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nology Co Ltd jﬁ:

June, 1997
ill be listed in Singapore, in June 2004

 Paid-up Capital: US$ 65M
e Area: HK-150,000ft2 (13,935m?)
China-21,528ft? (2,000m?)
* No of Employee: HK: 440
China: 300
* Major Investors: GEMS

General Oriental Investments (HK) Ltd.
Temasek Holdings Ltd.
Value Partners

e Business: Flexible substrates (CSP/TBGA/EBGA/COF/camera
module, etc) in IC/RF/Optical packaging, LCD
display, Connectors

e Process: Reel-to-Reel Tape, 35mm, 48mm and 70mm
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Signal Layer 12/23@8 15/15@ 8 10/15@ 8
G’(‘f’gr"g_,'\-/ﬁ))’e' Line/Space @Cu | 35/35@18 3020@15 25/25@12 15/15@10
PI Thickness um 25,50 25, 38,50 25, 38,50, 75 12.5, 25, 38, 50, 75
R +50 +25 +25
Solder Mask Registration +50 415 (Laser) 415 (Laser) 115 (Laser)
Via diameter 75 50 20 15
Blind Via
Via Registration 50 50 25 25
New . ENIG .
Metallization | VRTINS ersion sn, osP - Immersion Ag
UV Yag laser via .
Lead-/halogen-free g Multi-layer .
Technology Update e Multi-layer q Embedded Passive
Semi-additive E ded Resistor Embedded Passive
TBGA/CSP/IFC TBGA/CSP/IFC
Product Applications BCGAOFS?S’CFQ COFBGA‘/FP%S,\';’EF,&S COFIFPCMEMS | CORFPCIVEMS/
RF RF/MCM




S Flex %ﬁ:

The Gap is becoming “Gray”

¢ Thin 50um core BT material is available
¢ Thin Cu with carrier in market

* Multi-layer substrate on flex is emerging

* Flexible substrate
— Variable base material: Adhesive and adhesiveless (CCL, casting, sputtered)
— Variable process: Panel, roll-to-roll/panel, reel-to-reel

— Flexible, bendable, and able to rigid

» Tape is a flex made in TAB reel-to-reel process, which provides higher

trace density with small area and constant etching speed.

Circuit Density Development




Tal Technology Roadmap Semiconductor (ITRS)-2003 7, .,

Tabie 100 Flip Chip Sulbstrate Top-side Fan-ow Potential Solutions

Year of Provivction 203 2004 20K 2006 | N7 2008 | 2008 2042 | xS U
Technology Node Ipoa fpos
DRAM % Pindr fom 1wy @ & il AT 57 kil i 75 %
MUPUZASIC 52 Pl (nm) f0 0 g it L] 37 ) 33 23 1
MPU Primted Gare Lengh fion) s A3 45 40 35 az 28 a 14 o
MPU Physical Guie Lengsl fnm} 45 a7 3z 28 25 22 20 4 1 7
Flip chip pad pitch (wm) 150 150 130 130 120 110 100 a0 80 T0
Pad size (um)y* 75 75 85 &5 &0 55 50 45 40 s
Chip Size (mm/sizel

Lost performance | 12 ] 12 | 1z [ 12 |12 | 1z | 1z | 12

2
High-perfonnance | 7 | 17 I [ BEEEN BEE T T T I 17
Array Size = & pads along chip edee
Cos-performance (maximum) [ 79 [ 70 | 9 o [ a9 | 1o [ 119 | 432 [ 149 | 170
High-perfinnemnce ooy | 112 [ 112 [ 120 | 128 | 140 | 153 [ 188 | 187 [ 211 | 244

wiring Substrate {Three Lines replacing one depopulated pod accessing 2.0 rows per fan ol layer)

Line widih (um) | 221 [ 321 | 278 [ 278 [ 257 | 235 [ 214 [ 192 [ 171 | 15

Line spmwing (i) | 521 | 321 | 279 | 270 [ 257 | 236 [ 214 | 193 [ 174 ]| 15
wiring substrate {Five hines replacing one depopulated pad accessing 3.0 rows per fan oulf layer)

Line widih (um) | 204 | 204 | 177 | 177 | 163 | 15 | 136 | 122 | e | o5

Line spacing (um) | 205 | 205 | 177 | 17.7 [ 164 | 15 | 136 | 123 [ 109 | 95
Wiring Substrate (Hhree Lines batween adjacent pads aceessing 4.0 rows per fan ont layer)

Line wislth () Jw7Jw7r] a2 Jaz]as]7a]71]ea]ss ][ s

Line spacing (um) | w7 i | vz [ o3 [ 86 | 78 | 70 | 6a [ 67 | 5

= Tire pad size ix asswmed ax S50 of pad pitch. it i waally different at different fan-out layers. eg. from 3026 o 660756

* High trace density on substrate is demanding

<30 CIMHZ)

Diam eter Diam ete

Std. PWB 300 500
Adv. PWB 75 150 200 400 1.0mm
Std. Substrate 65 130 150 350 1.0mm
Adv. Substrate 45 80 50 100 0.8mm
Leading Substrate 25 50 30 55 0.4mm
Std. Tape 25 50 100 200 0.4mm
Adv. Tape 15 30 20 80 0.4mm
Next generation 10 20 30 Pad-less 0.4mm

! - Part of data are from “Substrate Packaging Trends”, R. Huemoeller, Amkor Technology

» Tape flexible substrate has a higher trace density than rigid substrate.
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» Tape flexible substrate achieves 25-30um trace pitch by subtractive.

Trace Pitch Development '
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UV YAG Laser

« Via size is reduced with Cu fully filled.

Conventional - Padless

50um PI

40um

» Padless structure could be achieved with Cu fully filled via.




e Bussless jﬁ’(

For Non-Plating Buss Lines Ay
Material Selection/Applications
— Adhesiveless Materials
— 1-ML and 2-ML tapes

Surface Morphology
L Bondfinger - X5000 Solder pad- x5000

Ni on Bond Au on Bond

Nion pad Au on pad Finger Snaan

872 o074 881 075
@ Minimum 5.66 o.65 583 0.62
= Average 7.56 0.76 714 077
O Std Dev. 0.99 0.02a 0.67 0.031

e Bussless jﬁ’(

For Non-Plating Buss Lines L

* Negligible Cu under-cut was observed.
* Good wire bondability and Solderability were examined.
* TBGA (35x35mm) meets the reliability in MST-level3 (260°C) + PCT and HTS.




Development

Build-up 4-ML Tape Development

Unit  Inner Layer Outer Layer

Min. Trace Width/Spacing (Signal layer) um 30/30 25/25
Min. diameter of blind via hole (entry/Exit) um 20/10 75155
Min. diameter of blind via Capture Pad um 70 125
Conductor Thickness um 12 9 Min.
Dielectric Layer Thickness um 50 40
Soldermask thickness Um - 20
Registration accuracy um +/-25 +/-25
Total substrate thickness um 185+/-10%
Build-up Dielectric Material
Dielectric constant: 3.4 at 1 GHz: Tg: 153°C(TMA), 180°C(DMA)
Dissipation factor: 0.023 at 1 GHz Dielectric strength: 2,200 V/mil

Layer Construction : 1+2+1

FC DIE —— Outer SGN (L1)

Inner SGN (L2)
[ -———
——= — = — Inner GND (L3)
Outer GND (L4)

Viain Pad Core Dielectric

I .
Passives

mbedded Etched Thin Film Resistor
Ohmega-Ply RCM Ni-P resistor

No of Sq 05 1 15 2 3 4
(L x W) (1oox200) (200X200) (3oox200) (400X200)  (600X200)  (800X200)
Ryesian () 25.0 50.0 75.0 100
Ruax (©) 72.7 54.6 55.6 64.0 86.4 118.1
Ruin (Q) 16.6 273 37.3 48.2 735 95.6
Tolerance (%) 141% 56% 26% 19% 10% 13%
Ruwean () 6 10 (%) 30.1¢ 21.8%  35.1¢ 11.1% 44.1¢ 6.6% 53.8¢ 4.2% 78.4¢ 2.9%  104.6¢ 3.2%
AR/Ruesign (%) +141% +40.4% +17.7% +7.7% +4.6% +4.6%

« Etched tolerance will be significantly increased when the dimension of resistor
is below 200um.




Passives %

Embedded Plated Thin Film Resistor /¢
Shipley Ni-P plating solution

5.78~8.74 gm/L, 83C~89C

60
50 =m 30 sec y = 12.015x
60 sec /-
40 4
£ 90 sec / y = 7.5186x
g 30
'4
y = 7.0246x
20
10
o .
o 1 2 3 4 5
No of sq

* Resistors with high ratio of L/W (>2) have lower resistance tolerance and better
linearity.

' | Passives %
~ Embedded Thick Film Resistor i

PTF Carbon ink

R-Sq No =07 Reliability Test ltems ~ AR(%)

f ¢ Rmean 3000 f——mmm88 @ ———————
' % 2500 AA,,@AVL ey

711.94x = 200 tsa [ MSL-3+PCT -10%
T £ —4—15sq

5
T 1500 iAo S 2sq
0}' = : dakd
1000 1000 LKA, 4 —*—3sq ;
500 [ ._,.. || Temperature Cycle 12%
o v 500 W
o 2 4 6 o—_ Humidity Storage +11%

No of Square L 300 Hrs (after baking)  (+2.4%)

» Resistors with high ratio of L/W (>2) has lower resistance tolerance (<20%)
and better linearity.




Electrapolymers thick film dielectric paste (k=16)

R Capcitor-Area
600

g@gffode # Capacitance
500
Lower y =15.136x
electrode 400 /
300 /
- 200 /

100
P

C(pF)

30 40

20
Area (mm2)

« Capacitance density reaches 15.1 pF/mm? with a low tolerance (<5%) and good
linearity.

] Passives %
Embedded Capacitor 1 fua

Embedded Inductor Voo
Planar Inductor formed by Cu pattern

400 7
‘l - — AwWs5
350 [ — — Aw=10
e T AW=20
300 e A=30 —
|
: T 250 fv « —10
Design A B C S Siie
Designrue qug 200 Rl e P )
Beeefimttidess (um) 0 0 50 5
Trecevidth/spece () 250250 20150 5% | Sispll|B 110
il Turs 1 1 4 2
Quter Cianeter (M) nn 10 15 100 A — -2
Inner Diarmeter (M) 1% 16 10 .
Testing Resuit (f =1 M) 50 —-30
IndLotance (H 511 47 R1
Qfm 20 36 39 0\\\\‘\\\\‘\\\\‘\\\\‘\\\\_40
Sarial Resistaroe () 16 08 024 0 110° 210° 310° 410° 510°

wi?
e Planar Inductor on flex achieved a tolerance of <3%.

Passives %
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Flexible Substrates Development
in IC Packaging

1 Array (TBGA) %

.Package with High Thermal Performance vernt

Liquid IC Mounted Directly into
Encapsul Cavity of Heat Spreader

Polyimide
Dielectric
Sn/Pb/Ag

Pin1 62/36/2 Eutectic
Indicator Solder Balls

Thermoset
Adhesive Copper Heat

Spreader Die Attach
Epoxy

HEAT SPREADER
1.65
Max
f 4
Solder Ball Gold Wire Encapsulation Surface Soldermask

« High thermal dissipation at Theta Ja down to 7.8°C/W.
¢ 1-ML, 2-ML and multi-layer metal substrates are available for ASIC, MPU, etc.




Applications Vol

* Increasing the circuit density with grounded heatsink
* One additional metal layer for electrical requirement

Ni/Au

1.27mm Ball Pitch 1.00 mm Ball Pitch

» Capability is demonstrated to be 0.2 mm space between spots for Imm
ball pitch with the tolerance of +50um on spot diameter.

ape BGA %

» Thermal performance: > 6W
« Electrical performance: > 2.5GHz

Structural

adhesive

window FM_
open stiffener. w_
QU0 U000 ! U0V U0
Tape adhesive underfill thermal interface material 2.1 metal flex

Chip side SMT side

. * Flip chip TBGA with multi-layer flexible substrate will be for high pin-count packages.




anced BGA jﬁ(

Applications

 Alternative solution with Thermal performance to PBGA

« It is proven for lead-free and halogen-free applications with a Theta Ja of
~17°C/W at zero air flow for the thermal performance.

» Transfer molding is applicable with the same assembly process to PBGA.

1-ML or 2-ML tape
Different interconnects

TAB or wire bonding Sn/Au bonding

Solder joint

* CSP is one of the main application for flexible substrates.




sm—.u:m;ﬁlﬂm-hum' :
Folded flex CSP — Tessera design

Low Profile
Flash & SRAM Die m.ﬂm Low Froflke

UZM MCP Ball Stacked CSP

DSP/Baseband Die
— Overmald

UZ Folded-over Tape with Memory
Stacked CSP (1.4mm thick)

North NMTI design

» Improved board level reliability

» Better for < 0.4mm ball pitch
Via Hole Structure for Solder Ball in CSP

=

Normal tape CSP Land grid array/Stud.grld array

W N
| % |
- -~
P = olE— =
Tabde 00 BGA and FRGAVCSP Packaye Potealiol PWE Solulions
Voarr af Pradhection ETEDEEG DO G O A eI e
Technology Nede gy it i
‘ol (R Tewr w0 A T a5 57 S0 as 25 e
& Parch s few £ £ T a5 57 S0 a5 25 =
AP bl Curter Levgihe fumip 65 2 45 4 £ EX 28 0 14 tar
ALY vatcud Ceter Lergii frem) 45 ar 2 28 25 22 3 Iz I r —ITRS 2003
ACEP sodder ball pad pateh (i) 0.4 0.4 o 0.3 oz 0.2 0.2 015 015 o1
) 160 160 120 120 &0 8O 80 &0 a0 a0
1Line widhh iy i A8 48 ELS 36 24 24 24 18 18 12
Line spacing (pm) 4B 40 36 36 24 4 24 18 18 12
Humbar of s accessed 3 E] 3 3 3 3 3 3 3 3

* Cu build-up height in via holes can be controlled in the range of 20-50 + 5um.
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gen-Free Products %

Recommended Material Sets toet

Material set 1-ML TBGA 2-ML TBGA

Pl Base” Any type Any type Any type

. Tomegawa-X" Tomegawa-X"
Telrzeliese Toray 8600" Toray 8600"
Signal solder mask AUS5, AUS-11, AUS-21*
AR-7100" or "
Ground solder mask Bare Cu AUS11, AUS-21

TSA-14", TSA-517,

#
A TSA-51", TSA-67"

Heatsink adhesive

Note #: Halogen-free material
All solder mask are over Cu.

I (LCP) Base Materigl)ké"

Characteristics of LCP over PI vt
low Dk at 2.9 and Df at 0.002 (1-10GHz) for high speed and high frequency

moisture absorption at <0.4%

* Adhesiveless LCP TBGA has similar wire bondability and solderability
performance to PI TBGA.

» Passed the reliability tests at substrate level for 1-ML and 2-ML LCP TBGA

» MST-level 3 at 238°C and 260°C.
» MST-level 3 at 238°C + PCT for 168 hrs




yed Tape jﬁ(

Specifications nods
Ni/Au or Sn finish

75um bump diameter/160um bump pitch
bump height: 20-40 £2 um

ped Tape j}{(

Solder Bumping on Substrate L
Eutectic, high Pb, and lead-free (Sn-Cu, Sn-Ag) solder bumping
75um bump diameter/125um bump pitch
bump height: 80um + 5um
Printing or plating

o

After Sn-Cu plating After solder reflow
and dry film stripping and flux residue cleaning




« Eutectic/ lead-free (Sn-Cu-Ag) solder bumping
* 50um bump diameter/70um bump pitch

¢ Au or Cu stud bumps on die

¢ Fluxless process

h - 800x
b

Y
i

80 um , via pitch- 800x




I Direct Flip Chip.

130 um Via pitch ,100um Via size

80 um Via pitch ,60 um Via size 70 um Via pitch ,50 um Via size

Table 3: Package reliability base on continuity
resistance for $x9mm package

o1 Reliahility
Result

Test Deserip

MST 12 85°C/600 RH with 3R reflow 0/15
260°C based on J-STD-020

MST L3 30PC/6R: RH with 3IR rellow 13
260°C based on IL-STD-020
Temperature c\clmg condion A 40 o (15

85°C  for 1000 ¢ycles based on
EIAJESD22-A103-13

Temperature cyeling condition B 40 to 013
125°C  for 1000 eveles based on
EIAJESDZ2-A105-B

Thermal Shock Condition D 65 10 150°C 013
for 700 eveles based on JESD22-A106-A

Accelerated  Moisture  Resistance 013
Unbiagsed  autoclave  condition €

12170710006 RH 96hrs based on JESD22-
AlO2-B

—TK Lee, et al ECTC, June 2004




for RF Wireless

== S5 0um Wahium
100 == 557 5um, We2ium
| ] e 55260 750
L - Setum Wedtum | | * £ 10 pm manufacturing
8 i SeAlum WM | | tolerance of race Spacing
gm ] and width variations resulted
i!i & ‘\ in less than + & % variations
W 2 on Q values.
g
Ta » = 26 um manufaeluring
g 0 \1\_ tolerance of race spacing
p N and widh varialons resuled
0 LN | inaround 15-20%
05 1 15 2 25 3 variations on Q values.
MOTOROLA V3688 Frequency [GHz]
DUAL-BAND GSM PHONE
Tessera, 2002

» Reel-to-reel tape process provides + 5-7um tolerance in line width/space
and 5% tolerance in thickness, good for RF.

for RF Wireless

dmparison in Substrate Materials for RF Voo

Prope R4 P e eaqarlra
Electrical
electric 3.0~4.5@ 3.82~4.2@ 5.6~10@ 3.6@
onstant, k 1GHz 1GHz 10MHz 2GHz
oss Tangent % 0.017~0.025 0.0093 0.001~0.002 0.006
@1GHz @1GHz @10M Hz @2GHz
M echanical &
Thermal
Young's 3 ~3.5 mpsi 980 kpsi 150-300GPa 800 kpsi
M odulus
CTE Ppm/°C 14 -17 12 -15 58-7 16 17
Tg °C 135 180 - >350 -
Thermal W/mK 0.25 0.31 2~44 0.35
conductivity
Metal Cu Cu W/Ag Cu
Processing
Min. L/S um 100/100 100/100 100/100 40/40 150/150
(HDI) (75/75) (75/75) (75/75) (25/25)
Min.via/ land pum 200/350 200/350 200/250 30/100 N/A
(HDI) (100/250) (100/250) (100/200)
Metal thickness um <35 <35 <15 <35 150
Process precision Medium Medium Low High Medium
Cavity capability Routing Routing Punch Punch Etch
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— E
(b) 2-layer

through hole (b} 4-layer through (c) d-layer HDI {d) d-layer HDI
hale thraugh hale and uvia thraugh hele and

s o) 3!
NS 2% |

Flex microvias:

Coneumues cnly 16% of drillad
via aren

10x9mm

‘1 - Consumes only 49% of HDI Quad Band wlintegrated
TV Aarsa 00
ecims A mm?“- Ciurpant HODD driliad h Power Control

e

urrent Fine pitch COF Production (L/S = 15/15) L
e Camera module demand for cell phone

« Flex/tape is exclusive choice for bending and dynamic applications.




Measured Differential

Simulated Impedance Impedance (Chm)

(Cm)

Nominal | Differential Samplel | Sample2

100 95.3 50 Mn. 1021 | Mn. 1022

100 9.4 25 Max. 107.5 | Max 107.5

» Reel-to-Reel process easily produces controlled differential impedance at
tight tolerances with better line width control.

Flexible substrate provides

* Finer trace pitch and blind via, providing HDI for IC Packages

» Well adapt to cavity packages and exclusive to the bending requirement

* Multi-layer and embedded passives to narrow the gap to HDI laminate

* Good solution for driving small form factor

* Good process for high volume/low cost in roll-to-roll & reel-to-reel format

* New base materials, such as LCP etc, will widen the applications of flexible

substrate




