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Progress in photo-induced semiconductor

quantum rods alignment
ZHANG Wan-long'", SRIVASTAVA Abhishek', ROGACH Andrey*, KWOK Hoi-sing'

(1. State Key Laboratory of Advanced Displays and Optoelectronics Technologies ,
Hong Kong University of Science and Technology, Hong Kong 999077, China ;
2. Centre for Functional Photonics, City University of Hong Kong, Hong Kong 999077, China)

Abstract: The method to unidirectionally align semiconductor quantum rods (QRs) by the photo-in-
duced alignment technique is disclosed, which has originally been developed for the alignment of liquid
crystals. It is shown that the strategy facilitates the alignment of highly luminescent CdSe/CdS core/
shell QRs in the aligned liquid crystal monomer (LCM), obtaining solid QRs in liquid crystal polymer
(LCP) matrix after UV polymerization. Optical and characterization reveals QRs alignment with
highly polarized emission, indicating the high order parameter. In application aspects, the microscale
(down to 2 pm domain size) pattern alignments of QRs in LCP matrix show potential in photonic and
security areas; the combination of QR/LCP composite film with liquid crystal technology present the
new photo-emissive displays; the QR enhancement film improves both color performance (=>100%

NTSC) and optical efficiency (= 8%) for modern liquid crystal display applications.
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green and red quantum rods.



CHRE:]

K TTBE A <2 TR TR A D' A ] R E 411

JBE R (ODPAD LK IE 2 B e (HPA) B TR &
K1) i S i 7 BB N & iy CdSe/CdS
s G AR 1 1 BRI A, 4 &1 R 1 1 A 45 A0
B R FEA /B R R (KO FIIE C 3 g
MR CRDBCAA . B 1 () Ji 7R P i ¢ (8 R AL €0 4 7
B R W W 5 5Ot O i . BAT 2 I 98 A8 (20 ~ 30
nm) &= FROR & GE T 80%0) K I v Wi {7 &
LKz Al B 9 G 55 7 1
22 EFEHEHNE@HT

Hi T 5— CdSe/CdS 7 H A G 4ik 19 0 1k
55O R R R A ) R RS S R 4 O
PR A9, o 25 N T B RO E 1] R 51 E
1) HEB1) 1 F - TS 2 ' 1) i 41 BE (P T AR 9 2
A DITHH
=1
BRSS!
Horpo 1) #0143 500 0 D 4 R 1) O 41 D7 ) 5 41
B HEF 1) A7 R R B A O BD A S N
01 90"} Y 3

JE T HES] CdSe/CdS &0 7 ik FEA W
LR (1) | 37 i Bl 28 2% HE 911 7 (Electrical Field
Assisted Assembly) "5 L3 53 A F B F R
PR X R st AR 45 T R P R R R it o i, 3 5 %
A€ 1] HES 4 5 (2) WA/ 23 SR E A RS
1 (Self-Assembly at Liquid/ Air Interface) B, &
PSR B R I IR DL TE K 52 R
FUT I G A ) 50 2 ok B L AT LA A A
PEAE K D b 559 ME A RS 1) ) 5000 ot A 1
JRE, DL 1] HE 4 B 5 B 5 (3) HIL AW EE 5 I [n] 32
(Mechanical Rubbing) ™4, J& # F 48 fi 76 1 A
R L AR b RO RV R R R TR AR K
JE [0 HE5 i 74 5 (4) i 25 22 4 51 i (Electro-
spinning Polymeric Nanofibers) """/, J& i i & H,
Gt T2 TR MIEREG N KT
e RE o IR L, T4 5
RSF LA e AL L i 4 D o 9 0 36 4 0K 2F 2
%) Sl 1] 1) HE 51 43 A1 s fe 43R A5 ) HE S Y i
P EE 5 (5) BB W i B iz A HE 31) 125 (Stretching
of Polymer Films) "0, o i P 51 IR & 78
HEAR R A W W, Gl i LB L AR R BB R
i HES R G W) B DL K i 4 B 208 0E )
) B et A S 5 (6) A EL I k0 Gl Ao
R WA SR G i R SR T T A Y

p Q)

AR 59 it o3 1 A LA A d i o E 1)
HE S W B AR S BB T R ) 2 1 HES OF R A
BB, R T EC AR R U R R R T AR O A
Al 35 0 o 1 AT HES . DIk 25 4
B E 1) A S I TR U R T
a3 1 HEB I 1) 10 5 1] HES

F 1 N BpAE 1 HEF 5 1 B A T MR R
JCH I IR JEE o Xk HEAN R R 51 5 ik o ) i ) 1 4
WS JHC rR ORI MG BT 3 T o A S B AT e g
P i 91 J3E . EC i DR T PR ) Rt PR A LA I
A AEE [ HES R B H R R B U Koy 1R
S5 A i K FRRERE 1 A BR R A S 1 Y L T
ANEAAA, TEFE S R T BB RUX R,
THEHEII B 4k F SR A 0. 87 IR IR
MO AR B ZOL B A m ik b, 53— Jrm .
TE A B o i U JEE ) [ F Ol 4 BB 1 325 o i 125
1 B, SCAT S B R RS L S P g L 2 T LA AR
DX A S B 20 W BT B A T R R T AR

V3

P

*1 EFREERHIAZERARERSRIRE
Tab.1  Unidirectional quantum rods alignment methods

and the highest DOP reported

Jr 42 45 7Y
JE 7] HE 5 7 i s
5 =5 i 9% B2
Ha, 377 il Bl 2 2 HE 2] ‘
0.600
(Electrical Field Assisted Assembly)
eI /25 SR 14 e
(Self-Assembly at Liquid/Air Interface) ’
HILAWG E 452 H 1m) ,
0.60
(Mechanical Rubbing)
i, 25 22 HE ) .
0.608%
(Electrospinning Polymeric Nanofibers)
A W L HE 3
0.700"]
(Stretching of Polymer Films)
e e

(Photo-induced Alignment)

23 tEREEAR
D BB i 3 2 i P 1 R T C MR R
T ZE A i 2 G 1) HE S A Aok S B



412 W5 B

35 %

PR E RS . BTN T R 10 RS TR,
T2 T BT AR IR YRR R IR vk
AT 4 Bl (O BRI 35 AR T S 55 (2) TR
LHMNETE R BA TS B BRI ; (3) R} 7%
B (O A B 7 IR AE A7 B A4k kB
SIS 1 7 o S PR O T R A SV B Y 32
Ty ) LA — 5 Y SR BRSO

JEE J B 1) 75 S FH — HRURR i 19 G0 A 7 — BRI A
51 CFA7) BUa) 2 CRBEE I ) B 5 A 3% T 126 24 b
R[] BEEE L AE L) 2 7 A T U A O 1) HE )
(18 225 %5 TR PR 1100 T 8 S, 224 YR b Rk 5 B 1 22 4 ik
W, S T A B A AR A TE R R R RS
e N N B e (1 e R 8 0 S o e R <0
75 T HEF 2 VA S ) 74T T8 A HE 5
R E R A . JRE B I R BT R AR
PRGSO 5 AR BE 3 3 B v 5 7 A KR R 2R
it EL S T VB0 A S 7S 4 3 TS e DT AR AR T 9
TR AR B L S A L T B 4 B 1) B AR AR A S
PRI AR ) 22 W5 58 S o M LA iR DR TR 8 O B 1
PR A 3k A 1 ) f

S F B i 9 MR 4 A L 5 A () AT 40 Ol K
—RREEARR R B R HA B, R R
BABOGE T B 52 AT B 55— 2K R R
AR ZR e FH D AR ' 191 Ak B 5 A 0 e S L A8
Ao F A IS b 1) HE B L a3 B O ik H R OR T L
BEUY, X ERA YR I E i PR 5 A0 IR
SOl BRE WM RGBT DB Ol
AN |71 s i i ) R /16 W] LY aabd e 3 1]
B0 SR AR A T e R R R R
Hez =,

ARSI A AR BUR R S ORI R TR
SHHLIL, BIr 9 18 L 44 kL 43 7 (SDD) 78 i 4 Ot 8
SHERT & R4 F i s BT BRSO 4% 06 AT
PUA G — N AEX R B3 XA S T, LA &
LT IR 4R 7 A SRk W R T A AR R
SERY . DRI X R T I sl B 4 T LU B A R
A RS Y SDT g — H i 4R O O L ik
KHEILRY cos20 BLIE o, Hid 0 & SD1 A Wz i
P& T 56 A9 IR % 7 ) (9 e . A dR SDI A9 % i
P& T AT F 60 9= 7 1, 38 4 B AR 2 78 fE
AR EIEN X S BT E AR S 0 A
] BB /N A 1k . XA, SD1 K S U TR

T 0 O 4 7 1) HE B L WS RE R D B B R E
AR R L 22 BRI B 6 28 g i D ) B, SD1
23 Bifi 2 A6 TN R RS 3 0T R R 5 RO D
Py o) 2 5 1) HES . R X — 4R L W LUAE [
— SR b S IX 2 I, E R DG AR
(GNP A I R AL L S Sl S N < A
PrE o,

24 EFEMNXER@IRE

R A A ) 2 K T A R
TR A, 1 3R 1 P % A ) AR 55 9 A o A
HAANE G R R R AEC ORI m 1) SD1 2 A
LT AU SDL WU i HES T
(] B, £ Bl B 5 WA o T B o FIRE ) i
THRSWE SIS S FHEEN T HES .. &5
I ok 58 AP O BRI W AR SR G U R HE S
TEW ARG W M4 vh 8 iU 58 /)5 RS YR
A (QR/LCP film)

QR/LCP #BE I /E T2 2 iR, QR/
LCP Ml %2 2 20 T 2 HIE 58 i, 8 564 SD1 ¥
TROVE VR AE T 15 B BB FE A I, B S A ZE 100 CIf:
FFLL 10 min BB R ZE K . BT SD1 20 F R B ALHE
G, PR R 450 nm (1) 85 €2 R Pk Y6 X SD1 3%
M B, SD 43 44 W5 45 3 BT 4% 7 1) 5 1) HE
G, BEIG B S A ERAR TR G v e U 7 HE
GG H) SD1 Hedl I, W i 4 F VG VR % SDL HEF
Dk 27 R 2 P o L el T e 2 =
BT & o 0 40 AR 7 1 3 1 T 43
FHER Dy S . 23t UV ATRE G WA FLk
RE R E Y &7 0 E TR S W W4
. AR DL E D BR, R m HE S TR Y
QR/LCP #ifiEEr,

g 7 IR QR/LCP 8 B8 5¢ 56 il i 4% B
BB ET R 3 PR RE, H—f
KR 450 nm BYEOEAE SR Ot B AE BT
QR/LCP M I, ¥ & % i B8 77 18] 5 1 #8 1Y
HEZ J5 1) AH ) 5 O B B R ) 29 Ol iR B AR T
— R BT E T QR/LCP K 5 5 3w 6 A
Z V] VR A R R 3 L i 26 O 23 i i
OB SR A e AR AR . T
JE ] HEF) 11 09 2 6 B D ik 1 L 7E 5% 30 Ot
J B I T Rz A3 ) O R B A R O G Bl Y
£ RE ARk L AR 3(b) B



SROTIE L 45 < 2 TR 1 9 D P ) B R 3 413

v

SD1 Molecules

g

) Azo Dye(SD1)

S
( ) Cl())lzging

Polymerization

Aligned QRs/LCP
Composite Film

Irradiation

Irradiation

Alignment Aligned SD1

Molecules

LC Monomer

LCP Molecules ‘ +QRs

Spin

( )Coating

Kl 2 QR/LCP # Bl i #20%
Fig.2 TFabrication process of QR/LCP composite film(Reproduced with permission from Ref.[ 23], Copyright

2017, Wiley-VCH).

(@

QR/LCP on Rotational
SD1 Substrate Polarizer
450 nm A
[ Laser v Detector

Dichroic
Mirror
()
100F 7y
—~ 80}
=
S
& 60F
7]
8
k| 401

20r
0 100 200 300
Polarizer angle/(°)

B3 Ca) il & 41 B2 102 26 8 5 (b AR TR G A 1Y
s M 5 PO IRE M AR i L T

Fig.3 (a) Optical setup for degree of polarization
measurement; (b) Corresponding curve for
the emission intensity as a function of the po-
larizer axis rotation angle (Reproduced with
permission from Ref.[23], Copyright 2017,
Wiley-VCH).

FE 3(b) W, Malus’s Law A 715 H &

+ M A GE o 2 OGRS R R OO R L
X H

I1(0) =T — Tuin) cos™0 4T » (2D

Horpro0 220w o i 59 fw 9 J7 ) 5 6 7 #E RS O 1)

ARSI IH 3 T s I T i 53 00 2 A2 0 5 T 2 WA 81 e 5 A

WM, M E AN HEIS L CR @
8 SR G AN [R5 3 1 BE B 58 O 58 A S5 50
odls (s o BD Al S LA . RIEE At n] AR AR
AN THRR IR (PO A E ik 0,817,
25 MERAEFEAXERE

A A7 JURD J5 36 T LSS 3G 8 s 17 Xk
HEZ o AFATS SR AR M 2 1] k4 7E AN ) X IR AN )
D5 mAHES S IR S TR s L
T ) 48 B 1) 17 A U] A) L3 e s T )2 B B
Ir] o DT S5 BAE AN ] X35 P A s 4 o 2 42 HE 9
(7 1) 708 A B B R SD1 B B oA A
JRERAS N, SD1 AT LU 8 22 K AN [F) 4R 4% 5 1 119 ]
SR AR HEF T R X R R T RS
R ARE A T G D' 2 M RS R 8 IR SR 1 T8 wT LA
FE TR — i A 1 52 B S IX PN 3 2 22 YA [) i 4
J7 ) 9 HESE L S B SDY 11 22 W HC ), H: I A
AR B G0 Xt 45 BT R AR B IX N £
W B ) 4 TR RE Y

B4 JRIR T it F R 2 B I R
Je G IRUE BRE SD JiE i 2 T ¥ B Bk B KL AR
I ARHE T, M AR Ot I R AR R 0%) i#E AT
B HRGT ff SD1 43 F 350 & m HES . SR 5 TiE
LR ARG B E 90°, it A Ol S 9 AR ot AT 2R
TR, X, SD1 43 7E AR T 55 AR 0 X
SRR A HES 0 RS K R SD1 4y
T FH A 1], FEHES Ty 1) BB R S 9 O B £
JE R B 55 8 90°, B, AH AR X I 1) SD1 4 - HE
G5 AR B A B . fe e AR A AH [R5 Bk



414 W5 B

35 %

7r$ 'ﬁ{&aaiﬁi{m AU e R 2% SD1 R B IF
T UV RG B QR/LCP @,
%Fﬂﬁﬁﬂ@%ﬂ&%ﬂ%ﬁ‘ﬁ%*%%%?%%%

0:00 .

Photomask

0=90°

25t Alignment

1t Alignment

RAFAE o PRI 8 2ok 42 ) 8 4 e i U 07 1) 45 45
HEZ J5 1) 1 S Ay, T LA R TR Y 2Ot 5B

JELY 5 R .
III LCP Monomer/ .
Nanorods

Pl A4 o e TR 1Y 2 Wl L 1) o R
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Fig.7 (a) In-LC cell optically addressable emissive
QR display. (b) The polarizer-free emission
patterns “N” and “R” with impinging light
(=450 nm) and cut-off color filter (Repro-
duced with permission from Ref. [24]. Copy-
right 2018, Wiley-VCH).
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Fig.8 (a) Photographs of LCD embedded with QREF backlight unit; (b) CIE 1976 color triangle for the LCD embedded
with QREF backlight unit (Reproduced with permission from Ref. [74]. Copyright 2019, Royal Society of Chem-
istry).
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