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Abstract

To meet the demands for high-precision, non-destructive and standardized thickness measurement
of silicon carbide (SiC) epitaxial layers of third-generation semiconductors, and solve the key prob-
lems of large systematic errors and insufficient stability existing in traditional infrared interferom-
etry caused by two-beam approximation, fixed refractive index assumption and single-incident-an-
gle fitting, this paper proposes a thickness inversion method integrating optical interference model,
Cauchy refractive index dispersion and Drude Refractive Index Dispersion Model correction and
dual-incident-angle joint nonlinear fitting. This study constructs a single-layer reflective two-beam
interference model and a Fabry-Pérot multi-beam interference model closer to real physical pro-
cesses, introduces the Cauchy dispersion equation to accurately describe the variation rule of re-
fractive index with wavelength, and completes optical modeling, interference simulation and data
processing based on Python. In the experiment, infrared reflectance spectra at incident angles of
10° and 15° are adopted for joint fitting, which greatly suppresses the effects of intra-layer multiple
reflections, refractive index dispersion, spectral noise and baseline drift on measurement results.
The results show that after eliminating the systematic error of multi-beam interference, the thick-
ness of SiC epitaxial layer is 8.8037 pm and the thickness of silicon epitaxial layer is 4.6441 um,
while the calculation result of traditional two-beam model is 8.0000 pm, which quantitatively veri-
fies the systematic deviation caused by multi-beam effect in the measurement of thick epitaxial lay-
ers. Error and stability analysis indicates that the Fabry-Pérot multi-beam interference model has
higher fitting accuracy and smaller residuals with the coefficient of determination R? greater than
0.99, and it can converge stably under different initial values with relative thickness deviation less
than 0.5%. Featuring non-destructiveness, rapidity and easy standardization, this method is suita-
ble for the detection of SiC, Si and other semiconductor epitaxial layers, and can be extended to non-
destructive thickness measurement of other third-generation semiconductor materials, providing
high-precision technical support for the research and development, process control and industrial-
ization of SiC devices.
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Figure 1. Schematic diagram of interference
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Figure 2. (a) Comparison of infrared reflection spectra of silicon samples at different incident angles; (b) Comparison of
infrared reflection spectra of silicon carbide samples at different incident angles
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Figure 3. Relationship between reflectance and refractive index as a function of wave number
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Figure 5. (a) Multi-beam interference model fitting result of silicon sample; (b) Multi-beam interference model fitting result
of silicon carbide sample
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Figure 6. Comparison of infrared reflectance spectra of epitaxial layer samples at different incident angles
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Figure 7. Fitting result of two-beam interference model for epitaxial layer thickness
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PF, FEAHFIME S 7K R8s RSD BRREE 0.3%, KIEFETE 7 E LS Rk vt 5 a ik,

() HSR—EHUEIET R AR 2R G— MELR GBI SiC R Si MR T Hr 4t 2
AR, AREXT PRI A 2 R AT RS AN AL B, 7E SR AN JE b 5 IR G B R B NRZE . A
WF AR IE AL R, 20 5K A Cauchy #57(SiC) 5 Drude £ A(SH)REATAFXHEZIE, AME R>0.99.

TEH AR SRS T AR T, BERA TR ZEERIENREE, HHERIEA T
AR R R e RS

gi b, ARWEFCIFIETE AR — R AR I T, R AN SiC EAMEEN & PR EL . S8
RS RN ) TR, W@ T —& “ZHRTIBEE + MEEBIEE + DS ABELR” 15
JREEE MM TT R 1% REN A 5 S0 I0UE, 7RSSR Roe S se M LI T ERER,
AN AR FARSNE JZ (1 b Aot 245 ) B v] FEAAR AL U B S 4 . ARSI 507 A5 R B, Bk
Wt SHEM A Rt 2 R, RSHRWE 2R TWIHE ZIEEXAMZOER, X—E5HEY
e AN [E) A A0 8 J2 5 FE N B AR b 2 0 ROORL R TR . MOGZERRIE ARG, St 1 5T S R 4K
BERET SiC, X1 Si MERTEL AT FE R, FhH A SO R B 5R . FI55 5 0 L
W, #N S SRR BN E AR, R AE SR T BT BT, 25l NN HE
RGP . 52, SiCAME)Z 54 R T 5 2R HUE TE 3T, S (8] i) SR s BEAR XSS, 2
FEI I RN T PLFE AR AN, B7EJEAME BN & S, X2 S8R 4 R AT 2
PRI 2, V230 2 v R P I A 75 R

BT RO, G54 SERIIESE R, % SiC. Si AMEJZE R M Szbr TAEME, $8H DU ek,
PLHE— D3RI SR AR e Ve S TR E P : 28—, S0 EAMEZ(JEE KT 5 pm) I &, £ 56K Fabry-
Pérot YA TR, 245 T RENL RS Wk %1112 N 2 O STROBERE AR, A R0 BR 2 IR T R R 48
W, BTG RO RY, ] JE I S A R ZE 3R ITE 0.5% AP BB, FEJRIRREN b, @ik
F 2500~3000 cm ™! (IR ALIX F], ZIX AP SiCy Si MIHTH 2 ART28, 2K mEUN, kb4t %
B R I R 22, (A 2 DX B FR) Tl e 78 5 B 2RV RS I R 55, e AU & 5 T SRR L B ) 5 1) S
YA B, CRA 1075 1SS A AN SO ST ECE A, B 2 AR RS, A e
— NI I T AR AR I BEN LR 25 5 R G 25, 35 3R T & 5 i i HERA Y, DA CRAE A [R5
ARV SHOL B T ARk Fa e . FHEml 4 R

WeAh, AT T BEAIAFAE— € BIA 23 0] ZEAR i A 4 2 (JEFE/N T 1 um) I35, Fabry-Pérot
BRI A AE DA 1R T 1), e ST g5 A i b =B i — IR B S 4 6] R, W 3%ik4h
JRBLY [ 3E VG, B0 AN EE = AR MR N B GaN) IS 2 B AT I, F— P e 528
A FARINE Z JEFE TR E B AR R

5. &g

BEXTEE = AR Tk SIC AMEREEEmRE L. Tt ARiEAL I E A SEPRT R, M ikAE RN
MOCHGERA 52 1 RS BN A E W RO RGRZBOR ., RE AR B, A3
R T —MEET AN TR S AR LS AR L S 10 SiC AME R R EERS HEN & 75 7%

AL RGN T R O R B 5 B NGIE 1 SE B AR /Y Fabry-Pérot 26T, 5]
A Cauchy 7 FEAT Drude #1423 € USROG 1 3 Bl A9 AR (L UL BEAT RS HE I8, A RUEIE T [ %€
Prip FAR MR 2 IKIT Python AT & FEM OB, T il i 55 SR Hde (RIS AQAL BE,
SEIL T R R R S R . SREER 1075 15 XN A LA SR G AT IR S I, B3
TIEWZ S P R OE el KILAERE S5 2 M R 2O MBS R TI, i 54 GX0ER
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