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Abstract

172 nm excimer lamps based on dielectric barrier discharge are of core value in deep-ultraviolet light
source applications, yet their industrial efficiency is severely limited by ultraviolet energy loss caused
by isotropic photon emission. Currently, traditional metal reflective films suffer from strong intrinsic
absorption in the vacuum ultraviolet region, while multilayer dielectric interference films are bottle-
necked by high manufacturing costs due to their reliance on high-end vacuum equipment. Here, we
present a low-loss deep-ultraviolet composite particle reflective film fabricated via a cost-effective
sol-gel method, providing an efficient pathway to address this photon dissipation challenge. Guided
by semiconductor band theory and the Tauc method, we precisely identified SiOz and Alz03 as ultra-
low-loss scattering media, given that their band gaps far exceed 7.21 eV. Integrating Mie scattering
theory with finite-difference time-domain (FDTD) simulations, we established the optimal optical
matching sizes of 300 nm for SiOz and 100 nm for Al203. We demonstrate that a solid content of 35%
enables a dense microscopic particle packing network, minimizing the porosity to an optimal 0.64%.
Furthermore, blending SiOz and Al20s3 at a 6:4 mass ratio effectively dissipates interfacial residual ther-
mal stress through complementary physical properties, suppressing the film detachment rate to an
exceptionally low level of under 5%. Experimental validation reveals that this optical coating not only
significantly boosts the central illuminance of the excimer lamp to 73.22 mW/cm? (an enhancement
of up to 20.75%), but also achieves an ultra-high illuminance uniformity with a coefficient of variation
of merely 1.49%. This study proposes a low-cost and scalable preparation scheme for composite ox-
ide reflective films, providing a feasible solution for the large-scale manufacturing of high-power and
high-uniformity deep ultraviolet light sources.
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Figure 1. Preparation process of reflective film solution
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Figure 2. Preparation process of reflective film
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Figure 3. Optical properties of materials: (a) Refractive index; (b) Extinction coefficient

3. MR ERME: () IR (b) HARK

M 3(a) AT LR B, FRIARHAT I n AR KR . fEHPRIEE 1720m &b, MEHOHT R n
 BUE A /2 HEO2y ALOs TiOxy SiOr Fl MgFa, ‘EATTHIHT 437 /& 2.81. 2.02. 1.79. 1.60 F11.50.

DOI: 10.12677/ms.2026.165121 278 PR R


https://doi.org/10.12677/ms.2026.165121

ME3(b)r] AR R, 75 HFREEL 172 nm &b, FEHEEOE R 2L £ H s 2K 5072 TiO:2 HfO2. ALOs. MgF,
A1 Si0y, BRI R Bk 23 HIE 1.230 111, 1.02 x 107", 2.41 x 1073 F1 4.13 x 106, LR
I, REPELE 172 nm JEBUAGHTH 2 RHIARL, X FEA REHR i B2 X e R 4T S A8 IR B8 7 . RN A
Bk — 5 Hr .

e SARBLE AR TT(VBM) 2 515 B (CBM) Y RE & 25 58 SUAZE S8 S Egr PANLN eV, S iREM
BHRCE R K A OS5 TEMEDEEIR b, UAFHOETRER hv > E. B, JeTFoBURM B FIE
B, KAERMERI, ko 2R EF: AT RERE hy < E B, TRIEBUR BT RRE, MEEARLE
W, k=0. a=0. LA 172 nm BEAKMIEIMENG], HObFRERE hv 00y 7.21 eV, DRI ORGSR T
BT E, NMZ KT 7.21 eVe

SRIFMRLIZEAT T8 Eq 2 — N UG S0, SR FH@E A 177752 A Taue %56 R4 AR Taue
M2k, FEEIA T R AR 2T B5 FE Ege A OGTHE IR FaR[6]-[9].

(ahv)" = A(hv-E,) )
a=2* 10 3)
hv = % )

A, A AMBHRIE MR A S LL B £, DU 2R RIS, Romdss 5 i a8 n NIREEM R
B, MARRAEERATRE, 1 AR, AN nm; Ay O TRERE, HALN eV, B A
Bl kAR BRSET[10]-[14] 5 n EE0F 1 BR.

Table 1. Band gap types and n-values of materials
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Figure 4. Tauc method: (a) Tauc curve; (b) Linear fitting
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Figure 5. The influence of material particle size on Mie scattering: (a) SiOz; (b) Al2O3
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Figure 6. Appearance of reflective films prepared with different solid contents: (a) 25%; (b) 30%; (c) 35%; (d) 40%
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Figure 7. Reflective film thickness prepared with different solid contents
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Figure 8. SEM images of reflective films prepared with different solid contents: (a) 25%; (b) 30%; (c) 35%; (d) 40%
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Figure 9. Porosity of reflective films prepared with different solid contents
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Figure 10. The influence of the ratio of SiO2 to Al203 on the detachment rate of the film layer
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Figure 11. FDTD simulation modeling: (a) Microscopic morphology of film layer; (b) Simulation modeling
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Figure 12. Simulation results of different proportion scattering of SiO2 and ALOs: (a) 2:8; (b) 4:6; (c) 6:4; (d) 8:2
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Figure 13. Comparison of illuminance of Z1, Z2, Z3 excimer lamps: (a) 6 mm away; (b) 10 mm away
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Figure 14. Comparison of illuminance uniformity of Z1, Z2, Z3 excimer lamps: (a) 6 mm away; (b) 10mm away
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Table 2. Coefficient of variation of three excimer lamps at 6 mm and 10 mm

T2 ZHEOESTFUTE 6 mm 10 mm T FZ R

AR X (6 mm) S (6 mm) CV (6 mm) X (10 mm) S (10 mm) CV (10 mm)

Z1 64.168 1.5239 2.37% 57.398 2.7390 4.77%

Z2 61.092 1.7553 2.87% 52.892 2.2496 4.25%

Z3 71.582 1.0660 1.49% 66.138 1.3607 2.06%
4. &g

AWFFERRT 172 nm ~PARBLHE S 74T 16 T IR B RE SR HUFERE R, R T 5T Sol-gel HIVR
ST TR SO AR 2R . ARFE A SARRE N BG5S Tauc BN, RS AETH ULt 2571 98 I 7.21 eV ) SiO,
5 ALOs 1ENMARTFEHU AR B K IR FS 45 A BRI H, IR R TR IRk R 518 I A
T 22 [8) O ASAIE A S 26 8, #5572 1 300 nm Si0, 5 100 nm ALOs IR e 2 ILAE R ~F o IE T 35%[E & &
J& SEPURIOR O R B R LB R PR 2 0.64% IR RAS . thAh, #5277 Si0. 5 ALO; i L 6:4 14
G SRR, R FH A A7) AR P 1 E M T FE R T ST e AR R 7, e 2 Tt v 2 4RI LE 5% AR K P
HES> 1T S 4 SRR T, Z 622 B2 (1 5 NAUAEAT 8 R BRI 48 73.22 mW/em?, SEIR T #E 2 14T 1.49%
RIS 5 R R B S8 S
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