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Abstract

Spectroscopic ellipsometry is a powerful tool for analyzing optical properties of material.
Ellipsometry measurement results is usually given by change of polarization state of probe light,
so the measured result should be properly treated and transformed to meaningful parameters by
transformation and modeling of the measurement result. In case of hydrogenated amorphous
silicon, Tauc-Lorentz dispersion is usually used to model the measured ellipsometry spectrum.
In this paper, modeling of spectroscopic ellipsometry result of hydrogenated amorphous silicon
using Tauc-Lorentz dispersion is discussed.
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EFI PR FE A (Spectroscopic Ellipsometry, SE)-2 B3 Hlo] HlE =4 5=
WG A (polarimetry) 2] DFolt}. EFHHZH (ellipsometry)-> T o] HS A
7 EHo] ZABRd Hiapg dlo] it Wele A6l Mo o] AL B
(spectroscopy) ¥ Agsto] ofe] mpge] thsl] 574 o 73, Aol tiet of2] 7H4] f-81t
Bt 248 EE5T 4 At 59| SR HdRod A S B o] Al B R34
9} vt Aj=of tial ¥heke] 24 ¥ 28-S (refractive index, n), S 4A14>(extinction
coefficient, k) 5-9] AHE T35} 2= ] om] WM | vhalo] A0 27} 0] glo]e] B4
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Fig. 1 Schematic diagram of ellipsometry measurement
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3.2 Tauc Lorentz dispersion
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Fig. 2 Schematic diagram of Lorentz oscillator
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A= 27 et BHe A= EAY oo ou 2| E 71 JARE S5 AEFsHH, 54 12 (absorption
tail) & Ho7] whzof]l MEAL FrPoUR| Heh W2 o |AE Holm, d¥kd o 5 WiERofu 2] FZofAd=
25 AFT 7] wiRel|, REAs e 2] F2e] o z|of| 4] A7 7} eFsfizIct.
ol Hlslo] i A|o] = 787kA] 12fgt E-e- Tauc-Lorentz Elolgtal B2, Tauc—Lorentz =&
o B fATE0] 141 &= 23S (k) 2 -GARE QulE 71A|H ofefie} o] HojHr},

E>E 5)

e, =2nk= Y

7

E(E*— E)*+ C*F?

{ A-EyC(E—E,)* }
0

E<E

9

714 A, C, By @ B 712} 2537 amplitude), BF73217] (damping 54, FHUA|(Z85At0] 12

FrAEp), 18] AL 3geks] si=AM(optical bandgap) oItk o714 Aw Hiae] Yo o] glom, G HIA
A Alg)Z o] BAAM I (disorder) 121 Eg= slEL20] Q1A A (critical point)iiﬁi 7PARe AT e] A
B =5 gt Z|f| o] (peak—to—peak transition) 2} THAIE Zroltt, T oh2 ARSI £ = B4 GA
50 AR A g,9] Kramers—Kronig THAIS o] 85}o] Aojghc}.

l

Journal of the Korean Solar Energy Society Vol. 39, No. 1, 2019 15



S=ElYol|LR ] =2

3.3 H|YA A2|2e| EfHEEEEA

Fig. 32 Corning XG 2] 713 91ofl 521 24 B84 dej o] ehd i ddi4 7 Y Tauc—Lorentz
dlg] Axtolct, Table 1-& Tauc—Lorentz REl2] u]g] ujaha]g ZkS vrepdct

URFA 0 2 sjAfH|o}A Ei= Bl BjOFAR] 9] F 4308 AR T E9] HIE HEEE 1.65 ~ 1.8 eV
H9]9] s35HA W78 180 ~ 230 91 2] Amplitude, 3.5~3.7 eV 919 E, @ 2.0~2.3 W $]9] C S Kotk
s=E0| T2 AES] 2] -9 C glo] S7slal A7} Aok =o, Biaro] HERe: a4 AbA B4 59
B8 otk 7o) QIcH ™) Fig, 49| Fig. 3 @ Table 10] 2712 Eaf) 7413 B4 A Aej2o] §aA-S
TSI, FARt-9] Sl-Roll A U= HEeE 2ol Lorentz oscillator ©] #of[i 2] Fagof] 3goH2] tHEZY

of OJtg4 A7} HRE AL T 5 U},

(a) Measurement and modeling (b) Modeled structure
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Fig. 3 (a) Spectroscopic ellipsometry measurement and modeling result of hydrogenated amorphous silicon deposited on

a Corning XG glass, and (b) optical model of the sample

Table 1 Fitting parameters of Tauc-Lorentz model shown in Fig. 3

Parameters Eop (€V) A E, C Roughness (nm) Thickness (nm)
Fitting result 1.74 205 3.575 2.146 1.19 390.7

— 2] modeled
25 | ——— <2 modeled Y

Epsilon
o

1 2 3 4 5
Photon Energy (eV)

Fig. 4 Modeled dielectric functions, &, and &, of hydrogenated amorphous silicon, deduced from the result of Fig. 3 and Table 1
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Fig. 5 (a) Spectroscopic ellipsometry measurement and modeling result of p-type hydrogenated amorphous silicon carbon
deposited on a Corning XG glass

Table 2 Fitting parameters of Tauc-Lorentz model shown in Fig. 5

Parameters
CH4/B,Hg Eop (€V) A E, C Roughness (nm) Deposition rate (nm/s)
flow (sccm)
intrinsic (0/0) 1.74 205 3.575 2.146 1.19 0.9
5.5/10 1.78 198 3.69 2.55 1.12 1.5
8/2 1.8 177 3.81 2.63 1.05 1.6
10/30 1.8 155 3.93 2.68 1.06 1.6

EFITT E 0 mEle) A et 52 3 weh OERo) Gake F7hste] utel v tha 9 Bk gol
7ot e =0 174 eVollA] 178 eV.0 2 27 Z7Keict, Teiu} vieks) sl $2k8 717t 8/2 %
10/30 scem © 2 4% 2713l Bjuhe] ok WIS 742 1.78 Vol 4 1.8 eV 271291 st ii=7o] s}
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