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1, Background
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Technology nodes for High density packaging substrate I

2002 | 2004 | 2005 | 2007 | 2010 | 2016
Technology
Nodes (nm) 180 90 80 65 50 26
MPU/ASIC
Needs
for BGA
Ball-Pitch 0.4 0.4 0.4 0.3 0.3 0.25
(mm)
FcpadPitch 0.16 0.15 0.13 0.12 0.09 0.07
(mm)
Line (um) 10.7 10.7 | 9.2 9.2 6.4 5.0
Space ( um ) 10.7 10.7 9.3 9.3 6.4 5.0
Performance
On-chip(GHz) | 2.32 | 3.09 | 5.17 | 6.74 12 29
Performance
Chip-to-Board
For peripheral
Buses(GHz) 1.87 | 2.26 | 2.49 3.01 4.0 7.1

Source ITRS2001Edition
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Calculated result of required line width

The dependence e with ofPn counts

30
F.C. pad pitch  0.15mm.

25 Land 0.075mm.
g 00 | Via structure is stacked type. &— one hyer
\2 — —two hyer
= 15 - -k - three hyer
i —&— four hyer
:i

[a—
(e

—@— fve hyer

0 5000 10000 15000

P 1 counts

/ Fig.1 Calculated result of required line width

3600 pin count FC-package needs 8.3um line width by 4layer,
or 10.7um line width by Slayer.
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Motivation
Why do we conduct this study?

Development of Substrate

Package pin count
overflow

Line width under 10um
for fine pitch

High performance
at high frequency over 9GHz

Based on new type of substrate
BZit™ technology

interconnection delay
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2, Concept of Development
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We have developed BZ%it™ Printed Wiring Boards

BZit™ Bump Shape ( After Printing ) BZit™ Bump Shape ( After Piercing)  BZit™ Bump Shape ( After Lamination )

Fuil

20kV X200 100km 940524 20kYU X350 Se0rm 9408524 280kV X280 ieerm 940524

Cu
. .
Prepreg N (DGreat variety of multilayer structure and process.
I3 Cu 4 Bump
Lamination A~ A Printing

4
Drilling

=] =] =]
2
PatterningEI:I:I

@Stacked (Straight) via holes of great advantage to
area I/O terminal devices.

<

(@High cost-performance printed wiring board.

Process Comparison between B?it™ & standard PWB.
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We propose new structure for next generationl

Table 2 BzitTMDesign Rules

Standard | Fine Fine Fine
Phasel | Phase2 | Phase3
Build up layer
L/S - - - Under Combination
10710 Additional Thin Film
Via - - - Under <i Wiring Layer
/Land 20/30 (1~2Layers)
stack
Core
/100 /75 /50 /30 —
Bump 300 150 100 100 I_'_I
Diameter
Pad 500 300 200 200 T
Diameter
Bump 600 400 300 300 ,l, \\
Pitch All- B%it™ Core Wiring Board

(um) (Fine phasel or Fine phase2)
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| B2it™ Fine phase 3 Concept I

Additional Thin Film
Wiring Layer (1~2Layers)

\

All- B%it™ Core Wiring Board
(Fine phasel or Fine phase2)

B?%it™ Fine phase 3

900pin FCO.15
L/S=8.3/8.3

Fan out 2Layer

Equal Wiring
Network

A

~

i Low Yield

Repetitions of Process

\ Double Side Wiring Board /

Conventional Plugged

900pin FCO.15
L/S=25/25

Fan out 7Layer
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Features of B%it™ Fine phase 3 I

1, High- Performance =  High speed transmission over 9GHz

2, Fine wiring, high density, precise
= L/S=Under10um/10um,
V/L=Under20/30um stacked

Straight Via ( Stacking Via ) holes are available.
3, Cost-performance

= BZit™ Fine phase 3 substrate can be applied to all kinds of devices
with grid I/O terminals . SIP is best application.

Pad-on via Stacked via

B%it™ Fine phase 3 Cross-sectional view
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3, Fabrication Process
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Process of BZ?it™ Fine phase 3

C? Foil Pattern

B2it Core Substrate

(DSurface Conditioning

4 BCB pattern formation/cure
@15t Dielectric Layer — é_:

7 /Sputtering/resist pattern formation/Cu Plating

=7 === 7

@ 15t Metal Layer

@214 Dielectric Layer \ 4 NV BCB pattern formation/cure
A== a0l
(®2nd Metal Layer 4 I_—‘(Sputtering/resist pattern formation/Cu Plating
) [ e

Solder Resist pattern formation/cure

\4
=S

®Solder Resist
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B?it™ Core substrate Manufacturing Process

Cu-Foil
Prepreg [Double Sided Substrate]
Cu- F011I | | |
with Bump
Bump Formation = Lamination  Patterning (Etching)

Cu-Eoil
Double Prepreg [4 Layers Substrate]
Sided Core

Substrate \ =)

Cu-Foil
with Bump
Bump Formation Lamination Surface Patterning
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Reliability Test Results
No Item Condition Criteria Result
1 | Peel Strength Peeling Speed S00mm/min 1.4kN/m(1.43kgf/cm) OK
2 | Soldering Endurance 260°C, 20sec & 288°C, 10sec Resistivity Changing Ratio less than OK
10%
3 [Insulating Voltage DCS500V, 60sec No damage OK
4 Tem[.)el:ature 25°CE65°C,/90~98% 10Cycle ( Insulating Resistance more than 5X10’Q | OK
Humidity Cycle
240H)
5 H¥gh Tem[.)eratur-e 85°C.85%. DC12V&60V 500H Insulating Resistance more than 5X10’Q | OK
High Humidity Bias
6 | Temperature Cycling -65°C (30min) ©125°C (30min) 1000cypcResistivity Changing Ratio less than OK
10%
7 | Hot Oil (Thermal Shock) | 260°C (10sec) ©20°C (20sec) 100Cycle| Resistivity Changing Ratio less than OK
10%
8 | Pads Pull Strength 90° Pull head Speed :10mm/min 10N/mm? OK
High Temperature o e . .
9 . 100°C, 0.3A, 1000H Resistivity Changing Ratio less than OK
Operation 10%
10 | HAST 130°C,/85%. DC10V. 100H Leak Current less than 101" A OK
11 | Bending +10% Bending 100 Cycle Resistivity Changing Ratio less than OK
10%
12 | Corrosion Gas H2S : 0.1ppm. SO2 : 0.5ppm 12V, SOTHnsulating Resistance more than 5X10’Q | OK
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Fine wiring technology

Sputter-semi-additive method

(1) Sputtering thin metal

—\ 7 i\ S/

v esszspand deds i eomeaRegh R b sohi o

- ;T eewaae

(2) Resist formation

(3) Filled plating

e

(4) Remove resist and thin metal

(a) L/S=6um/4um (b) L/S=6um/4um
(30 =0.46 um) profile o f 2Layer

[ N
— i

(c) L/S=8um/7um (d) L/S=11um/9um
(30 =0.53um) (30 =0.41um)
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Treatment effect before sputtering

5
[ ]

E 4 | L[] [ ]
- ¢
= 3
Iy
g 20 4
— 1 b € Non treatment
L ) ¢ W O Ar treatment

Non 02 CF4 CF4&02

Pre-treatment surface of insulator
by dry etching gas
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Photo Via on B2it™ Core

Core B2it™ Land (dia Via Diameter 30um

400um

Land
Diameter
£ 60um
Line Width 30um
Interconnection Over View
Photo Via (dia30um) L/S : 30/30um

B2it™ Bump (dia.200um)

Interconnection Cross Sectional View
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Filled wvia technology

195, m B 1508

Via/Land=20um/30um stacked structure
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Appearance of a prototype I
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4, Electrical Characteristic
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Simulation result of transmisson characteristic

Simulator; HFSS(Ansoft) High frequency stress simulator

Model : Microstlip line with cover layer

. . Dependence ofS21 wih frequency
Simulation structure
Insulator € tan 0 0
BCB 2.7 0.0009
PI 3.2 0.0018 0.5 T
Fluorene 32 0.029 .
BT 4.2 0.012 ~
%/ —
Loum ~ -15
— wn
., | ——BCB
T ——PI
dum \A ——Flioren
-25 H
y | —— BT
-3
0 10 20 30 40
frequency {z)
< | g




_4mm

IPC annual Meeting November 5, 2002
-

Simulation structure for evaluation of crosstalk

Simulator
HFSS ; High Frequency s trucre simulator (Ansoft)

Signal Li

Insulator

L/S=3/3, 5/5,7.5/7.5, 10/10, 12/12, 14/14um

b
|

Grand Plane

|l
|

| A Optimum thickness for impedance matching
A | 10
y =0.4318x +2.1519
& |

A
\
A
\
A
Y

Ins. thickness / um

}‘ " 0 5 10 15

line width / um
S5Smm
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The dependence of insert loss on crosstalk of contiguity wiring I

T bkl Wb e bt Cob b

il

= m
i E
(e}
A
= —0— 1S 313 N e
=&~ LS 5/5

15 T "9 T 1L/S7.5/7.5
—2 = LS 10/10 \D/D\!
m—~mm LIS 12/12 ]
—e - /S 14/14

_20 L L
0 5 10 15 20 25 30 35 40

Frequency(GHz)
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TEG structure for measurement of S-parameter I

S-parameter measured using network analyzer , HP8722ES

which made from Agilent technology

TEG structure

Insulator  Material BCB| Fluorene
Dielectric constant| 2.7 3.2
tan D 0.0009 0.029
1 1 1

T

/ (probing area)

(micro strip area)

Line

length=15mm

Line width=11,

8, 6um
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The dependence of transmission characteristics on line widt

Line width 6um. 8um, 11um

line length: 15Smm

insulator;: BCB

A transmission characteristic
does not become worth
even if line width becomes small.
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Comparison of measurement and simulation I

Eleeld 1nten51ty edge of the lines

Measured result
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Comparison of BCB and Fluorene
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5, Summary and future plan
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1, Very fine pitch Cu conductors with BCB on B?it™ core laminate was developed.
The minimum pitch was 10um (L/S=6 /4).
Filled plating process was possible for 20um via diameter

2, Cu conductors with BCB has excellent high frequency characteristic,

it was —3dB in 16 GHz.

In case of single line , it does not become worth even if line width becomes small.
However, when the pitch became small at 10um or less with contiguity wiring,
transmission loss becomes large owing to the crosstalk.

3, As a optimal design rule of a the fine wiring layer, pitch 1s 15um ( L/S=7.5/7.5),
and 20um of diameters filled via are the optimal designs,
and high density and high-speed substrate , B%it™ fine phase 3 was developed .

4, The reliability of interconnection has not conducted yet.

We plan to systematic and detailed reliability tests in next stage.

We will be sure that it becomes advantageous solution for a high-density and
high-speed next-generation package.
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