hERZE: MIBEE hE XXF 2016 &£ % 46% 5 4 H3: 044610 <¢/ (PERRE ) Jediit

SCIENTIA SINICA Physica, Mechanica & Astronomica phys.scichina.com SCIENCE CHINA PRESS

X AR SRS T/ TR FIE

ETas 5 BN Gl S iEE R MRS

S 00 ” @ , 122 12 @F = 1.0 > @*
SRRZTY, KT, IKIEY 7 F 07, MR F
O EHRFMERER, Rl 200433;

@ EB G LM ARG SE BERPI A, S IRRE X E RS, Bl 200050
RN, FKHUE, E-mail: zfdi @mail.sim.ac.cn; 7K, E-mail: yfm@fudan.edu.cn

Wik H 391 2015-08-25; #2532 H ¥ 2015-11-11; %% HR H 391 2016-02-03
X E R B3 & e S 61321492, 61176001, 51222211, 61274136, 51322201) 7 %5 245 1 4 22 Bl 55 & TR A 25 4 (40 5
2012007 1110025)F01 b T R 2 HoR 25 51 2x e fliit 50 B K3 S0 H (%5 141C1400200) %5 B

WE  AVEEAETRAE TAALHE. 8. RERFRATMXARAARN ZRE, FRETKR
Hy 2R, A AL T8 B BOR K B 2 K 1 GE R A R b 8 49 K A9 59 2 70" (Building Blocks) L — ¥ 7T
T AR B A A T R BRI AR b AU A4 B9 (Transfer Printing) SR o 49k <A 47 2
TL 18 F P AT I S A B B T A2 4 85 BB R % 4 3% (Deterministic Assembly) S AL, &M T L H YA R, K
AT EUENRFEIELEEER PR AR AR. S8 REARARTHEYN, FHESEH KT
WEHEALHNESIB T LN NS HEE. REZ BN ERAR. b, AR T A F T &
TEHGHHBN LR EEENRTNLENR, FRUMBELFOT W, BEDLFEOREN K.
B, R FRZ R & AR ey 2O R

KR GRS, FOREE, RS, FELETRA

PACS: 81.16.-c, 62.25.-g, 42.82.Et, 42.82.Cr

TN TREAP R T2 N T TE LR s B AR,
SEELTE ML M LT A R AR O B K A% e NI 1k
B _E I TEHLA T AR g oK i R M EOR T B
Fe ERMRR B BT, BOVE AR SR

it

1 35l

Bt & A KR 5 TR AN W & DA R AT 2R
PR T BOR IR N A g, AFRTEL AR

T RE IO SAE G T 2 AT 4 KB B, o e
FPEERUE Y R AR T R TR AR E
S LARRNE =S S B & Y e e CIT Sl
P FORYPRARES, LR EEGOREEL, BT R
RTINS D07 (0 /i r A 0 B 2 P B T

AR, BRI R H AR TR R RR

ML R BOR RENS DU A ROt To L S i gl
KGR R BAEEAT R, ARTTIZHE R EORE S
20 KBS P 387 2 A 4 5 Je Rl THE R TR AR AN T,
FLFE ¥ 1 & 9 R IR 2 0 HE A 7 SR R e 5 R A

Elicki: 5=

B, sk, PIGE, & BTGV BORBI R RO G, hEB: B S5 KL, 2016, 46: 044610

Guo Q L, Zhang M, Di Z F, et al. Fabrication of silicon-based flexible optical waveguide by edge-cutting transfer technique (in Chinese). Sci Sin-Phys

Mech Astron, 2016, 46: 044610, doi: 10.1360/SSPMA2015-00429

©2016 (FEMFE) HiSH

www.scichina.com




BRESE. hERRE WY Y RICE

2016 = F 46 % 4

B, N E SRR R RE AR E &R THE
HRHEAR, MIRZ AEEEIHEARN 5@ 5 R 2K
#(— M PDMS, Polydimethylsiloxane) ¥ jifi = F& &
b PR U 8 K ) ST R TG B I B R AE 52 BRI
LRI RAT A O S SR M R R L =
PG K I 25 K e B ) B e, [R) I OR R 56 7% )5 oK
VR () - BE R SR <A T EA 0 B e 3 R AR (A
55 1) Y48 PR M A3V IR AN i 5 A R TR/ 45 R B 51
MHEFIIR T oot 5577 2K, R S IR 284 AR A5 ok Bk
fif. 2011 4, Yang 25 N 7 — i i ' %1 i 41 B )
“ERINE O SO, O3 AT AR S AL B TR R ) SIS,
Dy v fifg tfe 73X — o) /R, SEI T A B O R v 2 A B 4
PEFMEBL R E 1 7€ 1 41 ¢ (Deterministic Assembly).
2012 4, TR AE Xu 8 N HIF] F I e 6 4% 20
ARSI T MR RO R R, A
FH T AR K EBE T — & A 2012 4,
i J& 751 K% Chen %5 A\ Phi i 4 i 2 ] SOI(Silicon-
On-Insulator)#4 F} #5582 K& v, Hi& T A REA
B SCHESERE, DRUE T RS MR RS, IR
HEEFE 2 2% PDMS L. SR1, DA R FP 7 VA0 44
BEHEE B IV 75 2252 0% 10 45 R Bt SRS I 0 T 24 A
2015 4, AUREAERT N TAEMZRAE B3 T
BT Y)#: #4 (Edge-Cutting Transfer) SR, # N 5 Hb
ST R/ KT TR A S R B R T A K AT
[ e PR 2 2.

A IET LGV EREAR, R T B~
HH A K T P S L 3 43 AT S KA 4 A R ST 2 TR
K&, T T AFBE T P 88 22 1% 5 S i g oK
WHIAG . SRR, <100 77 ) 1) 5 LN
KT AN L A FEVIR S M B, 1% A
X T A Ty ) R oK B R B I e R BUZ T
IF) PR 290 K A 1) %t A SR M 3

2 HR5R

LB H, BL SO MRME JoH Ak B i fef 4y oK v it
[Pt k. b, TZREGORE R JE A 50 nm,
A EZ RN 120 nm. IBZ BB AR K
BRI R T 1(a). U SOI #Eah(R/NZIR 1
cmx1 cm, 1B 1aG)FR), SlbaE L2, Fl
FHERAMEZIE AR LUK T2 Z1 i (Reactive Ton Etching,
RIE)E A H AT BTEAL, TERURS N 10 pmx 150 pm

(R 25 B A1 (B 1 (aii)) BT aR). R IR FE A 5% HF 1R
i b B XS T 1) 4% B RE i ) 2 4R AT RS . 3 a4
1] 5 e B ) AR B S O RE Gk A, Wil 1(adiid)) BT
N, SRR SEALEETE 5% HF R 6 o R
BeoNFasE, AT LLEE ] HE B SZ 1 J6 i 18]
RARAFANE T8 FE B S mE KA. R 58 4 B4k 1
PDMS 1E AR K, L5 BA B g0Ka 1 E Tk
A RE S AT B M (B 1(a(iv))) iR R 2, &tk
gk E AR B IL G W I 2 PDMS
B, 1) M )i Fras. B 1baG) &R 1 il
HIZMEEE PDMS b RIREGK A BE 5 % 2 B A
BRaE R, YUKAT RIS EZN 1 um, MG R AR50, %2
Bl T 3B 93 J65 ok SR A 2 00 2 [ s SCHEAE R, BT B
(RE 20 K 7 B 27 (1 HE B IR 5 e 2 B Bk 2% 7 1
Hefi e 4 — 3. WGV HOR RS 1 5 A 2t
SEIL R 40 K Y 7R MR IR b ) ) % B B e M 2 3
B T R Mgk BE S, HAh BA B ARG
IR FER, Q7SI RRIR(Mesh) 4 FA#TRE S i@ i
NGBV R BR AT E MR, W 1(bGi) M

a

@
3 . -
<
5o QP K RN
i i

&at)

i ‘

PDMS ~
: =
N e

B 1 (M ROR )i % BT V) e 78 HOR s = I R a5 2R
(a(i-v)) WL BT VIR BOR SRR (a(vi)) Il & 1)
PDMS ZEVEIL R _EREANRHTFE S (11652 8 Fr; (b(i)) PDMS 2
P JE b T A oK 0 B0 O S R BB I s (b)) A (i)
PDMS it FE % B BA7NILEEH MR R R 51
F149 34 H 5% (Scanning Electron Microscope, SEM) ] J

Figure 1 (Color online) Schematic diagram and results of edge-
cutting transfer technique. (a(i—v)) Illustration of the experimental
process for edge-cutting transfer technique; (a(vi)) Optical image of the
fabricated Si nanoribbons on flexible PDMS substrate; (b(i)) optical
microscope image of Si nanoribbon array on flexible PDMS substrate;
(b(ii)) and (iii) SEM (Scanning Electron Microscope) images of
hexagonal and meshy Si nanoribbon arrays on flexible PDMS
substrates.
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Figure 2 (Color online) Physical mechanism of edge-cutting transfer technique. (a) Schematic illustration of cantilever beam model for edge-cutting
transfer process; (b) stress distribution (S;) of silicon nanoribbon; (c) the variation tendency between the stress nephogram of silicon nanoribbons and
width, and the thickness of silicon nanoribbons are all 50 nm; (d) maximum of Sj; tensile stress as a function of the width of suspended Si
nanoribbons; (e) the variation tendency between the stress nephogram of silicon nanoribbons and thickness, and the width of silicon nanoribbons are
all 1000 nm; (f) maximum of S, tensile stress as a function of the thickness of suspended Si nanoribbons; (g) silicon strip on flexible PDMS substrate
with the thickness of ~200 nm.
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Figure 3 (Color online) (a) SEM images of silicon nanoribbons with
different orientations after edge-cutting transfer; (al)-(a7) magnified
images of silicon nanoribbons corresponding to number “1-7” in (a),
and the scale bars for (al)—(a7) are all 5 um; (b) flexible silicon-based
optical waveguide with low sidewall roughness.
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Figure 4 (Color online) (a) Optical image of measuring setup for
silicon-based flexible waveguide; (b) coupling between optical fiber

and the waveguide; (c) insertion loss of 8 mm-long silicon-based
flexible waveguide.
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Fabrication of silicon-based flexible optical waveguide by
edge-cutting transfer technique

GUO QingLei'?, ZHANG Miao?, DI ZengFeng”', HUANG GaoShan'
& MEI YongFengl*

! Department of Materials Science, Fudan University, Shanghai 200433, China;
2 State Key Laboratory of Functional Materials for Informatics, Shanghai Institute of Microsystem and Information Technology,
Chinese Academy of Sciences, Shanghai 200050, China

Owing to remarkable advantages in flexible, portable, and large area characteristics, inorganic flexible electronics/
photonics have attracted widespread attentions and got full progresses. The key technique for fabrication of inorganic
flexible electrical/optical devices is transferring nano-building blocks from conventional rigid substrates to flexible
substrates in a manner of controllable, accurate, and ultrahigh alignment. This paper focused on the well-regulated
transfer and deterministic assembly of these nano-building blocks onto flexible substrate during transfer printing
process, and proposed edge-cutting transfer technique to fabricate and deterministically assemble silicon nanoribbon
arrays on flexible substrate. Based on the beam theory and finite element model, the relationships between stress
existing in suspended silicon nanoribbons and thickness and width of nanoribbons during edge-cutting transfer
process are studied. Moreover, the edge morphologies of the fabricated nanoribbons are investigated with different
directions of the initially defined silicon strips. And the silicon nanoribbons with sharp edges can be obtained by
optimizing the defined directions of the silicon strips. Ultimately, silicon-based flexible optical waveguide was
demonstrated by using the obtained silicon nanoribbon.

edge-cutting transfer, nanomembranes, silicon waveguide, flexible electronic/optical technique
PACS: 81.16.-c, 62.25.-g, 42.82.Et, 42.82.Cr
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