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System

High Density

-9 Problem % -
Wafer Bumping Requirement
for Semiconductor Maker
; l}umng CostUp and - ..

N, Bumping Delivery Need

Wircless

Device
Interconnection

Hich Specd byl performance

Flip Chip Assembl

New Filp Chip Technology ; Bumps are formed on the Substrate

Eyery Kinds of Devices from Every Kinds of Semiconductor Makers can be Used

BossB'it (BYit "+FCA)
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Plated Bump ________ .

eeee ... Printed Bump ] r
!
Pad Pitch : Over 1204 m Bare Chip

: i ,
Al Electrode

Ag Paste Bump Substrate Cu Plated Bump

Pad Pitch : Under 120y m

LLow cost  High densityJ

W Bumps are formed on the substrate for electrical interconnection between chips ﬁ
W No wafer bumping process (Every kinds of devices from all device maker can be used)
W Short interconnection by FCA — fow resistance & low inductance

YWy High density assembly almost same as chip size

Y Pb free process

W No cleaning process and very simple process

Y High performance by combining between substrate and assembly technology

ow cast and high density module can be realized by using it substrate
* L t and high density modul be realized by using BZ2it sub

W Low cost process and low cost module can be realized by underfill resin sealing

New FCA Technology (BossBZit ; BZit™ +FCA)
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Ag paste bump

|3

Ni/Au plating before | after |

Diameter:300 y mo
Height :200um
(a) Printed Ag paste bump

Diameter :50y m¢
Height  :30um
(c) Cu plated bump

-~

Dlameter 704 m@

Height  20um
(b} Ni/Au plated Ag paste bump
BossBit ( B%t™M+FCA )Each Bumps Appearance on PWB
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- Structure of BossBZit l,

1 Elect Pad
Ag Paste Bump Al Electrode Pa

Bare Chip
/ A EIAWS

/’rinted Wiring Board (Bzit“‘\

N

Anisotropic Conductive Film(ACF) Cu Electrode Pad
(as underfill resin) (on the substrate)

%) Weisti =

55



A

Ni/Au Plating

Aé/A

PWB

Il

Electrode Pad Ag Paste Bump
oo oA
PWB
ACF
/

— 1 T

PWB

Bare Chip

| — |

| AU Ry SN g Sym— |
I { IS |

PWB

BossB2it (BzitTMfFFCA) Process
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. 8§x8 38X38
Size X 0.6mmt Size X 0.6mmt
Electrode material Al Electrode material Cu ‘
Electrode size 0.1 X0.1mm Electrode size 0.09 X 0.09mm
Electrode pitch 0.15/0.12 mm | | Electrode pitch 0.15/0.12 mm
Number of electrodes| 184/260 Number of electrodes 184/260
PWB material BT Resin
(a)Test chip {(b) Test PWB
[Speciﬂca_tion of test chip and PWB ]
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Screen printing condition

Pressure

Squeegee / Speed / ,
; ——-

Gap Metal mask
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vs. Gap between metal mask and PWB
vs. Printing pressure

{ Squcegee Speed = 30mm/sce constant )

Bump height

30
25

20
15

10 Printing pressure

Bump heightlu m]

0 — L 1
0.95 1.00 1.05 Gap [mm]
8.15 0.20 0.25 Pressure[MPa]
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Connection resistance v.s. bonding force

140
~ 120 - Ni/Au plating
S 100
- Without plating
S 80
=
s 60
z t
20 RN U
0 b

0.4 0.6 0.8 1 1.2 1.4
Bonding force [N/bump]
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(a)Cross sectional view of Ag paste bump without plating connection

0.49 N/bump 0.73 N/bump 0.98 N/bump 1.23 N/bump

Bare Die
N A Plaring |

(b) Cross sectional view of Ni/Au plated Ag paste bump connection

Bonding force v.s. Ag paste bump shape
COSD Weisti =
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Connection resistance v.s. bonding temperature

Ni/Au plating

Without plating

140

120

C

T 100

3 80

[ =]

g 60

E 40
20
0
140

160 180

200 220

Bonding temperature [°C]
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High-temperature and high-humidity test

(85°C,85%RH)

100

. 0 Bonding force :0.98N/bump

< 800 Bonding temp.:180°C

E

o 600

= . - -

=400 A(l(B)\—//-/’/_—__‘I
0 *—f: . I

0 250 500

Test time |h]
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Temperature cycling test
(-55°C/20min.~125°C/20min.)

1000 o ~
I ACF(Q) e Bonding force :0.98N/bump
a 800 ’ /'/ Bonding temp.:180°C
= ! ../‘
Seo0f /o,
[ ,' / \ -
= 400 ', /. 'A( F(B)
= ] . ACF(A
2200 |/ )
- y
0 _
0 100 200 300 400 500
Cycles
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Selecting ACFs
Property ACF(A) ACF(B) ACF(C)
Conductive
. .Anu plated . Au plated
particle plastic ball Ni ball plastic ball
type
Tg (0 144 145 145
@ (ppm/ °C) 28 50 50
Water
absorption 1.3 1.4 1.4
rate(wt%)
(5D Weisti =

60



THS(85°C,85%RH)
TCT (-55°C/20min.~ 125°C/20min.)

1000 >

Bonding force :0.98N/bump  Bonding temp.:180°C

= 800 S :

o7 R]1N .

% " “~_ Without plting - ﬁ

& 600 . PP

2 ; .

g y i

B 400 |/ o~ rer

- / . .

@ L Ni/Au plating

& 200

1000

Time[h]

Cycles
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BossB2it (B2i t+FCA) Technology Result of Approval Test

Result

resistance measurement

and dispersion

: Cp=1.33 or more

No Test item Test condition Judgment conditionf Sample No.
1 High temperature storage | 125°C. 1000h Max 500mQ or less 10p Pass
2 jLow temperature storage | -55°C. 1000h 4 10p Pass
3 High‘temperf:t.ure and 85°C. 85%. 1000h B 10p Pass
high humidity storage
| 4 | Temperature cycling test ~§5°C~125°C 300, 100000 " 10p Pass
] High temperature and o 8
5 high humidity bias 85°C. 85%. 5.5V 1000h 1x10 % Q or more 10p Pass
6 | Mechanical shock Tm height:g?"i“g 6 directive Max 500mQ or less 10p Pass
imes
7 Vibration fatigue 20~ 2000Hz 20G " 10p Pass
8 Visual inspection Position accuracy No problem ip Pass
g SEM inspection Connection cross section No problem ip Pass
10 | Pull strength test Initial Sp Pass
e o] BINIY - AON OF MOFE [ v e e Jovommavomsm s e
re-condition
" 5p Pass
N JUU . a"d a.ﬂer reﬂow oo 12mm : 75N or more e
12 " After each test 5p Pass
13 |Initial connection Connection resistance Process capability 100p Pass
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O 35mm

(a)Surface(Chip attach side) (b)Back side ( 1/0 side )

- Real operating MCM for BGA type
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|_BossB2it (B2%it™M+FCA)Technology MCM |

Buried Bump Interconnection Tec/mo/ogy & F//p Ch/p Attach

f 2 35mm 5| Specification
b FCA Ag paste bump Diameter: @70 um
Height :© t20um
Pad pitch 150  m(Line/Space=90/60  m)

BZit Layer D6

Substrate Thickness T 0. 7mm
B2t bump / Land : ¢200 / ¢400um
Through hole / Land : ¢300 / ¢600um

BGA type MCM Material : BT Resin

{Anisot 'ACFd tive f1lm IC chi Al pad
nisotropic con w c lp Ag Daste bump
e

B2t
bump (Via)

Solder ball . Through hole
Connection of BossB2it (B2it+FCA) Cross section
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Llectrode pad

Ag paste bump Ag paste bump
{withput plating)

Au wire Alpad  (MVAuplating)

Electrode pad

1C chip
PWRH
Wire-Bonding technology ‘ L BossB2it(B2it™+FCA) technology '
La=1.5mm Lb = Lc¢ =0.02 mm
Ave. 0.5 mQ( Ra) Ave. 11 mQ(Rb) Ave. 44 mQ( Re)
Max. 1.0 mQ2 Max. 27 mQ Max. 70 mQ

Rau RhH . Re
Wiring length and connection resistance comparison between
BossB2it technology and conventional Wire-Bonding technelogy
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TER T Son gy

Signal Waveform in BossBZit Signal Waveform in Wire-bonding

PR b Rl

3.51ns 3.69ns 3.58ns 3.72ns

Rising and falling delay time of input/output signal:
BossB?it ( B%it™+FCA ) technology < Wire-bonding technology

Electrical signal propagation comparison between
BossBZit technology and conventional Wire-Bonding technology

T
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Each structure of FCA

(a)Au ball bump (b)Au ball bump+ACF
[without under-fill resin]

Au ball bump

Electrode pad

ACF
(c)Au ball bump+NCF (d) BossB2it (Bit™+FCA)+ACF
Ag paste bump
(without plating) Electrode pad

E-Y
o

Remark : These data include the property variation of GaAs-chip device

w
o

MSG (dB)

N
o

g fi

/

]

0
§
]

§

—¢ - Ag Paste Bump + ACF N“\.__‘_h‘_
(BossB’it Sl
Au Ball Bump No underfill

10
== = Au Bail Bump + ACF
- » = Ay Ball Bump + NCF
0 — I
0 5 10 15

Frequency (GHz)

MSG Property : Ag paste bump(using ACF) > Au ball bump (without under-fill resin)

l MSG(Maximum Stable power Gain) Property under High-frequency "‘

GaeD e £ T SR T TR
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Cost comparison among each Flip Chip Attach technology

2 of (Bump forming, assembly and material are contained)
1.8
o L
]
© 1.6}
+J -
7]
]
O 1.4}
] MCM—L+FCA(Au ball bump)
1.21
c4
-
1o} - ‘ O e
L e e RN | B
- e e e - _..0..\ ______________________ .1
o. 8t BossBit (Bit+FCA) plated bump
A RossB it (B2t + FCA? printed bump
‘ R A - — A e .
40 100 200 400 1000
Pin count of LSI chip (pin)
C ;C,(_,/;) Weisti =
FCA technology development road map
Printed bump Au ball bump Plated bump -
. e —— om——
800 *
T TN,
Wiida temn, range
- 25°C » 15C
— L 4
£ 600 = 55°C » 135%C
K
[
=
]
[=%
(o]
=400
Y
°
-
(]
L0
E
3
Z 200

BossBZit
printed bump
200 150 120 80 60  Pad pitch (¢ m)
Thin film
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Embedded Actives and Passives Device B2it™ Substrate
Structure with BossB?it FCA Technology ;

TR AT ERTY A RRAT v A s

Epoxy Resin (Good Wettability with Prepreg)

Via (Bump)/Land Diameter=350/700 4 m®

0.10mm
0.24mm
0.40mm
(0.10)

(0.20)
(0.10)

0.24mm

0.10mm}

Via (Bump)/Land Diameter=200/400 i m®

( . ;Cz‘;g;) Weisti ~—

BossBit Ag Paste Bump

Embedded Actives and Passives BZit
Substrate Fabrlcatlon Process Flow (173

TR AT A T 4 T e

(D Lamination Press to Form Double S|de .
Through Hole Core Substrate (L4~5) @ Lamination Preil

é Through Hole

@ Bump Forming on
a Copper Foil

A

Cu-Foill

[@ Piecing Prepre?[

Prepreg
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Embedded Actives and Passives B2it
Substrgte Fabrlcatlon Process Flow (2/3)

e e T T aad T

r@ Patterning (L3-L6) ] l. ® Bump Formlng on a Cu-Foil ]
. Bump Cy-Foil
Sz T e L3
B —— La At VAN /L1 w8
e tg

I@ Piecing Prepreg J
R@ BossB2it™ Bump Forming ] Prepreg

S 13 A A

AN RN L1d.8)
A t“ -
Ry A, S S Lg @ Lamination Press to Form
Double Side B2it Core Substrate

| @ FeA(Boss@?it™ |
LSt Chip Epoxy Resin

L2 (L7)
L1{L8)

~ _ o |@patterning winz & Ly |
</D) : . JHL Ramas tg /Conductor Pattern
e N N " . s L6

oy — —==—L2(L7)
B== L)
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Embedded Actives and Passives B?it
Substrate Fabrlcatron Procgss»Flow w/m

r@ Bump Forming on Core let Qubstratd l @ Lamination Pres_l

(A r==zr.-
® P B

r@ Component & Device Hole Forming J

Prepreg

- - \ Component Hole
\r@ Piecing Prepreg\}\ Device Hole
A ===

[ ® Device BossB?it™ ASSY |

r@ Bump Forming on Gore B2it Substratq
R 7 J— = 20 Sy
(A\)z_:}_._, T ey =Dy Ly 08)

[@ Piecing Prepreg—l

m WelStl -
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3D-Mounting Structure with Embedded Actives &
Passives Utilizing Bz2it™ and_ BossBzit Tec_:hnp!ogy

Cross Sectional Structure

Cross Sectional Photograph

S - - W

pooweme—— NN

L BossBit™Bump II o
I r Trough Hole -
- A

ez

¥ -3
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Conclusions

(1) New flip chip attach technology named BossBit"™ have been developed in which
bumps arc formed on the substrate without bump formation process an the semiconductor
device aluminum electrode.

(2) Good reliability of BossBZit™ have heen confirmed by not only various kinds of advanced
reliability test measuring the contact resistance change by many kinds of TEG but also
many kinds of actual multi chip module reliability tests using developed  multi chip
madule utilizing BossB2it"™ technology.

{3) BossBit™ technology is cxtremely cost attractive because BossB%(™ process is extremely
simple and dry as compared with the other flip chip attach technology such as
Cd(Controlied Collapse Chip Connection) and Au stud bump technology even if the device
pin counts arc increasing. Furthermore, severe coplanarity and surface flatness control
docs not required to the substrate in BossBZit technology.

(4) Better clectrical characteristics of BossB%it™ have been confirmed as compared with
conventional Chip & Wire assembly technology. Furthermore, good high frequency
clectrical characteristics of BossB2it™ have been confirmed as compared with Au stud
bump technology.

(5) Narrower bump pith for larger chip size in the application of BossB%it™ has been
developing conscquently. Furthermore, cmbedded actives and passives utilizing both
BossBZit™" and B%it'™ has been developing for the high density 3-dimensional mounting

technology.
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