Achieving Warpage

CTE mismatch
between chip and substrate is the root cause for reliability
issues in flip chip packages, such as excessiw warpage, low
dielectric layer crgeksolder mask cracking, and bump
cracking. The first and foremost thing in designing a flip chip
package is to control excessive warpageverpaget the
specificatidn. this paper, a cagipetip chip package is
proposed to control the warpafjeaasto reduce the
stress. In tappedie flip chip packageetal cap tightly
covers and bonds with the die through an adhesive material.
As a result, the capeduas a higher effectivé8yCTE.
adjusting the thicknemsstaf cap, the effe@ITE of the
cappedie can makhvith the TE of substrate,
theoretically achievingwagrage or warfragelo
verify theappedie concept faerevarpage conteol,
45mmx45mm sizeppedieflip chip packageesigned
and manufactiiesed on the guidancenitenetbet
modeling, where a copjsep di¢th 0.4mm thickness is
selected. Th8hadoMoire test is performed to measure
the warpagse function of temperatur2s5Eam260¢.
Experimental data show that in themigemture range the
warpage curve of the capped
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warpageln Figure 2, (a), (b) and (c) show the basic assembtyethod which will introduce an additional stress into the
steps of a flip chip package, whehetstep (a) is fodie attach package.

process, the step (b)is for underfill dispensing and curing

process, and the step @) (d) is for stiffener/lid attachment die

process. After the die attasltep (a), the electrical connection (a) ’%‘
between the die and substrate heencompleted and the
warpage at this point is small due to the quick relaxation of the
solder bump stress that is caused by the vidastic preerty

of the solder materialn other wordsthe die attachstep (a) :i
completes the electrical connection between the die anr
substrate, but the mechanical connection is wkakrder to -
enhance the vk mechanical connectidp protect the solder x;*l,‘;;gf{":fs“‘f’"mr
bumps, the underfill is filled into the gap between the die anc.... e
substrate. Sohe application of underfill in the step (b) is only =22
for the reliability of the electrical connection from the

mechanical viewpointThe underfill is usually ared at a high = esees o an (o

temperature, such d65@. The flip chip package during the - /]j |- ;

Die Attaching

underfill curing process is very flat, i.ethe warpage at the
point is very small due to the same reason as the \ptastic
property of the solder material. However, after the underfill isf=

cured, t_he d_|e an_d substrate are s_trongly connefrigd Figure 2.Assembly processes fifp chip paclage and mechanism of
mechanical viewpointThen, when cooling down to the room  conyentionalvays for wapage control: (a) die attagctb) undefil

temp or rising up tohte reflow temperature, the warpage will dispensingand curing, and (c) Stiffener or lattach

be develod due to the big CTE differeecbetween the die N ) )

and substrate. dF example the downwards warpage at roorf C@Pped-Die Flip chip Package Design

temperature (also called coplanaiiggue) is shown in Figure A cappeedie flip chip package is designed based on the
2 (b). JEDEC specification has defiheémil or 200um for ~ Préceding analysis for the mechanism of warpagpeeially
large flip chip packageas the tolerance limit. However, far the' thrge points of conventional warpage cpntrol mechanism,
45mmx45mm size of flip chip package, bare die FCBGA which !ncIL_Jdes a structure of caggpdie flip chip packa_lgez_as

can have a warpagever 12mil or 300um. The excessiveSnOWnin Figure 3, and an assembly processappeedie flip
warpage may cause a lot of issues in board level of operatioR@iP Packageasshown in Figure 4.The assembly process of
such as solder ball bridging or opening during surface mouffPPeddie flip chip packages includes these steps) (a
process, failures during package functional t8etreduce the dispensing underfill material into the gaptween the die and
warpage, a stiffener ring or a lid is conventionally applied ifuPstrate, (pdispensing adhesive material on the top @f th
the next processing step after underfill curing process, 4 (9 coveringthe die cap onto the die, ang @ncurrently
showedin Figure 1 (b) or (c). The mechanism of using &uring theunderfill and adhesive materials.

stiffener or lid to reduce the warpage is illustrated in Figure 2 Itis seen that there are two key differencethefcapped

(c) and (d) where the stiffener or lid applies a foreetorque die flip chip package desiginom the conventional flip chip

at the edge of the substrate, forcing it to deform upwards. Stgckages using stiffener or li@ihe first one is that the die cap

it is seenthat theconventionalways using a stiffener or lid to Mainly constrain the die, forming cappedie, or says it is a
reduce the warpage is a way tedeform the substrate, or saysd'e cpntrol method,and_ the second is thahe undefrfill _
it is a substrate control method. As a result, the stress levelngterial between the die and the substrate and the adhesive
the flip chip package rises when the substrate-tefermed material between the die cap and die are concurrently cured.
by the siffener or lid. For example, dr the FCBGA with AS a resultthe CTE between theapped die anthe substrate
45mmx45mm substrate size and 23mmx23mm die size, &y get matched, andhe warpage after the underfil
warpage at room temperature are about 12mil, 8mil and 5rflispensing and curing press as showed in Figure 2(b) may
for the package types of bare dietiffsner and lid, been avoidedefore it is frozen in the package if a die cap
respectively. Though the Lidded FCBGAgives the lowest With & proper thikness is selected.he same base resin can
warpage,it causes highest stress in package, as compareddtye agood jointof both underfill and adhesivenaterials at

the bare die and stiffener packages. the die edge region.

In summary there ae three poirg about the warpage
control by using stiffener or lithat need to be keptin mind:
(1) warpage habeendevdoped after underfill dispesing and E— =
curing process. This means thadrpage ha®eenfrozen in e
the package(2) stiffener or lid attachprocess is done after Figure 3.A cappeedie flip chip package
underfill curing processand @) the conventional ways using
stiffener or lidto control warpag is only to redeform the
substrate Therefore, the above methods are substraterol
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Figure 4.Assemblyprocess for cappedie flip chip package.

Some potentialfailure modes of appeddie flip chip
packages are ilgtrated in Figure 5The reason for the
possible failure modes is that a high stress may take place
around the die edge regiovhen the die caponstrais the
deformation of the die during temperature change. Based on
this consideration, an improved diepces designed to lessen
the risk of the failure modes. The capghid flip chip
packages usg an improved die cap is shown in Figure 6

Warpage vs. Temperature

Figure 5 Potentialfailure modes for cappedie flip chip package 360 e TrIpotafieg () .
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Figure 6 A cappeddie flip chip packagesing an improvedid cap Seme s
design. ——
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It is suggested thahé adhesive material should have the

same Tg as that of the underfill material so that both materia
consistentlypecome softer or harder when tengiare passes

Tg. It is preferred thaboth mateials use the same resin as

their bag materials and their fillers may be different. For




under application or test loading conditions, improving the
reliability of bumps and lovk layersof the package.

Finally, it is explained why the cappe&ik package efs
stable at the small warpage value 65limfact, the warpage
value is the warpage of the flip chip package at curing
temperaturel65¢. It is seen from Figure 8 that the bare die
package is just having the warpage value around the
temperature. The waage value of the capped die package no



Figure 10A.Contour plot of the deformation of the big size of
package at room and high temperatures.

Figure 10B.Contour plotof the deformation of the medium size of
package at room and high temperatures.

Figure 10C Contour plot of the deformation of the small size of
package at room and high temperatures.

(3) Effect ofthe thicknessof die cap

In the preceding sectn for achieving warpagkee
packaging the die cap ftickness is selected by trial and error
method through multiplerounds of simulations. Here, an
interesting phenomenon, calledres-controlled warpage is
shown about warpageontrol by cappedlie when athicker
die cap is selectedn the simulation example, the same big
package is used, but a thinner substrate core, 0.4mm thickness
of core is considered. It has been seen that for 0.8mm
thickness of core, 0.4mm thickness of die cap gives an ideal
warpage control. The simulation shows a phenomenon of
overcontrolled warpage by the same 0.4mm thickness of die
cap for the packageith the thinner core, as shovm Figure
11(b). For the thin core, a thinner die cap, i.e., a 0.3mm
thickness of die cap is propfor an ideal warpage control, as
shownin Figure 11(y. Note that the conventional stiffener
and lid 0 0-5(w)23(1071a )-269(0)-5(.)-2(3)-4( )-26(BT 1 0 0 1 48-4( )-26( BT 1 0 0 1 48-4(p//P << /MCa )-269(0(iv)7(es )T 1 0 07(



Figure 12. Contour plot of the deformation of big package using 8
layers of coreless substrate abmotemperatures.
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Figure 13. Contour plot of the deformation of small package using 6
layers of coreless substrate at room temperatures.

Conclusions

The experimental and simulation results show that
warpagefree packaging in the full range ofrperature
variation can be achieved by using cappes flip chip
package desigrMore experimental studies about the capped
die flip chip package design are needed, especially for its
possible failure modesSome major design considerations
include the slection of adhesive material for bonding the die
cap with the diea proper thickness of die cap, and a proper
gap between the die cap side and the die edge. The assembly
process needs to be carefully performed to avoid the voids
between the die cap antet die because both adhesive and
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