F50E 3 KA
2021 4-3 A SURFACE TECHNOLOGY - 225 -

HiisiE AR AR EREREIR LH &
I Bt i IR B B 52

SER, RR=, BEW, £Z, TE, M, OTLE
(ZINEERAYIRIRAT, = 730000)

W OE. B IR BT RAREA LIRS T AT R A T Re-40 58 Bk o sk 6d %l , #T fE
HRELELLH, Fik PR LB TRENIEZAK (BFRAF, ARAETRATRE) Fomdsik s
WA (AZE., BFHE. BT RA. BE, AKRAET. AFTREBAEFIKY ), FRERIOKE, WE
N A GRS AHAE, H B uir,. RFN BB EE 5 N REE, SREI LA TR &G ERY
B, EEE BT RRAFRTT N, &R EBTRAFEH 1260 W, AARAZ A 120 mL/min,
Ak A 0.3 m/min, FEEEREEA 10 C, BAHHFAH 10000 W 654 T, 4 &0 RBL T f-48 0 & Bk
JEX Ao FE RN A 0.09, BEME R, XAFHAEIE, LELE. BEMIKST 2B DB
KRE, FBHE., £04~14 yum EBSEE R, FBREHF<3.5%; f£3~15 GHz A EEB N, FRL#EET
TR E>30 dB, & it H IR AR RS AR ) &0 T BE IR 48 0 W B RS EL A 5 09 51 R b A e B B
MERE, ERIZFEBL, FROEF AR A ) E N R AR .

K. AARIERS; BERM; KMIBOKE; wEES RA; AR

FESZES: TB333 XEkRIRAD: A XEHS: 1001-3660(2021)03-0225-07

DOI: 10.16490/j.cnki.issn.1001-3660.2021.03.022

Study on Preperation of Photoelectric Shielding Film by DC Magnetron
Sputtering Technology on Flexible Polyimide Substrate
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ABSTRACT: This paper aims to study the effects of the parameters of ion cleaning activation and DC magnetron sputtering on
properties of polyimide-aluminum films. The effects of plasma activation process parameters (power of ion source, flow rate of
cleaning gas, speed of belt) and magnetron sputtering parameters (power of sputtering, flow rate of sputtering gas, temperature
of coating roller, belt speed and stress) on the solar absorptivity, adhesion and appearance of film have been studied to determine
the optimal process parameters. The morphology, transmittance and electromagnetic signal attenuation frequency of the film are

measured by the scanning electron microscopy, optical instruments and electromagnetic signal testing equipment. The results
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show that when the ion source power is 1260 W, the gas flow rate is 120 mL/min, the belt speed is 0.3 m/min, the temperature of

the coating roller is 10 °C, and the sputtering power is 10 000 W, the minimum solar absorptivity of the prepared PI-aluminum film

is 0.09, the adhesion of the film is strong, the abnormal discharge phenomenon is the least, and the surface is smooth. The film

transmittance is less than 3.5% in band range of 0.4~14 pm, the electromagnetic signal attenuation rate of film is more than 30

dB in the 3~15 GHz frequency range. The polyimide-aluminum photoelectric films prepared by DC magnetron sputtering have

excellent optical properties and electromagnetic shielding properties, which has a wide range of application prospects in field of

thermal control films, shielding films and so on.
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Tab.1 The range of main parameters of ion beam activation cleaning process

Parameters Range Parameters Range
Substrate width 1.2m Continuous belt speed 0.3~1.0 m/min
Ion species Ar' Ion source power 600~1350 W
Ion source voltage 300~500 V discharge current 1.0~3.5A
Gas flow 80~120 mL/min Reaction chamber pressure 0.35~1 Pa
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Fig.2 The solar absorptance under different ion source power
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Tab.2 Effect of gasflow rate on film properties

Gas flow/(mL-min ") Vacuum degree/Pa

Solar absorption
before Paste test

Solar absorption

after Paste test Appearance

80 0.30 0.09
90 0.36 0.09
100 0.42 0.09
110 0.49 0.09
120 0.50 0.09

0.10(not fall off) . No visible damage

. More abnormal discharge

0.10(not fall off) . No visible damage

. More abnormal discharge

0.10(not fall off) . No visible damage

. Less abnormal discharge

0.10(not fall off) . No visible damage

. Less abnormal discharge

0.09(not fall off) . No visible damage

. Less abnormal discharge

N = N—= = N= N =
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Fig.3 The solar absorptance under different belt speed
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Tab.3 The solar absorption and paste test results under different temperature

Solar absorption (as)

Paste test results

Temperature/C Test section

Point 1 Point 2 Point 3 Point 4 Point 5 Point 6

Section 1(1 m) 0.10 0.10 0.10 0.10 0.10 0.10 No peeling

10 Section 2(25 m) 0.10 0.09 0.09 0.09 0.09 0.10 No peeling

Section 3(49 m) 0.10 0.09 0.09 0.10 0.10 0.10 No peeling
Section 1(1 m) 0.10 0.09 0.09 0.09 0.09 0.10 Pinhole peeling
-10 Section 2(25 m) 0.10 0.09 0.09 0.09 0.09 0.10 Pinhole peeling
Section 3(49 m) 0.10 0.09 0.09 0.09 0.09 0.10 Pinhole peeling
Section 1(1 m) 0.09 0.09 0.09 0.09 0.09 0.10 Pinhole peeling
-20 Section 2(25 m) 0.10 0.09 0.09 0.09 0.09 0.10 Pinhole peeling
Section 3(49m) 0.10 0.09 0.09 0.09 0.09 0.10 Pinhole peeling
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Tab. 4 Thevertical and horizontal solar absor ptivity of Pl substrate surface at different sputtering power
7000 W 8000 W 9000 W 10 000 W
Length/m

Left Middle Right Left Middle Right Left Middle Right Left Middle Right
1 0.362 0.362 0.363 0.354 0.354 0.354 0.343 0.342 0.342 0.330 0.332 0.333
2 0.363 0.362 0.362 0.354 0.352 0.353 0.342 0.342 0.341 0.329 0.331 0.331
3 0.362 0.363 0.363 0.353 0.353 0.354 0.342 0.340 0.343 0.327 0.329 0.329
4 0.362 0.363 0.363 0.353 0.354 0.354 0.341 0.341 0.342 0.327 0.328 0.327
5 0.361 0.362 0.362 0.352 0.353 0.353 0.341 0.342 0.341 0.327 0.327 0.328
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Tab. 5 The best preparation process parameter s of plasma cleaning technology and magnetron sputtering

Process parameters

Control parameter

Process parameters of base ion
source activation cleaning

Process parameters of deposited
aluminum on PI substrate

Continuous belt speed 0.3 m/min 0.3 m/min

Belt tension 30N 30N

Working gas High purity argon (99.99%) High purity argon (99.99%)
Power of ion source 1260 W —

Voltage of ion source 420V —

Discharge current of ion source 3.0A —

Gas flow rate 120 mL/min 100 mL/min

Sputtering target — High purity aluminum target (99.99%)
Temperature of Coating roller — 10 C

Sputtering power — 10 000 W
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Fig.4 The morphology of PI-aluminum film

4.0
2.3.2 HERESENK is
X PLARIEA3E i AT, I3 I B 2ol
0.4~14 pm, 335 0.4~2.5 pm 7] 0360 BRI 21 Mgk 2'
Bt. % 2.5~14 pm LA B, WAL R0 5 2
Kl 6 BT . 201
MIHAEE ST LA, e I i #5 1 Pl Lsr
FRIBAE R DO | 3 2R R B 2T AN B 1) e K it LoF
FOIRN 2.32%H1 3.4%, S84 BT FARIT 5% 0.5 F
HH AR N — N
2000 4000 6000 8000 10000 12 000 14 000
Wavelength/nm
3.0
a5l 6 AR 1~15 pm P K70 F N3 5 R
20 Fig.6 Transmittance of thin film in the wavelength range of
al 1~15 um
15}
10} 2.3.3 EESZ=REMERENIK
o5t - - - .
§03 W T PI4RBEAE 3~39 GHz 36N M HL A (S B
el T FEW, AR OB 3 B TR
71'0 i RIGE SR LA BEE 2505 5 A [, ASFIER
L H 55 54 R e AR [ U FE L, 9 T
0 . . . . . 3~5 GHz ([1]f% 0.2 GHz ). 17~26 GHz ([i]}% 1 GHz)
W00 TW 60 200 2400 F130-39 GHz ([l 1 GHz) 3 AIRAEF . 451
- A, AT e A B 31 A4 ﬂ?ﬁ,mo 2
e AU 1AL AR A 0
Fig.5 Transmittance of thin film in the wavelength range of i il P
0.4~2.5 um ML HANE 7 Frs .
-70} 80} 80 Without PUAT film
~70 | —With PI/Al film
60} i 60}
% —0r % O 7 5575 Te-Without PLAL fim % -sof  S64dB
3 —-Without PVAI film } 48.4 dB 250 : . 2
g ~40 % With PVAI film é ol a3 a5 ith PI/Al film é of 349 dB
,ng 30+ 34.1dB @ 30l 25.7dB @ =30 21.5dB
“ 20} 143d8 | 7 a0l o -20r
_10 i 1 1 1 1 1 1 1 _10 C 1 1 1 1 1 1 _10 I 1 1 1 1 1
28 32 36 40 44 48 52 16 18 20 22 24 26 28 030 32 34 36 38 40
Frequency/GHz Frequency/GHz Frequency/GHz
a 3~5 GHz b 17~26 GHz ¢ 30~39 GHz

7 AN TR A L P L A5 X L

Fig.7 Comparison of electromagnetic signals in different frequency range



$50% 3

e PELIR A+ AL T I S AR A S P R A 01 L s JBE P T - 231 -

S WA FES ) FRL AR 5 T 0l — AN /N 15 dB. R
7RO, PTBERR TR I B . ik B A I B i e s
MRS 5 I 34.1. 33, 34.9 dB, 524 2
FRZR . Ht, PI-AR A RE AT LAAE Ry B e k1 Ak
IVAE

3 #it

SR FH L B 4 0 S5 2 R A 2 R SR ke 3L
il £ T AR FFE T 4ot B8 7 AVS e MRG0 3 T8
ST RE M . E B TURTIE R 1260 W,
THUES AR 120 mL/min, SEAF## 0.3 m/min,
T ST R 10 000 W, IS4 B4 100 mL/min,
ELBRIRE N 10 °C, NI 30 N BIRMET, Hil&m
W TOE I FHE, TOEFFLARFLIA o AR AEROAR S T
SEIUNEURCRAS , TR . P AR A A FH I
FN0.09, TE 0.4~14 um 75 FH N KRBT RN 3.4%,
1E 3~39 GHz JuFlNAE 5 =K T 30 dB, WEHAR
BLSR o SR LU 00 4 1 S A ) B 1) SRS T SV -4 B
TE G 5 B 0 P 408 B AR A B 5

S 3k

[1] NAGANO H, OHNISHI A, NAGASAKA Y J, et al. A
reversible thermal panel for spacecraft thermal control
(evaluation of effectiveness and reliability of new autono-
mous thermal control device)[J]. Heat transfer-asian res-
earch, 2005, 34(5): 350-367.

[2] SWANSON T D, BIRUR G C. NASA thermal control
technologies for robotic spacecraft[J]. Applied thermal
engineering, 2003, 23: 1055-1065.

[3] HANCY, CHOIJ M. Thermal analysis of spacecraft pro-
pulsion system and its validation[J]. KSME international
journal, 2004, 18: 847-856.

[4] GALSKIRL, DE SOUSAF L, RAMOS F M, et al. Spa-
cecraft thermal design with the generalized extremal opti-
mization algorithm[J]. Inverse problems in science and
engineering, 2007, 15: 61-75.

[5] FRAGNITO M. Spacecraft thermal analysis and control
by thermal energy optimum distribution[J]. Journal of sp-
acecraft, 2001, 39: 149-152.

[6]  WEI Qiang, LIU Hai, WANG Dan, et al. Degradation in
optical reflectance of Al film mirror induced by proton
irradiation[J]. Thin solid films, 2011, 519: 5046-5049.

[7] HAO Xiao-tao, MA Jin, ZHANG De-heng, et al. Compar-
ison of the properties for ZnO: Al films deposited on pol-
yimide and glass substrates[J]. Materials science and eng-

[12]

[13]

[14]

[16]

[17]

[18]

ineering, 2002, B90: 50-54.

KHACHATRYANA H, LEEB S N, KIM K B, et al. Al
thin film: the effect of substrate type on Al film formation
and morphology[J]. Journal of physics and chemistry of
solids, 2018, 122: 109-117.

OH S H, TENTENBERGER C, IM J, et al. Dislocation
plasticity of Al film on polyimide investigated by cross-
sectional in situ transmission electron microscopy strain-
ing[J]. Scripta materialia, 2011, 65: 456-459.

WANG S F, WANG Y R, CHENG K C, et al. Preparation
and characterization of polyimide/zirconia composite films
[J]. Journal of electronic materials, 2008, 37: 925-929.
DEHM G, LEGROS M, HEILAND B. In-situ TEM strai-
ning experiments of Al films on polyimide using a novel
FIB design for specimen preparation[J]. Journal of mater-
ials ccience, 2006, 41: 4484-4489.

PUTZ B, MILASSIN G, BUTENKO Y, et al. Interfacial
mutations in the Al-polyimide system[J]. Surface and in-
terface analysis, 2018, 50: 579-586.

CHANG J J, NIU H Q, HE M, et al. Structure-property
relationship of polyimide fibers containing ether groups
[J]. Journal of applied polymer science, 2015, 42474: 1-8.
CHANG C M, CHANG C L, CHANG C C. Synthesis and
optical properties of soluble polyimide/titania hybrid thin
films[J]. Macromolecular materials and engineering, 2006,
291: 1521-1528.

LUCCHINI R, CATTARINUZZI E, MARAGHECHTI S,
et al. Delamination phenomena in aluminum/polyimide
deformable interconnects: In-situ micro-tensile testing[J].
Materials and design, 2016, 89: 121-128.

JANG J, LEE J. Effect of imidization temperature on the
adhesion of polyimide on aluminum[J]. Journal of applied
polymer science, 1996, 62: 199-205.

DING Y C, HOU H Q, ZHAQ Y, et al. Electrospun polyi-
mide nanofibers and their applications[J]. Progress in pol-
ymer science, 2016, 61: 67-103.

XIAJ Q, WANG J W, SRINIVASAN M P. Linear and ne-
tworked blends and copolymers of polyimide[J]. Journal
of applied polymer science, 2006, 100: 3000-3008.

LIUX X, LI'YP, LIU Y, et al. Performance and micro-
structure characteristics in polyimide/nano-aluminum co-
mposites[J]. Surface and coatings technology, 2017, 320:
103-108.

XIE S H, ZHU B K, LI J B, et al. Preparation and prope-
rties of polyimide/aluminum nitride composites[J]. Polymer
testing, 2004, 23: 797-801.

WU S H, MA Z J, XIAO G J, et al. Study on properties of
Al film on CFRP after cryogenic-thermal cycling[J]. Phy-
sics procedia, 2011, 18: 279-284.



