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ABSTRACT

This empirical study investigates the effect of laser light scattering on the optical properties of semiconductor
materials through controlled laboratory experiments. Semiconductor materials including silicon (Si), gallium
arsenide (GaAs), and indium phosphide (InP) were subjected to laser irradiation at varying wavelengths (405
nm, 532 nm, 650 nm) and power densities (50-500 mW/cm?). The optical properties including refractive index,
absorption coefficient, bandgap energy, and transmittance were measured using spectrophotometry and
ellipsometry techniques. Results demonstrate significant correlation between laser light scattering intensity and
modifications in semiconductor optical characteristics. Refractive index showed nonlinear variation with
incident laser power, particularly at shorter wavelengths [1]. Band gap energy decreased by 0.15-0.32 eV with
increased laser exposure, indicating structural modifications at the material surface. The absorption coefficient
exhibited exponential increase with laser power density, with maximum changes observed in InP samples
(approximately 45% increase at S00 mW/cm?). These findings establish quantitative relationships between laser
irradiation parameters and optical property modifications, providing fundamental insights for applications in

laser-based material engineering, photonic device fabrication, and optical sensors.

Keywords: Laser light scattering’; Semiconductor materials’; Optical properties®; Refractive index*; Bandgap

energy’; Absorption coefficient’; Photon-matter interaction’.
1. INTRODUCTION
1.1 BACKGROUND AND SIGNIFICANCE OF LASER-MATTER INTERACTIONS

Laser-matter interactions have become fundamental to modern materials science and semiconductor technology
over the past five decades. The interaction between coherent, high-intensity laser light and semiconductor

materials produces complex physical phenomena including thermal effects, photochemical reactions, and
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electronic excitations that fundamentally modify material properties. Semiconductor materials, characterized by
their crystalline structure and electronic bandgap, exhibit unique responses to laser irradiation that differ
significantly from other material classes. When photons with energy equal to or exceeding the bandgap energy
are absorbed by semiconductor materials, they generate electron-hole pairs, initiating cascading physical and
chemical transformations. The scattering of laser light within semiconductor matrices occurs through multiple
mechanisms including Rayleigh scattering from surface roughness, Mie scattering from crystalline defects, and
Raman scattering from lattice vibrations. Understanding these scattering mechanisms and their effects on optical
properties is critical for advancing semiconductor device technology, optical communications systems, solar cell
efficiency, and laser material processing techniques. The significance of this research lies in establishing
quantitative relationships between controllable laser parameters (wavelength, power density, exposure time) and
measurable changes in semiconductor optical characteristics (refractive index, absorption coefficient, bandgap
energy, transmittance). Industrial applications including laser annealing, laser-induced crystallization, selective
doping through laser exposure, and creation of optical waveguides depend critically on detailed knowledge of
how laser light modifications semiconductor optical properties. Previous studies have examined individual
aspects of laser-semiconductor interactions, but comprehensive empirical investigations correlating multiple
laser parameters to optical property changes remain limited. This research addresses this gap by providing

systematic experimental data and quantitative analysis.
1.2 STATE OF CURRENT KNOWLEDGE AND RESEARCH GAPS

Contemporary semiconductor research has established that laser irradiation can produce significant
modifications to optical and electronic properties through thermal and non-thermal mechanisms. Thermal effects
dominate at higher power densities, causing lattice heating, material melting, and recrystallization, while non-
thermal effects at lower power densities involve direct photon-electron interactions and electronic excitations.
Studies by Zhang et al. (2019) demonstrated that excimer laser treatment of silicon surfaces increased roughness
and altered refractive index by 5-8%, but their work was limited to single-wavelength analysis. Similarly,
Kumar and colleagues (2020) investigated GaAs bandgap modifications under continuous-wave laser exposure,
observing bandgap narrowing of up to 0.2 eV, though their power density range was limited to 100-300
mW/cm?. Absorption coefficient changes in semiconductors under laser exposure have been studied primarily

through theoretical modeling rather than systematic experimental measurement.

The role of laser light scattering as a distinct mechanism affecting optical properties remains underexplored in
empirical studies. Most existing literature treats scattering as a secondary phenomenon or lumps it with general
optical absorption, rather than isolating its specific contributions to property modifications. Current knowledge
gaps include: (1) comprehensive quantification of how varying wavelengths affect different semiconductor
materials simultaneously, (2) detailed characterization of scattering-induced property changes across extended
power density ranges, (3) establishment of predictive models relating multiple laser parameters to optical
property changes, and (4) investigation of recovery kinetics and permanence of laser-induced modifications.

This research systematically addresses these gaps through controlled, multi-parameter experimentation.
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1.3 RESEARCH OBJECTIVES AND HYPOTHESIS DEVELOPMENT

The primary objective of this empirical investigation is to quantify the effects of laser light scattering on
semiconductor optical properties through systematic experimentation and rigorous data analysis. Specifically,
we aim to: (1) measure changes in refractive index, absorption coefficient, bandgap energy, and transmittance in
silicon, gallium arsenide, and indium phosphide samples exposed to lasers of varying wavelengths (405 nm, 532
nm, 650 nm), (2) establish quantitative relationships between laser power density (50-500 mW/cm?) and
magnitude of optical property modifications, (3) identify material-specific responses and wavelength-dependent
trends, (4) develop predictive models for laser-induced optical property changes applicable to semiconductor
device design, and (5) provide practical recommendations for optimizing laser processing parameters in
industrial applications. Our primary hypothesis is that laser light scattering intensity demonstrates non-linear
positive correlation with modifications to semiconductor optical properties, with stronger effects observed at
shorter wavelengths and higher power densities. Secondary hypotheses posit that: (H2) different semiconductor
materials exhibit distinct optical property modification patterns due to variations in crystal structure, bandgap
energy, and absorption coefficient; (H3) refractive index changes follow non-monotonic patterns with increasing
laser power due to competing thermal expansion and electronic excitation effects; and (H4) bandgap energy
narrowing demonstrates exponential rather than linear relationship with cumulative laser exposure. These
hypotheses are grounded in theoretical considerations of photon-matter interactions, phonon-assisted transitions,
and defect generation mechanisms, while acknowledging that empirical validation through carefully controlled
experiments is essential for advancing understanding. The research integrates theoretical frameworks with
experimental rigor to advance both fundamental knowledge and practical applications in semiconductor

technology.
2. SURVEY OF RELATED LITERATURE

Laser-induced modifications to semiconductor optical properties have received increasing research attention
over the past two decades, driven by applications in photonics, microelectronics, and materials engineering.
Early foundational work by Yablonovitch (1987) and subsequent researchers established that photon energy
absorbed by semiconductors can induce permanent structural and optical modifications through mechanisms
including photothermal effects, photochemical reactions, and electronic excitations. The field has evolved
through several distinct research phases: initial theoretical modeling of light-matter interactions, followed by
experimental characterization of individual optical properties under laser exposure, and more recently integrated
investigations examining multiple properties simultaneously under controlled conditions. Studies examining
laser effects on refractive index have demonstrated significant modifications depending on material composition
and laser parameters. Liu et al. (2018) used ellipsometry to measure refractive index changes in silicon under
UV laser exposure (248 nm), observing index modifications ranging from -0.05 to +0.15 depending on power
density and crystallographic orientation. Their work employed sophisticated surface characterization techniques
but was limited to a single material and wavelength. Similar investigations by Patel and Sharma (2019) on GaAs
revealed nonlinear refractive index behavior under 532 nm laser irradiation, with maximum index changes of
approximately 0.12 occurring at intermediate power densities. These findings suggested that multiple competing

mechanisms affect optical properties, with thermal effects dominating at high power densities and electronic
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excitations dominant at low power densities. Research on absorption coefficient modifications has been less
comprehensive, with most studies relying on transmission measurements that conflate absorption with scattering
effects. Comprehensive reviews by Chen and Wu (2021) synthesized existing knowledge on bandgap
modification mechanisms, identifying phonon-assisted transitions, defect-induced localized states, and structural
phase transitions as primary contributors to bandgap narrowing under laser exposure. Average reported bandgap
narrowing values ranged from 0.08 eV to 0.35 eV depending on material and laser conditions, though significant
variability among studies suggested incomplete parameter control or measurement methodology differences.
Investigation of laser light scattering as a distinct phenomenon remains limited in the semiconductor literature.
Most studies treat scattering as part of general optical loss without isolating its contribution to property
modifications. Theoretical work by Thompson and colleagues (2020) developed models for scattering-induced
refractive index changes based on surface roughness modifications, predicting index changes of 2-8% for
surface roughness increases of 10-50 nm. However, empirical validation of these scattering models has been
limited. The research landscape shows clear progression toward more comprehensive experimental
investigations, but significant gaps remain regarding systematic characterization of multiple laser parameters
and their effects on different semiconductor materials simultaneously. Most existing studies employ limited
wavelength ranges, restricted power density intervals, or single semiconductor materials, limiting
generalizability and comparative analysis. Current literature would benefit from integrated experimental
platforms enabling simultaneous measurement of multiple optical properties across extended parameter ranges,
combined with rigorous statistical analysis and development of predictive models. This research addresses

identified gaps through comprehensive experimental design and systematic data analysis.
3. METHODOLOGY

This empirical investigation employed a controlled experimental design with systematic variation of laser
parameters and comprehensive measurement of semiconductor optical properties. Research was conducted at
the Advanced Materials Research Laboratory using specialized equipment for laser exposure and optical
characterization. The experimental framework integrated laser irradiation systems with precision optical
measurement instruments to enable real-time and post-exposure characterization of property modifications.
Semiconductor samples were carefully selected and prepared to ensure consistency and comparability across
experimental runs. Silicon (100) wafers with resistivity 1-10 Q-cm, GaAs (100) wafers with zinc doping of 10"’
cm3, and InP (100) wafers with iron doping of 10'* cm™ were obtained from commercial suppliers with
certified specifications. All samples were cleaned using standard RCA procedures involving alkaline peroxide
treatment followed by hydrochloric acid treatment and deionized water rinses to remove organic and metallic
contaminants. Cleaned samples were stored in nitrogen atmosphere to prevent oxidation prior to laser exposure.
Laser exposure employed three discrete-wavelength diode laser systems: 405 nm (violet, 300 mW maximum),
532 nm (green, 500 mW maximum), and 650 nm (red, 400 mW maximum), each with independent power
control and intensity measurement. Laser beam delivery utilized fiber-optic coupling with collimating optics
producing spot sizes of approximately 2 mm diameter on sample surfaces. Power density at sample surfaces
ranged from 50 mW/cm? to 500 mW/cm? in fifty-unit increments, controlled through computer-interfaced power

supplies with feedback regulation maintaining stability within £2% throughout exposure periods. Exposure

4|Page
2026/1JORAR/01/2016



N

International Journal of Original Recent Advanced Research
ISSN (Online): 3048-5479
Vol. 03, Issue 04, May 2026

duration was standardized at 300 seconds for all conditions, representing total integrated laser energy that

facilitates meaningful comparison across wavelength and power density combinations.

Optical property measurements employed complementary techniques to ensure data quality and cross-
validation. Refractive index and extinction coefficient were measured using a spectroscopic ellipsometer (J.A.
Woollam M-2000D) operating across wavelength range 245-1000 nm with angular measurement resolution
+0.01°, enabling determination of complex refractive index with accuracy +0.005. Multiple spot measurements
at three distinct locations on each sample were averaged to account for spatial heterogeneity. Absorption
coefficient was determined from transmission and reflection measurements using ultraviolet-visible-near-
infrared spectrophotometry (Perkin-Elmer Lambda 950) equipped with integrating sphere for total transmittance
measurement, incorporating both direct transmission and scattering loss. Bandgap energy was calculated from
absorption spectra using Tauc plot methodology, fitting data in the absorption edge region using equation (ahv)?
= A(hv - Eg), where a is absorption coefficient, h is Planck's constant, v is photon frequency, A is material
constant, and Eg is bandgap energy. Transmittance measurements incorporated wavelength range 300-1100 nm
at 1 nm resolution. All measurements were performed within 2 hours of laser exposure to minimize thermal
recovery effects. Reference measurements on unexposed control samples from identical material batches were
conducted daily to establish baseline values and identify instrumental drift. Surface morphology assessment
through atomic force microscopy (AFM) at five micron x five micron scan areas provided roughness parameters

and structural information to support interpretation of optical property modifications.

Data analysis employed rigorous statistical methods to quantify relationships between laser parameters and
optical property changes. Optical property modifications were calculated as percentage change relative to
control samples: % Change = [(Exposed - Unexposed) / Unexposed] x 100, where exposed and unexposed refer
to measured values for irradiated and control samples respectively. Linear and non-linear regression models
were developed relating laser parameters (wavelength A, power density P, material type M) to optical property
changes, employing ordinary least squares optimization with weighted least squares procedures for
heteroscedastic data. Goodness-of-fit was assessed through coefficient of determination (R?), adjusted R?, and
root mean square error (RMSE). Correlation coefficients and corresponding p-values were calculated to
establish statistical significance of observed relationships. Analysis of variance (ANOVA) tests evaluated
whether mean optical property changes differed significantly across material types, wavelengths, and power
density ranges (a0 = 0.05 significance level). Post-hoc pairwise comparisons employed Tukey's honestly
significant difference (HSD) test to identify specific treatment combinations producing significantly different
outcomes. Material-specific response patterns were examined through principal component analysis (PCA) to
identify dominant sources of variance in optical property modifications. Polynomial regression models of form
Optical Property Change = fo + BiP + B2P? + BsA + Pad? + BsPM + ¢ were fitted to investigate non-linear
relationships. Measurements from multiple sample replicates (n=3 per treatment combination, totaling 135
separate samples) enabled calculation of standard deviations and standard errors. All statistical analyses were
performed using R 4.1.2 statistical software with significance level o = 0.05 for hypothesis testing. Systematic
uncertainty analysis characterized measurement precision and established confidence intervals around reported

values.
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4. DATA COLLECTION AND ANALYSIS WITH TABULAR RESULTS

Comprehensive optical property measurements were systematically collected across three semiconductor
materials, three laser wavelengths, and nine power density levels. The data collection protocol involved
measurement of refractive index, absorption coefficient, bandgap energy, and transmittance for both unexposed
control samples and laser-exposed samples. Table 1 presents refractive index measurements across material
types and laser wavelengths at moderate power density (250 mW/cm?), demonstrating material-specific

responses to laser exposure.

Table 1: Laser-Induced Refractive Index Modifications of Silicon, GaAs, and InP at Different Laser
Wavelengths (250 mW/cm?)

Material Type | 405 nm 532 nm 650 nm

Silicon (Si) -0.042 (-3.51%) | -0.018 (-0.94%) | -0.012 (-0.63%)
GaAs +0.089 (+4.1%) | +0.067 (+3.1%) | +0.042 (+1.9%)
InP +0.056 (+2.7%) | +0.041 (+2.0%) | +0.028 (+1.4%)

Table 1 demonstrates significant refractive index modifications following laser exposure. Silicon exhibited
refractive index decrease of 0.042 units at 405 nm (3.51% reduction), while 532 nm and 650 nm laser exposure
produced smaller modifications of 0.018 and 0.012 units respectively. GaAs demonstrated more pronounced
refractive index increases (0.067-0.089 units or 3.2-4.1% increase) particularly at shorter wavelengths,
suggesting distinct material-specific response mechanisms. InP samples showed intermediate refractive index
modifications with wavelength-dependent trends. The trend of stronger refractive index changes at 405 nm
compared to longer wavelengths is consistent with greater photon energy and more efficient electronic
excitation mechanisms at shorter wavelengths. These results support the hypothesis that refractive index
modifications correlate with laser wavelength and material composition. Table 2 presents absorption coefficient

data demonstrating laser power density dependence across the three materials.

Table 2: Variation in Absorption Coefficient of Semiconductor Materials at Different Laser Power

Densities
Material Type | 50 mW/ecm? | 250 mW/cm? | 500 mW/cm?
Silicon (Si) +2.8% +11.2% +22.4%
GaAs +3.1% +18.7% +38.6%
InP +2.5% +15.4% +31.2%

Table 2 reveals exponential rather than linear relationships between laser power density and absorption
coefficient modifications. Silicon absorption coefficient increased from 2.8% increase at 50 mW/cm? to 22.4%

increase at 500 mW/cm?, representing approximately 8-fold increase across the power density range. GaAs
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demonstrated even more dramatic absorption coefficient increases, with 38.6% increase at highest power density
compared to 3.1% at lowest density. InP samples exhibited intermediate absorption coefficient modifications
with 31.2% increase at 500 mW/cm?. The exponential power density dependence indicates that absorption
coefficient changes accumulate non-additively with increasing laser intensity, suggesting involvement of
multiphoton processes or laser-induced defect creation mechanisms. These observations establish that moderate
increases in laser power density produce disproportionately large absorption coefficient modifications,

particularly important for device applications requiring controlled absorption characteristics.

Table 3: Bandgap Energy Changes in Silicon, GaAs, and InP Following Laser Exposure at Different

Wavelengths
Material Type | 405 nm (eV) | 532 nm (eV) | 650 nm (eV)
Silicon (Si) -0.31 (-4.2%) | -0.23 (-3.1%) | -0.18 (-2.4%)
GaAs -0.28 (-4.0%) | -0.21 (-3.0%) | -0.15 (-2.2%)
InP -0.26 (-3.8%) | -0.19 (-2.8%) | -0.12 (-1.8%)

Table 3 presents bandgap energy modifications demonstrating consistent narrowing across all material types and
laser wavelengths. Silicon bandgap narrowed by 0.18-0.31 eV (2.4-4.2% reduction from control value of 7.4 eV
at room temperature in direct bandgap consideration), with maximum narrowing observed at 405 nm laser
wavelength and 500 mW/cm? power density. GaAs bandgap energy exhibited narrowing of 0.15-0.28 eV (2.2-
4.0% reduction from 1.42 eV control), while InP demonstrated 0.12-0.26 eV narrowing (1.8-3.8% reduction
from 1.35 eV control). The consistent bandgap narrowing across all conditions indicates fundamental
mechanism operating across different materials and laser parameters. Bandgap narrowing magnitude correlates
strongly with laser photon energy and accumulated laser exposure, suggesting that electronic excitations and
defect-induced modifications persist as permanent material modifications. The trend of larger bandgap
narrowing at shorter wavelengths aligns with direct band-to-band excitations characteristic of higher-energy

photons.

Table 4: Transmittance Reduction of Semiconductor Materials under Different Laser Wavelengths (250

mW/cm?)
Material Type | 405 nm | 532 nm | 650 nm
Silicon (Si) -14.7% | -10.2% | -8.3%
GaAs -19.4% | -15.7% | -12.1%
InP -17.2% | -13.5% | -9.8%

Table 4 presents transmittance measurements across the three materials and laser wavelengths at 250 mW/cm?
power density, incorporating contributions from both absorption and scattering effects. Silicon transmittance
decreased by 8.3-14.7% depending on laser wavelength, with maximum decrease at 405 nm consistent with
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strong absorption of violet photons. GaAs transmittance exhibited larger decreases of 12.1-19.4%, reflecting
higher optical absorption in this material. InP transmittance changes ranged from 9.8% to 17.2%, intermediate
between silicon and GaAs. The wavelength-dependent transmittance changes demonstrate that shorter-
wavelength laser exposure produces more pronounced optical modifications, partly through enhanced
absorption but also through increased scattering contributions. Transmittance reductions correlate with
absorption coefficient increases shown in Table 2, confirming consistency of optical property measurements

across different characterization techniques.

Table 5: Power Density Dependence of Refractive Index Changes in Semiconductor Materials at 532 nm

Laser Wavelength
Material Type 50 mW/ecm? | 150 mW/cm? | 250 mW/cm? | 500 mW/cm?
Si Refractive Index -0.008 -0.022 -0.033 -0.042
GaAs Refractive Index | +0.019 +0.048 +0.067 +0.089
InP Refractive Index +0.012 +0.032 +0.051 +0.068

Table 5 presents detailed power density dependence of refractive index modifications for 532 nm laser
wavelength, selected as intermediate wavelength representative of typical laser processing conditions. Silicon
refractive index decreased from -0.008 units (—0.4%) at 50 mW/cm? to -0.042 units (—2.1%) at 500 mW/cm?.
GaAs refractive index increased from 0.019 units (0.9%) at lowest power density to 0.089 units (4.2%) at
highest power density. InP showed intermediate behavior with refractive index increase from 0.012 units (0.6%)
to 0.068 units (3.2%). Power density dependence shows exponential or polynomial form consistent with
nonlinear optical response mechanisms. The divergent trends between materials (Si showing refractive index
decrease while GaAs/InP show increase) suggest material-specific mechanisms including possible differences in
surface oxidation, defect generation, and carrier concentration changes. These detailed power density
relationships provide quantitative basis for predictive models of laser-induced optical property modifications.
Collectively, the tabular data demonstrate systematic trends in optical property modifications that correlate with
laser parameters (wavelength, power density) and material composition, providing empirical foundation for

mechanistic understanding and practical device optimization.
5. DISCUSSION

The experimental results reveal systematic relationships between laser light scattering intensity and
semiconductor optical property modifications, with strong dependencies on laser wavelength, power density,
and material composition. Observed refractive index changes of +2-4% represent substantial optical
modifications comparable in magnitude to deliberate doping modifications or thermal annealing treatments
commonly used in semiconductor processing. The divergent responses between materials suggest material-
specific mechanisms rather than universal single physical process. Silicon exhibits refractive index decrease
while GaAs and InP show increases, indicating that material electronic structure and crystal properties

fundamentally determine laser response characteristics. This observation contrasts with some previous single-
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material studies that reported predominantly monotonic responses, suggesting those conclusions should not be
generalized across semiconductor material classes. Absorption coefficient increases represent most dramatic
optical property modifications, reaching 38.6% increase in GaAs at highest power density. These results
demonstrate that laser light scattering contributes substantially to optical absorption increases, not merely as
secondary phenomenon but as primary mechanism modifying semiconductor light absorption characteristics.
The exponential power density dependence suggests cumulative mechanisms where laser-induced defects and
structural modifications created at lower power densities persist and provide nucleation sites for additional
modifications at higher intensities. This positive feedback mechanism may explain why absorption coefficient
increases far exceed linear expectations from simple intensity scaling. Bandgap energy narrowing of 0.12-0.31
eV represents significant electronic structure modification, approximately 1-4% reduction in absolute bandgap
values. These values align well with theoretical predictions for laser-induced defect states and band-tail
localization but exceed expectations for purely thermal effects at 300 K ambient conditions. The consistent
bandgap narrowing across all conditions despite divergent refractive index trends suggests bandgap
modification represents separate mechanism from refractive index changes, potentially reflecting formation of
defect levels within bandgap that reduce effective bandgap width. Transmittance decreases of 8-19% reflect
combination of absorption and scattering losses, with relative contributions difficult to separate through
transmission measurement alone. The spectroscopic ellipsometry data on complex refractive index provides

extinction coefficient information that better isolates absorption effects from pure scattering contributions.

Comparison with previous literature reveals both confirmatory findings and significant new insights advancing
beyond existing knowledge. Our bandgap narrowing results of 0.15-0.28 eV in GaAs closely align with Kumar
et al. (2020) observations of 0.20 eV under continuous-wave 532 nm laser exposure, providing independent
confirmation of their findings while extending investigation to three materials and multiple wavelengths
simultaneously. Our silicon results showing 0.18-0.31 eV bandgap narrowing significantly exceed previously
reported values by Liu et al. (2018) who observed bandgap narrowing up to 0.12 eV under UV laser exposure,
suggesting that visible-wavelength continuous exposure may produce more dramatic electronic structure
modifications than previously appreciated. The refractive index modifications of £2-4% closely match Liu's
reported +2.5% range but occur at longer wavelengths (405-650 nm vs. 248 nm), indicating that bandgap-
resonant excitations at shorter wavelengths are not prerequisites for significant refractive index modifications.
Our absorption coefficient data showing 38.6% increases represents substantial advancement beyond previous
studies that typically reported absorption coefficient changes of 10-20%. This increased magnitude may reflect
our extended power density range (50-500 mW/cm? vs. 100-300 mW/cm? in prior work) and our explicit focus
on scattering contributions to apparent absorption. The exponential power density dependence we observe
contrasts with linear relationships assumed in some prior work, suggesting previous investigators' more limited
power density ranges may have sampled only linear portion of underlying nonlinear response curve. Our
material-specific response patterns revealing divergent refractive index trends (Si decrease vs. GaAs/InP
increase) were not explicitly documented in prior literature, likely because most studies examined single
materials. This finding suggests important materials science insight that laser-induced optical property
modifications are not universal phenomena but depend critically on material electronic band structure and defect

physics. Our data enables preliminary mechanistic interpretation. Refractive index modifications likely result
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from laser-induced changes in carrier concentration and defect-related contributions to refractive index. Silicon
showing refractive index decrease may reflect enhanced free-carrier absorption creating effective negative
refractive index contribution, while GaAs/InP showing increases may reflect exciton-related optical
modifications or defect level creation affecting electronic structure. Absorption coefficient increases reflect both
direct absorption enhancements from defect-created localized states and scattering loss increases from surface
roughness modifications documented through AFM measurements. Bandgap narrowing consistently across
materials indicates formation of defect levels within bandgap or band-tailing effects creating states that
effectively reduce optical bandgap width. The observation that shorter wavelengths (405 nm) produce larger
modifications than longer wavelengths (650 nm) aligns with photon energy dependence expected for direct
band-to-band transitions and confirms that higher-energy photons initiate more dramatic electronic excitations.
The data support theoretical models of laser-semiconductor interactions while revealing complexity exceeding

simple single-mechanism descriptions.

Critical analysis of measurement uncertainties and potential confounding factors strengthens confidence in
reported results. Ellipsometry measurements carrying +0.005 refractive index uncertainty represent
approximately +£0.2-0.3% relative uncertainty in absolute refractive index values but do not substantially affect
percentage change calculations where uncertainties largely cancel between exposed and control samples.
Spectrophotometry measurements with +2% absolute transmittance uncertainty translate to approximately +2-
3% uncertainty in calculated absorption coefficient values. Bandgap energy determination from Tauc plot
analysis carries approximately +0.02 eV uncertainty based on spectral resolution and fitting procedures. These
uncertainties are substantially smaller than observed modifications (£0.008 to £0.089 units in refractive index,
3-399% absorption coefficient changes, 0.12-0.31 eV bandgap narrowing), indicating that reported modifications
represent statistically significant physical phenomena rather than measurement artifacts. Potential confounding
factors including ambient temperature fluctuations, sample storage conditions, and time delays between laser
exposure and measurement were actively controlled through constant-temperature laboratory environment
(x2°C), nitrogen atmosphere sample storage preventing oxidation, and standardized measurement timing within
2 hours of laser exposure. The consistency of control sample measurements across experimental period
confirmed stability of measurement instruments and protocols. Material heterogeneity potentially affecting
optical property measurements was addressed through multiple spot measurements at different sample locations
and selection of commercially supplied wafers with certified homogeneity specifications. Surface contamination
effects were minimized through rigorous cleaning procedures and preliminary testing confirming that control
samples maintained optical properties over multi-day periods matching measurement intervals. These rigorous
experimental controls substantially strengthen confidence that reported optical property modifications result

from laser-induced materials changes rather than experimental artifacts or confounding variables.
6. CONCLUSION

This empirical investigation systematically quantifies effects of laser light scattering on semiconductor optical
properties through controlled experimentation across multiple materials, wavelengths, and power densities.
Primary findings establish that laser light scattering produces substantial optical property modifications

including refractive index changes of £2-4%, absorption coefficient increases of 3-39%, and bandgap energy

10| Page
2026/1JORAR/01/2016



International Journal of Original Recent Advanced Research
ISSN (Online): 3048-5479
Vol. 03, Issue 04, May 2026

4

narrowing of 0.12-0.31 eV. Modifications demonstrate nonlinear dependencies on laser power density and
wavelength, with stronger effects at shorter wavelengths (405 nm) compared to longer wavelengths (650 nm).
Material-specific response patterns reveal that silicon, GaAs, and InP semiconductors exhibit distinct optical
property modification characteristics, indicating that laser effects depend fundamentally on material electronic
band structure. Experimental data support primary hypothesis that laser light scattering produces significant
optical property modifications, while revealing complexity requiring material-specific consideration in device
design and laser processing optimization. The research provides quantitative foundation for predicting laser-
induced optical property changes applicable to photonic device fabrication, laser material processing, and
optical sensor development. Practical outcomes include identification of laser parameter ranges optimizing
desired optical property modifications for specific applications and recognition that material selection critically
determines laser processing effectiveness. Future investigations should extend this research to examine recovery
kinetics of laser-induced modifications, investigate intermediate wavelengths with finer spectral resolution,
explore effects of laser pulse duration versus continuous exposure, and develop detailed mechanistic models
explaining material-specific response differences. Industrial applications including laser annealing, selective
doping, and optical waveguide fabrication will benefit from quantitative optimization guidelines provided by
this research. The systematic experimental framework and rigorous statistical analysis methodology established
in this work provide template for advanced investigations of photon-matter interactions in semiconductor

systems.
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