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Strain characteristics in a rolled-up
nanomembrane containing quantum wells
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2. National Laboratory for Infrared Physics, Shanghai Institute of Technical Physics,
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Abstract: The nanomembrane with embedded asymmetric coupled QWs by chemical etching was rolled-
up into a three-dimensional tube structure via a strain-engineering route, it is found that there are two
different modes of its optical properties and the modes can be expressed as two different strain release ;
uni-axial strain release and bi-axial strain release by the PL spectra obtained from microtubes with dif-
ferent diameters. In order to study the internal relationship between the strain state and the objective
factors that affect the strain state, experimentally we used different concentration of HF acid etching so-
lution to corrode the corresponding sacrificial layer of the nanomembrane which is rolled-up into a
three-dimensional tube structure. Besides, the PL spectra of microtubes show that the uni-axial strain
release and bi-axial strain release of microtubes are not only related to the influence of substrate, but al-
so to the initial state of microtube and they can be transformed into each other under a certain condi-
tion.
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Fig. 1 Strain release processes of a membrane under initial
strains (a) Taking a superlattice strain film with two lattice
mismatch layers as an example, when the mismatch layer
is released from one end of the substrate, the strain film
will be curled into one curved structure. The bending of the
strained membrane is mainly affected by the relaxation of
strain along the curving direction, and is rarely affected by
the longitudinal strain relaxation. However, the strain state
of the formed tubular structure is associated with both re-
laxation processes. There will be (b) uni-axial and (c)
bi-axial strain states, respectively, depending on whether a
strain relaxation process occurs along the longitudinal direc-
tion or not
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Fig.2  Calculations of the electronic band structure for a
strained membrane undergoing different strain relaxation
processes. (a) Schematic diagram illustrating a rolled-up
process of a strained membrane into a microtube. During the
rolled-up process, the strained membrane can undergo a
strain relaxation process either uni-axially or bi-axially, and
the strain distribution calculated along the thickness direction
is plotted in (b) or (d), respectively. (c) The composition
and thickness of the multilayer material used in (b) and
(d). As a result of the different strain distribution, the elec-
tronic band structure along the thickness direction is differen-
tiated for the two types of relaxation processes. The calculat-
ed results are shown in (e). The four interband transitions
are also simply defined on the graph. From a p-PL spec-
trum, one can distinguish the difference in the two electronic
band structures, and thus in the two strain relaxation proces-
ses

JEERC R AR L 8 YRS ) i XU B o7 2% B T AR . N 3
() il (i L AR MR R B 2 70 nm 1 102 nm IRfXf
IOLFR) ST 7S, X T B B 5 i )y A 22 0 o
JEARZS oy ke , I AE A 1 0 3 b o [R]38 73 B e i
SRR, PR Al A 1 AR X AR B R, KB
D FRAN AR, TANPEL 3 (e ) Hh il (8 ke 2 A S
J& 5 134 nm, 166 nm, 198 nm, 230 nm B} F R f 25
JIE7S 0T DR JRE 50 A g, oy T 00 B A R A
T2, PRIt ) I A AN B2 A IS 2 SR, 6 IR kg XUy A%



726 4h 5 2 K F W 37 %

ARZS. 25 B Z A7 00 52 40 45 2R v i FH S fdu i ok g 1
1 10% Bt , HXt 70 nm () B8 RIS 230 nm () J5 B
FETH B I AN (] ) 8 ok 3 32 (43391 2 100 o/ min
Fl~30 wm/min) , PR T3k 8RR B 1% ) B
JOREAE , A R i b JRE RS AR A BN A . AR SCrp FR AT TR
JEERE S 70 nm 1 102 nm [ 4 K W Tk B R
0.83% ~4.76% WKV EE HF BRI WK JE ph vk J2=
(&l 3 A2y 2 8 ~ 50 wm/min ), Jf ¥ B2
14.3% ~20% W = e BE HE RV 100K T 1k 5 5 o
134 nm, 166 nm, 198 nm, 230 nm 4k 7 & o0 4 4
JZ (JE1hH A2y 2 130 ~ 300 pwm/min) . 38 53 90 25 5
b K o 5 G B RO P 2GS B HOE
BRGNS R HEAT LA, WK 3 (a) T
7N, R BIX WAL i 1 PL s 67 iR B2 i Xof 7 1) e 1
BRI EE R A T A Y£R8 FE 8. 38 3 2 1K
S B R, FRATRE T A AR 1 45 R 2 2] 18] 3
(c)ertasigert, 45 R & . X T & 70 nm Al
102 nm (006, VR E LAY HF BRSBTS, H
IO AR R TECAN [ 1 L i Bl i) D10 1) o) R TR, 45 it
VRS I 1 WD A RSt 7 2 R ) A Tk T AR
JEER IR (134 ~230 nm) A5, 24 TR A S /Y HF
TR VA VL b s, 465t 9B 7 A R S A i Dok g L
A 7 AR R T A8 Ay B I g B A 1 A R

2 FRSWEIE

AIATINA 8 LR VA T 1) el A 1 i A AR 1 2
JE S AR AR I (RPIRZS. R 3 (b) R , 24 9 JE 45 i
L b e e A AT 2 T 65 T S3R AIK T, 26 i 9
Ry AN EE ok S B 0 B A 7 S F 3 S
Gy ST AR SRR, 6T B A R kA R Ak, iE— 2
B SR, DR AR A A R v S R AR R
Ly o 8 RN A it e [R)4 FHT A U f g 28 R
T 224 B0 P L o R e s g 1717 s T 3 v
BT, 5 RS 19 A s 30 Pl o 230 X 2 5 T 2
PSP TATAR, S35 e A v 0 7 A8 B8 i L 4 vh U0 1)
REAE R 32 T T 5 — 7 T, KT T
BE BT SR B e SRS A R, Pl ) 1 AR AT 8K
Z R A A | R A X L FE 43 B, DR, BV
it o 4 14k T 3] 0. 83 % 1 7K -, sy o JEE 14 i 7
PRI AN AN 2 2 B0 A XUl 7 A8 R 5 1 i 34, an 41 3
(¢) M B 70 nm F1 102 nm R A4 52560 5 B

Sk T B S, PR A VR A2 A RS AR AR 1 s, LA R
JE b VAR TR i ) 656 e S BB B SE ), 45
T HAMRZMER 70 nm F1 134 nm FEEAY PL #8155k

imeasured point
B rinkle

\y

] - lane
Q\‘:\ ___ D=7.6um ,\K
iy ™\ D=13.1 pm ‘ y
g M h
B —
i /\ ) D-29.7 ym 1.548
&= D=392pum] & 1544 {\
- >
P D=50.6um] 2 1540 NJ= R
151.551.6 1.65 1.7 1.75 5 1.536 HF(lo%/“fHF 1.2%)
Emission Energy/eV 1.532 i 2l L)
Y : 80 120 160 200 24
(@) Thickness/nm

©

P33 (a) SO B i ok BE 5, AN [ B R U8 9 PL O 3.
(o) PL I 75 7 ] 0 s R 220 ol P B8 3 1, 220 o
N L. (c)eq — hhy BRIT % 55 A 70120 K 7152 32 1) pR 8,
R LR 2 AT SE U048 SR 20 8 SO AR R AR UK 9 S B 405 IR
AT BT B 7 AR RO B B K B e . R
LU A3 XA 0 A2 BT B B A S A AT PR R B S0
58 P 2 7 9 1 52 56 v o P ) s AR 88 1) HF 7R, i (5 5520 B
Pl 270 1) 2 S 36 v BT D 8 2 8 Wk P2 1) HF iR

Fig.3 (a) PL spectra from microtubes with different diame-
ters after changing the concentration of corrosion solution. (b)
A schematic diagram of the PL measurement point. The dis-
tance between the measuring point and the etching is / and the
etching distance is L. (c) Emission energy of the e, — hh, tran-
sition as a function of the microtube thickness. The blue dotted
line is previous experience result. The red solid line is experi-
ence result. The grew dotted line show the calculated result
with only tangential relaxation. The black dotted line is calcu-
lated result when both longitudinal and tangential relaxations are
considered. The black solid circles are HF in low concentra-
tion. The blue solid circles are HF in high concentration
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Fig.4 (a) As the 70 nm film was rolled into a microtube at a
concentration of 1. 2% HF acid corrosion solution, the photolu-
minescence spectra of the middle and both ends of the microtube
were measured by-PL, the plot of intensity-energy was drawn by
fitting the data. (b) The diagram of intensity-energy of a 134nm
film was etched by 10% and 20% corrosion solutions
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