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Abstract 
Non-Conductive Films (NCFs) have become one of the 

promising interconnection adhesives for flip-chip assembly. 
Because NCFs have many advantages such as low cost, easy 
handling, and fine pitch application. However, effects of the 
material properties of NCFs on the reliability of NCFs flip-
chip assemblies have not been fully understood. 

In this paper, effects of multi-functional epoxy and the 
addition of silica fillers on thermo-mechanical properties of 
cured NCFs and thermal cycling reliability of NCFs flip-chip-
on-organic board (FCOB) assemblies were investigated. For 
the NCF materials, two kinds of thermosetting polymers, di-
functional and multi-functional epoxies, and silica fillers of 
various contents (0 wt%, 10 wt%, and 20 wt%) were used. 
The curing behavior and thermo-mechanical properties of 
NCFs were measured for the NCF materials characterization. 
According to the results, NCFs using multi-functional epoxy 
had higher glass transition temperature (Tg), lower coefficient 
of thermal expansion (CTE), and higher storage modulus (E’) 
in high temperature region than NCFs using di-functional 
epoxy. And, as the silica filler content increased, the CTE and 
storage modulus of cured NCFs deceased and increased 
respectively. 

Thermal cycling test (-40 oC ~ 150 oC, 1000 cycles) was 
performed to investigate effects of thermo-mechanical 
properties of cured NCFs on thermal cycling reliability of 
NCFs FCOB assemblies. After 1000 cycles, Scanning 
Acoustic Microscopy (SAM) and Scanning Electron 
Microscopy (SEM) were used to detect delaminations and 
voids in test assemblies. According to the results, NCFs 
FCOB assemblies using NCFs with multi-functional epoxy 
had better thermal cycling reliability than those using NCFs 
with di-functional epoxy. And 10 wt% and 20 wt% silica 
added NCFs showed the best thermal cycling reliability in the 
electro-plated Au bump application and the stud Au bump 
application respectively. Consequently, thermo-mechanical 
properties of NCFs, especially Tg, should be improved and 
the amount of added silica fillers should be optimized for high 
thermal cycling reliability of NCFs FCOB assemblies. 

1. Introduction 
Polymer adhesives for flip-chip interconnection have been 

gradually expanding their applications because of their 
advantages such as lower process temperature, lower cost, 
finer pitch capability, and green technology. [1]-[4] 

NCFs, film type adhesives without conductive particles, 
have gained much popularity as an alternative of Anisotropic 

Conductive Adhesives (ACAs) for flip-chip applications. For 
NCFs flip-chip assemblies, electrical interconnection is 
established by direct bump-to-electrode contact, and curing of 
NCFs causes the shrinkage stresses resulting in stable joints. 
Though NCFs flip-chip interconnection is very promising, 
industrial application of NCFs is still limited due to lack of 
the understanding of NCF materials for reliable NCFs flip-
chip assemblies. [5] In order to industrial application of 
NCFs, thermal cycling reliability of NCFs flip-chip 
assemblies should be enhanced, and it is strongly affected by 
thermo-mechanical properties of cured NCFs. [1] Therefore, 
the investigation of relationship among the formulation of 
NCFs, thermo-mechanical properties of cured NCFs, and 
thermal cycling reliability of NCFs flip-chip assemblies is 
very important. 

In this study, we mainly focused on the improvement of 
thermo-mechanical properties of cured NCFs by using multi-
functional epoxy and added silica fillers. And the effect of 
improved thermo-mechanical properties of cured NCFs on 
thermal cycling reliability of NCFs FCOB assemblies was 
investigated.   

2. Experiments 
2.1 NCF Materials 
NCFs generally consist of thermosetting polymer, 

thermoplastic polymer, curing agent, and other additives. In 
this study, two kinds of thermosetting polymers, di-functional 
and multi-functional epoxies, were used for the formulation of 
NCFs. The chemical structures of di-functional and multi-
functional epoxies are shown in Fig. 1. And silica fillers of 
various contents (0 wt%, 10 wt%, and 20 wt%) were added 
into NCFs resin. The diameter of the silica fillers was 0.8 µm. 
The mixture was coated on a releasing film of 50 µm 
thickness and solvents in the NCFs resin were dried in a 
coating chamber during coating process. NCF-A and NCF-B 
were formulated by di-functional and multi-functional 
epoxies respectively. Fig. 2 shows cross-sectional images of 
NCFs with silica fillers of 0 wt%, 10 wt%, and 20 wt%. Six 
NCFs were denoted as NCF-A-0, NCF-A-10, NCF-A-20, 
NCF-B-0, NCF-B-10, and NCF-B-20, respectively.  

For the NCF materials characterization, curing behavior, 
coefficient of thermal expansion (CTE), storage modulus (E’), 
and glass transition temperature (Tg) of cured NCFs were 
measured. DSC was used to investigate curing behavior of 
NCFs, and TMA (thermo-mechanical analyzer) was used to 
measure thermo-mechanical properties of cured NCFs. For 
the thermo-mechanical characterization, NCFs were cured in 
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an oven at 180 oC for 30 sec. The thickness of NCFs was 
about 45 µm after curing. 

 
 

 
 
 

(a) 
 

(b) 
Fig. 1. Chemical structures of (a) di-functional and (b) multi-
functional epoxies 
 

 
(a) NCF-A-0 (d) NCF-B-0 

(b) NCF-A-10 (e) NCF-B-10 

(c) NCF-A-20 (f) NCF-B-20 
Fig. 2. Cross-sectional SEM images of various NCFs 
 

2.2 Test Vehicles Preparation and NCFs Flip-Chip 
Bonding Process  

Two kinds of test chips, electro-plated Au and stud Au 
bumped chips, and Cu/Ni/Au electrode patterned organic 
substrates were used for the characterization of the FCOB 
interconnection. The dimension of test chips was 8 mm × 8 
mm × 0.68 mm with 80 I/Os. Al pad size of test chips was 1 
µm thickness and 120 µm × 120 µm. Electro-plated Au 
bumps having the dimension of 100 µm × 100 µm × 20 µm 
and stud Au bumps having the dimension of 65 µm diameter 
and 50 µm height were formed on each Al pad as shown in 
Fig. 3. The organic substrate was a FR-4 printed circuit board 
(PCB) and its dimension was 25 mm × 25 mm × 1 mm. The 
18 µm thick Cu/Ni/Au (ENIG) electrode on an organic 
substrate was patterned for the measurement of contact 
resistance of each Au bump-to-electrode interconnection 
using NCFs. A PCB substrate had 12 measuring points of a 
bump contact resistance. The designs of the test chip and the 
PCB substrate are shown in Fig. 4, and the specification of 
test vehicles and NCFs used in this study was summarized in 
Table 1. 

 
(a) 

 
(b) 

Fig. 3. SEM images of (a) an electro-plated Au bump and (b) 
a stud Au bump on each Al pad of test chips 
 

 
(a) 

 
(b) 

Fig. 4. Designs of (a) the test chip and (b) the PCB substrate 
 

Table 1. Specification of test vehicles and NCFs 
Dimension 8 mm × 8 mm × 0.68 mm 

Bump 
materials Au (electro-plated and stud) 

Bump size 100 µm × 100 µm (electro-plated), 
65 µm diameter (stud) 

Chip 

Bump height 20 µm (electro-plated), 50 µm (stud) 
Dimension 25 mm × 25 mm × 1 mm 
Material FR-4 Substrate 
Electrode 18 µm thick Cu/Ni/Au 
NCF-A Di-functional epoxy 
NCF-B Multi-functional epoxy 

Filler contents 
Size 

0, 10, 20 wt% SiO2 

0.8 µm 
NCFs 

Thickness 40 ~ 45 µm  

 
Fig. 5 shows schematics of FCOB bonding process using 

NCFs. NCFs flip-chip bonding consists of three steps of the 
NCF attachment on a PCB substrate, a chip alignment to the 
substrate, and a thermo-compression bonding. The bonding 
pressures of 62.5 MPa and 0.5 N/bump were applied to the 
electro-plated Au and stud Au bumped chips, respectively, on 
a PCB substrate at 180 oC for 30 sec. The chip was 
electrically connected to the substrate by directly mechanical 
contact of Au bumps on substrate metal electrodes as shown 
in Fig. 6, and the contact resistance was measured to evaluate 
the electrical interconnection stability using a 4-point probe 
method as shown in Fig. 7.  

 

  
Fig. 5. Schematics of FCOB bonding process using NCFs 
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(a) 

 
(b) 

Fig. 6. Cross-sectional SEM images of (a) an electro-plated 
Au bump-to-metal electrode joint and (b) a stud Au bump-to-
metal electrode joint  
 

 
Fig. 7. The contact resistance measurement of a single bump 
interconnection using a 4-point probe method 
 
2.3 Thermal Cycling Reliability Test  

To investigate thermal cycling reliability of NCFs FCOB 
assemblies, the contact resistance of a single bump 
interconnection of NCFs FCOB assemblies under thermal 
cycling (-40 oC ~ 150 oC, 1000 cycles) was measured at every 
200 cycles. The thermal cycling condition was 15 min 
duration at -40 oC and 150 oC. After 1000 cycles, Scanning 
Acoustic Microscopy (SAM) and Scanning Electron 
Microscopy (SEM) were used to detect delaminations and 
voids in test assemblies. 
 
3. Results and Discussion 

3.1 NCF materials characterization  
3.1.1 Differential Scanning Calorimeter (DSC) results  
Heat flow changes of NCFs from 30 oC to 250 oC with a 

heating rate of 10 oC/min were measured using a DSC in 
dynamic scan mode. The onset and peak temperatures and the 
amount of exothermic heat of NCFs during curing were 
measured as shown in Table 2. As it is shown in Table 2, the 
onset and peak temperatures of six NCFs were similar and the 
amount of exothermic heat of NCFs decreased as the silica 
filler content increased. This phenomenon is due to the 
relative decrease of the amount of pure epoxy resin by the 
addition of silica fillers. The amount of exothermic heat per 
pure epoxy resin was almost similar as shown in Fig. 8. 
Therefore, it can be considered that the added silica fillers in 
NCF resins do not affect the curing behaviors of NCFs. 

 
3.1.2 Thermo-mechanical Analysis (TMA) results 
Fig. 9 shows the dimensional changes of cured NCFs from 

30 oC to 220 oC with a heating rate of 5 oC/min. The CTE was 
calculated by the slope of the dimensional change curve. The 

CTEs of cured NCFs below and above Tg were defined as α1 
and α2 respectively. The CTEs of cured NCFs were 
summarized in Table 3. As shown in Fig. 9 and Table 3, 
NCF-Bs (NCF-B-0, NCF-B-10, and NCF-B-20) had much 
lower α2 than NCF-As (NCF-A-0, NCF-A-10, and NCF-A-
20). It means that multi-functional epoxy groups have a 
significant effect on the α2, and improve the resistance of 
thermal expansion of cured NCFs above Tg. And, α1 and α2 
of cured NCFs slightly decreased as the silica filler content 
increased. This effect is presumably due to the increase of 
polymer/filler interface resulting in hindering the motion of 
the polymer molecules. [6] 
 

Table 2. The curing reaction data of NCFs obtained from 
heat flow changes of NCFs using DSC  

NCFs 
Onset 

temperature 
(oC) 

Peak 
temperature 

(oC) 

Exothermic 
heat 
(J/g) 

NCF-A-0 107.9 118.5 254 
NCF-A-10 107.6 118.8 242.5 
NCF-A-20 109.1 119.5 221.7 
NCF-B-0 108.8 120.8 303 

NCF-B-10 108.6 120.8 274.9 
NCF-B-20 109.7 121.7 250 

 

 
Fig. 8. The amount of exothermic heat per pure epoxy resin as 
a function of added silica filler contents 
 

 
Fig. 9. The dimensional changes of cured NCFs as a function 
of temperatures 
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3.1.3 Dynamic-mechanical Analysis (DMA) results 
The storage modulus (E’) and the loss tangent (tan δ) of 

cured NCFs were measured from 30 oC to 180 oC with a 
heating rate of 5 oC/min under 0.02 Hz sinusoidal strain 
loading. Fig. 10 shows curves of the storage modulus and the 
loss tangent of cured NCFs. And, Table 3 shows the 
summarized data from Fig. 10. As shown in Fig. 10. (a), the 
storage modulus of NCFs remained high in the glassy state, 
and decreased rapidly from glass transition region. In the 
glass transition region, the storage modulus of cured NCF-As 
rapidly deceased, while that of cured NCF-Bs deceased 
slowly. Consequently, NCF-Bs had higher storage modulus 
than NCF-As in the high temperature region. And Tg, defined 
as the temperature at the peak of tan δ, increased by using 
multi-functional epoxy as shown in Fig. 10. (b). These 
phenomena can be explained by the relationship among the 
chain cross-linking, the chain mobility, and thermo-
mechanical properties of thermosetting polymers. The 
enhanced chain cross-linking by multi-functional epoxy 
groups of NCF-Bs caused the reduction of the available free 
volume to move polymer chains freely. Thus, NCF-Bs had 
higher storage modulus in the high temperature region and 
higher Tg than NCF-As. [7]  

 

 
(a) 
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(b) 

Fig. 10. (a) The storage modulus and (b) the loss tangent of 
cured NCFs as a function of temperatures 
 

As shown in Fig. 10, the storage modulus of cured NCFs 
increased as the silica filler content increased at room 
temperature. The effect of the addition of silica fillers on the 
storage modulus of silica/epoxy composites is well known. 
Generally, the storage modulus of silica/epoxy composites 
increases with the silica filler content. [8] In cases of underfill 
materials and anisotropic conductive adhesives (ACAs) of 

flip-chip assemblies, high storage modulus is needed to 
redistribute the stress in the electrically interconnected area to 
the chip and substrate by the assembly warpage. [3] Because 
NCFs have same functions with ACAs, such as underfilling 
and electrical interconnection, high storage modulus by the 
addition of silica fillers is desirable for high reliability of 
NCFs FCOB assemblies. 

 
Table 3. Thermo-mechanical properties of cured NCFs 

CTE 
(ppm/oC) 

Storage modulus 
(GPa) NCFs 

α1 α2 at 30 oC at 125 oC 

TgDMA 

(oC) 

NCF-A-0 73.2 2953 1.5 0.022 113 
NCF-A-10 70.5 2633 1.8 0.024 112 
NCF-A-20 63.7 2544 1.9 0.034 117 

NCF-B-0 68.4 861 1.6 0.329 137 
NCF-B-10 61.9 709 1.7 0.352 133 
NCF-B-20 60.3 571 2.1 0.526 133 

 
3.2 Thermal cycling reliability of NCFs FCOB 

assemblies 
3.2.1 Effects of thermo-mechanical properties of cured 

NCFs on thermal cycling reliability of NCFs FCOB 
assemblies 

According to the results of previous sections, the thermo-
mechanical properties of cured NCFs were improved by the 
multi-functional epoxy and the silica filler. To investigate 
effects of improved thermo-mechanical properties of cured 
NCFs on thermal cycling reliability of NCFs FCOB 
assemblies, thermal cycling test was performed. Fig. 11 
shows the cumulative distributions of contact resistances of 
NCF joints in the electro-plated Au bump application during a 
thermal cycling test. The initial contact resistances of NCF 
joints in as-bonded NCFs FCOB assemblies were almost 
similar within 20 mΩ. However, the initial contact resistances 
of NCF joints slightly increased as the silica filler content 
increased. Because the flip-chip interconnection using NCFs 
is direct metal-to-metal contact, the captured silica fillers 
between a flat electro-plated Au bump and a substrate 
electrode can disturb electrical bump-to-electrode contact. 
Therefore, the initial contact resistances of NCF joints depend 
on the silica filler content in case of flat electro-plated Au 
bumps. 

As shown in Fig. 11, the contact resistances of NCF joints 
gradually increased during thermal cycling. For NCF-A-0 
FCOB assemblies, 30 % joints showed the contact resistance 
values above 200 mΩ after 1000 cycles. However, about 
19 % joints of NCF-B-0 FCOB assemblies had the contact 
resistance values higher than 200 mΩ after 1000 cycles. The 
results of other NCFs were summarized in Table 4. As shown 
in Fig. 11 and Table 4, thermal cycling reliability of NCF-Bs 
FCOB assemblies is better than that of NCF-As FCOB 
assemblies. It means that thermal cycling reliability of NCFs 
FCOB assembly depends on thermo-mechanical properties of 
cured NCFs. Enhanced thermal cycling reliability of NCF-Bs 
FCOB assemblies can be explained by Tg effects. In the 
temperature region above Tg, NCFs become a rubbery state,  
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Table 4. Percent of bumps with the contact resistance 

values above 200 mΩ after 1000 cycles of thermal cycles in 
the flat electro-plated Au bump case 

NCFs % NCFs % 
NCF-A-0 30.0 NCF-B-0 18.6 

NCF-A-10 21.1 NCF-B-10 11.9 
NCF-A-20 36.7 NCF-B-20 17.2 

  
Table 5. Percent of bumps with the contact resistance 

values above 200 mΩ after 1000 cycles of thermal cycles in 
the sharp stud Au bump case 

NCFs % NCFs % 
NCF-A-0 18.6 NCF-B-0 13.3 

NCF-A-10 3.3 NCF-B-10 1.7 
NCF-A-20 1.7 NCF-B-20 0 
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(b) NCF-A-10 
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(c) NCF-A-20 
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(d) NCF-B-0 
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(e) NCF-B-10 
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(f) NCF-B-20 

Fig. 11. Cumulative distributions of the contact resistances of NCF joints in the flat electro-plated Au bump case during 
thermal cycling tests 
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(a) NCF-A-0 
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(b) NCF-A-10 
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(c) NCF-A-20 
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(e) NCF-B-10 
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(f) NCF-B-20 

Fig. 12. Cumulative distributions of the contact resistances of NCF joints in the sharp stud Au bump case during thermal 
cycling tests 
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and NCFs FCOB assemblies have zero warpage and become a 
stress-free-state. In this state, the chip and the substrate are 
freely expanding without the constraint of NCFs. Therefore, a 
significant amount of shear deformation can happen between 
bumps and electrodes due to the CTE mismatch of Si and FR-
4. [9], [10] Consequently, high Tg NCFs can enhance the 
thermal cycling reliability of NCFs FCOB assemblies, 
because high Tg NCFs FCOB assemblies have smaller stress-
free state than low Tg NCFs FCOB assemblies during thermal 
cycling test with the temperature profile over NCFs’ Tg. 

As shown in Fig. 11 and Table 4, 10 wt% silica added 
NCFs FCOB assemblies showed better thermal cycling 
reliability than 0 and 20 wt% silica added NCFs FCOB 
assemblies. According to the results of previous sections, α1 
and α2 of cured NCFs slightly decreased, and the storage 
modulus of cured NCFs increased as the silica filler content 
increased at room temperature. Generally, adhesives with low 
CTE and high storage modulus by the addition of silica fillers 
result in enhanced thermal cycling reliability of flip-chip 
assemblies. [1], [6] However, 20 wt% silica added NCFs 
FCOB assemblies showed worse thermal cycling reliability 
than 10 wt% silica added NCFs FCOB assemblies in the flat 
electro-plated Au bump application. The one of possible 
reasons for these results is that the captured silica fillers 
between a flat electro-plated Au bump and a substrate 
electrode could disturb electrical bump-to-electrode contact 
during thermal cycling. 

Fig. 12 shows the cumulative distributions of contact 
resistances of NCF joints in the sharp stud Au bump 
application during thermal cycling test. The initial contact 
resistances of NCF joints in as-bonded state were almost 
similar within 20 mΩ and didn’t depend on the silica filler 
content. Because the stud bump has a sharp tail and it can 
lower the probability that silica fillers are captured between a 
bump and an electrode. 

As shown in Fig. 12, contact resistances of NCF joints in 
the stud Au bump application gradually increased similarly to 
results of the electro-plated Au bump application during 
thermal cycling. And also in the stud Au bump application, 
NCF-Bs FCOB assemblies showed better thermal cycling 
reliability than NCF-As FCOB assemblies as shown in Fig. 
12 and Table 5. These results can be also explained by NCF’s 
Tg effect as in the case of the electro-plated Au bump 
application. Therefore, high Tg is desirable for high thermal 
cycling reliability of NCFs FCOB assemblies. 

As shown in Fig. 12 and Table 5, thermal cycling 
reliability was enhanced as the silica filler content increased. 
It is presumably due to the reduction of thermally induced 
shear strain in NCF layer by lower CTE and higher storage 
modulus of NCFs with silica fillers. [1], [6] In the case of the 
sharp stud Au bump application, the probability that silica 
fillers are captured between the sharp tail bump and electrode 
is relatively lower than that in the case of the flat electro-
plated Au bump application. Thus, in the stud Au bump 
application, the addition of relatively many silica fillers into 
NCFs resin can be allowed resulting in the improvement of 
thermo-mechanical properties of NCFs. Consequently, the 
improved thermo-mechanical properties of NCFs by the 
addition of silica fillers result in the enhancement of thermal 

cycling reliability of NCFs FCOB assemblies in the stud Au 
bump application. 

 
3.2.2 Failure analysis of NCFs FCOB assemblies 
In order to detect delaminations and voids in test 

assemblies after 1000 cycles, Scanning Acoustic Microscopy 
(SAM) and Scanning Electron Microscopy (SEM) were used. 
SAM images shown in Fig. 13 show the electro-plated Au 
bumped chip/NCF interface in NCFs FCOB assemblies. And, 
the bright color in SAM images indicates delaminations or 
voids at the chip/NCF interface. As shown in Fig. 13, the 
interfacial delaminations at the chip/NCF-As were detected at 
the chip corner areas, while no noticeable delaminations at the 
chip/NCF-Bs were found. The SAM analysis agrees with the 
results of contact resistance measurement.  
 

(a) NCF-A-0 (d) NCF-B-0 

(b) NCF-A-10 (e) NCF-B-10 

(c) NCF-A-20 (f) NCF-B-20 
Fig. 13. SAM images indicating delaminations at the electro-
plated Au bumped chip/NCF interface after 1000 cycles of 
thermal cycling 
 

Fig. 14 shows the cross-sectional SEM images of NCF 
joints in the flat electro-plated Au bump case after 1000 
cycles. There were delaminations at the chip/NCF or the 
bump/NCF and contact loss between the bump and the 
electrode in NCF-As FCOB assemblies. However, 
delaminations at the chip/NCF or contact loss were not 
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detected in NCF-Bs FCOB assemblies. According to the 
results of thermal cycling test, 20 wt% silica added NCFs 
FCOB assemblies showed worse thermal cycling reliability 
than 10 wt% silica added NCFs FCOB assemblies in the 
electro-plated Au bump application. Fig. 15 shows the SEM 
images of NCF joints of 20 wt% silica added NCFs FCOB 
assemblies in high magnification. There were captured silica 
fillers between the electro-plated Au bump and the electrode. 
Therefore, it is considered that the reason of worse thermal 
cycling reliability of 20 wt% silica added NCFs FCOB 
assemblies using electro-plated Au bump is due to silica 
fillers that disturb the direct bump-to-electrode contact. 

 

 
(a) NCF-A-0 (d) NCF-B-0 

 
(b) NCF-A-10 (e) NCF-B-10 

(c) NCF-A-20 (f) NCF-B-20 
Fig. 14. Cross-sectional SEM images of NCF joints in the flat 
electro-plated Au bump case after 1000 cycles of thermal 
cycling (1000×) 

 

 
(a) NCF-A-20 

 
(b) NCF-B-20 

Fig. 15. Cross-sectional SEM images of 20 wt% silica added 
NCF joints in the flat electro-plated Au bump case after 1000 
cycles of thermal cycling (8000×) 
 

Fig. 16 shows SAM images at the stud Au bumped 
chip/NCF interface after 1000 cycles. As shown in Fig. 13 
and 16, NCFs FCOB assemblies with stud Au bumps had less 
delaminations than those with electro-plated Au bumps. 
According to the results of thermal cycling test as shown in 
Table 4 and 5, thermal cycling reliability of NCFs FCOB 
assemblies with sharp stud Au bumps was better than that of 

NCFs FCOB assemblies with flat electro-plated Au bumps. 
Therefore, the SAM analysis also agrees with the results of 
contact resistance measurement during thermal cycling test. It 
is presumably due to the mechanical interlock by the stud 
bump (Fig. 6. (b)) that can reduce the shear deformation that 
happen between bumps and electrodes due to the CTE 
mismatch of Si and FR-4 during thermal cycling. 

 

(a) NCF-A-0 (d) NCF-B-0 

(b) NCF-A-10 (e) NCF-B-10 

(c) NCF-A-20 (f) NCF-B-20 
Fig. 16. SAM images indicating delaminations at the stud Au 
bumped chip/NCF interface after 1000 cycles of thermal 
cycling 

 
As shown in Fig. 16, the interfacial delaminations at the 

chip/NCF-A-0 and chip/NCF-A-10 were detected at the chip 
corner areas, while no noticeable corner delaminations at the 
chip/NCF-A-20 and chip/NCF-Bs were found. This SAM 
analysis and the results of thermal cycling test reveal that 
thermal cycling fatigue and delaminations in NCFs FCOB 
assemblies can be controlled by thermo-mechanical properties 
of cured NCFs. Therefore, thermo-mechanical properties of 
NCFs should be improved for high thermal cycling reliability 
of NCFs FCOB assemblies. 

And, as mentioned in this section, the amount of added 
silica fillers should be optimized for high thermal cycling 
reliability of NCFs FCOB assemblies and the dimension and 
shape of bumps should be also considered when the amount 
of silica fillers is optimized, because added silica fillers for 
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the improvement of thermo-mechanical properties of NCFs 
can disturb the direct bump-to-electrode contact as in the case 
of the flat electro-plated Au bump application. 

 
Conclusions 

In this study, effects of multi-functional epoxy and the 
addition of silica fillers on thermo-mechanical properties of 
cured NCFs and thermal cycling reliability of NCFs FCOB 
assemblies were investigated. 

According to the results, NCFs using multi-functional 
epoxy had higher Tg, lower CTE, and higher storage modulus 
than NCFs using di-functional epoxy at high temperature 
region. These results are caused by increased cross-linking 
density by the increased epoxy functionality. And, as the 
silica filler content increased, the CTE deceased and the 
storage modulus of cured NCFs increased. 

The results of contact resistance measurement during 
thermal cycling and SAM and SEM analyses after thermal 
cycling shows that NCFs FCOB assemblies using NCFs with 
multi-functional epoxy had better thermal cycling reliability 
than those using NCFs with di-functional epoxy. And 10 wt% 
and 20 wt% silica added NCFs showed the best thermal 
cycling reliability in the flat electro-plated Au bump case and 
the sharp stud Au bump case respectively. Consequently, 
thermo-mechanical properties of NCFs, especially Tg, should 
be improved and the amount of added silica fillers should be 
optimized for high thermal cycling reliability of NCFs FCOB 
assemblies. 
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