CHAPTER 2
THEORETICAL BACKGROUND
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2.1 Differential Scanning Cal

Differential sc 1s one of the powerful thermal

characterization and iques with minimal sample

preparation.? Quan ned from only a few milligrams

of material. DSC méasuzes'thé ehangelin the 1ty of a sample as a function
of temperature b astning’ the < heat: fl juired for maintaining a zero
temperature differentiél bgtweée s2 np e - 2lls. DSC curves are plotted
as a function of whet ime : " i [ & constant heating rate. Figure 2.1

shows a typical curve gbtained «fron 'n yimierie sample. It provides relationships
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Figure 2.1 A typical DSC curve of a polymer.

By varying the heating rates, it is possible to investigate the kinetic
determinacy and simulation of polymer process. Two approaches to determine

kinetic parameters are isothermal (time scans) and non-isothermal (temperature



scans) methods. For thermosetting encapsulants, which require a rather high curing
temperature, the kinetic parameters cannot be obtained accurately by the
measurements operated under an isothermal condition due to instrumental and
experimental factors. Non-isothermal analysis is generally preferred for the

following reasons: (i) dynamic experiments are faster and the results are easier to

be fo lowed over a wide range of temperatures;

‘\I

of methods of data evaluation-are avai 1S,.dn this study, the non-isothermal

interpret; (ii) the reaction process ca

(iii) several reaction steps cz ingle experiment; and (iv) a number

DSC was used to determine the-kinetic par eters. By this technique, it is common

\\*\;.\

to assume that the rate gfseVolut] / t is strictly proportional to the

rate of the global chemigal ollowed:’

(2.1)
where (i{—i[) is the heat gene pteddn.a.un orheat flow (DSC ordinate), [(2—?]
is the reaction rate, and ./ eat’ tion, obtained from the area of the
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DSC thermogram, | s —d

Therefore, it isfpessible to evaluate.the reaction rate fﬁ) and the degree
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where AH, is the heat released up to time ¢, and it can be obtained by the integration

of the calorimetric signal (%{-) up to time .



According to the chemical kinetics, the reaction is activated when a particle
of the reactant attains sufficient energy to overcome the potential energy barrier

impeding the reaction. The rate of reaction is given by: >

=k (@) (2.3)

(kJmol™) is the activation ghergys % (X (K) cmperature of the sample; and R

(JmolK™) is the gas const# LN 2
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By combining equa
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Two important methods (i.e., Kissinger’s method and Ozawa’s method) are
commonly employed to calculate the activation energy without assuming any model

and integrating the exothermic peak.



(i) In Kissinger’s method*, it is assumed that the maximum in the DSC
thermatogram occurred at the temperature of the maximum reaction rate. A

differentiation with time on the equation 2.6 was carried out. At the maximum rate,

Ea
(— xT- ) 2.7)

where Sis the heatifig ragefl’ =4 4nd 7, \ nperature at peak maximum.

the term %(‘2—?) is zero and gives the equation 2.7.*

.6 into equation 2.7 and

differentiating the obtaf ; ng expression is obtained: >
(2.8)

Equation 2.8 can be i e‘grated and written as
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By this method, the plot of ln[T against F gives a straight line with a

m

slope of —E, .



(ii) Ozawa’s method’, at the constant heating rate, integration of equation
2.5 obtained: °
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This method “of.conversion is constant for all
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1 equation 2.6 into equation

2.11)

To evaluate ~:' ydels are assumed. There
ls 0 , g .‘ ocess of thermosets: (i) the

n™ order model inclu 1n§ I* and 2" order kmetlcs and (u) an autocatalytic model.
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autocatalytic model %’- =k(1+Ca")(B-a)’ (2.13)

are two important m

where m and n are reaction orders; B is the initial ratio between functional groups of
resin and curing agent; and C is a relative weighting for autocatalytic part of the

cure reaction.
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22 Fourier Transform Infrared (FT-IR) Spectroscopy

Infrared spectroscopy is the study of interactions of infrared light with a
matter.”'% It provides the specific information of molecular vibrations. When

infrared light interacts with a matter, it can be absorbed and causing the vibrations of

chemical bonds consisted in the There are two kinds of fundamental

vibrations for a molecule: stre ing, Stretching is the movement along
the bond axis (i.e., symme r i y@pes. In the contrary, bending
atomic group. It relates toefhesfetnainde of ecule. As a result, molecule
absorbs a certain energygthat. ntiz 12 ibrational energy level and
additionally exchange it A ¢ ¢ _i_; frnomentAThese cause absorption peaks
appearing on an infrafe : light absorbed. Various
stretching and bending quencies. Bending vibrations
normally require less ex g i longer wavelength than those with

stretching vibrations. Vibra epend not only on the structures of

structures of the othﬁpansi of the mole ent molecules represent

different vibration P ——— ------------- Mposi ;\J molecular structure.
v, = ;
There is a correlatlom ctwee: S at “ﬁhich a molecule absorbs

infrared radiation and its chem1ca1 structure

Slnce% u&l ’ar:n,f-l ﬂ ; “ ﬂ.:] ﬂ jture of a molecule,
R A A e

studies oqf the molecular structure. Furthermore an interaction with the surrounding
environment causes changes in molecular vibrations. As a consequence, infrared
spectroscopy has become a useful technique for study of molecular interactions. The
infrared spectrum can be divided into three categories: i.e., the far-infrared (< 400
cm™), the mid-infrared (400-4000 cm™), and the near-infrared (4000-13000 cm™)
regions. Most infrared applications employ the mid-infrared region due to it contains

fundamental mode of vibration of molecules. It is used to establish the identity of a
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compound. However the near- and far-infrared regions can also provide specific
information about materials. The near-infrared region consists mostly of overtone or
combination bands of fundamental modes appearing in the mid-infrared region. The
far-infrared region can provide such information regarding lattice vibrations.

An instrument utilized to obtain an infrared spectrum is called an infrared

pectrometers designed for spectral
collection in the mid-infrared region. A)revalem type is the Fourier

s to be detected simultaneously
throughout the spectral ram@e Whéreas a diSpersive-type instrument receives a signal
only from one resolt €leinc ot 4 '— In addition FT-IR spectrometer has a
higher signal-to-noisg 10, A5 afesult, it exhibifs a greater sensitivity and
_ | D€ calculated and saved in the
computer, thus FT-IR épe t cterd 1z ve become a widespread technique for routine
analysis.

According to basi ichelson interferometer is
utilized instead of ‘prz d infrared spectrometers.

ﬁld then recombines them

¢ measured by a detector

Beamsplitter separates-—

again. Thus, the intenstly variations of the exit beam can
as a function o ﬂﬁ. function of changes
between the téj ﬁ:ﬁxﬂﬁﬁﬂmm of a Michelson
mterferometer
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FT-IR spectrom

\ of light between two beams,
producing an interfero gra / do ns are interconvertible by the
bas

schematically in figure 243. The r r-,r o generate A by the IR source passes through

Fourier transform method

an interferometer, then being ahsorbe 1 by le before reaching a detector. Upon
the signal amplification, in __ gh-freg contributions have been eliminated
by a filter, the daf
converter. Then ")"_
The finally FT-IR spectrum is obtained fre : ati'o o@ single beam of the sample

oL, by an analog-to-digital

oy .- :
r.of Fourier transformation.

against that of the referegc
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Figure 2.3 Schematic of a typical FT-IR converter spectrometer.
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Polymer chains are made up of sequences of chemical repeating units. Since
the stretching and bending vibrations in a polymer closely resemble to those in
monomers, peak assignment of conventional infrared spectrum is practically
applicable to polymer structure. It can be used to investigate many parameters such
as polymer end group, chain branching, configuration, and conformation. It has also

been used to identify and determi oncentration of impurities, antioxidants,

emulsifiers, additives, plasticizers , // residual monomers in polymer
materials. In addition, FT- ) idely employed to characterize

curing process of thermosctiing resins. thec > principle of kinetic building

consists in the following.ev6 Lufic 2 reactive Vibration band of the resin versus
curing treatments, time an@ temperature. btain information on the kinetics of
a reaction, the rate of appés 3 '! app ance, of 2 absorption band is followed
and the rate constants calcula diyect y from the ‘observed spectra. Changes in a
number of reactive molecule % v ‘ igated directly by absorption intensity
(A) of characteristic vibgation ¢ associated t0.a particular function group in the

spectrum. Thus consumpti ! of:S molec les and appearance of products can

(2.14)

where /7 ist i m und spectrum); 7 is
the intensity H\MH ﬁﬂmn abso ?spectrum), & is the
absorptlon coefficient yand / is the
pathle ﬁﬁh“% ﬁﬁ-ﬁyﬁﬂ

The absorbance is measured in terms of peak height or peak area from

FT-IR spectrum. The absorptivity is the proportional constant between concentration
and absorbance. The absorptivity is an absolute measurement of infrared absorption
intensity for a certain molecule at a specific wavenumber. It is a fundamental
physical property of the molecule. Absorbance is a unitless quantity, so the unit of

absorptivity is defined in (concentration x pathlength)” to cancle the units of the
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other two variables in Beer-Lambert ’s law. As a consequence, the absorbance is

linearly proportional to the concentration of sample.

In principle, transmittance (7) is defined as: °

(2.15)
By substituting equatio equation-2.14 and by raising both sides of the
equation to the power o

(2.16)
and by rearranging the abgve quation'the ; g expression is obtained: ’

(2.17)

The above 3

V.o ttance is not linearly
proportional to the co :

]

ﬂﬁmwm RO
versus wavele al a have been plotted
in the absoﬁnce uﬁt%eoﬁs% Elllje 11y ﬁogirfjnﬁo ﬁn{cinadg

2.3 lectromc Packages

Computers have two main components: (i) integrated circuit logic and chips,
and (ii) the electronic package.'” "' Electronic packaging is referred to the housing
and interconnection of integrated circuits (i.e., chip or die) to form an electronic
system. The major functions of electronic packaging are provided adequate heat

dissipation, power distribution, circuit support, and circuit protection. Since the
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invention of silicon integrated circuit in 1958, the development in the area of
electronic equipment is accelerated rapidly. Advance multi-media products, which
commonly have a compact and intelligent concept, are now becoming more familiar
in our daily lifes. Even the most efficient and reliable designed of integrated circuit

design tend to be poor if its package is improperly design. Service conditions

2

assemblies need coating for-pre ectlon ras1on, handling, shock, and

necessitating protection include , heat, salt spray, oxygen, radiation,

microorganisms, chemlcals addltlon fragile microelectronic

it cliect on electronic system cost,

vibration. Electronic package.has a ¢

performance, weight, size

Electronic packages£af be élas ce classes according to their

sources i.e., (i) plastigs] (ii)fcese

Metals are one g earliest el ;,,- onic packaging i.e., a metal transistor

: 2 \
outline (TO). But now the
electromagnetic shielding. They ax 33! puter, medical and communication

-l T }"ﬂ-"-"i.r 4y
applications of high-perform D i

Ceramics ar |" sed Vices which reliability and

hermeticity are 1mportant They are found in mllltary, aerospace, high performance
computer, an ermeticity and heat
dissipation ca; mnﬁ?m‘ﬂnjﬁ vy, lﬂ‘? dielectric constant,
fraglle and h1 h firing temperatur

AR N INeNaY

1’1astlcs are widely used in the manufacture of electronic devices because of
their low cost but high production capability. Because of their high processability
and good reliability, a wide range of chemical and physical properties provided by
molecular engineering makes polymers highly versatile in the electronic industry.
High temperature polymers with a glass transition temperature (Tg) greater than
150°C, are major materials utilized in the electronics industry. Traditional polymers

used in electronic packages are polyurethanes, polyimides, epoxies, silicones, and
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polystyrenes. The use of polymer in electronic industry can be classified into four
categories: (i) thin films; (ii) protective gels; (iii) rigid bulk encapsulants; and (iv)
printed circuit board materials. Typically, polyimides play a dominant role in thin
film application, while silicones are selected almost exclusively for soft gel

applications. Epoxies are used in the majority of encapsulant and print circuit board

application. !
Electronic pack O1S1 a/ﬁ of interconnections. They are
divided into levels ran to 4 as shown in figure 2.4. The zero level is the

chip-level packaging. T gle- or multi-chip modules. The
second level is a card o

And the fourth level

. d level is the motherboard.

rieuré3 ] '1@133 faflNBAINgAY

Encapsulants are the materials used to protect the chip from the environment,
which can cause corrosion or degradation of chip materials. The materials must be
resistant to radiation (ultraviolet, visible, and alpha particle), water diffusion, and
mobile ions. They must also protect the devices from solvents, fluxes, cleaning
agents, and fire. Figure 2.5 shows the cross-section of a typical plastic-encapsulated

single-chip package.
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also used to mechanically
L they must have excellent

. \ 1ntegrated circuit is made
from silicon, so encapsu tior de \\ re51dual stress in the solder
. o€ t > die and the substrate. Due

to their low dielectric neapsuls : ‘ réduce the device propagation
delay. They must also be sty since. purity in an encapsulant can cause

appreciable alpha partlcle rad g{%}
“soft error” in operat oy, (DRAM) services. This

adiation can generate a temporary

type of alpha part‘ ‘;’F especially in high-

density memory deviegs. In addition, materials s ould@ossess low viscosities for

voidless and short times encapsulation begause the low viscosities are to ensure

i o DOV BV MR 73 i

subjected to thgrmal fatigue, thus affectmg the performance and lifetime of the
YRR Ty ==
to ensﬂ inim id T;]JE

Plastic encapsulated devices were first introduced in 1960s. There are

numerous polymeric materials that are used as electronic encapsulants. They are
typically divided into three categories: (i) non-elastomeric thermoplastics; (ii) non-
elastomeric thermosetting polymers; and (iii) elastomers. Thermoplastic polymers

are materials that will flow when subjected to heat and will solidify upon cooling
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without crosslinking. The examples of these types of encapsulants are polyvinyl
chloride, polystyrene, polyethylene, and fluorocarbon polymers. Themosetting
materials are crosslinking polymers that cannot be reversed to the original
prepolymer after curing. Silicones, polyimides, epoxies, silicone-modified

polyimides, polyesters, butadiene-styrenes, benzocyclobutenes, alkyd resins, allyl

‘:\
of materials consist of 2
chemical crosslinking. ~Silicone
polyurethanes are exaM f

2.4 Benzoxazine

f electronic thermosetting encapsulants.

ngation or elasticity. These types
' cular chain that is joined by

%els, natural rubbers, and

esters, and silicone-epoxies are ex

Elastomers are thermosetting ma

in figure 2.6. Vario 3 ines have been used to

synthesize benzoxazine. Benzoxazme ring is stable at low temperature. However the
ring-opening uces the phenolic
hydroxyl grmm:y‘ ﬂgz ﬂmﬂmp olic materials contain
methylene bridges that 11nk the cﬁo 1 ne contains
carbon ﬁ] ﬁ)ﬁﬁﬁﬁﬁ ﬁﬁéﬂhc moiety

together

R’
1l
R=NH; + H—C—H + —_—

Figure 2.6  The synthetic reaction of benzoxazine.
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In principle, the ring-opening reaction and the Mannich-bridge formation
are consecutive reactions, whereby the trisubstituted benzene rings are consumed
immediately after opening the oxazine ring. This correspondence continues
throughout the curing process. Ring-opening reaction of benzoxazine is shown in

figure 2.7.1

Polybenzoxezme-1s—a novel-class™ stable polymer. It is a
specific class of a zoxazifie has excellent properties
commonly found in the tradmonal phenohcs such as heat resistance, good electrical

properties by-products during
polymenzatlﬁpgﬂxgm m mﬁn’jﬂon It also has unique
properties e_tradi ajn al stability,
lmproﬁ aaﬁ i iiyﬁr?.] ﬁrﬁﬂmﬁﬁ:‘d low water
absorptl n. In addition, polybenzoxazine can be cured ‘without a strong acid or a
basic catalyst. Thus polybenzoxazine combines the thermal properties and flame
retardance of phenolics with the mechanical performance and design flexibility of

advanced epoxy resins. It has a potential use in many applications such as

electronics, adhesives, and coatings.
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25 Literature Survey

Benzoxazine was first synthesized by Holly and Cope'? from phenolic
derivatives, primary amine and formaldehyde. Bruke et al.'* ' found that
benzoxazine rings react preferentially with the ortho positions of the free phenolic
ich bridge structure. However the use of
i tart until 1973 when Schreiber'® '’

compounds to form a dimer with a |

Nt

reported the formation of gligomer ipounds made from benzoxazines.

H
R
Figure 2.8 Ring-opening ithrphenolic hydroxyl group.
W ' .
Ning and Ishida ctional benzoxazine precursors to

yield high molecular ws}ggtl polymers. Th&})hysical and mechanical properties of
polybenzoxazjfi€s b ﬂjﬂm Ir[Tuezm studied the
polymerizatzmiﬂiaﬂﬂrﬂﬂ‘i e’ precurs y DSC. They found that the
curing_behayior of as-synthesi m. i or,is aut ic in nature
and 1sﬁﬁ-m t\iﬁsz i ’ﬁﬁﬁ’ﬂ Hﬂi ﬁ(g

q

Ishida and Allen®' found that the ring-opening polymerization of
benzoxazines occurs with near-zero shrinkage or even a slight expansion upon
curing. In addition, they also reported that the copolymerization of benzoxazine with
epoxy yields copolymer that had both a higher crosslinked density and glass
transition temperature than those of polybenzoxazine homopolymer.”> The

copolymerization reaction occurs via the opening of epoxide ring by the
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functionalities of phenolic hydroxyl presented in the polybenzoxazine precursor, as

1.2 studied the curing behavior of these similar

shown in figure 2.9. Kimura ef a
systems and the properties of the cured resins. Moreover, they also studied the
copolymers based on benzoxazine compounds and epoxy resin or bisoxazoline.?*%
It was reported that the cured resins from benzoxazine compounds and epoxy resin or

bisoxazoline had superior heat resi: lectrical insulation, and water resistance
"

as compare to those with the from traditional bisphenol-A type

novolac and epoxy resin

OCH,CH(OH)

(77

.

%
nR-CH,Cf—CH

b

Figure2.9  Copo nzoxazine with\epoxy.
aﬁfﬁg a \ |
Ishida and Low? -..:-' ffect of inftamolecular hydrogen bonding
J{;n ‘7 L 1

on volumetric expansion stematically varying the types of the

primary amines used in the s o515, Intramelecular hydrogen bonding occurs in
EELtia N )

ic ( n T the Mannich base. The

these materials -“- oh
ctronegativity of the amine

strength of this hydr®
group attached to thﬁitro —The 0 ydroﬂn bonding, the greater the

volumetric expansion. I.ri,addition the steric ﬂfem of the amine group also influences

the volumetri hﬂﬂxﬂﬁgﬂﬁ%sﬁﬂ é't']:ﬂ ﬁdied the temperature

dependency | various hydrogen bonding in the phenolic novolac and
sensiti qt r’:j g e ecular hyéro di §

Rimdusit and Ishida"?® synthesized the ternary systems based on
benzoxazine, epoxy, and phenolic resins. The materials showed a wide range of
desirable reliability and processability, which are highly dependent on the
composition of the monomers in the ternary mixture. Intriguing physical,

mechanical, and rheological properties of these systems had been reported.”**°
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Ishida and Lee’'™? studied the polybenzoxazine and polycarbonate blends.
They found that the ring-opening polymerizations of benzoxazine were inhibited by
the polycarbonate. The trans-esterification between the hydroxyl groups of
polybenzoxazine and the carbonate groups of polycarbonate can be occurred. In

addition, they also studied the polybenzoxazine and poly(e-caprolactone) blends.**>*

various initiators on the

benzoxazine polymerizr' 5 ound that the ring-opening polymerization of the

AU ININTNEINS
RIANTIUNRINYAE
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