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Relationship between comprehensive properties of low dielectric ink
containing multi-fluorinated poly(aryl ether) and active diluents

YUAN Bo
(The tenth Research Institute of China Electronics Technology Group Corporation, Chengdu 610036, China)

Abstract: With the rapid development in the field of microelectronics and microelectronics processing technology,
manufacturing microelectronic devices using inkjet printing technology has become a popular direction in additive
manufacturing. In this paper, an UV-curable vinyl-terminated polyarylether prepolymer was prepared by nucleophilic
substitution reaction with twisted non-coplanar phthalazinone and hexafluoroisopropyl as structural units. A new low
dielectric ink system for 3D printing was constructed by using diacrylate reactive diluents and free radical fast initiators into
the prepolymer. The results show that the viscosity of the ink system before curing is lower than 300 mPa-s,indicating good
processability. After UV and thermal curing, the infrared testing shows that the curing degree can reach over 87%, and the
curing is basically complete. The minimum volume shrinkage is only 2.4%, which indicate the ink has excellent dimensional
stability. The glass transition temperature of the material can reach up to 210°C, and the thermal decomposition temperature
can reach up to 370°C, which indicate the ink has the potential of long-term use at 150°C. At 10 GHz, the dielectric constant
of the material can reach 2.61, and the dielectric loss factor is only 0.014, which indicate the ink has excellent dielectric
properties. The ink system prepared in this study is applicable to the additive manufacturing process of large curvature
conformal circuit and has good application prospect in the field of microelectronics.
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Fig.1 Reaction route of FSt-FPPE
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Table 1  Viscosity of different UV curing system

YRR 5 AR/ (mPa-s)
EDG 111.6
HD 116.2
TGD 285.4
NGD 1125
DGD 85.0
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Fig.4 Infrared contrast diagram of PEDG184
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Table 2 Conversion rate of different UV curable inks systems

&R UV LR /% JE TR L /%
PEDG907 65.41 69.17
PEDG184 50.20 55.52

PHD907 61.70 64.53
PHD184 69.47 78.95
PTGD907 69.64 76.81
PTGD184 77.60 78.42
PNGD907 79.90 83.68
PNGD184 83.08 86.12
PDGD907 75.66 87.37
PDGD184 70.32 71.82
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Table 3 Thermal properties of different UV ink

systems after curing

x4 ARIUVHEFRELEE KGR
Table 4 Curing shrinkage of different UV ink

systems after curing

A # r/C T,/ C i3 LHME B AE /% AN /%
PEDG907 149 270 PEDG184 32 5.0
PEDG184 155 270 PHD184 27 36
PHDY07 135 370 PTGD184 1.7 24
PHD184 145 371 PNGD184 5.0 6.2
PTGD907 210 320 PDGD184 2.8 35
PTGD184 195 320
PNGDY07 124 350 e, 45 B A [/ UV [ A0 AR i 8 50 77 2% P g it 25
PNGDI184 129 330 R s fros, AL S LUE L, PTED184 44 I B A
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T PTGDY7 F5 TRUV BRI ERE S5 A
Tg=155°C Table 5 Mechanical properties of different
t N UV cured resin films
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= PHD184 212 3.4 2.3
50 100 150 200 250 300 PTGDI184 993 10.9 1.6
HRE/C PNGDI184 116 1.1 8.4
5 PTGD 5 PEDG A& H DSC phiZk PDGD184 413 2.7 3.8

Fig.5 DSC curves of PTGD system and PEDG system

[ 10 4 (1) 2K B L P R S AR ) 4y T A S R
IRFE A 6. T HD Bk N 6 Bk 8 75 i de /b, 40
T IE] AT IR AR B v, AR R T, 75 BT A I 58 P i
&, 15 370°C . EDG M4 & [ 4k 5 (1) 7 4 2 AUH
50%~65% , 2T AR P LA, [R1 otk JH ] % 10 Vil 28 T,
TE FT A I 58 A%, A 270°C .
24 UVEMHEMNEHEGEER

UV il 8 [ 46 J5 , 70 F N SRR T I, 2 2
)G LA B B 4, 5 B TR R B 4, R R R
53 Ta) [ Ak 5 T BROASIRAR &, 4 F8E 1) E IS 34
BIL 1), Ao 75 [ £ J5 AR R 41 3 B 51 R 7R 184
PER GRS 58 M43 A [R] 7 21 Ak J5 B8 T e Usc 4
BB AR, MWRATLUE H,BR T NGD i 4K
F, HoA UV i 38 404k F I ] A0 US4 e 3ok s T
5%, eI T RAFI RSTFaoE v
2.5 UVEMHENHE MR

I WO 51 AR 184 45 Sy R Ad kA b i 51 R
T R G 1 6 R ) R B R R T S MR R R

2.6 UVEHEMNTEMEE

F6 51 R 184 [ 46 5 HIARE & A PR BE IR 25 1
WL 6 fim. MK 61 LUE H , H TGD Hi4 firfic &
(19 28 7 B A PR RE SR U o 7E 10 GHz A0 23R
T A B B (DO A TR FE R B (D A%, 737N
2,61 #10.014. X2 T HAx R VA, B85 B 1%
K, 5y AT TR gi 45 M T BR il 8 B 1) iE Bl o 24 Bk o ik
SR R 2R, AR TE LS A PR AR R E
X2 H T A X T 0 107 B 1 R M A, A AR
I HUE O K . B A IR AR 10 GHz $
F+ %2 28 GHz B, o't [ 44 8 JI55 (1 A H o $ 3545 P 14
T 38 K8 N 0~9.5%. X A& 1T 7 28 GHz 1)

&6 AEIUVEMLREERE N B 1ERE

Table 6 Dielectric properties of different UV cured resin films

i Dy 1ocne Dy 1ogi Dy asai Diason,
PEDG184 2.88 0.031 2.88 0.029
PHD184 3.03 0.022 3.08 0.022
PTGD184 2.61 0.014 2.82 0.015
PNGD184 2.96 0.019 3.24 0.019




g T S VER RS 2 U T B S I SR 25 A 1 RE DR AR E T

51

BRETT oy T EEN RIS B 1 0, T B0 R
o 7 PNGDI184 (141 HiLH U8 A0 AH X 8K, 3X
A T L) R 4 22 3 g e
e
BF o 3D AT BN SR 5 BF 7T, 4 i TS AR

PERRREF , Xl 28 1) 3D T B[4k T 247 EL R, 9
Xof ] 44 S5 A% R 1) 77 2 VE R i F PR BE RN A FELPE BB
TR, 3 LA RS iR

(D2 3 21 A1 A FE BE R, NGD Jih 58 4k R 1)
I A4 B 5 1A 85% LA L

()38 DSC 5 TGA AT #4221 g Mk, [
10 )5 TGD 1 24k R I T, 8 = AT ik 210°C , HAE O
51 R ) 184 (1 UV [ 44 il 58 1 T, A48 EL T 51 & 71
907 I ey

GO PRI B, 75 10 GHz MR T,
JIT A I SR AR 2R 4K S A B B8 UK A R AR
IR = T 0.04.

zx b, 3% I NGD 8 TGD Aii 1 #s B 77, 6 5
K7 184 51 K7, FPPE 58 75 ik 55 S Wbt Jig oo 70 5%
YIAE R 3D S 11 = K BT, 1 4 193 B 0 B R
BARR B IZEE MERE , B2 755 T S8 FH 1)

A5t o

I % m

98]

Z£E @k References

[1] COMYN IJ. Chemistry & technology of UV & EB formulation
for coatings, inks & paints[M]. London:Elsevier,1995.

[2] L0 SRENAE . AT W A 52 A AR IR R TR IBORE R 1 ) 24 AT
W 7L [0]. 45 241 81,2006,39(6):9-12.
JIANG F, ZHANG L H. Study on preparation and properties of
visible light cured adhesive and composite resin[J]. Insulating
Materials,2006,39(6):9-12.

[3] M BeH, 20 SO UV B 5208 P9I R 1R R ¥ F 5 3t
JE0). 462041 81,2018,51(1):10-16.
XIAO N J, L1 Q J, JANG Q B, et al. Research progress of UV
curing polyurethane acrylate coatings[J]. Insulating Materials,
2018,51(1):10-16.

[4] CHEN-YANG Y W, CHUANG J R, YANG Y C, et al. New UV
curable cyclotriphosphazenes as fire retardant coating material
for wood[J]. Journal of Applied Polymer Science, 1998, 69(1):
115-122.

[5] HA C S, JUNG S J, KIM E S, et al. Properties of UV curable
polyurethane acrylates using nonyellowing polyisocyanate for

floor coating[J]. Journal of Applied Polymer Science, 1996,62(7):

1011-1021.
[6] RAO AV, KANITKAR D S, PARAB A K, et al. Some speciality
coatings from radiation curable poly (acrylic) combination[J].
Progress in Organic Coatings,1995,25(3):221-233.
[71 MICHAEL F P,YOUNG G W, et al. A Mathematical model for
photopolymerization from a stationary laser light source[J]. Mac-
romolecular Theory and Simulations,2005,14(1):26-39.
[8] CZECH Z. Development in the area of UV-crosslinkable solvent-
based pressure sensitive adhesives with excellent shrinkage resis-
tance[J]. European Polymer Journal,2004,40(9):2221-2227.
[91] PAPILLOUD S, BAUDRAZ D. Migration tests for substrates
printed with UV link-systems in aqueous simulants[J]. Progress
in Organic Coatings,2002,32(2-3):231-237.
[10] AREEE, , S AR A AR OB RO ANV R 58 1 40 232 5T I 14
WEFE[I]. 462644 #1,2016,49(12):32-36.
XU H Z, MAM, MO D H, et al. Study on photosensitive unsatu-
rated polyester insulating impregnating resin[J]. Insulating Mate-
rial,2016,49(12):32-36.
[11] U8 25 5 J7 3RS Wi (PolyJet) 7 (4 3D T ENAARHI
FEOTHT[I]. Fedi a4 TR 544R,2017,38(7):163-167.
LAI Z'Y, SHI H Y. Material consumption analysis of square ring
formed by PolyJet color 3D printing[J]. Journal of Ordnance
Equipment Engineering,2017,38(7):163-167.

[12]  SAZAS, 25— okl 55 T 7 5G R 7 R IR H s 2 1
FHRIETE 5 5 33k R (7). 441 81,2020,53(8):1-9.
HUANGFU M G, LI Y D, ZHANG Y, et al. Research and appli-
cation progress of low dielectric polymers for 5G communica-
tion[J]. Insulating Materials,2020,53(8):1-9.
[13]  BR35 8 AR, FNY T, 4 SR A1 o Al Wi 48 e R W 58 ke 7).
12 554 ,2016,38(5):373-377,381.
WEI S Z, SONG CY, SUN M M, et al. The research progress in
shrinkage of uv-curing[J]. Chemistry and Adhesion,2016,38(5):
373-377,381.

(147l 200 = K e e I A PR P 8 I I e 2 1 ] 2%
L PEREN]. 4856 81,2023,56(2):39-45.
LU J, ZOU G X, ZHUANG Y B, et al. Preparation and proper-
ties of semi-alicyclic polyimide films with low dielectric
constant and low dielectric loss at high frequency[J]. Insulating
Materials,2023,56(2):39-45.

[15] LUO Y J,JIN K K, HE C Q, et al. An intrinsically microporous
network polymer with good dielectric properties at high frequen-
cy[J]. Macromolecules,2016,49(19):7314-7321.

Yis HEA:2023-05-14; &[5 HEA :2024-04-22.
EE BT

I (1987-), B (i), vl BARA, F R LA, T B
FHM AL S ML B R % R &S M
IR FER





