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Examination of anisotropic stress state evaluation in I11-V compound semiconductors
by oil-immersion Raman spectroscopy
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Anisotropic stress states at the surfaces of GaN samples were studied.
Strain-shift coefficients which are important to accomplish this study were introduced by using a tool
for strain introduction as well as methodology with Raman sBeCtroscopg and X-ray diffraction. The
information at the surface of the GaN sample was extracted by the combination of oil-immersion Raman and
surface-enhanced Raman. The Raman polarization selection rules not only for c-plane but also for a-, m-,
and s-plane GaN were experimentally and numerically examined. An anomalous behavior of the E1TO peak
excited by oil-immersion Raman was observed, which was attributed to the phonon mixing effect. The
anisotropic stress state in the GaN can be evaluated using this phonon mixing effect. The results
described above include important insights regarding the stress evaluation in GaN, which can contribute
to the technology of measurement and crystal growth for GaN related materials.
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Table 1 GaN samples prepared in this study.
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Fig. 1 Research schedule suggested in the
application submitted.

No Name Surface orientation  Doping level Stress Off-angle

1 GaNonSi c-plane: (0001) <1E+15 Tensile Just

2 GaN on Al,0,4 c-plane: (0001) <1E+15 Compressive  0.15° to a-plane
3 GaN onAl,04 c-plane: (0001) <1E+16 Compressive

4 GaN on Al,0, c-plane: (0001) <5E+18 Compressive

5 Bulk GaN a-plane: (2-1-10) 2-3E+17 Stress-free  0.2° to m-plane
6 Bulk GaN m-plane: (11-20) 1.3E+17 Stress-free  2.95° to a-plane
7 Bulk GaN s-plane: (20-21) 6.7E+17 Stress-free  4.77° to c-plane

Fig. 2 Cross-sectional TEM image for sample
Nol.
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Fig. 3 (a) Schematic of the tool for stress
introduction, (b) Raman spectra of GaN during
stress introduction, and (c) Raman wavenumber
shift in GaN as a function of stress.
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Fig. 4 (a) Raman spectra and (b) XRD profiles
for GaN on Si and Al,O; substrates.

Table 2 Summary of PDPs values obtained in this
study and from literatures.

Stress introduction Raman/XRD

Parameter Literature

GaN/Si GaN/Si  GaN/AL,O,
Ohiaxial [MPa] 468 -831
Awgynigy [em ] 038 -13 +2.5
2 coefficient [cm-%/GPa] —-4.38 -2.78 -1.67

bh coefficient [cmY/GPa]
°b coefficient [cm-*/GPa]
db coefficient [cm-1/GPa]

-3.43
—4.2
—2.9
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Fig. 5 (a) CL spectra of GaN on Si and Al,O;
substrates and (b) Acceleration voltage
dependence on the CL peak position of GaN.

Table 3 Parameters obtained by CL.

Sample A[nm] E[eV] AE[meV] Gpiwia [MPa]
GaN/Si (Nol) 365.29 3.39 —5.47 203
GaN/AlLL,O; (No2) 362.36 3.42 21.98 -814
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Fig. 6 Raman spectra in SERS and conventional
conditions.

Table 4 Parameters obtained in SERS and
conventional Raman.

Conventional

Parameter SERS Raman
Raman shift [cm1] 564.9 565.6
FWHM [cm-1] 28 3.2
Intensity ratioof GaN to Si ~ 0.11 0.6
Enhancement factor ~61
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Fig. 7 Coordinates for (a) c-, (b) a-, (c) m-, and
(d) s-plane GaN samples.
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Table 5 Calculated Raman polarization selection
rules for (@) c-, (b) a-, (c) m-, and (d) s-plane
GaN, respectively.
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Fig. 8 Raman spectra of GaN on (a) Si and (b)
Al,O3 substrates in dry and oil-immersion
conditions.
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Table 6 Raman peak positions of Ehigh and
E,TO modes for GaN on Si and Al,O5 substrates
in dry and oil-immersion conditions.

Measurement condition Phonon mode GaN/Si  GaN/Al,O,4

@ Ey(high) [cm™*]  565.3 569.1
Dry

Aw Ey(high) [cm™]  -1.3 +2.5

 E,(high) [cm™]  565.3 569.1

. . Aw Ey(high) [cm™]  -1.3 +2.5
Oil-immersion

®E,(TO) [emY]  553.8 558.0

AwE((TO) [cm™] -4.2 +0.0
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