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Abstract—Bump bonding is a superior assembly alternative For specific applications where high current handling capa-
compared to conventional wire bond techniques. It offers a highly bility is required, bump bonding presents crucial advantages
reliable connection with greatly reduced parasitic properties. The most of all. It may be feasible to conduct a high current

Flip Chip on Board (FCOB) procedure is an especially attractive . .
packaging method for applications requiring a large number through a wire bontito the chip edge, however, the challenge

of connections at moderate p|tch This paper reports on the St|” remains to diStI’ibute th|S current eﬂ:iciently to the CMOS
successful demonstration of FCOB assembly based on soldercircuitry on the chip level. Bump bonding intrinsically solves
bumps down to 25Qum pitch using a SUESS MAB8 flip chip this topological challenge as the current can be delivered
bonder at Fermilab. The assembly procedure will be described, oqyaply to the whole chip area. High current applications
microscopic cross sections of the connections are shown, and first il also f Ider b i th flect th
measurements on the contact resistance are presented. willalso tavor so _er ump ‘?Onnec '(_)n_ as they re 'Tac e
most robust and reliable bonding providing lowest resistance.
Additionally, the whole backside of the die can be used
to dissipate heat generated by the circuitry on the chip. In
|. INTRODUCTION industry, one of the most prominent examples exploiting these
. ) i features are power hungry microprocessors. For the SPi chip,
FLIE Ch'ﬁ on boarr:_j IS an advanlced packaging meth%hich has been designed at Fermilab and will be outlined
_ where the bare chip die is directly mounted onto a PCge; these were also the most important reasons to use bump
using bump bond connections. bonding assembly

Generally, bump bonding offers a much higher connection 14 generally explore vertical assembly methods at Fermilab,

Index Terms—Flip chip on board, bump bonding, packaging.

L ; i . p"’ViTques. Besides metallic bumps that form a solder connection,
asitics in terms of resistance, capacitance and inductance & Rotropic materials as well as isotropic conductive polymer

reduced to a minimum. Low inductance connections are p@&zhnologies, such as stencil printing are being explored by
ticularly critical for high speed applications. As an exampl‘?mdustry as well and are mentioned for completeness.

a typical wire bond connection shows an inductance of about-l-he setup that has been used for the assemblies to be
1nH per mm [1], whereas a bump bond could provide 50 Pibscribed is shown in Figure 1.

only. The reduction of resistance and capacitance is in the

same order of magnitude.
[I. BONDING TEST AND BUMP RESISTANCE

For initial bonding attempts, dedicated test chips were pur-
chased from 1ZM Berlin [2]. These test chips dex 10 mm?
large and contain different bump structures along the chip
edge. The bumps are SnAgCu eutectic with approximately
150pum diameter and use a/sn Ni/Au under bump metaliza-
tion (UBM). Figure 2 shows the floor plan of the chip. In each
corner, there are 4 hook-like structures composed of 4 bumps.
In between of these structures there are 14 bumps forming one
part of a daisy chain on the chip level. The structures along
each edge are identical. The regular bond pitch is ;3860
A dedicated PCB has been designed to host the test chip. It
accesses all points of the hook-like structures (indicated by
points (2) through (5) in Figure 2). It also completes the daisy
chain (accessible via points (0) and (1) as shown in Figure 2)
on PCB level.

Figure 3 shows a picture of the test chip successfully
mounted onto the PCB. For the assembly the following pro-
cedure has been used:

Fig. 1. Picture of the Suess MAS8 flip chip bonder setup at Fetmila 1A single 10 mm long, 1 mil. Al/Si wire bond can carry up to 500mA.

Operated by Fermi Research Alliance, LLC under Contract No. DE-AC02-07CH11359 with the United States Department of Energy



200 400
K Y A

7 B @ oD oom oom W wom iom W, a v gz
P S SRR ‘- et .
¢

P el oo o e P Tl

400
i )

[E 5y =y PO

200
Ly

u‘ 9800

10.000

Fig. 2.

Dimensions inum.

« flip chip at a temperature of 12@ and apply an equiv-

alent pressure of 15009 onto the chip

« tack the chip by raising the temperature to 280and

holding it for 1 min
« release pressure of upper chuck
« reflow at 210°C for 3min

1

Layout of the various structures on the test chip.t@keourtesy
of 1ZM Berlin. The regular bump pitch is 3Q@m unless noted otherwise.

The resistance of the full daisy chain has been measured to
be Raaisy = 1061 &+ 1 mf2. This value reflects:

1%datisy = RparOl + 14 Rbump + 6}{PCB_line + 7Rchip1ine7

with

e Rpar01 being the overall parasitic resistance going to the
bump bond pads (0) and (1) of the daisy chain (see
Figure 2),

e Rpci_iine @NdRenipiine DEING the resistances of the traces
that connect the bump pads within the daisy chain on the
PCB board and on the chip, respectively,

« and finally, 14 bump bond connectioRsump Within the
daisy chain.

Rpar_01 has been measured separately on a bare PCB to be
129 + 1.4m€. Renipline Can be determined by subtracting the
measured resistance between the points (2-5) and (2-4gof th
hook-like structures. This yieldRchipline = 124.5 = 1.3 mfQ.

The PCB traces are 0.3mm long and 0.1 mm wide and use
10z. coppet. Their resistance can be estimated to merely
contributeRchipiine = 1.43 mf2. This results in a resistance of

a single bump connection of

Rbump = 3.7 & 0.8 mq. 1)

For comparison, a rather short wire bond (2mm long using
1 mil. diameter wire) typically shows: 100 m{2 resistance [1].
This difference is evidently due to the geometrical supéyio
of the assembly rather than based on any material property.

IIl. MICROSCOPIC INSPECTION OF THE BUMP BOND
ASSEMBLY

Microscopic images of the assembly have been taken to

After assembly, connectivity of all bump connections wagerify the alignment and bumping quality. The chips were
observed for the full chip. However, a connectivity test slogpotted using cold mount epoxy technique and the stack cut
not show shorts between neighboring bumps. If the bumps getobtain cross sections [3]. Figure 4 shows the full cross
squished too much so that they touch each other, conngctivdection along one chip edge. The 8 single bumps on each side
of single bumps as well as of the daisy chain would still bleelonging to the two hook-like structures can be identifasd,
maintained. To detect shorts between bumps, the hook-likell as the 14 bumps of the daisy chain in the middle. In the
structures can be used by confirming open-circuits betwepicture the actual chip die is situated at the bottom and the
points (3-2) and (3-4). For all structures on the chip, natsho PCB is shown on top. Figure 5 illustrates a close-up view of

were observed.

a single bump of the hook-like structures. Figure 6 shows a

The setup was also used to determine the bump resistarigiailed view of one element of the daisy chain. The cut for
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Fig. 3.
10 x 10 mm? chip from 1ZM Berlin.

Flip chip test board using standard FR4 material patpdl with

this particular cross section has been made a little debper t
that shown in Figure 4, so that the full thickness of the PCB
trace is shown.

A few conclusions can be drawn from the microscopic
inspection. First of all, the position alignment of the flip
chipping itself is very good, much better than required by
a 300um bump pitch. On the other hand, a closer look at
Figures 5 and 6 shows that the gold plating on the PCB is not
covering the copper trace completely, meaning not on both
sides of the pad. This is due to mask alignment limitation
of the PCB fabrication and has been confirmed by inspection
of an unbumped PCB under the microscope. Consequently,
during the reflow step the bump ball attaches to the gold
plating as it is on the PCB (the solder mask blocked the

20.476 2 per square for 10z. copper



Fig. 4. Microscopic image showing a cross section of one dilggth 10 mm) of the test PCB. The bottom layer is the chip dié wie PCB situated on
top. The eight single bumps on each side belonging to the tvet-like structures are shown, as well as the 14 bumps of theyddiain in the middle.

chip. A 325um pitch is used in the left hand pad frame and
region blocked a 250um pitch is used in the bump array on the'right side.
by solder mask A dedicated daughter board [5] has been fabricated to host
the SPi chip and some additional passive components. Fgyure
shows the SPi 001 chip successfully bumped onto the daughter
solder bump board. In order to communicate with the chip signals are wire
bonded to the test PCB to which the daughter board is glued
sl ot iip to. For all high current paths cables are directly soldeced t
the daughter board.
A slightly different procedure has been used to mount the
SPi chip:

Fig. 5. Close-up view of the 4th single bump from left in FigwteThe « flip chip at a temperature of 10€ and apply an equiv-
region where the solder mask prevented gold plating and butaphaent is alent pressure of 500 g
clearly visible. Solder bump width is about 1ph.

« tack the chip by raising the temperature to 2&0and
holding it for 3min

« release pressure of upper chuck

o reflow at 195°C for 1.5min

The most important difference compared to the assembly of
the IZM chip is the reflow temperature. In both cases it has
been determined initially by raising the temperature while

applying little pressure to the chip and observing when the
stack collapses. Note that the difference in equivalerdaune

Fig. 6. A separate microscopic image showing a single elemetheoiaisy fOF tacking the chip is due to the different chip area.

chain. The bump pitch is 3gam Epo-Tek T7110 [6] has been used to encapsulate the chip.
The epoxy is designed to act as an underfill material and

N _ _ capillary flows under the chip between the solder bumps.rAfte
deposition of the gold plating as well as any connection ef tiypplication it has been cured for 2 hours at°80 Mounted

bump to the copper trace). This leads to a solder connectighiips have also been temperature cycled between -40 and
on one side of the pad only and a slightly uneven appearanced0°C with no observed effect on connectivity.

of the bump. However, for typical bump pitches used in FCOB One major component of the SPi 001 is a shunt regulator
(200-300um) this matter will not limit the assembly. For finerthat basically acts as a constant voltage source. The thasi
pitches it can be concluded that standard FR4 substratebégen extensively tested and a dynamic impedance of less than
probably not suitable and manufacturing processes withefig 50 m2 measured for a wide frequency range (up to 10 MHz).
accuracy have to be considered. However, it is questioribbl@ased on circuit and parasitic simulations, about half i th

a finer pitch is reasonable for mounting a chip on a PCB #@pedance is due to the regulation circuit itself and about
traces of equivalent pitch have to be routed on the board tgsif is due to parasitic effects. This demonstrates the low

well. Also reliability issues due to mechanical stress o thesistance and also low inductance that is offered by the flip
sandwich may become more relevant.

PCB trace

gold
plating

IV. ASSEMBLY OF THESP 001 CHIP
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The next step for FCOB assembly was to use the S : : o E E E o :'E
(Serial Powering Interface) chip [4] as a real applicatihe | : : AR E .2
SPi has been explicitly_ desig_neq to take advan_t_age of bun_ e LR SR
bond features. The main motivation was the ability to handl s ks

currents up to 4A while providing a very low impedance
path. The bare chip is shown in Figure 7. The bumps hay
appropriate UBM and have been placed by TSMC foundry.
Eutectic bumps composed of 37 Pb / 63 Sn with100 um  Fig. 7. Microphotography of thé.7 x 2.8 mm? large SPi 001 chip with
diameter were chosen. The bump pitch is not equal over thePb bumps.



Temperature cycles betweent0°C and+100°C have been
conducted with no noticeable effect on connectivity.

Based on microscopic studies it is reasonable to say that
FCOB assemblies down to 2@fn are possible using standard
FR4 PCB material in the setup. With the alignment precision
of the equipment being much better, the current limitingdac
in bonding pitch is the mask alignment of the PCB fabrication
; More accurate fabrication processes, such as those used for

20 e ' ceramic boards, would enable even finer pitches.
L] The resistance of a single bump connection has been mea-

sured to be below 4 which is considerably lower than

.. // what can be achieved using wire bond technology. Although

LA not being explicitly measured, inductance and capacitafice

Fig. 8. Photography of the5 x 18.5mm? daughter board with mounted the connection is also significantly lower for the bump bond

SPi. The board is glued and wire bonded to a test PCB. assembly.

An alternative assembly using anisotropic adhesive %tape

instead of solder bumps is under investigation.
chip assembly. Moreover, a current handling capability &f 4

of the chip has been demonstrated. ACKNOWLEDGMENT
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One of several advantages of bump bonding the SPi chiRs nderfill epoxy.
to the PCB is that the backside is fully accessible for caplin
purposes. This section will briefly illustrate thermal ciols

erations for bump bonded devices using the SPi chip as an
example [1] N. Karim, A.P. Agrawal: “Plastic Packages Electrical fdemance:
C . . . Reduced Bond Wire Diameter”, Amkor Application Note, htiwiiv.
Depending on the operational circumstances of the SPi, amkorcom
currents on the order of 1 A or more at the nominal voltag@] Fraunhofer-Institut éir Zuverssigkeit und Mikrointegration, Gustav-

; ; ; ; ; Meyer-Allee 25, D-13355 Berlin, Germany
of 2.5V may occur. Since CMOS circuitry is not implante 3] EAG Labs, 785 Lucerne Dr., Sunnyvale, CA 94085, USA

deeply into the silicon substrate, this power (2.5W) will b&j m. Trimpl et al. (2009): “The SPi as an integrated power ngeTaent

generated very close to the front side of the chip and, hence, device for serial powering of the SLHC experiments”, POS t&e2009
icqi i i workshop

has .tO be dISSIpated eff|C|ent.Iy_. Fortunately’ silicon has [a SPi daughter board designed and fabricated by R. Holt eRatherford

relatively good thermal conductivity. It can be computepitpr Appleton Lab, UK

be \g;=128.5 W/mK at 350K (for comparison copper is aboug] Epoxy Technology Inc., 14 Fortune Drive, Billerica, MALB21, USA

; [7] Glassbrenner et al. (1964): “Thermal conductivity ofi&@h and Ger-
380 W/mK). For a given geometry, the thermal conductance manium from 3K to the Melting Point”, Phys. Rev. vol. 134, isstA,
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of an object can be calculated according to: pp.1058-1069
P A
“=aT M @)

with A representing the dissipating surface area and d being
the thickness of the object. Using= 5.7 x 2.8 mm? as chip
area and d=720m for the thickness yields

o =285W/K

for the SPi 001 chip. That means that for the discussed power
consumption of 2.5W, the temperature difference between th
circuitry at the front side of the chip and the back side would
be less than 1 K. Furthermore, efficient cooling measures can
be arranged to dissipate the power further on. This could be
cooling gas gently flowing over the die or a more aggressive
cooling element physically attached to the chip.

In addition to that, the bump balls (with or without undejfill
will provide cooling via the front side.

VI. CONCLUSION AND OUTLOOK

In-house flip chip on board assembly has been demon-

strated at Fe_rm”ab down to a bonding pitch of m An ~S3This is not being considered for the SPi chip but may be beaéfior
epoxy underfill has been used to enhance mechanical sfabilither applications.





