553 %5 10 ] if B O % W

=0 Vol. 53, No. 10
2025 % 10 H

JOURNAL OF THE CHINESE CERAMIC SOCIETY October, 2025

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20250294

Fehi B E TR T2 I A SR AL

ARE ok, #EEL ZEFY A B KER Y, AEE wER 220, 2%

(1. PEBFMERE SR, 63 100024; 2. BN T REM B SR F205, 3 430070;
3. KDL TR =ML 5 TR, iU 430070)

B OE AR O TR AR AR, AR ARES K A I e 2R R E . Sl A SR L
IRIALEE, R L2 I R AL LRI 5 M G503k, FRAE B B 70 it (PCAYEAT s 70 S5 RAEH], SMLRiAF il
LB RIMGA—; BRI R, S5 —hagen, £ 80088 Mol 2 Bt L B 5 PR, AU FRAn b
ZEPR/N, Frn D2 IR AR AR B K o (RN R PCA SEHEAT Bidia P 2 vl AL, b T rhre K e 0 58 AR A 70 A 45 2R
FERAN LT RET, D2 WAL 5] S B BIR A AR EER R . A TR 72 T XA 7370 A 5 300

SR 23 6 S B L, A SRICHERR I B A AT (5 B A R RE R A T 4K

KR AT, Wt F2EU; ERO0 &0
RESES: TQI71  MERE: A
4% B AR AT (8] 2025-09-12

O DA Al R AR SR A R AL
BVRIERE, IR RS Rl 2 % R A
MLAERSAE, BRI S R S R
MR R R R . M AR e . AR
IR, AR AR, E R EDE AR
PR R R ST, A s e AR 1)
WSHH RN, Oy LT3 A A 1) s 1
SEREAPRIS P, RIS, BB TR
SN i B B B R R R AR, SRAFREE R ST 2
T EHOR R, B A S B 1 3 11 465 44 o T
PEH T IR EIRER .

Hehlen!"F i S MR H) 1 3 Fhas g 34 —
SRR TR TR 5 (A X 2 B R, R BLAE A i
APLHBT, 5505 BE SR IR R AR E AN 1,
T 20% B A, R I L A 43 A 6 B AR D>
T#15.7° Jurca S VR L 8 iR FObRUE R LT
VRTG53 N NaO—CaO-MgO—SiO, fek: iz £h 3% ¥ 7F H:
PPN R (T UL ) 80 CHE M h 4
1T o G5 SRR I 80 2 B A 0L I PRI 5 5
T Q + Q'-2Q° KK Q HABitk; Zhang E

WA E I 2025-04-15. BT H#: 2025-05-30.
FEEWH: M8 A SLREWTIE (ZT-20) .
P FREQR0I—), T, WLHrRdg.
BEEHE: P TH(1984—), L, EmRmE TR,

XEHS: 0454-5648(2025)10-2830-11

CO, WoEHl s T 2 iy 1 IR AR R & 1 45
P it = 4EREAY, BRI T AR R A A R S Al A e
CO, B rER, I BRI S 2 i 5 Y
BEAT T IRAIE; Jannotti 25U WA T — b FH 4 20k i
RAE B4C-SiC-Si F&EE A M B bR R AL /)
2R B A T35, SRR AR L B4 S0 75 A R
ANFE S RN AR R, b 20618 b L
2 (8] R SR S5 84 I IR B g 53 o R I
W R G IR R T B2 G AR AR RAE
MFFAR S, EIA TAEVIFEAE 3 J5 T = R A%
Hehlen!" " EEAY T B0 (075 5 10 B A REAS , (ELR 5 e
B T2 T S HIBEAR B 112 Jurca 1% 42
T Ty WX IERAT N, MM T2 a4
B B A o A R 2 B R X P 45 A A ML AT 5
Jannotti 25 LR 77 RALKE B BIATORSL, (EXEL
BRI AR RE I 200 . JE T, AT
YRR A DEBE 34 T 20X — ek s, il #h & b
BETE A HT SHLAS S SIS, S T AR G T R R
1l o 1X o 22 5 V2K FH SR R 7 i s A A5 A A4k
HLEIFRAE T B A 7 .

Received date: 2025—04—15. Revised date: 2025—05-30.

First author: ZHOU Lisheng (2001-), male, Master candidate.
E-mail: 18656220740@163.com

Correspondent author: SUN Yuancheng (1984-), male, Ph.D., Professor.

E-mail: sunych@foxmail.com



5355 10

JAMAE S BT SOEE BUR 2 10 A B L

e 2831 -

I T2 A SRR i i T 200 T2
T, EORILTERE—BUME. Y BR BB 1 Ok D
R, HEBEEw et Re . HURE IR E
P, CHAEE WG PRARESIR A A AR
BARWER . AR x] LT G A S g3k
[ S5 R IEEAR AL, R 7 = GRS 3R fa B 25 1)
AT RAE,  FFA1E I HAE 3 %23 73 #T (principal
components analysis, PCA)S 2 X} F i 347 5 4 4k
BRIGUE 1 & H A3 40 T 20 B o] DLBA B o e 3
TS5 K AL 35 2] 53 A

1 55

1.1 W&
A1 JEBEIERE SO RS R 5, ARG LA

AT H I SRR R AT TR BE A 0 TE K A B
fig, YILHTRE S A 8 A2 K 7 TR HUR S 9 200 mm %
200 mm x 200 mm P IE 5. 35S M UTEL P ) £
FERUE, EA RIS, 1E 1800 CLRIR 2 h, F
JEAE R R R 2 B 4L AT 1 B EEAT D)
) B2 R <A 200 mm x 200 mm x 5 mm 3%
WFES, A EJEE 1 AU BT, ERAL
& 20 mm HU AT R 2 5 R

1.2 Wik AERIEE
1.2.1 f2Wik777% KA inVia Reflex FE£E R

P2, S0 R BRI S B R s 2
ek, WOt 532nm, WOETIE 300mW, HEGHET
)5 s, BAMLEM 3 KECEFE, R
(e, A = S E a1 BT .

Confocal hole

0

| \ Optical grating

Filtering film U
ND filter wheel

Microscope

Sample

CCD is charge-coupled device.

S Covera |

Slit

Local oscillator/Band-stop filter

Charge-coupled device

CREETL=Din v sE A
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Fig. 2 Examples of Raman spectra with peak fitting using the
Gaussian function
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Table 1 Descriptive statistics of each indicator before normalization

F1 HAASMERERES T

Index Count Mean Std Min 25% percentile Median 75% percentile Max
DO_center 60.00 328.75 3.89 323.59 326.43 327.67 329.02 341.05
R_center 60.00 439.30 0.60 438.48 439.02 439.21 439.45 442.18
D1_center 60.00 490.10 0.18 489.78 489.93 490.15 490.23 490.62
D2_center 60.00 605.50 1.87 604.58 604.92 605.13 605.33 616.43
SS_center 60.00 802.19 0.47 800.37 802.02 802.29 802.51 802.86

DO0_FWHM 60.00 291.04 5.62 264.80 289.60 292.44 294.41 298.52
R FWHM 60.00 119.58 1.67 114.26 119.22 119.78 120.56 123.65
DI_FWHM 60.00 28.60 0.35 27.88 28.31 28.66 28.89 29.28
D2_FWHM 60.00 47.30 11.73 42.77 43.85 44.55 46.70 115.58
SS_FWHM 60.00 76.44 3.73 73.33 75.01 75.51 76.22 94.62
TO_center 60.00 1053.68 2.96 1041.62 1053.33 1054.79 1055.22 1056.48
TO_FWHM 60.00 76.10 6.90 66.74 71.66 73.94 78.19 98.28
LO_centei 60.00 1186.33 2.30 1176.05 1186.25 1187.07 1187.55 1188.40
LO FWHM 60.00 114.13 15.43 100.28 105.28 108.51 116.06 178.79
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Table 2 Descriptive statistics of each indicator after normalization

Index Count Mean Std Min 25% percentile Median 75% percentile Max
DO_center 60.00 329.48 3.17 325.93 327.33 328.63 330.13 339.70
R_center 60.00 439.06 0.24 438.60 438.88 439.04 439.16 439.97
D1_center 60.00 489.99 0.09 489.75 489.93 489.99 490.05 490.19
D2_center 60.00 605.13 0.39 604.66 604.91 604.98 605.19 606.87
SS_center 60.00 802.09 0.29 800.78 802.07 802.15 802.25 802.44
DO_FWHM 60.00 295.26 1.36 291.86 294.68 295.30 295.96 299.05
R_FWHM 60.00 118.72 1.41 114.10 118.54 119.06 119.72 120.56
DI_FWHM 60.00 28.77 0.22 28.25 28.64 28.76 28.90 29.20
D2_FWHM 60.00 44.38 0.82 43.45 43.92 44.20 4451 48.28
SS_FWHM 60.00 76.24 1.48 74.75 75.31 75.81 76.42 82.65
TO_center 60.00 1054.00 1.65 1048.58 1053.72 1054.58 1055.10 1055.59
TO_FWHM 60.00 75.60 4.78 69.78 72.13 74.14 77.05 88.89
LO_center 60.00 1186.50 1.15 1182.59 1186.11 1186.88 1187.24 1187.94
LO_FWHM 60.00 110.06 8.03 100.14 104.73 107.50 111.56 136.30
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Extended Abstract

Introduction Quartz glass is a type of inorganic amorphous material prepared by ultra-clean high-temperature melting process with
high-purity natural quartz or synthetic silicon compounds as raw materials, having an outstanding physical and chemical property.
This material possesses superior optical performance, extreme thermal stability, ultra-low thermal conductivity, and superior dielectric
properties. In the development of optoelectronic technology industry in China, quartz glass with its unique synergy of physical and
chemical parameters becomes a strategic basic material in the field of optoelectronic devices. The feature size of devices is in a
hundred-micron scale based on the iterative evolution of microelectromechanical systems and wafer-level packaging technologies,
further demanding a deeper analysis of the surface structure of quartz glass.

Methods The glass was firstly prepared in a deposition furnace, and then heated in a high-temperature homogenization furnace at
1800 °C for 2 h. Afterwards, the glass was cooled to room temperature and discharged. The glass before and after homogenization
was cut and polished to obtain glass samples with the sizes of 200 mmx*200 mmx5 mm. Starting from the first point position in the
upper left corner, some points were taken at intervals of 20 mm in all the directions (i.e., up, down, left, and right) for the analysis of
Raman spectroscopy. In addition, the PCA algorithm was utilized for data dimensionality reduction and visualization, and the results
of the changes in peak center and half-peak width were also analyzed.

Results and discussion Before homogenization, the standard deviations of LO_ FWHM and D2_FWHM are 15.43 cm ' and  11.73
em respectively, which are relatively larger than those of other indicators. The fluctuation range of the two sets of data is also larger,
with the mean values of 114.13 cm™' and 47.30 cm™, respectively. The standard deviation of D1_center is only 0.18 cm™, indicating
that the data for this indicator are concentrated, with small differences between each data point. The difference between the maximum
and minimum values is also similar. For instance, the maximum value of LO_ FWHM is 178.79 cm ™! and the minimum value is
100.28 cm™; the maximum value of D2 FWHM is 115.58 cm™ and the minimum value is 42.77 cm™". This further indicates that the
dispersion before homogenization of the two sets of data is large.

After homogenization, the standard deviation of D2_center is 0.39 cm™, which is decreased by 79%, compared to that before
homogenization. The standard deviation of D2 FWHM is 0.82 cm™, which is decreased by 93%, compared to that before
homogenization. The standard deviation of LO FWHM is 8.03 cm™, which is decreased by 48%, compared to that before
homogenization. The data fluctuations between different positions significantly reduce, and the standard deviation statistics for each
indicator also show a certain degree of reduction. Among them, the influence of D2 peak is dominant, and the influence of D1 peak is
subordinate. The D1 peak and D2 peak are respectively related to the tetra-siloxane ring and tri-siloxane ring in the structure. This
indicates that on the same sample surface, the homogenization process has a dominant impact on the tri-siloxane ring in the
silicon-oxygen structure. The tri-siloxane ring is expected in quartz glass because their Si—O—Si angle is less than the lowest energy
(most likely) angle in the glass. The estimation of the energy required to generate such rings is more likely to reach the distribution of
the D2 tri-siloxane ring. Also, the silicon—oxygen bond angles of all rings tend to be averaged, and the overall is more normalized.

Conclusions The Raman spectroscopy could precisely characterize the microscopic structural differences of quartz glass before and
after homogenization via detecting the vibration modes of atoms in the silicon-oxygen network (i.e., Si—O—Si bond angles and ring
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structure defects). For the analysis of structural uniformity, some parameters such as peak center dispersion and half-width were used
to quantify the structural uniformity of the glass surface and bulk phase, and to identify high-strain areas (i.e., the regions with
concentrated trimer ring defects). In the study of defect mechanisms, the D1 peak (tetramer ring) and D2 peak (trimer ring) defect
characteristic peaks were utilized to reveal the migration and recombination laws of defects during homogenization, and to clarify the
influence of thermal stress release on structural relaxation. Finally, combined with the data mining technology of the PCA algorithm,
a correlation between the Raman parameters and homogenization processes was established, thus providing a theoretical support for
precisely regulating the microscopic structure of quartz glass.

Keywords quartz glass; homogenization; Raman scattering; principal components analysis; microstructure



