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Abstract

This paper has evaluated 2 types of flip chip assembly process technology: the conventional process and the Pre
Bonding process. The PreBonding process has the advantages of less process steps, higher aesthetic finishing, and
more compatible to surface mount technology. These advantages would meke flip chip as a viable product
condderation. 3 types of packages were usa to illusrate the manufacturability and rdiability of PreBonding
Technology. Package A is a flip chip BGA with more than 400 1/O, Package B is a flip chip on ceramic with 180 I/O
and Package C is another flip chip BGA with 120 1/O. Whether it is manufacturing in singular form or in array

format, PreBonding flip chip has shown its robustness and reliability to be on par with BGA packages.

I ntroduction

Traditionaly, flip chip bonding technology usage had
been redricted to large-scde computers as a meen to
improve  performance. Specid  chips, expensive
substrates and customised  equipment  were necessary
for the assembly process. Application of this costly
technology was nearly impossble for the cost
sendtive products. However, flip chip has gathered a
lot of momentum in recent years, especidly within the
dectronic industry. The advantages of flip chip are
just too great to ignore. Among those are, minimum
parestic  vaues  which improve high-speed
performance, low profile and smal footprint that
enable product miniaturisation, and compatibility to
the surface mount assembly which is the current
industry mainstream.

In order to make the flip chip technology viable to dl
products, severd criticd problems must be solved
before wide scde gplication is feasible. One of the
current limitations is the full compatibility with
surface mount technology (SMT). To do that, solder
based flip chip assembly on organic substrate is
required. However, such assembly configuraion
needs an epoxy material to underfill between the chip
and the substrate in order to improve the reliability.

Chip Placement Reflow

The time required for dispensng the underfill and
subject to the capillary effect of the materiad flow, is
not compatble to SMT. Furthermore, after underfill
goplication, the resn must be cured in an oven (Figure
1). All these additiona processes make flip chip
unéttractive.

In view of the incompatibility of the flip chip process,
it is therefore a need to find an aternative method of
manufacturing. The technology and materias
discussed in this paper, referred to as Pre-Bonding
Flip Chip, provide an dternative flip chip assembly
method which diminates the need for a separate
underfill operation.

Test Vehicles

3 types of chips and 2 types of substrate were sdlected
as the test vehicless These test chips were sdected
based on bump configuration, pitch size, number of
I/0 and subgtrate materials. Chip 1 is a daisy-chained
chip with 416 1/O in aray format and 200 mm pitch;
Chip 2 is dso a dasy-chaned chip with 180
peripherd 1/0 and 200 mm pitch; Chip 3 is a daisy-
chained chip with 120 peripherd /O and 300 mm
pitch. Thethree chips details are shownin Table 1.
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Figure1 Conventiond flip chip assembly process[1,2]



Tablel Detalsof Test Vehides

Chipl Chip2 Chip3

Chipsize 9x9 10x 10 10x 10
(mm)
#of 1/0 416 180 120

Configuretion Array Peripheral | Peripherd

Bump pitch 200mm 200 mm 300 nm
Bump height 90 mMm 90 mMm 90 M
Bump Mat'| 63/37 63/37 63/37

Teble 2 gives detals of the various subdrates.
Subgtrate pads on the chip dtes were designed to
match the chip pad dimensons. The surface finishes
of organic boards are nickd plated with flash gold,
while plaed solder finishing is used for the ceramic
board.

Table2 Deailsof Substrates

Subst. 1 Subst. 2 Subst. 3

Board size 220x 60 BxB3 5x25
(mm) (12x 12)

Units/Board 64 1 1
Material Organic Ceramic Organic
Surfacefinish Ni/Au Po/Sh Ni/Au

Board thick’s 0.36 mm 1.00 mm 0.36 mm

Line/Space
width

76/76 mm | 76/76 mm | 50/76 nm

Pre-Bonding FC Assembly Process

An dternative method of flip chip technology (Figure
2) is proposed here as the PreBonding flip chip
process. PreBonding is a 3step process. First of all,
the “underfill” materid is digpensed. After which, a
chip can be placed immediatedly onto the subdtrate.
The placement action would thus cause the “underfill”
materid  to  sporead  under  compresson  flow.
Compression flow is amost completed
ingtantaneoudly. Therefore, the substrate can  be
aubjected to the in-line solder reflow process.  Pre-
Bonding has diminated the necessity of underfilling.
Incidentdly, we aso named the “undefill” materid
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3 types of packages were assambled using the Pre-
Bonding flip chip technique described here  The
chips and substrates were described in the previous
section on Test Vehicles. Package A consists of Chip
1 and Subgrate 1 (Figure 3) is actudly diced from a
srip of 64 units. Package B condgsts of Chip 2 and
Subgrate 2 (Figure 4) is a ceramic package with test
pads a the peripherd. Package C consists of Chip 3
and Substrate 3 is a BT package with test pads at the
coners.  The test pads of Packeges B and C will
feacilitate the chain resgtance messurement.  Electrica
measurement for Package A could only be done on
the solder ball side of the package.

Figure3 PackageA

Figure4 PackageB
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Figure5 PackageC
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Dispensing Chip Placement Reflow
Figure2 Pre-Bonding Flip Chip Assembly Process



In a typicd PreBonding Hip Chip process, the
dispensing of the P-Bond epoxy is easily done with an
X-patern.  The ease of dispensing was more obvious
on a larger board format such as Substrae 1. The
whole board can accommodate 64 units, with 16 units
on each of the four pand (Figure 6). Figures 6 and 7
compare the epoxy dispensing method of PreBonding
flip chip and conventiond flip chip. The PreBonding
method showed equa fillet shgpe on dl sides of the
package. On the other hand, the conventiond method
showed a bigger trace of dispensng on one sde of the
packege. As a reault, larger unit sze would be
required. Hence, it would be more difficult to build
Chip Scde Packages with conventiond flip chip
method.

Figure6 Pre-BondingFC

Trace of Undexfill
Dispensing

Figure 7 Conventiona FC

Characterisation

To chaacterise the dability of interconnect, eectrical
ressance measurements were performed on  the
packages. Figures 8 - 10 present the higograms of the
initial chain resstance measured for the samples  The

mean vaues of the chain resgtance for Packeges A, B
and C are 22, 11 and 0.5 ohm respectively.
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Figure8 Initid resstance measurement for Package A

Figure9 Initid resstance messurement for Package B
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Figure 10 Initid resistance measurement for
PackageC
Reliability Tests

Package religbility is an integrd part in qudifying any
new product and/or material. The most common tests
conducted in the industry are moisture senstivity,
temperature humidity, temperature cycling and high
temperature storage.  The rdiability test programs are
designed according to the flow chats indicated in
Figures 11 and 12.



Inspection & Etest Bake Level 3/4 (192/84 3x Reflow
CAMNVisid) [P @ahrisc)  [P] hsoce0%RrH) [ (R)
. T/C (-40/125C) or Inspection & E-test
Electrical Test o HTS(150C) o (C-SAMNVisud)
Figure 11 Rdiability test program for moisture sensitivity, temp cycle and high temp storage test
; Temp Humidity Inspection & E-test
Inspection & E-test Bake
(CSAMNVisid) [P (ahixsc) P (168hours P (CSAMNVisud)
85C/85%RH)
Figure 12 Religbility test program for temperature humidity test

The major concern among al the rdiability tedts is the
moisture  sendtivity test where ‘popcorn’  package
cracking is an industry wide problem. Therefore, the
target set for the rdiability standard of the Pre-
Bonding flip chip technology is to be comparable, to
organic subgrate based BGA technology. The falure
criteria used in the above rdiability programs are
visud ingpection, delamination check and dectricd
test.  Visual ingpection is done with the ad of a
microscope set a 40X magnification. Wheress,
scanning  acoudtic microscopy  is used to check for
delamination in the package. Electrical test is used to
measure the (daisy) chain resstance after reiability
tets. The package would be considered fail when
crack, delamingtion or resgtance change of more than
20%isobserved.

Results

In the priminary testing on moisture senstivity, all
the packages tested did not show any falure (Table
3). A typical scanning acoustic microscopy picture
was shown in Figure 13. The figure depicted Package
B afte Level 4 moisture sengtivity test. Figures 14 ~
16 showed no dgnificant changes in the chain
resistance measurement on the packages.

Table3 Package Characterisation after Moisture

Sensitivity Test
PackegeA | PackageB | PackageC
Visua Insp. No crak Nocrack | Nocrack
Ddamingtion No No No
Din electrica <5% <10% <5%
meesurement

Figure 13

SAM picture of Package B after
moisture sensitivity test
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Figure 14 Chain resstance for Package A after

Leve 3test




Discussion

12 4 ——}— — - The P-Bond materia developed for this project was a
10 1AL LA NAL Ay result of an extensve sudy of materid characteridtic,
s U N Apmpin “reflowable’ property, manufacturability and
reliability.
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' |n a5 I§ alslmimlyls Differentid  scanning cdorimetry, DSC  (Figure 17)
o ML Ly H A HHHIH HIH and thermomechanicd andyss, TMA (Figure 18)
o MEIE 10 AN were peformed to determine the exotherm initiation
temperature (EIT) and glass transition temperature
N 5 A9 N B B A . :
NN RN (Tg) respectively, of P-Bond and the conventiona
undexfill.
Figure 15 Chain resistance for Package B dfter
Leve 4 test
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Figure 17 DSC test on P-Bond

Figure 16 Chain resistance for Package C after
Level 3test .
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As the packages passed the moisture sendtivity tet, B ;'f
we proceeded with a more extensve rdiability H ,-”
program as stated in Figures 11 and 12. Table 4 j’
showed the results of the rdiability tests. All the f,,x’
packages assembled with  PreBonding Hip Chip f_,«"
Technology passed the reliability programs tested. ,..,-""f
Teble4 Package Reliability Characterisation
Figure 18 TMA test on P-Bond
PackegeA | PackageB | PackageC

Mois.tl.Jre.Preu PassLevel | PassLeve | PassLeve Table5 DSC and TMA Characterisation
conditioning 3 4 3
Moisture Pre- Testin Pass1500 | Pass2000 . o
Cond. + T/C progress cydes cydes Materid BT (©) Tg(C)
Moisture Pre| Testin Pass 1000 - Conventional Underfill 115 10
Cond. + HTS progress hours P-Bond 211 130
D in dectricd| Testin - -
messurement progress In terms of reflow property, the ability to wet the
after substrate bond pad at 183°C of eutectic solder melting
85C/85%RH temperature is very critical.  Improper wetting will

result in dry joint (Figure 19) or no contact (Figure
20).



Figure 19 Dry joint after reflow process

Figure 20 No contact after reflow process

In tems of manufacturability, the materiad must not
generate too much voids during the assembly process.
Voids ae detrimentd as subsequent reflow  after
moisture  pre-conditioning may cause <older bdling
(Figure 21) or ddlamination (Figure 22).

Solder Balling

Figure21

Solder balling after multiple reflow
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Figure 22 Package Delamination

With the full understanding of materia behaviour, and
its correlation to manufacturability and reiability, P-
Bond maerid has been dle to demondrate its
cgpability.  The solder joints formed are in perfect
contact and good rdiability srength (Figure 23).
Furthermore, the manufacturing process is in  full
compliance to the current state of the at, i.e Surface
Mount Technology.

Figure 23

Good joint with PBond

Conclusion

Pre-Bonding flip chip process has been demongrated
as a viable manufacturing process. The beauty of the
process is that it is in full compliance with the
treditiond  SMT. Furthermore, the 3 packages
assembled  with this process had shown excdlent
package integrity. The process understudy in this
paper enable a shorter manufacturing cycle time,
hence a lower production cogt for flip chip
technology.
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