U GeTe uhat
3t Ayt gA 54 A= Husiic. ®£st 1 o] 2AE (nIt AL (W= 77+ M. Fang et
FEI 540l £9 HIAA nxle 9= S (512} J. Li et al. [6]0] B3t Z+S A}L51%C}
Alggo]d(simulation)& &3l &lstict

~TE FA2 o]gsto] F43 GeSbTe % GeTe

CPaHlEE AHEY AAGAA GeSbTe R s omstg wore] mw ¥4 SEME olgdtel B
GeTe wohg FAstaict Wohe FHs7] A A mstorct. As-deposited HHoro] moie z1a71s1s
& GeSbTe AmE EBZo] Axful= GeiSbiTes o) xoo ypglo] mje Werstgon], 100°ColA
2:2:5%100, GeTe ~WE A Foll= GeTe=  oyzaj= axjst Aoo= 72 13} 7to] GeSbTe
1:49 ). GeSbTe 2 GeTe AWE E}A HHO| EX| U GeTe uluto] W A} zfo]2 WANEF 2 9lo)
obe  EwEe A7l fletel 102 & o4 j00°co] AAe] 2EolA GeSbTe uiure] mu
pre-sputteringE AAISEAL, Ar FH7]0A GeTeSb o) 9oz oxlel Hejr} 2EAMo2 uwrms dhy

B} GeTe 0] 717t 50 WoJ rf =12 7kst o) GeTe wiat
it} 712 X% (base pressure)E 3.0x10°° torr olgJst mY Ao
ofstz 9t &, MFC (mass flow controller)S ©|& x=x Aro] obxA ]

st 20 scem® Ar 7IAlE RAAZIMA 578 AlE o} wioto] mwAl 2ol A (capillary instability)
I (process pressure)2 1.3x107° torr2 S-X|5t o o5 < 5

t}, ZA ex: Aeoz uHSYLh J|WORE s} gz o

2.0x2.0 cm??] 37|12 AWH" Bolo33 &Y S2]°t 2 [7] GeSbTe ulotojjA{ut TAIL]= O x| &ALo u]
p-type Si <100> ¢flo]=E At&stRon], AHE A XA AFQl as-deposited 8Fato] Axjz2] A] QI7pe
Aol BYst] Mol trichloroethylene, OAIE. 8 ool ojal 2ek slof Uehie dgos
o 2T SN 108 ¢ AU AME A ZEch HH, GeTe WMt Yrimoz 2Ys
Alstatt, =20 & ‘*D*—J =74 Wet B4 7F A Z1sgo] =ol HEsh mHo| {FAE = He
AELZ] Slste] Al Ar BSZIIM  ABE  Woln|, o]l GeSbTeo| ula| HrjHoz wg
50°C/min® &=2 FXe w7t Jhdsia, A Hgdol =t ARl GeTe 179 543 o

LE2 2087 8Kt & w Y(furnace cooling)dt Alst= ZAafoltt.

s}

=

|4 mo P o> w

ot



410

Fig. 1. Plan-view SEM images of (a) 30 nm-thick GeSbTe and
(b) 24 nm-thick GeTe thin films annealed at 100°C.
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Fig. 2. Normalized sheet resistance changes of GeSbTe and
GeTe thin films annealed at various temperatures.
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Fig. 3. X-ray diffraction patterns of (a) GeSbTe and (b) GeTe
thin films annealed at various temperatures.
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Fig. 4. Images of (a) 5 nm-thick GeSbTe, (b) 12 nm-thick
GeSbTe, and (c) 20 nm-thick GeTe thin films deposited on
glass substrates.
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Fig. 5. Comparison between (a) the measured transmission
spectra and (b) the computer simulation of GeSbTe and GeTe
thin films deposited on glass substrates.
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Fig. 6. back
semitransparent silicon thin film solar cells employing (a)
GeTeSb and (b) GeTe thin films. The insets show the cell

structures used in the simulation.
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