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Abstract: This study aims to systematically investigate the mapping relationship between wafer-level uni-
formity in lithography and dry etching processes, and the physical morphology and optical performance of
silicon photonic passive devices on an 8-inch silicon-on-insulator (SOI) platform. The experiments were
conducted on a 220 nm top-silicon SOI platform. A two-step full-process fabrication flow was implement-
ed using deep ultraviolet (DUV) lithography and inductively coupled plasma reactive ion etching (ICP-
RIE). The process included the fabrication of grating couplers with a 70 nm shallow etch and single-mode
straight waveguides with a 220 nm full etch. The physical dimensions and optical propagation loss were
systematically characterized across five 8-inch wafers using atomic force microscopy (AFM) , critical-di-
mension scanning electron microscopy (CD-SEM), and an automated optical probe station. A certain de-
gree of wafer-to-wafer stability was observed among the five wafers. Statistical analysis based on standard
deviation, semi-range, and their relative variations indicated that the average etch depth and average line-
width remained within relatively stable ranges across different wafers. However, within-wafer (WIW) ra-
dial process variations were observed. The reduction in microscopic dimensions in the edge region, togeth-
er with possible sidewall morphology degradation, may alter the optical mode distribution and increase
sidewall scattering loss. As a result, the propagation loss of the single-mode waveguides exhibited an in-
creasing trend from the wafer center toward the edge. These results suggest that macro-loading effects and
lateral etching behavior during dry etching of large-diameter wafers are important factors influencing within-
wafer performance consistency in silicon photonic chips. The findings provide experimental evidence and
process optimization guidance for future optical proximity correction (OPC) , etching recipe optimization,
and wafer-level yield improvement on 8-inch SOI platforms.

Key words: silicon photonics; single-mode silicon waveguide; grating coupler; 8-inch silicon-on-insula-

tor; ICP-RIE dry etching; wafer-level uniformity; propagation loss; edge effect
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Fig.1 Schematic of wafer-level fabrication process flow

and uniformity characterization for grating couplers

and waveguides, together with a 3D schematic of

overall structure
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Tab.1 Grating etch depths across different wafers

Average etch

Absolute variation/nm

Relative variation/ %

Wafer ID Etching Time/s
depth/nm Standard deviation ~ Semi-range  Standard deviation ~Semi-range
w1 12.5 75.81 1.82 6. 00 2.40 7.91
W2 12.5 75.33 2.11 6.33 2. 80 8. 40
W3 12.5 72.28 1.05 3.33 1.44 4.58
w4 12.0 78.48 1.78 5.67 2.27 7.22
W5 12.0 78.93 2.05 6.34 2. 60 8.03

Note: Relative variation in standard deviation==Standard deviation/Average value X 100% ; Relative variation in semi-

range=Semi-range/Average value X 100%. The Semi-range is defined as (Maximum-Minimum)/2.
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Tab.2 Post-lithography grating linewidths across different wafers

Average critical di-

Absolute variation/nm

Relative variation/ %

Wafer ID
mension/nm Standard Deviation Semi-range Standard deviation Semi-range
w1 321. 11 5.82 17. 50 1.81 5.45
w2 310. 22 8. 14 26. 00 2.62 8.38
W3 310.61 9.25 27.00 2.98 8.69
W4 311.17 5.33 16. 00 1.71 5.14
W5 319. 06 4.12 12.00 1.29 3.76
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Y, 25 5 Y B 20 ¥ 4R B 43 A A 310. 50 nm &
320.39 nm Z[d] , H i, Wafer 2, Wafer 3l Wa-
fer 4 (14 ¥4 {H & B 2 2 7€ 310. 50 nm £ 311 nm 22
[ S B R N AP (o =i B N T
TE B By 5 B P9 8B 0 RS ¥ 500 |, 20 il T2 2
b T IR R R A . T TR OUL M T
il A% o 0 2 P i T2 R e vk, HEBR 45 1A

W) Uf 48 9 4o 6 (B 25 5 0 T8 A BESR ST A T M
Xt b o 22 5 R 2 i 22 4E O 18— 4k 1Y T B 48
Fro i I BOPE X L & B, Wafer 54K SRR 5 T 41
XU 10 R 38 A LA 2 25 o 8. 50
nm , A8 XTI s HIAE 2. 67 % s ML, Wafer 3 BY F
P 2k e Dk Bl i o R B, L RR o 25 3K F) 7. 69 nm,
o ok 2 Wy 22 BB & 1700 nm, A7 X2 W 22 5 A
5.48% . RZEH R, Z) il 5 AN W] 4 15 R
R fh BN R — R RN s . A
ICP-RIE T 2% mi , IZ LR W] B 5 30 4 55 55 11K
Ik 2559 M L 2% 0 B Bk kR DA K 1) 2 A ok A
SO - a NS S I 2 BT R A N ol T
20l 2 L) W BE 43 A B 20l R 3 TR Ut



o515

XK, 25 < BB RE I 5 5 U MR & 45 78 05 20 ik b ) 3R G T 2 A 22 B 2383

AHOCHL M R B T LA G R Gt 4
3 LCD-SEM JE $i XF Lt Fl i 15 90O 2 5 4 43 A
PEAT A BRI o KRR A — f ik B R 0 A B 2
S(2.67% X H 5. 48%0) B BE T 6 ZIHT e R 1
FEHORE L 2 R I 20 bl 4 R A7 7R B
B NLE s, 454G ICP-RIE T. Z 1 I
1) 31 2 45 B8 PR AR 3 53 1 A 1) 20 il AT Oy, Al
DLHED |34 PR AT RE 5 2 X 0 RO e % A7

KM 2 R B GRS £ 5 AT 5 2R X Sl Al
o 25 R B AR P SRR T 1 S DX sl K Y
2 e W 46 T RE 2 R SR TR AT B R O R
DG 5 A% B A 7 DT E A5 05 o 33X Rl il 20 ph T2
FUA B GO LA I A2, Al B 5142 A 437 4 AH A3z IE
Be 2% PR D A%, AT O J 2 016 5 1 BB 3R Ak o o 5]
1 2% X RS 5 40 FE SR8 A A B g 4R A — FhoaT
FE 114 4 24 A %

R3 ZIHERE &R E E S &

Tab.3 Grating linewidths across different wafers after etching

Average critical di-

Absolute variation/nm

Relative variation/ %

Wafer ID
mension/nm Standard deviation Semi-range Standard deviation Semi-range
Wl 320. 39 6.70 10. 00 2.09 3.12
W2 310. 72 8. 37 15.50 2.69 4.99
W3 310. 50 7.69 17.00 2.48 5.48
w4 310. 89 8.03 15. 50 2.958 4.99
W5 318.50 4.54 8.50 1.43 2.67
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Tab.4 Waveguide linewidths across different wafers after etching
Average critical di- Absolute variation/nm Relative variation/ %
Wafer ID .
mension/nm Standard deviation Semi-range Standard deviation Semi-range
W1 497. 50 6. 80 15.00 1.37 3.02
w2 498. 20 7.50 16. 50 1.51 3.31
W3 496. 80 8.10 17.50 1.63 3.52
W4 499.10 6.50 14.50 1. 30 2.91
W5 498. 50 5.90 13.00 1.18 2.61
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[ 2 (g SRS A 2 2 18 s DX A 2R A
2T M, 2B ROAE A 1) R 2 O S
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SR E 288. 45 nm (] 2(d) ) o X — EL WY HL
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o0 o AT 45 A — 3. 76 VR Z1 b B B O 3 2
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(a) Center point of single-mode

straight waveguide layer layer in grating coupler

(b) M & szl iz F Lo

(c) HLELI 3 SR T B AL ki

(d) JEHIERE G 2% 1 2% 28 B2 PR A
(b) Center point of shallow etched (c) Edge distortion point of single- (d) Edge linewidth collapse point

mode straight waveguide layer of grating coupler

B2 B s 5 3 2% X 8% 0 JE IR A% 1 CD-SEM GlOULE S5 % H CFET v A 3 19 56 B X 2 CD-SEM 22 0 2 PF 12 3 i

AET M B 28 v 2%

AR HO RO T 7R R OR L A1)

Fig. 2 Comparison of CD-SEM images of key passive devices between the wafer center and edge regions. (The labeled

critical dimensions were extracted from the CD-SEM measurement software at the after-etch inspection (AEI)

stage, and the scale bars are provided only as references for image magnification)
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