#) 32 % 3R Acta Phys. Sin. Vol. 73, No. 12 (2024) 126801

A ILRAN S FRIBEFEMEE KR
NAFEREF T EUHR

AKAEY ZFEV smxY KRIKY #HKRBEDY BEV
1) (WL Tl R, il 310023)
2) (BB R2(GRBES TR, B 200433)

(2023 4E 11 H 9 HUk#; 2024 4E 4 A 4 HiZIEUR)

H DX e 6 P A T vk (R 23 7 TR S8 3R TG A 2R BOR ) il 48 O A BB K 18 28 A B
7R T L A AR . i 2 (0 1R S W I 4 A BIL R AR T A e S 22 B AL 0 B B, ) R TR
BRI v B A AL 1 2 60 B A RO RO AR SCRI T 8l 0 2 52 e R 0 O e E 5 1 P A 23 [ B 285
5 RE R 55 X G DU PP 23 7 LA S IUAH 70 B 2R s . 25 51 3R B 200 1 I 45 5 RS I, P FP ) T3
B 58 AN A B AR 20 88 LR R AT R, 48 TR0 B Al - 1A F- 18T 5 73 ) AR A Fi Al TOURS RN T 5 >4 701 () 45
RE BT I PR A3 TOURT S MU TR A0S 1 B T P2 TR A AL I, BT TR B AR R R AL ETEIERT T T

[ (9 25 & e S R W 22 R A HILGr 1 e X AR K2 B A ACR IR TR DURR A Bl A L 20 I, 38 ok 35 >4 3 48 01 1]
(2455 RE , A P B TOUTER 0000 1T T 73 31 3R A A5 S 2 5 ) R Gl S, AT AR 2 T 22 (AT ML IR K T SR 1 s 45

A HE— 2 I

REEIA: XBOEHEEA R, S5 k2, Al 1, Moe

PACS: 68.47.-b, 68.43.Jk, 68.55.A—, 68.55.am

1 5 =

AP T N HEAEROR ZEal2 ll sAR I
AW SFI0R, B HAFRAT T PR A e 1.
E5 U Z N TR HDEHRS T, FlanfA L
R R A | 06 AR L R BH R R Y R A R
FELORZEAROLT, T i T E A —E L
BB PERERI SR AU, 5| % T X iE S tkas
SRR BIFOR. X T ICHU R, s St i it
AL R BDCZIE ARSI, 2 LRI YL
7. IR, A HLRERL T 5 52 SN SRR iR
AR, ELLE B DCZIBOR AT TS B PR

DOI: 10.7498/aps.73.20231779

HLF RS, 10 H R FRENE B BAsZHERs |
25 PUBUMIGE S5 4T BN B0 S8 5 RN SRAFTE 73 HE A
JE AT R 22 RN A 22 BRAR BRAF [ R TS
KIR, — T S TR A AR AT | R
HPEREVE AR A B AR SRR IR 2 0, i
ARSEAH FHE 205 AR X B A7 W 224k, FIHIE
BB /40 K [ S 7 B I ™ AR SR I RE Y 22 5743
A, ATEY B AT (physical vapor deposition,
PVD) s # v, G L5+ ] LA %5 R B LY
L, I TAESS & B S ak iy iR, R4 41k
LR I IX e PEPEAE K (area selective growth,
ASG)ML FEREHAU I, 3 155 R (kine-
tic Monte Carlo, kMC) J7 kA —Fh A 8P A4

* ERBRFIAEES (HEES: 62074040) AT A AR AIES (HiES: LZ24D050002) 5% B A RS

Tt HEfEEH. E-mail: nieqingmiao@zjut.edu.cn
i BIE1E#E. E-mail: boyan@zjut.edu.cn

© 2024 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

126801-1


http://doi.org/10.7498/aps.73.20231779
mailto:nieqingmiao@zjut.edu.cn
mailto:nieqingmiao@zjut.edu.cn
mailto:boyan@zjut.edu.cn
mailto:boyan@zjut.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 12 (2024) 126801

A O] ] DUTE O R iR R e sh
AR, CRT I HRBETE 3G Yy 2 14 Ak
Tk 2 ) g AR R Bl 2. JEHAEA PO AR
(1 ASG Jr i, kMC JriE = 3 1 H S
FEERT 1 ZE R A AR [1619],

R T SR 505 A DL, — e
BT 5T K A A 1) R 28 0Tl J LA A [R] A Bl IR
BRI, AR A RS e 2 —Fh L L
(953, HOHORT LS nT ] 0 B | XL, = (A
3. BRI R A LU N, N2 [(N-(3, 6-
TURCT - BT L ) )- 1 5S | MERYERR (N, N-
Di[(N-(3, 6-di-tert-butyl-carbazyl))-n-decyl] qui-
nacridone, DTCDQA) Fll N, N'-X{-(1-Z53)-N, N~
TORFE1, 1L 4, 4- % (N, N'-bis-(1-naph-
thyl)-N, N-diphenyl-1, 1-biphenyl-4, 4-diamine,
NPB) 7 F 4 S B A bk R 1 L, Aefsfs
B HA AR RO GRRE B A HLE R 7. A i iR
USITRAYES T att - - FARC S W IR A 1 e
N, N-— %353, 4, 9, 10-JEDUHER W e (N, N-
dioctyl-3, 4, 9, 10-perylene tetracarboxylic diim-
ide, PTCDI-C8) Fl A& ) i 8.2 56 1) E - 1 43 F
NPB, 3 M2 A Lok i TP BE 00 22 57 25 LA [A]
8 I AZ AL il 7 F B TR AN 65 B 64T ASG R Al
R, DT S R PR AN ] B30 €5, 1§18 53 8 A A 119200,
SR, X T [Al HOLAF 1fT 73§- PTCDI-C8 AR
[ 43 NPB WL B 5 AR 8 A 4o, mAR it
UGURR AN o3 AE S AT USEBAR 2, (HR A
TIREVIBBCRAT A A, T3 ZR A VU HAE AL
SRR B TR UL By IR S UURRITSE
X £ 2 (R I A BIL g F R OC 2, AR SONIIS
BEALL A B 2, il FH kMC D7 B3R 5 A i IO AR X
oy TR T b X £ AR KA T8, JF 4k
HE S IURH 73 B 1 O HE S M) PR 3R

YRG5 7 AR A T Z [ 45
RERRAR > BAT N BOAH OGN, ASCRECE T 4 AN
KA S E BEARMT T HR AR > B B 20 . A 5T 4G
LW, BRI [E] 535 Z R 945 5 RERA S5 23520
TAIAH 3 B B RCR . 201 [ AR EAE s g,
VT3 T AL SR AR A A TOURT, - T - )
AT AR T AT BRI % 75 S I R ) A
W, 43 (B 255 e 55 I T LAAR Sl S IR b AN ]
KT ASG, MITEEN 53143 8. A, 4
o3 AR EAE RGN, AR 20 70U &

F%y LR TR 1 B 1~ 1 1 e s . [l AP
161 73 SR O T ) AR N e B O T B2 Y AR
1150, R FE TR I, RS
DURRPIAPAS R 2R B 1A DL 5 64T ASG, 431+ 1H]
25 A AH B AT I 0] BRI SE B 7 B FY S B 3R

2 BT E

BELRG R T ASG i FHR A 4 KR
TARARRESEIRS, HORTAT I B er £ HA S AR G
TIE (12331 JA TS 7 A TR, anfEl 1(a)
FiR, B R A 80ax80ax2a (KK N , y, 277
], Horb o o0 ks H 0 A = o R0 b P A R vy
FH Y S10y LK, A TR — R RS SR
ST, E 2 Ay ) SR T R A
FEAERIE FHEWR 200 AT A K | SR 45K
20a, 15 A da IR0 R B RS0 S 40 v 119 42 F
e AT HERBRIECR, R R P /7R T HL
KA BISR AR R BRI R A LIS (s) | A
W (g) AP T (p). BRKZEIAHLE SR

(b)

BT (a) B G IE], o i @A/ i B 0 07 Tk
53 AR A B IR A A, TURRAY AR T (A1 )
FHE A (A6) MERERR, IR R ST R 80ax80ax2a, I
¥ HL M (20ax20ax4a) UL 40a (4 J5 19145 B 78 AR b, o 2 i
W B, B 15 () T B9 4% 1 e P o 1 8D AR LA
7N B 1A

Fig. 1. (a) Set-up of the simulation system. The large gray
and small yellow squares represent the SiO, substrate and
the gold electrode, respectively. The deposited non-planar
(planar) particles are represented by blue (red) balls. The
size of the substrate is 80ax80ax2a. Square electrodes
(20ax20ax4a) are arranged on the substrate with a 40a
period. Here a is the lattice constant and set to 1. (b) Sche-
matic diagram of anisotropic intermolecular interactions of

planar molecules.
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Fig. 2. Evolution of the section snapshots of the morpho-
logy after (a) 5000, (b) 15000, (c) 30000 and (d) 50000
particles deposited on the surface of the pre-pattern. Here
the out-plane (in-plane) interaction energy between the mo-
lecules of non-planar (blue) and planar (red) is 0.4kgT
(0.2k5T).
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Fig. 3. (a) Variation of the number of deposited non-planar
(planar) particles on (at) the tops (sides) of the electrodes
with the number of incident particles; (b) the variation of
the ratio of the number of deposited non-planar (planar)
particles on (at) the tops (sides) of the electrodes to the
total number of particles with the number of incident
particles. Here the out-plane (in-plane) interaction energy
between the molecules of non-planar and planar is 0.4kgT
(0.2kg 7).
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Fig. 4. Section snapshots of the final morphology after 50000 particles deposited on the pre-patterned surface (25000 each for the

molecule of non-planar and planar) by varying the out-plane (in-plane) interaction energies between the molecules of non-planar
(blue) and planar (red) from (a) 0.4 kg7 (0.2 kgT"), (b) 1.2 kgT" (0.8 kgT"), (c) 2 kT (1.4 kgT") to (d) 2.8 kg1 (2 kgT").
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Fig. 5. (a) Variation of the number of deposited particles of non-planar on (at) the tops (sides) of the electrodes with the number of
incident particles; (b) the variation of the ratio of the number of deposited particles of non-planar (planar) on (at) the tops (sides)

of the electrodes to the total number of particles with the number of incident particles. Here the out-plane (in-plane) interaction en-
ergy between the molecules of non-planar and planar is 0.4 kg7 (0.2 kgT"), 1.2 kg7 (0.8 kgT" ), 2 kgT (1.4 kgT" ) and 2.8 kT (2 kgT'),

respectively.
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Abstract

The selective area growth approach (namely the self-assembly of molecules on pre-patterned surfaces) that
takes into account the properties of organic molecular materials and traditional lithography techniques, is
expected to play a significant role in manufacturing organic micro-nano patterns for photoelectric and full-color
display. The manufacture of organic devices with tunable multicolor patterned films depends on the control of
nucleation distribution of two or more organic molecules by using a selective area growth approach, particularly
through the application of mixed deposition growth that can enhance the nucleation efficiency of multicolor thin
films. However, till now the issue of mixed deposition growth of two kinds of organic molecules has been rarely
reported, owing to the complexity in experimental operation. In this work, the selective area growth of mixed
deposition of two kinds of molecules is studied by molecular kinetic Monte Carlo approach in order to find the
experimental conditions for separating two kinds of molecular growth. In the simulation, the interaction energy
between the two molecules is adjusted and controlled to study its influence on the separately selective area
growth of the two molecules. The results show that when the intermolecular interaction energy is weak, the
planar molecules and the non-planar molecules exhibit completely different growth behaviors. The most of non-
planar molecules gather at the top of the electrode in an island mode, while planar molecules mainly accumulate
in a layer-by-layer mode on the sides of the electrode. On the contrary, when the intermolecular interaction
energy is strong, the number of non-planar particles on the tops decreases and a large number of planar
particles appear. Moreover, on the sides of the electrode, the doping nucleation of planar molecules and non-
planar molecules also exists, resulting in the failure of molecular phase separation growth. It proves that the
intermolecular interaction energy can affect separately area-selective growth of various organic molecules.
Therefore, when several different kinds of molecules are mixed and deposited, relatively pure crystalline
monochromatic films can be obtained at the top and on the sides of the electrode, respectively, by appropriately
adjusting the intermolecular interaction energy, which can further facilitate the application of multi-color

organic micro-nano pattern in display and other fields.
Keywords: area selective growth, kinetic Monte Carlo, organic molecules, phase separation
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