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Brief Outline

« Polymer packaging evolution (non-hermetic)
« Examples of package types

* Polymers used in advanced packages

« Key use of fillers to control properties

* Moisture absorption

* Reliability testing
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Polymers in Semiconductor Packaging

There are some tough material requirements

» Low viscosity to flow (die attach, mold compounds and underfills)

Wide range of cure profiles
— Thermal (oven, snap and spot cure) and UV cure
— Partial cure (B-stage) for printable pastes and films

Tailored modulus depending on the application

Low coefficient of thermal expansion (requires fillers)
High temperature stability for lead-free reflow profiles
Low moisture absorption (JEDEC pre-con)
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Increasing I/O

Increasing Functionality

Non-Hermetic Packaging Evolution

The 3rd
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Leads) =k
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Leads)
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Polymer-based Packaging Examples

Laminate based

BGA
"~ Interconnect Size, Cost |
Today ' |

Tomorrow e N Q | A A

Embedded Wafer Level BGA

Source: Infineon
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Lead frame

Leadframe Packages

..Semiconductor chip Materials:
ya = 2220200000 N\ Metal leadframe

Die attach adhesive (epoxy and maleimide/acrylate)
Epoxy mold compound

.

Lead frame (CSP)

p e |
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Plastic Ball Grid Array (PBGA)

Packaging Level 1

sili Di Au Bond Wires
\D' l :ton " ' Tgermalda\r;_dlor Epoxy Overmold Materials:
ie Attac round Vi . .. ..
Stand-Off (Varies U substratew;  BisMaleimide triazine epoxy substrate
with Pad Size and Sold k . .
SOIdBr Pastﬁ VOI.) : | jo ermas Dle attaCh ad heSIVe

Epoxy mold compound
Ry S e R Gold or copper wire bonded

&g Vias

Motherboard  Ball Pitch  Solder  Solder Pads (SMD Pads Packaging Level 1 — semiconductor
Sphere on PBGA - Either

SMD or NSMD on PCB) encapsulation including substrate
Packaging Level 2

Packaging Level 2 — Printed Circuit
Boards
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Flip Chip BGA on HDI Substrate

Underfill

: C4 solder
lC Chlp bump

Solder resist

Packaging |
Substrate

ﬁ ABF®
Core material
(FR-4 or 5)

= 3 r“‘-""“r

PTH
plugging resin

Solder ball
(2nd level Interconnect)
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ASE Package with Integrated Antenna

D — dielectric constant

D¢ of dielectric antenna C
f D; — dissipation factor (or loss factor)

layer is {ver Antenna Array
— N dielectric antenna layer — 71—
:-EU-_-':--_ Bl iy - -_-:[-_#:-!_-'H::u
| o | T T S S ) :|> Build Up Film

Printed Circuit Board (PCB) process using advanced low Dy, and D¢ materials
for antenna layer and build up films

\N Source: Advanced Semiconductor Engineering (ASE)
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Flip Chip Ball Grid Array (FC-BGA) Package

Die

Package = Routing Materials:
pop o RDL bump Bismaleimide triazine epoxy substrate
- ' Ve Epoxy Underfill
Example of multiple e Jj“/
packaging Levels 1 4 W package Epoxy mold compound
and 2 D ) O— va Lead-free solder balls
SCB or HDI Substrate Copper pillars

Tin/silver [Sn-Ag(0-

2.5% Id
High lead (Pb) or Pb- ) solder Rokadkoke {n!\mt!tmml\mm i
free solder
"~ Copper
UBM Aluminum pillar
pad
@ °
PINN e\
hre
Aluminum Copper
interconnect interconnect CHEPW@ RIS
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Challenges with Capillary Underfill

Copper pillar bumps

Flow issues with capillary underfills

« Cu pillar pitch is going to 35 p and less

 Pillar diameter is moving < 30 p

« CTE requirements impact flow

« Work underway in alternate fillers, packing i
geometries, low viscosity polymers

Low Kk inner layer dielectric (ILD) drives

material properties BT
« Stress management 4 i

Silicon die

Pitch between adjacent bump

Polyimide

repassivation
layer

Critical distance
! r bump to trace —
ve—s Shorting risk

Bump
solder cap

Substrate traces in substrate top metal layer

* Prevent cracking fimin R
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Capillary Underfill Formulations
Resins and hardeners

. . . . O
* Liquid Bis F epoxy —amine CﬂS-EH-CH2-04</_\>CH2—</_\>7 O-CHQ-C/IH-}JHQ
« Liquid Bis F epoxy — anhydride

HyC CH,
HC CH,

« Liquid cyanate ester — metal coordination catalyst

H,C CH,
! —
NCO \ / (|3 \ / OCN
- H,C : CH,
\Q\
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B
Fillers are Key to Tailoring Underfill Properties

* Non-conductive, electrically insulating

— Fused silica is widely used; high purity, chemical resistance and low coefficient of thermal
expansion (CTE)

— Spherical fused silica is the most common filler
— Used in high filler loadings (> 65 wt%)
— Has smaller impact on viscosity

« Surface treatment is key
— Lower viscosity
— More Newtonian flow behavior
— High filler loadings

Source: Sumitomo
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B
Embedded Wafer Level Packaging (eWLP)

Fan-Out area
(mold)

Redistribution layer Fan-out area

SiP

Solder Stop bidectric

Dielectric Solder Ball Solder ball

Protective layer : epoxy resin with a low percentage of filler

.}-;_"_i | Epoxy mold compound

X X X X
pcB
F

Polymer/copper redistribution layer (RDL)

\N Source: Infineon eWPL fanout package
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Solder bumps

i p i

e

L

Epoxy underfill Planarization layer




Polymers Used in Redistribution Layers (RDL)

Polyimide (or photosensitive (PSPI))

Polybenzoxazole (PBO))

CH;  CHs
A | | N
| /’ \ Si—o_?i = H P Benzocyclobutene (BCB)
CH;  CH,

S
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B
Liquid Epoxy Mold Compound on Reconstituted \Wafer

\K Source: Nanium/
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ituted Wafer Example

Reconst

Reconstituted wafer on carrier
Temporary adhesive layer

(PP T TIIITI I TT I TTR PP T TFIFITTFI I

58
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LA S
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OO
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OO
OOOON
4 e
etetet
AP

Chips mounted on temporary adhesive
layer and with liquid EMC for encapsulation

Molded reconstituted wafer

Reconstituted wafer after carrier release

Source: Nanium
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Epoxy Mold Compound Chemistry

Epoxy novolac g el =
L o _F
- T on=-18
0 0 @) Steric hindrance

N / L%
0O—CH ,~CH—CH, O—CH ~CH—CH; O—CH~CH—CH, | around €epOoxXy

Epoxy cresol novolac H3 [ Ha /l\/CHa linkage lowers
[ CH, CH, L moisture absorption
n

OH OH
CH, CH,
Phenolic novolac
(curing agent)
| OH
S
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Second Generation Epoxy Mold Compound Chemistry

Dicyclopentadiene type novolac epoxy

_ U/WO D/Wo

H_..
5 dn

Biphenyl type epoxy

Ortho methyl groups (-CH3)

HyC a CH, -~ B Steric hindrance
0 = around epoxy
\7\0 \| / D/\WO linkage lowers
moisture absorption
| H,C CH,
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Green Approach to Flame Retardancy

* Incorporating Multi Aromatic Resins

(MARS) into the EMC can achieve flame
resistance without halogens or antimony

* MARSs have high oxygen index and are
resistant to combustion

At high temperatures, form a surface
protection film which blocks oxygen and
heat

S

Structura

—

7~ o
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Q YX8800

Mitsubishi Chemical JER Epoxy

MAR L3/ -7

MAM

AamE

Foamed

Source: Sum

BERL TR

Conventional
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InnoC
E SCIENCE

WHERE I

enlrix

IMPACTS BUSINESS™



Epoxy is Most Common Thermoset

Adhesion, reactive site, o Ve high
wettability, drawback hydrogen Aromatic rings give high temperature

bonds with water molecules \ performance and rigidity
o\
| AN
CH, ----CH CH, O OCH, CHCH 0 (l: OCH,CHCH,

CH,
Epoxy reactlve S|te \ Epoxy reactive site

Molecular weight

Toughness

Bisphenol A epoxy; X=H, for tetrabromobisphenol A; X- Br

:s;%qlnno Centrix
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Epoxies Absorb Moisture

oo

m 40°C
e 60°C
A 80°C

= L (@)} ~1
I L I | L

Weight gain (%)

Two stage moisture
diffusion process

i 1 5 I J I H I : 1 § 1 » I
0 500 1000 1500 2000 2500 3000: 33500

Exposure time (sm)

Dt 0.75
Mt:Moo(lJrk\/E) 1 —exp 73(h2>

D is the diffusion coefficient

D=D EXP( ﬂ)
0
RT

D, is a constant and E, is the activation energy

Bisphenol A epoxy + anhydride hardener

(underfills, coatings, circuit boards etc.)

\N
CMSE
)

Source: Xian et. al., Journal of Materials Research and Technology, 31,
(2024) 3982 https://doi.org/10.1016/j.jmrt.2024.07.123

J{ll‘lnﬂ Cenlirix
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CTE (ppm/°C)

Fillers Play a Key Role in Lowering CTE

Coefficient of Thermal Expansion

—e— Silica Silica Diamond
70- Al_umma w R SRy ilg P8 s P N e,
] —+&— Diamond = (). R W Ny 3

Filler Content (vol%) Boron nitride (BN) Alumina

Source: W. Sun Lee, J. Yu, Diamond & Related Materials, vol. 14, p.1647-1653 (2005)
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Aspect Ratio Impacts Viscosity

20 T T T T
jr¢ d
. 16 - b % ® g ]
S 0k e & ® 2
é 14 - . > o (@] % 7
8 12 - / /<
2 -
2 10 © .
> E 4 | T I 4 I 4 -
g’ 8 f Increased aspect ratio *
Silffake™ 13 (150&) 6.7 um E 6 f .
O B - .
Silver flakes for die X 4 : ] Silica spheres for underfills
attach adhesives o & :
0 L
Source: Technic 0 0.2 0.4 0.6 Source: Sumitomo
Volume Fraction, ¢ (v/v)
\K
CMSE
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Silica Filler Loading Impacts Flow

10000

1000 %

100 -

A
= —/\—A
NS N NEEEEEEEEEEEE =

Steady-state Viscosity, r (Pas)

10
0.001 0.01 0.1 1 10

Shear Rate, dy/dt (1/s)

\‘\ 25

Viscosity increases
dramatically with filler loading

InnoCentirix
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Filler Packing for a Bimodal PSD

Maximum

e

Packing Density

The packing density
for face centered cubic

geometry is 74%

X" Large
X, Fraction of Large ———»

Small

\K .
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Particle Size Ratio

o (v = 2 o Y = D d; diameter large
o =

B d_S ~ diameter small

=
aw.
i
e
=
|
o
Source: Pillitteri, S., Lumay, G., Opsomer, E. ef al. From jamming to fast compaction dynamics in
N granular binary mixtures. Sci Rep 9, 7281 (2019). https://doi.org/10.1038/s41598-019-43519-6

MSE, o;klnno Cendirix
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https://doi.org/10.1038/s41598-019-43519-6

B
Filler Packlng for a Bimodal PSD

0750 © N :
| : Powder size ratio o = 5
_ g ; * . /
> ' ¢
‘o 0.70¢
C L
()] I
T .
(@) I
.E 0 65- . .
S | Powder size ratio a = 3
@ 4 925um/328pum . -
o = 580pm/96um  * 925um/196um | x
0.60- ° 328ym/9%8um v 530um/98um
00 02 T 04 06 08 10
f

Maximum packing density when the volume fraction (f) of the smaller
particles is ~ 0.3, when using ideal mono-size powders

Effect is more pronounced when increasing the size ratio a

Source: Pillitteri, S., Lumay, G., Opsomer, E. et al. From jamming to fast compaction dynamics in

\N granular binary mixtures. Sci Rep 9, 7281 (2019). https://doi.org/10.1038/s41598-019-43519-6
CMSE, JInno Cenlirix
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Trimodal EMC Filler Loading

Diameter of the filler

Filler Content

R
0.414R
0.225R

Schematic
illustration of filler
packing

Porosity: 29.5%

&
‘)

29

Source: Sumitomo

Use “generational” packing to
increase the packing density

¥

InnoCentirix
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Example of Non-Hermetic Package Reliability Testing

L3/260°C

Source: STATS ChipPAC ECTC 2017

Test Test Condition Test Conditions
MSL1 24h bake @ 125°C
PC (192h @ 30°C/60%RH)
Pre-Cond JEDEC J-SID-020 Reflow simulation (3times) with
Lead free profile Tmax=260°C
TC Ta=-55/+125°C
22-
Temp. Cycling JESD22-A104 1000 cycles
HTSL. High Temp. 5 Ta=150°C
Storage Life JESD22-A103 1000h
THS. Temp Ta=85°C. 85%RH
Humidity Storage JESD22-A101 1000h without bias
N
TCoB JESD22-A103 -40/125C, 500 cycles
2-
Drop Test JESD22-B111 1500G . 100 drops
30

:s;%qlnno Centrix
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B
Moisture Sensitivity Level (MSL)

Holy Grail

Most Common

FLOOR LIFE STANDARD
LEVEL TIME CONDITION || TIME (hours) | CONDITION Moisture
N <30 °C/85% 168 85 °C/85% e

1 Unlimited = +510 L ] Pre-conditioning

<30 °C/60% 168 85 °C/60%
2 CESs RH +5/-0 RH

<30 °C/60% 6962 30 °C/60% MSL Nomenclature:
2a 4 weeks

RH +5/-0 RH e Level

<30 °C/60% 1922 30 °C/60%
3 168 hours g 210 ~h J * Reflow temperature

<30 °C/60% 962 30 °C/60%
4 72 hours RH +2/-0 RH Example:

<30 °C/60% 722 30 °C/60% L3 260°C
5 48 hours RH +2/-0 RH

<30 °C/60% 482 30 °C/60%
5a 24 hours RH +2/-0 RH

Time on Label | <30 °C/60% 30 °C/60%
© (TOL) RH \ "o RH
Source: JEDEC Std-020D.1
-n;klnno Centirix
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After Reflow Inspect Package for Damage

« Popcorning

— refers to a failure mode where a component, usually a plastic-encapsulated microcircuit, cracks

or delaminates due to rapid vaporization of absorbed moisture durmg the hlgh temperatures of
the reflow process SN S

Silicon Die )
\ Plastic Encapsulant i pag

i

Elevated Environment Test Methods

Moisture Absorption  Visual inspection
| ‘ « CSAM
Vaporized Pressure IR Solder Reflow : .
Process » Cross-sectioning
Deformation, Delamination * Electrical test
Cooling Board Assembly
Cracking

[ ]

nning A ic Micr AM) im
Source: Yi, S. (2014). Hygrothermally Induced Residual Stresses and Failures in Sca J coustic Mic osqope (CS ) ) ) ages

, Plastic IC Packages During Reflow Process. In: Hetnarski, R.B. (eds) of PBGA after reflow showing delamination (red)
\N Encyclopedia of Thermal Stresses. Springer, Dordrecht.

~ - https://doi.org/10.1007/978-94-007-2739-7_894 il
GMSE\ ps:/idol.org " :;%dnno Centirix
)
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B
HD Microsystems PBO Adhesion Testing

Die HD Micro PBO film

EMC
Cross-section of FOWLP

Cross cut test

Cross cut to dielectric

5 Tape

HDW PEO

Pressure 100 h 100/100 Source: SEMICON Taiwan 2014, Masay Toba,
Hitachi Chemical Co., Ltd.
Cooker 300 h 100/100
Test 500 h 100/100 Source: HD Microsystems
. #:100/100: all pieces remained after the testing (No failure) .
E ﬁklnno Cenlirix
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B
Biased HAST Reliability — Two Layer Fine Pitch

Structure of test vehicle

Test results

1E+16

1E+14

1E+12

1E+10

1E+08

Resistance (Ohm)

1E+06

1E+04

B HD8961 kept good resistance after 168h b-HAST in 2/2 and 5/5um L/S
B No significant appearance change in Cu electrode after bias-HAST

)

Q/
o
I

L/S = 2/2 or 5/5um

|_Sputtered Cu

1 sputersa HD8961 PBO

HD8961
4 PBO
Cu\ <ﬂ> / (200C cure, 7um) «—><—>
\
Polyimide
Top vi N sio,
op view

X-sectional view

Resistance after bias-HAST

[Test condition] — L/S=2/2um
| 130degC /85%RH/3.3VDC | —L/$=5/5um
_ Sample
- HD8961
i . (200°C/1h
Passed 168hr in 2/2um L/S cure)
0 50 100 150

Appearance after bias-HAST
(2/2um L/S)

Appearance after

Result HAST

No short circuit
No dendrite
No corrosion

No delamination .

Test time (hr)

34

Source: HD Microsystems
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Polymers are Key Heterogeneous Integration Enablers

Underfills
3DIC
with 3-D WLP
Thu-Via technology TSV Flip-Chip
- Laser friendly mold compound l
!
iy B
Package

l

Integrated passive devices Redistribution layers

S

Source: Yole Developpment
CMSE

e Inno Cendirix
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http://www.i-micronews.com/upload/Micronews/images/Fan-Out%20WLP%203D%20Packaging.jpg

Summary

* Thermosetting polymers are used extensively in advanced electronic
packaging

* Processing and extensive materials toolbox established

* Provides a cost-effective method to connect semiconductor chips to substrates
and printed circuit boards

* Fillers play a key role in tailoring rheology and mechanical properties
* Drive to use thermosets with lower moisture in improve reliability

» Reliability testing designed to stress the polymeric materials
— ldentify polymer issues
— ldentify processing issues (i.e., interfaces)

CINSE, JLlmmeCentirix
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