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Abstract Perhydropolysilazane (PHPS) derived silica materials have received extensive attention due to their potential
applications in fields of memory chip and flexible display encapsulation. However, the current understanding of PHPS con-
version process is not deepened yet, which is unfavorable to further research. To clarify PHPS conversion process, this work
systematically studied conversion mechanism from PHPS to silica, and investigated the influence of chemical composition
and microstructure on volume shrinkage, refractive index and mechanical properties in the conversion process. The coating
samples were prepared by hydrolysis and condensation reaction of PHPS under conversion condition of heat. Chemical
composition and microstructure of the obtained samples were analyzed by Fourier transform infrared spectroscopy, X-ray
photoelectron spectroscopy, energy dispersive spectrometer and peak table mode of atomic force microscope. It is found that,
when the conversion temperature is below 180 °C, the conversion of PHPS is dominated by the hydrolysis and condensation
reaction of Si—H and Si—N bonds, and its conversion degree is low. The formed samples show sea-island structure, which is
composed of a dispersed silica phase and continuous PHPS phase. When the conversion temperature is in the range of 180~
300 C, the transformation depends on oxidation reaction. It results in growth of silica phase, formation of bi-continuous
phase, phase reverse between PHPS and silica phase with the temperature above 200 ‘C, and formation of continuous silica
phase. When the conversion temperature is in the range of 300~600 C, the silica network is basically formed, and it is den-
sified by further treatment at higher temperature. The volume shrinkage, refractive index, and mechanical properties of PHPS
converted samples depend on the conversion degree and phases’ distribution.
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Figure 1 (a) FT-IR spectra of samples obtained at different tempera-
tures; (b) normalized FT-IR absorbance intensity of the samples as a
function of temperature
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Hydrolysis and condensation of Si-N
Hydrolysis: ~=Si—NH—Si= + H,0 —3 =Si—OH+=Si—NH, (1)
=Si—NH; + HyO0 —» =Si—O0H + NHzA @)
Condensation: =Si—OH + HO—Si= —» =S8Si—0—Si= +H,0 (3)
=Si—NH,+ HO— SiI=—®=8i—0—Si=+ NH,A @)
Hydrolysis and condensation of Si-H
Hydrolysis: =Si—H+ H,0 —» =Si—OH + H2+ (5)
Condensation: =Si—OH + HO—Si= —» =Si—0—Si= +H,0  (6)

Dehydrocoupling reaction:

=Si—H+=N—H — =Si—N= + H,A @)
Oxidation of Si-H
2=Si—H+ O, —» 2=Si—O0OH (8)
Oxidation of Si-N
=Si—NH—Si= —» =Sj: + -NH—Si= 9)
4=Si- + 0, —®» 2=Si—0—Si= (10)

212 X HE&AETRESHT

KH XPS (X-ray Photoelectron Spectroscopy, XPS)
RAE T PHPS B AU S (1) 3R 1H G 2= 2LRU(B 2). F AR
KT 180 CHY, FEARIN% . E & & & HE(O/S))
WngEne; ALY 180~300 CHF, O/Si 351N,
IS UE T 20 Ak 23 A e B B A A R 3 R A 1R 300~
600 ‘CIX[d], K1 O/Si BEEE T mLE@3en, N & 225
T BE%. FRELRIT O/Si Pl b 3A 5 20 sh i
HSi—O B R U U 5 AR A A — 3. PHPS &
600 CHALJE, FEMERTR O/Si N 1.91, N JLER I EE/K
FEIN 0.28%.

iRt EY, EEMT 180 C, PHPS ' Si—H Al
Si—N H LKA A N, FA RN T
% 180~300 CHF, PL Si—H Fl Si—N # 8 L BA
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WHEIR R AEY IR B — D BUE AL, A2 R R Ak
fELE 1.
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Figure 2 XPS analysis of PHPS derived samples obtained at different
temperatures
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EHA IR PHPS AR S4B i #% AU R s
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Figure 3 AFM images of samples obtained at different temperatures. The data in the top right of the image is root mean square value of the roughness
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Figure 4 AFM modulus mappings of samples obtained at different temperatures
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OV IR N R R A, 4k T2 BB A RE AR . IR T
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(Kl 5d). M5 PHPS AL FE ik 2=l s AR AT
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PRHUFEAL IR BE 9 200 “C AT 600 °C HIAE S (H200 AT H600,
JEFEZ) 900 nm), KA HLT REG{X (Energy Dispersive
Spectrometer, EDS)#4T 73 #r. A&l 6 HHH] LUE H, H200
O ZrEHE N HEL 500 nm EENENLA, KIGE
WREAR, BREH H200 A% &b R RE 77 1) S AR fE B R REAIG.
H600 ¥ O & &R JE 7 n S B3I S B 0 An, Ui
A b AR A AE R4 2], H600 1 O/Si & & T
H200, M T &R A BT PHPS EALFEALEEAR A2
K, X5 FT-IR.XPS fil AFM # &) #7153 1 4516 — 0.
1M H200 £ S AN 5 5, InFEfS R S R s
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Figure 5 Schematic of phase evolution from PHPS to silica: (a) PHPS phase; (b) sea-island structure with continuous PHPS phase; (c) bi-continuous

structure; (d) sea-island structure with continuous silica phase
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F P AA R A AR . PHPS M5 AL RERIA % . T
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Figure 6 Cross-section EDS analysis of samples obtained at (a) 200 C
and (b) 600 °C; composition schematic of (c) H200 and (d) H600
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Table 1 Comparison between refractive index of silica prepared by
PHPS conversion and other deposition methods

il 5 7k Pt S ik
AL 1.45~1.46 156]
BT A 1.47 571
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PHPS 4Lk 1.447 AT AE
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B ThE. BESL H450. H600 DLEALEEA AT, H4A
WHREIRTE B VR R B 3 I bR A EHE, 3315
E KIEAGEERR; T8RN A AR I 25 BE NS0 . B
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Figure 9 Mechanical properties of samples as a function of tempera-
ture: (a) hardness and (b) modulus
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