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Wafer Dielectric Film Curing

e Stress Buffer Layer: one layer on most die (3-5)
e Re-Distribution Layers: two — three layers (5-7)
 Wafer Layer CSP: two - five layers (5-10u)

 Choices: Materials — Temperatures — Throughput

m-mm

Polyimide 50%

PBO 350 80% 380 10
BCB 280 5% 250 8
Epoxy-Resist 200 4% 190 6

* wafers-per-hour-per-layer based on 50 wafer batch
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Variable Frequency Microwave Cure
e Polyimide HDM-4004 (photo-sensitive) and PI5878 (nps)

o FEighteen wafer DOE with four variables
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e Can “flash curing” produce the same film properties?
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Both Polyimides well cured by flash VFM

due to experimental method
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VFM cure at 350°C meets or exceeds oven cure

Range of results for VKM Modulus (GPa) “I Oven Avg. m VFM Avg.
cure overlaps oven cure for =longation (%)
most properties Strength (Mpe)
Stress (Mpa)
Differences are consistent Td - 1% (°C)
with higher cure by VFM Line Height (um)
. . Crown Height (um)
Chemical resistance tests: Adhesion (Ibs)
e CRI- NMP, RT 30 min CR1*100+100
e CR2-10% H2S04, 3 hr, RT CR2*100+100
e (CR3-NH40OH/H202/H20 1:1:5 80°C,
30 min CR3*100+100
e CR4 - TMAH/H20/DMSO 1/3/96 80°C, CR4*100+100
30 min

1.0 10.0 100.0 1000.0

Note: “Error” bars for Oven cure results show standard
deviation in data. “Error” bars for VFM cure show range
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s
Cure of HD4110 involves cyclization and

‘“photopackage” burnout

HD4110 process chemistry
e Photo-exposure yields crosslinked network

e Imidization forms linear polyimide, burn-out removes crosslinker

HD-4110 Negative Tone Image

Interpenetrating Network Polyimide
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R is an acrylate ester
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350°C oven cure leaves residual ‘““photopack”

VFM cure does not

105
OWEN 350°C, 60 MIN

— WVFM 350°C, 7 MIN
1.014% WEIGHT LOSS, 437.1°C

100 == (0.05268mg)

1.001% WEIGHT LOSS, 375. °C\J\
> = 957 (0.06543mg)

TGA 1 Weight loss from /\\
polyacrylate burn-out \oven
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.,
340°C VFM cure of HD4110 ~ oven cure 350°C

94% reduction in cycle time
Oven: 60 min@350°C, 5.0 hr cycle

WPH = 167 VFM: 8 min@340°C, 0.3 hr cycle
Strength = O\)en
(Mpa) = VFM
. Modul
Mechan.lcal and t.he.rmal <100 (GPa)
properties very similar Fongation
e Results averaged for 8 VFM x10 (%)
cured films, 9 oven cured films Td- 1%

(°C, TGA)
e Comparable standard

deviations found Tg (°C, DSC)

IR cure
(11360/11720 x 500)
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Fast Ramp but Low Warpage?

e 60 deg/min ramp rates — 30-50% lower wafer bow

1.06

e Most wafer warpage 1s due to dielectric cure processes T ;4:

e Oven curing uses long ramps to reduce stress

e Microwave cure is uniform in the bulk; less stress

* Lower temperature cure reduces stress EssEaEaaEEs)

e PI and PBO at 250°C show x- and y- axis bow <50% T f D( :
109 £

 Epoxy-resist dielectrics 30 minute cure with bow <50% A / , i

e Uniform VFM cure increases adhesion “ s *
[
it
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VFM shown to lower manufacturing
and energy costs

 Time reduction « Energy reduction
« Cycle time reduced from >4 hrs « Energy transferred efficiently to the
to <20 minutes wafers — no energy wasted heating
» Major benefit for process the oven
development or mixed lot * No energy required to cool the oven
production after cure

» Prototype batch VFM (300 mm
WaferS) ShOWS exce”ent KW per Week in Production Example
temperature uniformity 160;
140+ B Convection
120+ 3 VFM
100+
80+
—] 604
40
204
0-
Parts Fixtures Chamber
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Conclusions

e “Flash” VFM cure cycle times are greater than 50 wafers per hour

e Cure is complete and matches all thermal and mechanical properties

e Cure removes all “residuals’ from photopackage

* Soak time is most important variable; ramp speed and 200°C soak are not
* Very fast ramp speeds do not increase stress

 Wafer warpage decreased by 30-50%

* Lower cure temperatures produce same cure properties

Improved adhesion from uniform cure at surfaces
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