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Diffusivity in Polyimide Blend Hybrid Films containing Metal Oxides
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Thermally stable polymers are quite important in industrial applications such as low-dielectric insulators and heat
spreaders. ‘Polyimides (PIs)’, one of the representative super engineering plastics, exhibit high thermal stability with
good mechanical and insulation properties. Thereby, Pls have been widely used as interlayer dielectrics and substrates
for flexible printed circuit boards. Thermal interface materials (TIM) are used to transfer heat across jointed solid
surfaces such as between CPUs and heat sinks or heat spreader. However, the thermal diffusivity (D,) of Pls is much
lower than those of ceramics and metals. Recently, hybrid materials consisting of polymer matrix and homogeneously
dispersed inorganic fillers have been investigated to enhance thermal diffusivity. However, the improvement in thermal
conductivity is still limited due to the following two factors: (i) large interfacial thermal resistance between polymer
surfaces and fillers, and (ii) small amout of fillers in order to maintain their insulation properties. We have recently
reported that immiscible PI blends with selectively dispersed zinc oxide (ZnO) particles (~0.5 um) show much higher
thermal conductivity than Pls containing homogeneously dispersed ZnQ. In this study, A PI blend prepared from TF
and SD PIs (Fig.1) was used as a matrix. Hybrid films were obtained by thermal curing of Pl precursors containing
metal oxide particles at 350°C for 1 h. The volume ratios of SD, TF and metal oxide particles were set to 100—X :
100—x : 2x (x = 0~29.8). Magnesium oxide (MgO) particles (~1.2 um) were chosen as new conductive filler in this
study, and the degree of particle segregation was investigated to examine relationship between the phase separation
morphology and thermal diffusivity. Under well-controlled conditions, thermal conductive pathways were
spontaneously formed by selectively incorporation of particles in one phase, which is called ‘vertical double
percolation” morphology. Owing to the pathways, D, is significantly enhanced. In addition, PI films containing large
MgO fillers exhibit larger D,s than those with small ZnO fillers due to reduced interfacial thermal resistance between
Pl matrix and particles. The films with MgO exhibited higher D ;s than those with ZnO between 0 and 24 vol % for
blend films, whereas similar D, s were observed over 24 vol %, which demonstrates that ‘filler size effect’ is significant
at lower filler contents.
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Figure 1. Molecular structure of Pl blend:
BPDA-SDA/BPDA-TFDB.
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Figure 2. SEM images of (a)ZnO nano-pyramidal
particles and (h)MgO micro-cube particles.
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Figure 3. (a)Thermal diffusivity of hybrid films
(b)schematic image and (c)SEM image of ordered VDP
(d)schematic image and (e)SEM image of distorted VDP
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Figure 4. D, of Blend and HOMO films with different
vol% of ZnO or MgO particles.

i3 — 8 L2 HOMO & #5245, 7.
R - OHOMOIZH1T 5D ik 5 &, JIE L4
PN TIL 7 T —& & (vol%)iZ b & % (2 MgOkz
FEELHENFEVD | 2R Lz, ZHIRIEECTRA D
KR EFFOR 2B LTG5 E., RAERREWITE
BRPIORE R RERE 2D BEN DT H7-0T
D, FRIZHIMET & bICPIEREOBIE 2330 pmiitk Th
L7, KT REBEEOREIEBZBET D&, WirEN
0.5 pm2 512 umiZHM L7 2 LI L 5D, ~DF8Ex
K&, Wiz, ordered VDPTH % Blend# # L+ 5,
F9°. ZnO%ki 7% & TeBlendiZ15 vol% % T, FHENK
XL 72 BIZONTHOMO & Ll L <D | 2SRz s8N L
TW5, 15 vol% TD | OIMERIZE HICBHFE & 72D |
[F R & TIZHOMODHFIZE T 5, D DMK K
L ERTOREITON—a L= g VREE LTHD
Ay BRSBTS 5 2 L 1T & 0 B3 3h e
WRE T ARETH D, KIZ, MgOKL 1% & TeBlendiz
HEHT B &, ZnOKi oD | o mE & #7220 . 0 vol%
71 529.8 vol%E TIEIE—E DD BIME% R L, =0
RTEMMR A —a L —y g VIBENBER ST, ZnO
PP BCR EHERTERWREEEICEBNTHD | OBHER
BIMEm N A BN D Z &b, FREBIEH ORI & Ok
FENRENZ E TRTFFTOEMMAES /2D, N
ERLSFT o EEZBND, 15 vol%ll £ Tl
INORIFAEWE b/ A —a L — g VIBRELRB L. B0
ERNENE L EA L. 25 vol% TIEED & R 745 Hk
RbFEREDOD xR Lz, Zhik, REZOEIMNIE
S THIFREBPRENWZ LI K DRFRILEOBEMDES S

AR 72 720 | 207D ITELWENE oo
mEBEZLND, UELD | RFEMARENIEIZED
FIEBRGURD O RIT, VDPHEE & R0l F5 T
(RN TR B CORBIRE S hv, FEHEEOHEM LN
BABRIC R D RITIE TR D T &R ES T,

3

Figure 5. Blend film (MgO 24vol%)
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