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TABLE 15.2 Physical properties of some materials of interest.

Material CTE (ppm/°C) Modulus (GPa) Density (g/cc)
Silicon 2.6 107 2.33
Silicon dioxide 0.5 119 2.60
Alumina 6.6 345 3.90
Solder (635n/37Pb) 25 50 8.40
Aluminum 23 79 2.90
Molding compound 15 14.2 2.30
FR-4 16 20 1.85

» BAKAT, HRADEA
B BEBHASIHCTEREYL, CTE, Coefficient of Thermal Expansion
BRI A ARG ECTERL

o ZREMIECTE, 50-80 ppm/'C o Bopk?

o KB ESHRBAKCTE, FmMg, CTEM] H?
B EHEEAHAKS, WASEFEHETE

o B, BEEH10~15ppm/C , J&3RHEA20~35ppm/C.
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| T B AL R BT UL T ) #R W K % ] e 8 ) R F | P E | MPERR | AR
2K M uee1ia ik £ 8( ppm/T) MIL-P- (@) IMHz) ({ @1MHz)| (MPa) (GPa) | (W/mC)
s R T, (C) | 13949F |
Xy z ) z z X, ¥ T, ¥ z
E BT/ A 120 1216 | 60~80 10 4.7 0. 021 276 17. 4 0. 35
-~ L
E‘Fiﬂﬁfﬁﬁ 220300 | 11 ~14 | 60-80 | 25 4.5 0.018 345 19.6 0.35
.‘__._,_ — — __1___ o - ]
E BBeET/ RN 75 24 261 | —_ 2.3 0. 006 68 ~ 103 1.0 0. 26
W
R S— S I (S S, S —
78 S W 260 6~12 34 25 3.6 0. 010 — 27.6 0.13
1195/ Quartrex 185 — 62 | — 3.5 — — 18.6 —
Revlar49/ Qu- 185 3-8 105 10 3.7 0. 030 — 22 ~28 0. 16
arirex
::;;E“"W BM®| e0-200 | 3-8 83 25 3.6 0. 008 — 20-27 | 0.12
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# # %e 3% & & & molding and extrusion

< w3 : Blow Molding M & S5 69 B B £
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» 3. Slush Molding A FZ s &, i, HEAE
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Preparation of the Heating the Attachment of
electroformed mold electroformed mold the powder box h )
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£ K ’ J
Rotation of the Cooling Removal of the
mold and the box Removal of the box skin
Gelling

2= A

http://yjinkui.blog.163.com/blog/static/1686287212010102705234264/ http://www.hi-business.com/cp-234364.html 63




_» ~ HYH3E 5% %ﬂﬂ HiJURr  Inside and outside wall draft angles
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A4 % . Rotational Molding

on an outsde
wall requires
more draftas
do pars wih
holes and
ra0assas naar
an outside
wall

BAASRAARA, SR A KBRS BT, &

o R B RL XA = 6941

Rotational molding

Heat

demalding . . -
http://machinedesign.com/article/putting-the-right-spin-on-rotational-molding-designs-0518  http://www.ask4plastic.com/viewdeta.asp?memid=3546
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< JEA£, compression molding
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Upper movable
mold half

Charge

Lower fixed
mold half

Ejector pin

http://www.substech.com/dokuwiki/doku.php?id=compression_molding_of_polymers http://WWW'IeeChmd'ComlcompreSSIOn—mOIdmg'htm 65



B H Gl b KE

@ FEF A (X giast#sE, 24) , injection molding
B R (REHSERERESK) HmBKLE, &

RN, BB, REMRRELFIG,

Cavity / Part

B S HIET, SRR

Raw Plastic
Hoppe

Mold I
+

Screw

T T

http://www.injectionmoldingonline.com/Molding101/InjectionMolding.aspx A



EPL L L BL Il.!l}
R,

Hm#EE  BREAH i 6

http:/tupian.hudong.com/a3_10_47_01300000239140124253471857031_gif.html
http://www.nb-taili.com/zhusuji.htm 67

http://cn.made-in-china.com/showroom/yzsczs/offer-detailgXaExIZJVphf/Sell-%E6%B3%A8%E5%A1%91%E4%BB%B6.html



B oIt h XA BT S AT, U

» R M AR A, Reaction injection molding
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resin
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area ioHy

resin +
glass strands

http://composites.owenscorning.com/processes/Reaction_Injection_Moldingaspx  NttP://Www.armstrongmold.com/pages/rimarticle.html 68



B R Gl b KE

o AEiBAEW ) transfer molding
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DIP-IPM Generation 3 Cu frame
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LN
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http://powerelectronics.com/power_semiconductors/power_modu
les/transfer-molded-dip-ipm-201005/ (b) (d) 69
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B Fmeair  glop top encapsulation
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http://www.semipkg.com/index.php/Ceramic_Pin_Grid_Arrays_- CPGA
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it &M @%a‘ glop top encapsulatlon

» Glop, £:#1 K &4k
o M‘]‘HJ—F IUT

B A volume of material is dep05|te'd on top
of a component. The material flows
downward, covering the component.

» RAF
B There’s no border around the material,

so it can flow to the area immediately
around the component.

Bondwire
From Liquid Encapsulation Protects Electronic Components
Glob-Top
= Glob Dam
Die Attach

Glob-topping a ball grid array (BGA) device. BGA Solder Balls http://www.penchem.com/products family.php?id=2 74



v 23 @’ 4 % dam-and-fill

Dam-and-fill encapsulation is a two-step process.

Dam 3&. M

- B_SRE TR

B First, a high-viscosity encapsulant is dispensed around
the component .

BOAKKEE T PR

B Then the dam is filled with a lower viscosity fill material.
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<

)
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*

75



ChiponBoard COB # X%\ B4 %

I
' FJ
+
4
3

Y
|




v 23 @’ 4 % dam-and-fill

<+ Cavity up BGA

Key Process Encapsulant

Flat
B I X s Surface
CaVIty & ) . Lg::: Id=al For
B Dam-and-fill encapsulation ggk |
B Dam height should be at least | i
i i Carrer Dia Attach
O._OlO mcf_\ higher than the BT, FR4. FAS) A;B;ﬁ;
highest wire bond.
+ Cavity down BGA Cavity Up BGA
B The cavity walls can provide
containment, so a dispensed
dam may not be required Machanical Koy Process
. Y : Dam EnEApan] Control Araa
o R? 1
B it EEEMRK, REHEAN

L@ F5 ¥

Die Attach Adhesawve —‘ Aluminum Subsirate

Liquid Encapsulation Protects Electronic Components CBV“Y Down BGA 7
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< Flip chip BGA

o« BFHEERI TR, & HdiefEimsubstrate#gCTER
B, +8IFRE0gRY, FlRXIK

» Die Si, 2.6 ppm/TC;

< Substrate
alumina, 6.6 ppm /'C
Laminate 15 ppm /C

\ ) ()

—» 4

Figure 1. [llustration of Stress on Solder Joints Due to CTE mismatch when Assembly is Cooled
from Solder Solidification Temperature to Room Temperature. The substrate contracts more than

the silicon die during cool down. 79
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Figure 2. Warpage when Underfilled Structure
Room Temperature.
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R. Wayne Johnson
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v 4 28] &2 % underfilling
> BIEIFHRETR

o BAMMA L ERB SR A

> RARENFH? BHoHE Y ? Solder Ball
ETT S N
» Capillary Underfilling

| Underfill

Substrate

Fillet

Underfill  gure 3. Illustration of Capillary Underfill Process.

Solders
Ball

Interposer

o v T J

Solder Ball

. ) ) ) From Flip Chip Assembly and Underfilling
A typical flip chip ball grid array. R. Wayne Johnson 31



2 P, From Flip Chip Assembly and Underfilling
% % @ ﬁ %‘ %ﬁﬁ % R. Wayne Johnson
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v T H L4
* o

|
0% 1 50%

X &U 'f‘i,r'f%" '§.— /)ﬁ.. 7‘9!7 ']l‘:". ? 20%

Figure 25. Definition of Percent Misalignment. (Courtesy of Siemens Energy and Automation)
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L

Pick Die Flux Place Die

Reflow Dispense Underfill Cure Underfill

Figure 18, Illustration of Flip Chip Assembly with Capillary Flow Underfill. 82
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From Flip Chip Assembly and Underfilling
i?u % R. Wayne Johnson

2 BLFUEE A & R X T &

2
= _3uL” Underfill
hy cos ©
t = flow time

u = absolute viscosity

L = distance traveled A
h = gap height

¥ = surface tension

0 = wetting angle

Spacer to
Set Gap

Glass, silicon
or laminate

Figure 32. Test Set-up for Measuring Underfill Flow Rate.

X2 = (y/p) * d * f(0,0) * t

X = distance traveled

t = time

v = surface tension of fluid

1 = viscosity of fluid

d = characteristic depth of groove

f(a,0) = function of groove and contact angle

Figure 33. Sandia National Laboratory Underfill Flow Test Method. 84



Capillary and fluxing unaerfill = £
£tm B da gy 24 2T A

ch M

Die Placement Solder Reflow Underfill Dispense Underfill Cure

Figure 1.4 Capillary underfill process flow

AR IE, khk, BT

—_— ki

Fluxing Underfill Dispense Die Placement Solder Reflow & Underfill Cure

Figure 1.5|Fluxing underfill process flow IR

FLIP CHIP AND LID ATTACHMENT ASSEMBLY PROCESS DEVELOPMENT Reflow/Cure 89



# B2 AU B O REE

Properties Desirable Values Comments
Flow WEE =05 mm/s Fast flow with no air bubbles entrapment e 2
Adhesion FLM5RE =50 MPa shear Key to device protection
force

CTE 18-30 ppm/°C Matches CTE of solder (26 ppm/°C)
Elongation EfRZR =>1% Resists CTE mismatch stress {7 CTEZRAD B /7
Modulus MR 5-8 GPa Provides mechanical coupling
T, =>130°C Maintains dimensional stability {5355 X~ 2 7€
Stress after cure <10 MPa Minimizes internal stress caused by shrinkage of

EAL )= RO L polymer 5] 45 7| 2 ft) 1 38 % 1 F5e /M
Water pickup skiEmglkx <1% Reduces moisture-induced failures
Ionic impurities <10 ppm Prevents corrosion and metal electromigration
(Na™, K", Cl™, Br)
Thermal stability, 1% >260°C Prevents underfill decomposition during solder
weight loss I = Neh Lo reflow
Curing time at 160°C <<0.5 hr Maintains good product output
Volatility during cure jz 4 4 <1% weight loss Maintains correct stoichiometry
Pot life at RT, 20% =8 hr Provides long usable underfill life

INCrease In VISCOSILY Epris=o00p, 58 T (KL 22N H
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