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Package on Package (PoP) introduction G‘m&.e,r

* PoP technology and infrastructure has been in development at
Ambkor > 5 years and production > 2 years.

— CS8P structure was developed from 2003, released to production
in Q4 of 2004

— Flip chip structure was developed from 2004, scheduled to go to
production line in Q3, this year

* Amkor CSP package is qualified

. Commitm.ent to Standardization work for broad industry benefit
* PoP applications include:

— Mobile phones (base band or applications processor + combo
memory) :

— Digital cameras (image processor + memory)
— Portable gaming (graphics processor + memory)

© 2008 Amkor Technology, 1nc.

T roprietary Bu February 2006
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Package on Package (PoP) Introduction Qm&g&
« Amkor has full commitment to PoP technology for both
bottom and top packages.
* Initial applications in HVM and pre-production w/out underfill
* BLR data gathering on going with underfill

» Applied CSP platform technologies to quickly develop Base
Pkg platform

* Have full suite of turnkey FC capabilities - internal bumping,
probe, design, assembly and final test enable device
transition to fine pitch FC PoP applications which the market
is driving towards for next generation devices.

February 2006

02008AmkorTechr;olng_y. Ihe, > . . /Propnepa@ Busine
Stacked Die vs. PoP — Trade offs , _ Qm&g&
. |Stacked Die ==ty |PoP
Prospects Prospects
* IDM ownership * OEM Ownership

* Smaller body size and lower package profile [* Flexible sourcing:

* Standard SMT assembly *Tested at individual package level for

* Broad infrastructure Known Good Device

Concerns Concerns
* KGD required for high product yield * Slightly larger / thicker Package stack
* Single-sourced product for logic + memory |+ Coordinated business model covering:

* New development needed to change a - Co-design for bottom and top packages

device or handle die shrink - Electrical and BLR validation

* Sourcing, compound yield and multi test: + Infrastructure for package stacking

- Can lead to higher total cost

® 2006 Amkor Technology, Inc.
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PoP Logistics @ micor.

Memory IDM
Flash Memory,

Combo Memory, etc.

.Board assembly

VAN

OEM.EMS =
10 - Package stacking,

Z

Logic IDM

Microcontroller,
ASIC, etc.

0ot

L2
E
£
£
£
E
1

A1TINIITNTH

Amkor
Packaging, testing

No change in Logistics
No additional freight necessary

* February 2006

PoP Options — Ready for Deployment ' @nmicor.

« thin profile
* broad infrastructure \N/XX” “% - %7 ' )
« low cost " Stacked (top) package B + passive integration
s s .
/ S\

I e e S e

AN e V4
oy Base (bottom) package ..

—— %~

* high /O count
« high performance

+ flexible substrate design * size reduction

+ low cost o . B
et
Sl =i « thinnest profile

© 2006 Amkor Technology, inc.
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‘PoP Features (bottom package options) 0{1‘&5

ftems R e
Substrate 2 /4 layer 2 layer 4 layer or more
Cavity No cavity Full cavity No cavity
Mold thickness | 0.27 mold 0.2 mold
Die thickness | 49 gje 0.15 die 0.15 - 0.20 die
Die pad count | - 400 |/Os - 350 1/0s 400+ 1/Os
Routing Flexible Limited | Flexible
Thermal ball Available Not available Available
Bottom 0.5 ~ 0.8 mm pitch 0.5 mm pitch only 0.5 - 0.8 mm pitch
footprint flexibte fiexibie
Top package | 0.65 mm pitch 0.5 mm pitch available | 0.5 mm pitch potential
Module height | High Low profile Middle
after stacked-
Stacked die Potential with thick Potential with thick Potential with mold
mold substrate :
Status Qualified (14mm) Qualified (13mm) Development

|

. February 2006

@ 2006 Amkor Technolog.y IAnc.f . 1.emial { Proprietary Businessnln‘f
PoP Family Roadmap 6‘:."?@'&%5'
2003 2004 2005 2006

s 4 Production available

L .

P e |

Technology Extension
SOP i
Staggered pad

» Stacked Die  ~

LB (<14mm) -/ympfroduction available

4"//

=

© 2008 Amkor Technology, Inc. February 2006
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Base Package Development Roadmap

e\mkor
Tochnology®

Available 2006 2007
o  Substrate Thickness (1+2+1) 0.3mm 0.26 mm 0.22 mm
2  Body Size 12mm - 14mm| 10mm - 14mm | 8mm -~ 16mm
5 y
o Memory package interface
c BGA pitch 0.65mm 0.50 mm 0.45 mm
2 Rows 2 2 2
[ Mold cap thickness
a Single die, single tier 0.27mm 0.27 mm 0.27 mm
Stacked, 2 tier N/A 0.35 mm 0.35 mm
MSL level L3, 260 L2, 260 L2, 260
@ [ PSVIBGA Extensions |
1= .
2  Solder on top BGA pad Development | Production Production
®  Multi-tier wire bonding Development | Production Production
"; Stacked die Development Production Production
E’ I FC-CSP base package ]
8 Die thickness 200um 150um 125um
o Solder bump array pitch 225um 200um 180um
5 Au stud peripheral pitch N/A 60pum 50um
z Body Size

© 2006 Amkor Technology, Inc.

February 2006

PSfcCSP - Base

1
| R
o ey T
B1 v T e e R R ke T
i 2 _‘1 _H ,_H_ [~ R E]_ H«l - TT A1
1 TOOOU 00U Ok
unit : mm
Description Min Norminal Max
Bump height (H)* 0.060 0.070 0.080
Chip Thickness{(C1) 0.187 0.200 0.213
Substrate Thickness(B1) 0.230 0.270 0.310
Ball height (D1) 0.170 0.210 0.250
Package Overall Height (A1=C1+H+B1+D1) ** 0.691 0.750 0.809
SMto FC surface 0.254 0.270 0.286

Note) * Empirical

** : Values for min/max shown are calculated using Root Mean Square (RMS) deviation

© 2006 Amker Technology, Inc.
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PSfeCSP - Top Package Stacked @ mkor,

Cc
B2
Al bz

—

B1

— 3

D1

unit : mm
Description Min Nominal Max Remarks

Ball height (D1) - 0170 0.210 0.250
Substrate Thickness(B1) 0.230 0.270 0.310
Ball height (D2) 0.260 0.290 0.320_ |0.42 mm SB, 0.32mm SMO
Substrate Thickness(B2) 0.180 0.210 0.240
Mold Cap Thickness(C) 0.380 0.400 0.420
POP Overall Height * 1.307 1.380 1.453 A=D1+B1+D2+B2+C

Note) *: Values for min)max shown are calculated using Root Mean Square (RMS) deviation

" 2006 Amkor Techriology, Inc. February 2006

PSfcCSP - Interposer & Top Package Stacked @!“'&9};

A
unit : mm
Description Min Nominal Max Remarks
Ball height (D1) 0.170 0.210 0.250 ]0.3 mm SB, 0.28mm SMO
Substrate Thickness(B1) 0.230 0.270 0.310
Ball height (D2) 0.290 0.320 0.350 0.4 mm SB, 0.28mm SMO
Substrate Thickness(B2) 0.180 0.210 0.240
Ball height (D3) 0.180 0.210 0.240 0.3 mm 8B, 0.2mm SMO
Substrate Thickness(B3) 0.180 0.210 0.240
Motd Cap Thickness(C) 0.380 0.400 0.420
POP Overall Height * 1.757 1.830 1.903 | A=D1+B1+D2+B2+D3+B3+C

Note) *: Values for min/max shown are calculated using Root Mean Square (RMS) deviation

© 2006 Amkor Technolo_g_y, inc. . ‘

{ Proprietary Busi February 2006 .
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PSfcCSP - Design Guideline

Design Rules’

Die Edge to Land Opening: A {min)*
- Die size < 5.0mm
dispensing side
Opening edge exit side
l - 5.0mm =<Die size < 8.0mm
dispensing side /
exit side
- 8.0mm < Die size
dispensing side
exit side
Package Edge to Ball Center; B (min})
Top Land pitch (mm).: D (min})
S/M Registration: H (min)
Die Thickness : C (nom)
Bump Height after FC attach reflow

* Dimensions are in microns, if not specified.
** For 0.5 mm pitch memory interface, thin FC and/or SOP shall be applied.

© 2006 Amkor Technology, inc. .~ *

February 2006
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PSfcCSP — 2 Stack vs 3 Stack | @ mior,
- BOM
— Substrate

= PSfcCSP: 13BD, 361/136LD(Btm/Top), 0.06 core, 4L, 0.26T
= Interposer: 13BD, 136LD, 0.1 core, 2L, 0.16T
« SCSP: 8x12BD, 67LD, 0.1 core, 2L, 0.21T
— Flux for Flip Chip: INF-1
- Underfilling: NAU-8, ALU-3
— Solder ball
« Lead free, Sn95.5 / Ag4.0 / Cu0.5
» PS-fcCSP : 0.3 dia.
= Interposer : 0.4 dia.

@ 2006 Amkor Technology, Inc. February 2006

-161 -



PSfcCSP — 2 Stack vs 3 Stack - G nmicor,

* The prestacking yield of 2 stack was better than that of 3 stack,
because thin interposer (0.16mm thk) has severe crying
warpage

» 2 stack : about 80%
» 3 stack : about 30%

* Severe warpage was induced after underfill material cure, and it
affected interposer attach

* TC Reliability Test Resuit
* Condition (-55/125), w/o precon

2 Stack 3 Stack
UF 500X 1000X 500X 1000X
NAU-8 PASS PASS PASS FAIL
ALU-3 PASS PASS PASS PASS

© 2006 Amkor Technology, Inc. Proprietary Busines Fébruary 2006

PSfcCSP — 2 Stack vs 3 Stack Gmkor

+ DC Net_Bottom package, PSfcCSP

Green : FC bumping net
Yellow : Interposer + btm pkg net
Cyan : Interposer + top pkg net

February 2006
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PSfcCSP - 2 Stack vs 3 Stack =~ @

DC Net_interposer & Top Package, SCSP

Green : FC bumping net
Yellow : Interpéser + btm pkg net
Cyan : Interposer + top pkg net

Interposer

SCSP

Bottom view

Bottom view

Top view

© 2006 Amkor Technology, Inc.

Proprietary B February 20068

mkor

Tochnology®

SEM Analysis_3 Stack NAU-8 | A

X-section 1

© 2006 Amkor Technology, inc.

February 2006
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SEM Analysis_3 Stack NAU-8 - Gmior,

X-section 1

© 2006 Amker Technology, Inc. . tat { Praprietary Busin - + - February 2006

SEM Analysis_3 Stack NAU-8 ©Gmicor.

X-section 2

P TP

e e e D e

© 2006 Amkor Techr.\ology, Inc. - - i February 2006
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Design Modifications_PSfcCSP

G mior

. st " 2nd
.sub. thi 0.26mm 0.26mm
core mat'l HL-832-HS HL-832-NB
core thk. 0.06mm 0.06mm

Top

ST

RITTTLX

e EREREESENR M
Vot ot et ik

Bottom

Design |
Spot dummy

© 2006 Amkor Technology, inc.

/)

mrpy

7

Design Il
No dummy

February 2006

Design Modifications_Interposer - - a!ll!i&’,',’-
1st 2nd
sub. thk. 8.16mm 0.21mm
core mat'l HL-832-HS HL-832-NB
core thk. 0.06mm 0.1mm

Top ' o’ oy’ ]

Bottom

Design A
Spot dummy

© 2006 Amkor Technalogy, Inc. > -

Design B
No dummy

Design D
Solid dummy

Design C
Line type dummy

e

February 2006
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- Evaluation Legs

G micor,

heg: "] , - PSICCSP.." .  Underfill - - ‘Interpaser
RS | NAU-8 A
2 - i NAU-8 B8
P03 1 NAU-8 c
- 4. b NAU-8 D
- i SHU-1 A
] i SHU-1 B8
7 | SHU-1 (o}
8 { SHU-1 D
9 [ NAU-8 A
10 [ NAU-8 B
11 ] NAU-8 [¢
12 [ NAU-8 D
13 ] SHU-1 A
14 1 SHU-1 B
15 ] SHU-1 C
16 W SHU-1 D
6 2006 Amkor Technolog_yfﬂc. . a7 PrEo;:»:iemry Business'ln, February 2008

Warpage_PSfcCSP

0.0105-

0,00%7, N
—0.0103 Flip Chip Attach

0.0105
0.000
-0.0109
-0, ozoj
-6.030]
-0.0401 x E
-0.050-1 s
~0.060

Solder Ball Attach

-0.07
NAU-8 l SHU-1

)

© 2006 Amkor Technalogy, inc.

0.01

G lor.

0.00

-0.01 Underfill
-0.02

-0.0368 :
S & T
-0.0463 .
-0.0563 Es =]
-0.0604
-0.076
! NAU—BT SHU-1 NAU-8 \ SHU-1

i

0.15
0.13
0.t
009 IF
eord e

]

0.057
o.oaj Package Saw

o SR
NAU-8 T SHU-1

February 2006
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Wéfpage_lnterposer Qm kor,

0.10+ 0.1
Bake 1 - Solder Attach
0.05- . . 0.05
o : 1 T
X 0.004
0,00 -
~0.05+ . .
-0.051 d . g
-0.10 E
-0.1
A I B A l 8 l c I o

Pkg Saw

* February. 2006

© 2008 Amkor Technology. ins.

kor Canfidential / Propriefary Business information

Wafpage After Stacking e‘m, kor,

0.1¢

0.02+

0.01

-0.0t T T T T T T T T T T T T T
Leg 01 Leg 02 Leg 03 Leg 04 Leg 05 ‘Leg 06 [Leg 07 Lleg 08 Leg 09 Leg 10Leg 11 Leg t2Leg 13 Leg 14 Leg 15Leg 16

© 2006 Amkor Technology, inc, nfidential / Proprietary Business It i ’ ’ February 2008
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© 2006 Amkor Technology. ng

- Wa'rpage After Stacking

[Pk,

0.124
0.11+

0.1+
©0.09+

NAU-8

PRRSURURI——

SHU-1

et g

Febniary 2008

Summary_PSfcCSP Warpage

Before stacking

L L . \arpage . ..
Jroof - PSfcCSP | Interposer | ~ ~Underill.-
. 'Bake - C -
Flip Chip Atach | . I>=1 - -
Underfill - toril - NAU-8
. Solder Attach. | C NAU-8 or SHU-1
_Package Saw torll c NAU-8
Selection ] C NAU-8
+ After stacking
Best ‘Hisomet Coplanarity
Leg# leg 4 or 12 leg 4 or 12
PSfcCSP lorll lorll
- Interposer D 0
Underfill” . NAL-8 NAU-8

© 2008 Amkor Technology, inc. .

L
r.Confidential / Proprietary Business Information, ;i

- 168 -

ioipaat

February 2008




PSfcCSP Warpage By Shadow Moire - Gmkor.

* Equipment : TheirMoire PS88
* Reading Points : RT-150°C-200'C-230°C-245'C-260'C

Grating glass

A
He*rce T.C
Y

Ball Side

Temperature Profile Test Setup

- February 2006

©2006 Amkor Te&molog_y, Ihe.
PSfcCSP Warpage By Shadow Moire G mior.
— PSfcCSP behavior by reflow temp
Before reflow During reflow After reflow
— Interposer behavior by reflow temp
———— ~————— S
Before reflow During reflow After reflow
— PSfcCSP + Interposer behavior by reflow temp
Before refiow (crying) During reflow (smile) After refiow (crying)
cmoeAmkaed;ual;‘gxtw!n‘;. : ,chigauyﬁdeu\tiatlPrapnelary Businass Informatio T February 2008
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Warpage Behavior by Reflow Temp - PSfcCSP . ﬁ‘m!sg;.

5
4
3
2
1=
o R
~ -
£
< < Test matrix >
§ Ka / - Leg | : design | + NAU-8
3z A
’J A ' - Leg Il : design | + SHU-1
! Pl )
X i - Leg Il : design il + NAU-8
s ; X . .
] i - Leg IV : design If + SHU-1 5,
8 Y x-~dlegl o-tegh o=teglll a=-LegiVy 8
' 1
ey i 1
104 1 L
: r v v — . T
"z gz £ 3 3 3 3 % 3%
[ [ o g o 3 1 2 £ 2
‘£ 8 8 8 § 5 g§ g § g ¢
4 v ) ) v k4 & & ~ - =
& & = b 3 Y ) ) i
=3 =3 o =3 D ~ @ -] =3
8 [~ < < -

reading point

o 'r‘Conﬁdemial/Pmpgetary Businass information “ February 2008

warpags (mil)
X

-2+
-
-4
-5
-6
-
x=:Leg A o ~Leg B o=legC a «leg D
-6~
-5
-0
T
R S R R A A T T T T
4 3 g 5 5 3 2 2 K 2 2
H E [ [ § 8 53 o o =
ha 2 8 8 2 3] ] 4 2 & 3
3 2 g g & S 2 2 2 :
g & ; 3 g g by g b =
3 8 3 8 & < 2 2 &
8 5 3 E
reading point

February 2006
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Wé'rpage Behavior by Reflow Temp— PSfcCSP + Interposer 6".}359,’,‘.

warpage (mil)

-6
x--Leg Ot B~ Log 02 d=eteg 03 - -Leg O4 v ~Leg 05 3-~leg 06
- o Leg 0t a- Leg 08 o--Leg 09 % Leg 0 & -Leg 11 »-leg 12 _D
»Leg 13 w-'Log 14 s--leg 15 +-Leg 18
. ) . .
1 t >
e i i
{ '
-104 +
E 2 S 2 2 2 3 o I bt 2
i 2 8 8 2 53 o o 2 2 3
s T & by & 2 3 ] 8 % -
8 3 2 8 9 ~ & 2 &
& 3. 8 2
reading point

nfidential / Proprietary Businass nfornig

Reference - Leg 4 , Qg}kor

260°C-1.3 mil

3

VT
245'C: 1.4 mil

Unit shown from ball side

©2008 Amkor Technology, Jne.

idential / Praprietary Business
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Reference - Leg 4 | €\ nicor

Unit shown from ball side

- Febryary 2006

‘Amikor Confidential / Proprietary Susiness fnformatisny

Reference - Leg 12 kaor

Unit shown from ball side

sonfidential / P:ro'pne&ary Business mfom‘\a February 2008

-172 -



Reference - Leg 12

Unit shown from ball side

G \mkor.

© 2008 Amku} ‘;echmt;gy, lnc.‘ k § « Confidential / Proprietary Business Inforniation
——
2L PSfcCSP AT
« BOM

— Substrate:
= PSfcCSP: 0.1mm core, 2L, 0.21mm T
« Interposer: 0.1mm core, 2L, 0.21mm T
— Flux for Flip Chip: INF-1
— Underfill: NAU-8, SHUA
— Solder ball
» Lead free LF35 (Sn/Ag1.2/Cu0.5/Ni0.05)
» PSfcCSP : 0.3 mm dia.
« Interposer : 0.4 mm dia.

© 2006 Amicor Technology, [ne. kqg\(.‘»m;f;qeniﬂia!v/ Proprietary Business Informa
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2L PSfcCSP_Unit Warpage By Shadow Moire ~ @mker,

* Warpage Findings
— Interposer integration with PS-fcCSP is in smile shape in
general.

— But, in area of center ball, it is shown as crying shape. And it is
not changed at high temperature ’ )

Interposer ——— e e ————
PSICCSP  pe— s — e ——
Before reflow During reflow After reflow
B Em&@;}m@ tnc Ar{ikor Confidential / Proémemry Business information” y;:bruaryzoos ‘
Warpage of Integrated PSfcCSP — NAUS ©Gnmior,

200°c : 2.3mi ‘

150°¢ : 2.2mil {' % a/ ' 4 g
%/ i S

150°¢ :3.2mil

Top side view

© 2008 Amkor Technology, e~ &

nkor.Gonfidential / Praprietary Business Inforniati -~ February 2006
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Top side view . o

© 2006 Amkor Tachnology ing. nfidential | Proprietary Business infor February 2008

Warpage of Integrated PSfcCSP — SHU1 A

260'c :4.0mil

EY ‘k-

Top side view

© 2008 Amkor Technalogy, Inc. tial I:Propnelavy Busine§§ February 2006
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‘Warpage of Integrated PSfcCSP — NAUS @G mior.

Top side view

Amkgrcdnﬁdemial!PropnelaryBusiness !nfomiatj N o Fabvisary 2008

 Warpage of Integrated PSfcCSP — SHU1 G micor,

260°c :4.0mil

Top side view

© 2008 Amior Technology, Inc.. .

n .Qnuﬁdemial/Pmp?;etary Business informal
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Warpage of Integrated PSfcCSP — SHU1. ©mkor.

Top sde view

© 2006 Amkor Technology, inc.
<13

Confidential/ Proprietary Business informati

PSfcCSP_Die Strength - ©G'micor.

¢ Matrix
Polished W gth Making Type

Leg 1 Yes 1064nm White
Leg5 Yes 532nm White
Leg7 Yes 532nm Black
Leg 8 No 532nm Black
Leg 9 Yes No marking N/A
Leg 10 No No marking N/A

* Result

© 2006 Amkor Technalogy, ine, * -

or Confidential / Proprietary Busiriess Infor
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PSfcCSP Reliability Performance
by Saw Method & Laser Mark

MRT(30'C/60%RH, 192H)
— Leg B Failed
— LegC, D, E, F & G Passed
TC(-55°C/125'C, 500X&1000X)
- LegD, E, F & G Passed

HAST(130°C/85%RH, 96&192H)
- LegD, E, F & G Passed

B 5% Ho itk
Face down saw + old laser mark (Nd-YAG 1064um wave)

Cmicer,

Face up saw + old laser mark (Nd-YAG 1064um wave)

NAUS

Face up saw + no laser mark

NAUS

SHU1

;|Face up saw + new laser mark (Nd-YAG 532um wave)

NAUS

SHU1

»DZOOBNnkorTechnologLy. ing. <. Amkor Confidential / Proprietary Business liform

February 2008 -

SEM Inspection_Leg B

© 2006 Amkor Technology, Inc. ential / F,’rop;rjela!y Busine
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PSfcCSP BLR Performance — Customer Data

G micor,

A B C
Bend (3point) First Failure 4850 2717 3650
First Failure 296 226 191
N (10%) 443 292 263
N (63%) 658 378 369
Drop Base to board Major Major Major
Failure Top to base N/A Minor N/A
Locati | Top to interposer N/A N/A Minor
on
Interposer to "
base N/A N/A Minor
Note
No chip crack
A Base only
B Base + Top
o] Base + Interposer + Top

© 2008 Amkor Technolog_y. Inc,

dential / Proprietary Business informati
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