Extended Abstracts of the 2017 International Conference on Solid State Devices and Materials, Sendai, 2017, pp397-398

H-5-01 (Invited)

Advanced Packaging Technology to Address Micro-bumpdder Bonding and
Warpage in Large-die 3D IC using 22nm ULK Dielectrics

Katsuyuki Sakuma and John Knickerbocker
IBM T.J. Watson Research Center
Yorktown Heights, NY10598, USA
Phone: +1-914-945-2080 E-mail: ksakuma@us.ibm.com

Abstract die may change up to 1.5 mm between room temperatur
We discuss recent die level face-to-face 3D IC pack and bonding temperature. This is mainly becausthefe-
aging technology. A micro-scrub bonding process tha sidual stress induced by materials such as thickviCimg
does not use flux has been evaluated as a potentflp  that is used in back end of the line (BEOL) in CM{OJ§
chip bonding method for large IC die with micro-bumps.  Unbalance of metal loading in top and bottom ohia 1C
In addition, an enhanced thermo-compression (TC) die also causes significant warpage [8]. Differemtrpage
bonding process has been developed to address wagpa behavior between laminate and highly warped thindl€
problems when assembling large 3D die on an organic during 3D IC packaging process may result in sojdartt
substrate. Challenges related to maintaining co-plarity  defects such as non-wetting-C4 (Controlled collapsie c
between thin IC die and laminate substrate were ove connections) and bridging-C4s (Fig.1), and delatronaof
come. Large thin IC die (> 600 mm) with 22 nm Ultra  various interfaces. Due to Coefficient of Thermap&msion

low-k (ULK) CMOS devices were “3D” packaged. (CTE) mismatch among materials used in thin IC did a
laminate, warpage varies with temperature. Furtbeenthe
1. Introduction effect of warpage becomes more severe in the dadene

Die size for high-end processors and graphics ctéms ner and larger die. Various packaging methods forlG
be large X-Y size and require integration. For eglanthe have been proposed, but most of them are for sndiks
IBM POWERS8, 12-core processor in IBM 22nm sili-and requirements are different compared to high+emd
con-on-insulator (SOI) technology, has a die sife6%0 cessors [9-12]. In the latter half of the paper, digcuss a
mn?. Large die 3D IC packaging and heterogeneous inteewly developed 3D IC packaging method addresdieg t
grations can support continuous performance enhagie planarity control or addressing warpage issues.
in Exascale computing systems. Die stack for aafityrof

micro-bumps and die warpage control during assemptdy ;oo
cess are one of the biggest challenges in achidaigg die = »
3D IC packaging [1, 2]. —

Conventionally flux material is applied to the bamgli MOS o Top IC die Non wet
surface to remove a native solder oxide which prsseol- E vovEE==uo99, .

der flow to the surfaces of the corresponding mesal. Af- — PR L hdidd | bridging
ter the bonding, a washing process is usually reduior ca
removing the flux residue that may result in unidlef/F)

void [3]. Removal of flux residue becomes more difft in Fig. 1 War.ped thin CMOS die causing serious problems to 3D
the case of 3D IC due to high-density low-height- mi IC packaging.
cro-bumps as vertical interconnections existinghie nar- 2. Addressing Micro-bump Solder Bonding
row gap between two IC die. The flux residue problee- A Micro-scrub bonding process
comes more severe especially for larger die [4,A5mi- A micro-scrub bonding process does not need plasma
cro-scrub TC bonding process was developed as btieeo treatment and flux dispensing before TC bonding..ZFig
methods to enable flip chip bonding without the asflux shows a micro-scrub process flow. During an alignime
and its associated washing process [2]. Many teclesi process between a top-IC die and bottom-IC dieogén is
such as non-conductive film (NCF), non-conductiwestp filled to create an environment of the low oxygemeentra-
(NCP), and formic acid vapor were suggested asxefia tion in the specific space where the bonding witar. Un-
bonding method. Nevertheless, the micro-scrub hés ader a specific force, a micro-scrub action is agplio the
vantages over others methods since it does not ciedi-  direction that is perpendicular to the directiortted bonding
cal agents. In the first half of this paper, wecdss a new force, to break up the native oxide layer of a aefof the
micro-scrub bonding method. SnAg solder micro-bump. TC bonding head and stage
Another challenge is planarity or warpage contrbl omaintain a coplanarity between the top-IC die awel lhot-
both thin IC die and laminate substrate during 3Ekpging tom-IC die during bonding process. A bonding systeas
process. Neither thin IC die nor laminate substistper- designed and developed to achieve the unique Eones-
fectly flat [6]. As shown in Fig.1, thin IC die atsighly tioned above and to avoid damage to the IC or cdiumec
warped even at room temperature and the warpagieirof Bonding Results
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A test vehicle with more than 170000 micro-bumps waassembly process was reliable to achieve hightguedin-

used for evaluation of the micro-scrub bonding pesc The
size of the test vehicle is bigger than 600 %nfthe top die

nections. In addition, changes in thermal resisaatcinter-
faces in packaged 3D IC were monitored as a pathef

consisting of 20-um Cu /15-uym SnAg micro-bumps wareliability test. Thermal sensors were embeddedthia

bonded to Ni/Au pads with 61 um pitch on the bottdie
with optimized parameters for a micro-scrub bondamg-
cess. Fig. 3 shows cross-sectional SEM imagessaimple

BEOL layer in the assembled 3D IC to monitor the-effi
ciency of heat transfer at the die-to-die interféRd-d) in

deep thermal cycling (DTC) (-55°C to +125°C). The heat

after bonding with and without micro-scrub processggenerated in bottom-IC die must transfer throughittier-

Fig.3(a) shows solder wettability problems of adsoljoint
without micro-scrub while Fig.3(b) shows properbined

face consisting of two level of BEOL Cu, micro-bunamd
UF into the top-IC die to the outside of the packabiee

micro-bump with micro-scrub. Through SEM and Energghermal resistance of the interface from the tomi€to the

Dispersive X-ray Spectroscopy (EDS) observations,féi-
cient amount of inter-metallic compounds were aonéid at
the bonding interface (Fig.3(c)). The experimentsilated

lid through a thermal interface material was alsmitored
(Rint). Results showed a stable thermal resistandeotf
Rd-d and Rint through 1500 cycles DTC testing (Fig)5(b

excellent micro-bump solder joints by using a miscoub
process that improves the wettability of the salder 4
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Fig. 4 Large-die 3D IC using 22nm ULK dielectrics (a) after
assembly, (b) Cross sectional image.

Fig. 2 Process flow of a micro-scrub bonding.
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3. Addressing Die Warpage L‘, 131 pm pitch e
An Enhanced Thermo-compression bonding process

The new assembly method was developed to overcor
warpage challenges originating in the process wfelalie
3D integration. A vacuum distribution plate conisigtof a
plurality of holes that matches C4s of the bottondl€was
made. The bottom die is placed on the plate suathQHs of
warped bottom-IC die are aligned with the holethmplate.
The C4 side of the bottom die is vacuumed throuwh t
holes of the plate so that the warped bottom dief flat
during the subsequent bonding process betweeni¢opndl
bottom die. The IC die stack is then removed from plate
after the bonding by releasing the vacuum. ThisikCstack
can be subsequently bonded to a laminate by usibglta
furnace. Fig. 4 shows optical microscope images of,
large-die 3D IC that was assembled by using thishatkt and Bromont, Canada for the valuable contributiongnduthe
Characterization course of this development.
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Fig. 5 (a) Resistance measurement over for 3D module, (b)

Thermal reliability of TIM1 and die-to-die interfaces.

4. Conclusions

We have presented here a brief overview of ehghs
of 3D IC packaging and summarized newly developed as
sembly technologies such as Micro-scrub bonding End
hanced TC bonding. The proposed technologies hawe th
opportunity to be the candidate used for large GDor Ex-
ascale computing and large heterogeneous compament
gration.
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