Thin Film Measurement solution
Software, sensors, custom development

cmiconsoft,In and integration

Zn0 (AZO) Measurement

Al -doped ZnO is widely used as a TCO (transparent conductive oxide) layer in
thin-film solar cells.
Detailed analysis of the AZO optical dispersion, bandgap, etc. can be done using MProbe
UVVisSr system that allows measurement down to 200nm. However, ZnO is frequently
deposited on glass or metal coating (like Mo) — in both cases data analysis of the
measurement in UV becomes challenging because of the absorption (of light scattering)
from the substrate.
AZO can be successfully measured using our MProbe Vis system that covers 400-
1000nm wavelength range.
In following examples, samples were measured using MProbe Vis system to determine
thickness and optical dispersion in the visible range. AZO optical dispersion was
represented using CP-Exciton approximation model.
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Fig, 1 Sample #1 AZO/Si . Model to measurement fit, T, n,k are determined
simultaneously. Thickness: 360nm (See Fig 2 for n,k spectra)

83 Pine Hill Rd. Southborough, MA 01772
Phone +1.617.388.6832 Fax. +1.508.858.5473
email: info@semiconsoft.com http://www.semiconsoft.com




TF Layer View Dialog

View  Prink/Save
ZnO_Korea ', Profile
Dispersion Spectrum
[ @ oK. |
[ < cancel >
— 0007
[ o save d
[ Snew o
2.300.
) =
0008 =
(= Actions 2200 3
3 Create Material g
£3 Calculation =
£3 Apply Templats =
3 Export LS i)
£3 Import
£3 Anisatropy o008
2.000.
rMaterial Library 1.00.
{AND.0)Ga(1.0))0.5 In(0.5)P dat [=]
{AI(D.1)5a(0.9))0.5 In(0.5)P. dat i | 0004
(AID.3)Ga(0.7))0.5 In(0.5)P. dat T =0 [£E = L WavEenotzhm,
(AID.6)Ga(0.4))0.5 In(0.5)P. dat = = =
——ZnO_Karea(N) —=Zn0O_Kareal
{AID.7)5a(0.3))0.5 In(0. 5IP dat — B — ]
{AI(1.0)Ga(0.0)0.5 In(0.5)P.dat -
aH_SIC Material | Profile
7059 dat -
AIN_Furl_S000kest chy Layer SEn D oy >
ARILdat Parameter | Values | Calculate Show e
AQUATAR. chy Kfin Wavelength 450.0
ARCES Ktax. Wavelength 10000 =
ARC#S.tos Thickness, A M. Waveleng. .. 100
ARCHZ, dat Wavelength Unit
ARCHS000ser .chy 3608 Optical Unit
ARLI00.chy Num. Oscillators =
AZ111_exp.chy Show (¥ Calc. U Term 263 [m] < I T»]
AZ111_non_exp.chy Ao 5.46758 )
AZ1350H_exp.chy Ced e Senrcly Eo 5.30057 ] =
AZ13501_exp.chy Fo 0.08389 ' comment
AZ13503_non_exp.chy =2 -0.03833 )
AZ1518.chy De
AZ1S18HS_wichy
az1S18_5FD chy. = Material deFinition  Display=d O

Fig. 2. Sample #1 optical dispersion determined form the measurement.
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Fig. 3. Sample #2 (AZO/SiO2/Si). Fit of the model to measurement data. Calculated
parameters AZO and SiO2 thickness (197nm AZO/50nm SiO2/Si). AZO dispersion from
the Sample#1 is used. Good fit to the measured data shows that the optical properties of

the AZO in both sample are the same.

83 Pine Hill Rd. Southborough, MA 01772
Phone +1.617.388.6832 Fax. +1.508.858.5473
email: info@semiconsoft.com http://www.semiconsoft.com




panio easurement & ana 001-2009

File Fimstack Actions Measure Data Tools Corfigure Online  Help T Completed
He [Aafa Ma 8fE 23 © 0% 7 MSE= 0,007 b3
- i ich . Par,
=7 Calculate
\&J Filmstack " Parameters | Links | RT Condtions | Record |, Display Layer | Value |  Confint
il k il Calculated [Thickness 1 S0z & ] +-57.4786
= simulate
] | Layer | material | Thi | min Max |  sSove | Offsets  |Thickness 2 1746[ A ] +-21.5528
© Estimate z ZnO_Korea 17486 0.0 3,162E07 Text
1 SinZ.mat 503 0.0 3,162E07
Substraty Si.mat
ubstrate i.mal wafer ID | Calculation Conditions * Calculation Options ', Calculation Strategy ',
(@ Filmstacks
~Solve For
Name oxide2000
(@) Marquardt-Levenberg
Filmstacks Library OnN Weavelength,nm Layer
oNPO [«] Ok [ | [Layer:2(zn0 _Korea) = | (73 Thick Film FFT FFT noise level: 0.0040
OF_Sal_H
OP_5al_MO [ 450,0 - 1000.0 ] nm [] Salve () Combined FFT-ML
OF_sal_0
P " Solve For [/ Constraints
OPO-10-700
Crasi rMeasured Data: Sample_I-6.csv
axide1100
o Data Table * Reflectance |
oxide2000.chy Reflectance Plot
0xideZ000_calc o
= SEE=3
0xide2000_os_test : - = T
0xideZ000_TransTest |4 - e
Ex\jai:m o — e
axide: F . _‘.‘t.,;e:'
oxide0r T . e
oxide3500_cale = - -~
Bao N -
oxide_chy S o LN
oxideGrraded % o Y
PETSOum == P Y
= =
Ll > 10 f S
.
() Materials § i
250 500 50 500 et0 700 750 00 550 500 550 1000
3 Projects Wavelengthinm]
| PeEseEsE [+ R@0.0_mes(Sample_K-6.csv) — R@0.0__calc(Sample_l-6.csv) |
() Caleulation Recipes

Fig. 4. Sample # 3(Fe304/Si02/Si). Model to measured data fit. F304 dispersion is
represented using CP Exciton model. 174nm Fe304/50nm SiO2/Si. Fe304 thickness and
optical dispersion are determined from the measurement.
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Fig. 5 Sample#4 (Fe304/AZO/AI203 (substrate)). Fit of the model to measured data.
Thicknesses of Fe304 and AZO are determined from the measurement. Optical

dispersion of the materials is taken from the previous measurements. : 8 nm Fe204/ 22
nm AZQO/ Sapphire (substrate)
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Fig. 6. Sample # 5. Thick AZO on glass. Model to measurement data fit. Thickness:
1031nm, surface roughness: 42nm
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Fig. 7. Sample# 5 Optical dispersion spectra determined from the measurement.

Dispersion is represented using CPExciton model
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Fig. 8 Sample #6 Two layers of ZnO on Mo. Bottom (thick layer) is Sc-doped.
Measurement in the Vis range
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Fig. 9 Optical dispersion of the Sc-doped ZnO layer
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