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MATERIALS & PROCESS TECHNOLOGY:

MATERIALS

The precursor to the NCF/NCP assembly
technology is the formation of electrically
conductive polymer bumps on the bond pads of a
wafer. The P:=C™ is used to stencil print the
electrically conductive polymer, forming bumps
that are 3 — 8 mil in diameter and 2-3 mil in
height. The bond pad diameter is dictated by
bond pad size. but the height of the bump needs
to be a minimum of 50 microns and preferably
75 microns if pitch allows this. The bumps are
then polymerized to make them hard and
electrically conductive, although Bstage
thermoset and high melting temperature
thermoplastics can be used as well. The process
will work best when the bumps have a peak
shape . Table I depicts the properties of the
E2101, and Fig. 1 shows the profile of the cured
bumps.

Table I: E2101

" {To be used as a guideiine oniy)
NUMBER OF COMPONENTS .......... oo e e e TWO
MIXING RATIO PARTS BY WEIGHT
Part"A” (SIVOr DASE) ..o .o v 3
Part "B (NGe0) .......ococveeecvcas v remsnscim venivnie
St contents of contaiagr "A” thoroughly
before mixing with Part "B*.
CURE SCHEDULE (| bena line
use one of the foliowing)
7. @ SO U, L 15 minuas
150°C .. 1 hour

0.34
10.75 x 10° (Wg"KJ

ELECTRICAL - THERMAL PROPERTIES
Volme Regisfaaty . (10001 to HONDS ohm-cm
Tnemal Conductvity ... ... 20WerK

Figure 1

Once the wafer has been diced, the individual die
are ready for flip chip mounting. The Flip Chip
Bonder used for evaluation purposes was the
Toray FC-100 . semiautomatic bonder which has
a heated bonding head capable of reaching
350°C and alignment accuracy of 12.5 microns.
Actual manufacturing assembly is accomplished
using a Toray CF-1000 COF line that has
multiple heads for high volume.

At this point utilizing a screen printable. Bstage
polymer or a dispensable polymer can
accomplish the process. Use of a B-stage
polvmer allows the user to screen print the
polymer over the bond pads on the circuit
substrate and dry the material. The substrates can
be stored until the bonding of the chip is to be
performed. These materials are typically solvent
loaded. but a non-solvent paste can be screen
printed if the chip are to be bonded immediately.
In this case there is no need for a drying step .
Table II shows the properties of the pre-printable
underfill materials used in this study to form the
non-conductive film .

The alternative process is to use a dispensable
paste that is applied directly over the bond pads
of the circuit just prior to placement of the flip
chip. No solvent based encapsulants can be used
as this will result is voiding and compromise
reliability of the flip chip assembly. Table III
shows the properties of the TE179-4 that has
been used in the study. This material is used for
the NCP assembly technique.
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Table II: TE179

MATERIAL CHARACTERISTICS (typlesl)*:

PHYSICAL PROPERTIES:

Color

Before Cure: Blacc

Aftzr Cure Black
Consistoney Thixotrepic pas:e - Screen printadic
Viscosity { & 23°C/5 rpm? 41,370 cP>
Specrfic Gravaly: i
Shore D Hardness 40 50
Lap Shear Surength @ 23°C: Ti2pn
Die Shear Smreagth & 23°C: 8.2Kp2.783 pst
Degrodation Temp: 309C
Operating Temp:

Continuous: -58°C w 150°C

Interutiont: -55°C 10 300°C
Glass Transition Temp (Tg). 98<C
Coeff of Thermal Expansion

Below Tg: 68 ¥ 107 1/in™C

Abave Tg. i49 » 10 lnia/°C
Quigassirg w 300°C. 243%

@259°C: 0.72%
©200°C 017%
ELECTRICAL PROPERTIES:

Yolume Reststivity: >16x 1C" ohm - em

THERMAL PROPERTIES:
Therraa. Conductiviry: 05 Wim“K

Table III: TE1794

MATERIAL CHARACTERIS l'iCS (typica)*:

PHYSICAL PROPERTIES:
Color;
Refore Cure: Black
Afier Cure: Black
Cons:istency: Thixotrop:c paste - Dispensabic
Viscosity (@ 23°C720 rpm) 12083 cPs
Tauxotropic Index: 1.8
Specific Gravity
Part A tar
Pan B 108
Maxture, 140
Shore D Hardness. 80 - 8¢
Lap Shear Strength @@ 23°C- 2.088 psi
Drc Shear Strengtn @ 23°C >10Kg3.300 psi
Degradation Temp 3i7°C
Operanng Termp.
Continuous: -55°C to +150°C
intorouttent: -55°C to +300°C
Glass Trannuon Temp (Tg): 92°C
Cocff. ef Thermal Expansion:
Below Tz 545 10" 1mAnsC
Above Tg, 160 > 10“ @a'm~C
Outgassing to 300°C. 34%
@250°C: 22%

@200°C: 12%
FLECTRICAL AND THERMAL PROPFRTEES:
Volume Resistmarny. S10x10™obm-em
Thermal Conductivity 03 W,m°K

The chemistry of both fillers allows for snap
curing on the bonding stage at temperatures
above 200°C.

The advantages of pre-application of the NCF or
NCP encapsulants are significant:

ELIMINATION OF VOIDS
LOW CTE - HIGHER FILLER LOADINGS
THERMAL CONDUCTIVE FILLERS

SNAP CURFE ABILITY ABOVE 200°C

GAP FILL IS ASSURED

NO POST UNDERFILL CURING
REDUCTION OF CAPITAL EQUIPMENT
HIGHER THROUGHPUT FOR DCA

NO VOIDS IN BUMP AREA

NCF & NCP PROCESS

In this study the test vehicle used was a SMART
CARD. A flip chip on flex (CFOF) comprised of
a Philips MIFARE chip mounted onto an
antenna pattern on PEC. PEC is a co-polyvester
with enhanced thermal and dimensional stability.
A screen printable conductive ink, EpoTek
EE162-5. was printed onto the PEC and cured.
The NCF or NCP encapsulant was then applied
onto the antenna inlet. covering the active circuit
pads. and the bump chip was then pushed
through the non conductive encapsulant to make
electrical contact with antenna pads. At the same
time the heated thermode holding and pushing
the chip with force was heated to a high
temperature which cured the underfill in a few
seconds.

The process sequence follows:

APPLY ENCAPULANT ON ANTENNA

DIE COLLET PICKS UP BUMPED CHIP
THERMODE HEATED ABOVE 200°C

CHIP ALIGNMENT AND FORCE APPLIED
CHIP PUSHES THROUGH UNDERFILL
ELECTRICAL CONTACT ESTABLISHED
UNDERFILL CURES INSTANTLY

FLIP CHIP DEVICE FUNCTIONAL

The above process can be accomplished by pre-
application of a continuous film, whether Bstage
type or not. or by the dispensing of a paste. The

finished chip & antenna device is shown in Fig.
2.
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Figure 2

These processes have been developed over a two
vear period in a joint effort between Toray
Equipment Corp. of Japan and Polymer Flip
Chip Corp. of the United States. The process
lends itself to high volume fast assembly of flip
chip devices and offers significant cost reduction
over the conventional underfill techniques
currently practiced in the industry. Figures 3a
and 3b illustrate the assembly process and basic
parameters of the NCF and NCP processes. The
following discussion deals with the experimental
data that validated the processes as suitable for
attachment of flip chip devices

NCP
NON-CONDUCTIVE PASTE

FIGURE 3a
NON CONDUCTIVE PASTE; NCP*

- Printed underfill process : Polymer Bumps

“PFC, solderless flip chip bump technology

~‘Lower process steps, increase throughput
Eliminate voids in underfill : Lower CTE

““Reduce capital equipment cost

~'Reduce Flip Chip Assembly time

“Lower Cost & Higher Reliability

*NCP is patent and trademark pending.

FIGURE 3b
NON CONDUCTIVE FILM; NCF*

“'Printed underfill process : Polymer

Bumps

“PFC , solderless flip chip bump

technology

“Lower process steps, increase

throughput

“‘Eliminate voids in underfill : Lower

CEE

Reduce capital equipment cost
“Reduce Flip Chip Assembly time
-Lower Cost & Higher Reliability

*NCF is patent and trademark pending.

NCF
NON-CONDUCTIVE FILM

@

f Bip chp antach
\ 05-30sec dwel

(3b)
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PROCESS VALIDATION

This section will deal primarily with the use of
NCP as the assembly method as this has been
our preferred approach to date. The results
achieved with the NCF. pre-applied film, process
1s similar although the actual temperature and
bonding force parameters are different.

A six turn coil antenna was designed for use with
the Philps MIFARE chip in order to fabricate
contactless smart card devices utilizing flip chip
technology. The first set of experiments were
conducted using ABS as the flexible substrate
material. Table IV shows the antenna printing
material used as well as the average NCP
thickness after dispensing. In this studv the Epo-
Tek TE179 was used as the NCP matenial. The
final thickness after bonding averaged 235 - 30
microns as the elastic polvmer bumps are
compresses during the bonding operation. This is
the desired effect as the mountain shaped bumps
pierce through the underfill and then expand or
flatten to contact the entire bonding pad of the
antenna while pushing underfill material out of
the way. This insures better electrical contact of
the bump to the antenna and a longer reading
distance of the proximity card. The schematic in
Figure 4 illustrates the areas where the 4 bumps
are attached and Table V shows the results
achieved after flip chip bonding.

Table IV
[NCPno. | pastes i viscosftvieps,
| 1 TEI79 53.739 cps at2.Srpm@23C |
2 ITE179-1 middie? berween ! and 3
3 TE179 within 3% 136.378cps a2 5rpm@23C !

Sio2 :
4 TE] 79 within 5% 710.246 cps a:0.5rpm@23C :
i
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The heated bonding tool was kept at a constant
temperature of 100°C during a prebond step to
contact the chip to the underfill after alignment,
and the main bonding temperature was set at
380°C. Bonding times were kept constant and
only the bonding force was changed to see the
effect on the performance of the devices. On
average. the best results were obtained by using a
bonding force of 80 grams as evidenced by the
reading distances of 120 — 130 mm. Maximum
reading distance that can be achieved by this
chip is 150 mm. Lower bonding forces were not
adequate to make effective electrical contact and
the 120gram force may have totally collapsed the
bumps as the reading distances are either zero or
very low.

There was also concern that the viscosity of the
TE179 may have been too low and there mav
have been poor wetting and adhesion of the chip
to the substrate. this resulting in a lack of bump
compression and dimensional stabilitv. Another
set of tests were conducted using PEC as the
substrate and using the TE179 with an additional
loading of 3% fumed silica to improve the
thixotropic nature of the adhesive. A 100°C pre-
bond and 380°C main bonding temperature were
again used and this time a constant load of 80
grams was applied. The dwell times of 3 seconds
for pre-bond and 10 seconds for main bonding
were again used A schematic of the NCP chip
and substrate assembly is shown in Figure 3.
Note that the bump height is 50 microns and the
underfill paste thickness is initially set at 60 ~ 70
microns. When the bumps are pushed through
the underfill to make contact with the conductive
ink antenna. the final underfill thickness is
around 30 microns. Having the underfill paste
thicker than the bump height insures good
wetting and 100% coverage of the gap between
the substrate and chip. Success of the NCP
process depends on having adequate force to
quickly push the bumps onto the contact pads
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and piercing / displacing the underfill paste while
heating and curing the paste at the same time.
The process is accomplished in a matter of
seconds; therefore the variables of temperature,
force, and time must all be tightly controlled.
The results of the second set of experiments is
shown in Table VI. All 102 devices tested were
functional, with an average operating distance
greater than 80 mm. Six of the 102 shows poor
operating distances. Subsequent analysis of these
six units showed that too little underfill had been
applied ( dot size t0o small ) and therefore the
bumps were not held as tightly in compression
by the shrinkage of the adhesive during cure.

Table VI
N R OD [NO| R ’ oD [N R I QD [ NO| R 0D
Q
37.4 87 |27] 348 86 IS3] 345 | & 179 357 77
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2] S84 [ 57 |38 a16 | ¢ 24 | &
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Note : In order to be effective, the material
selected for the NCF or NCP process must have
snap cure potential . The polymer must be fully
cured in less than 10 seconds at the designated
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temperature or relaxation of the paste will occur
once force is removed. The bumps will not be
held rigidly and the device will be unreliable.

Figure 6 shows a photo of a chip bonded using
the NCP process. There is excellent wetting of
the chip and perfect alignment of the bumps to
the antenna pads. What appears to be excessive
voiding are actually filler particles in the paste. It
should be noted that materials have to be
optimized for minimal outgassing in order to
reduce any tendency for voiding. In figure 7a
and 7b the results of SAM testing are shown.
The scanning acoustic microscope picks up voids
in the otherwise dense matrix of the flip chip
assembly. It is nearly impossible to eliminate
voids , especially in a snap curable polymer, but
they must be kept to a minimum. Voids in the
area of the bumps can result in bump
delamination. High molecular weight polvmers,
air release additives, and aggressive degassing
can accomplish this.
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