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1.Higher Layer 1.Build-up Technok
2.Large Size 2.Fine Line x
{ 3.Controlled 2o 3.5tack Via

Network /
Communication

Mobile Phone/
Digital Camera

1. RF/High speed
“High Density [2. Embedded Passives}
. Fine Pattern 3. Halogen Free /

J TN » Line/Space  Lead Free / ROHS
Package Substrate  30/um > 15um 4. Optical PCB Ubiquitous Technology
3.Thin Core(0.05mm) for Emerging Market
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Principle of Embedded Capacitor

Voltage Regulator s Embedded
r:—‘g—) capacilance tayer
[ — 1 | 4 Power ]
{ * Ground |

Thinner power/ground plane

& Capacitor -l
{ Lower self impedance &
Inductance -

g i

Reduce noise problem and
Improve power distribution

Embexkied Risistor

Features of Embedded Passives
1) Reduce SMD area (Miniaturization)
2) Reduce parasitic capacitance
-> Improve electrical performance
3) Good reliability / Cost / Performance
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C332 C650

October 2002 June 2004
+  Dual-band GSM/GPRS’ «  Tri-band GSM/GPRS

« 21 cm? ("guts on main board”) 13 cm? (“guts on module”)
- 71C, & discretes, 1 RF module +  BIC, 5discretes, 2 RF modules
» 143 passives, 3 others « 120 passives, 3 others

KEY ENABLERS
+  Integrated passives
«  Stacked memory die package
«  Smaller RF modules

¢ Smaller SMT passives Source : lEPS prepared by PRISMARZ
p v a3 o e . PCB
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C650 GSM PHONE

Microvia CSP Solder Ball

Wire Bond-On-Rigid
csp

2+4+2 Microvia Modute
Board with Mezzanine
Capacitors

1+4+1 Microvia

Main Board
' ‘MWP'UU‘ ‘/’;HdTh h Hol \ LGA Sold
Mezzanine| Plated Through Hole Flated Through Hole \ older
. Layers 1-6 Layers 3-6 AllLayers  cannection
Ca’&ac'ltg_ 4 Glass-Reinforced

Photo Saurce: PrismarkiBinghamton University
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GFP Mezzanine Capacitor Capabilities

- 10 - 30 pF/mm®; 16.8 pFirum? for 11pm thick
GFP dielectric

- 20-25pFimm? typicat

- 15% - 20% tolerance achievable; function of
process cantrol

«  CFP Mezzanine Capacitor Infrastructure

- Vanlico GFP dielectric available commercially

- PCB fabrication by AT&S, Wus, Ibiden,
Unimicron

- Motorola holds patents on mezzanine G
structure and process

- Motorola gave licenses to abiove PCB
manufacturers

«  CFP Mezzanine Capacitors in Motorola LO Module
- Shipping in Motorola phones since October
2002
- Prismark astimates price of 3-4¢/cm® for 1
mezzanine capacitor fayer
- Since this is area process, cost effectiveness
depends on density of integrated capacitors
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. P Thick

ITEMS Thin metal : :

t  polymer :

Resistor Thin Metal _ Carb " :
material {Ni = X) £ ~aronpasie ;

. 25.50, 100,250 | 10~ 1M@/Sq }

Shest resistance BN ' E H
stan Q/8q. P (15a8q) i

. .

Key technology Etching E Screen printing ;
Application Inner layer ' Quter Layer :

10 Q Resistor
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» Capacitance density with materials Dk & thickness

. C: Capacitance(pF)
Capacitance (C A: Area of electrode(mm?)
Densttyz _— &, Permittivity of vacuum
(pFimm?) A (=8.85pF/m)
Dk: Dielectric constant
t. Thickness of dielectrics(um)
er Capacitance density (pF/imm?)
(Dk) t=50um t=20pum t=5um
4.5 (FR-4) 0.8 20 8.0
10 1.8 44 | 18-
45 8.0 20 S0
100 |7 A8 Ak | ATT

Bl CCL type composite materials for embedded capacitor

, L. P R ‘Matsushita
Company Sarnmm.a—SC[ Du Pont 3M Electn’c,Works.
Product name | BC2000 | Interra HK10 C-Ply High-Dk Co'gﬂ‘ser
Dielectric FR-4 Polyimide Epoxy Thermoset Thermoset
material BaTiO, BaTiOg BaTiO, BaTiO,
Tvpe CCL CCL CcCL CCL CCL
Dieletric _ - .
constant, Dk 4 3-20 14-18 16 40
Dielectric - _ B B
thickness(zn) 25 50 8-25 4-26 50 10-30
Capacitance |... - -~ e B . o
density . |* -0.7-1:4. |- 1:4-22 | . 848 | 3 11-40
(pF/mm2) -~ |-~ - " SOETREEY L '
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M RCC, Paste and fiim type materials for embedded capacitor

e Asahi
Oak~ ~ Hitachi . —_ Chia -Nippon '
company | Mitsui | Chemical | VOMICO | Chem | pgjny | DuPont
Praduct MCF-HD- _ _ Inerra
name FaradFlex 45 CFP CX-16 EP310
Dielectric Epoxy Epoxy E:IO};);[ Epoxy Thermoset | Sintered
material BaTiOg BaTiOg Cere:'mics BaTiO4 BaTiOq4 BaTiOg
Type RCC RCC Paste Paste Film Paste
Dieletric
constant. Dk 30 45 21 15-20 32 >1.000
Dielectric _ " _
thickness(zn) 12~16 20-50 11 10-20 50 20-40
Capacitance | = - : ISR ST N S
- density  17~22. 8~35 R Y AR 24132_‘:’. o ‘76; R I“SO;—480;
(pF/mm2) _ R IS RN RAR

+ ECURL : Embedded Capacitor Using RCC Lamination

Daeduck’s own technology (Patent pending)

+ Capacitance : 0.8 ~ 35 pF/m (Dielectric thickness : 10~50 um)

Item 2005 2006
Line/Space (um) 7070 50/50
MicroVia/Pad | 100250 | 901225
IVH /Pad 2001400 | 1501350
Dielectric thick.(um) | 15~50 | 10~50
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€ ECURL Process Flow

l Pre Muiti |

1. Pre-M/L(Full Copper)

ion

—

o
]
. 4. Dry Film

€ MES2005(JIEP) / Mitsubishi & 31 € ECURL Process : ( M&t 20 pF/mif )

S =
Cvapracuor layer

iy 3 ;"”*' i e
A 2 | [‘ [RESM T
1 C et :
‘GND* Ground plane ’ e 'i"""
~or 500 line ‘ : "‘”“’,f}w . 1

T o ol RN
! ~ Teeead, T Capacnof tayes B i $e 5;
| SV s - X . 3
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5.5mm

il

¥ Properties of Capacitor with respect to materials properties

Phase Shifter Capacitor : 1.6 pF
Phase Shifter Inductor : 4.0 nH

Tuning Inductor : 2~3 nH
Q of C : Min. 35 at 2 GHz (dependent on that of L)

Dielectric ) '

ttemn Electrode Cap . SRF Q

Area(ml) Thick. (am) Dk Df (pF) (GHz) at 2GHz

‘ ' @IMHz | @ IMHz |

1st © 0.187 23 26 0.040 | 1.95 3~4 15
2nd 0.395 30 13 0.035 1.79 >10 28
3rd 0.395 30 13 0.026 1.71 >10 35

1st ~Fiiior 2nd | —/——> | 3rd,

content

M Materials for Embedded Resistor

> paeouck

11 -

- . . Thick .
Method Thin Film Etching Plating Polymer Ceramic
Ohmega . . .
Maker Tech Gould Shipley | McDermid Asahi DuPont
Ohmega- ; _ TU-XX- Interra
Product Ply TCR InSite M-Pass 08 EP2OX
Sheet _ _ 5 10~1Meg |
R(Q/CD 25~250 25~260 1000 25~100 a 10~10K
. . NiCr/ . B
Materials NiP NiCIAISi Doped Pt NiP Carbon
‘E ~ 4 Thin Film
b y. P
. Thick Paste




Thin Film Resistor

Thick Paste Resistor

Material Ni-X 26Q/sq. Carbon Paste, 15Q/sq.
Layer Inner Layer Quter Layer
(102, 220, 200Q £5%) (10, 22Q +5%)
Sample Apply
PCB Overcoat
Resistor Apply
AR Laser
Trim
Key 4 Cupric Etch. : Determine Resistor Width & Screen Print (Design)
Process & Alkali Etch. : Determine Resistor Length &Laser Trim : Tolerance * 20% - + 5%
& laser Trim : Tolerance + 10% - + 5% & Overcoat : Protect from humidity
Merits #Inner Layer -» Remove SMD area :;?r:pioiocess
} . Hi o
& Stable resistance (Higher Reliability) (Only Screen printing added)
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M Resistance depends on paste and resistor size

Paste #1(15 Q/sq. at 25um)

2500
24,00
23.00
%
2200 o
2100
20.60 e
1900
18.00
V700 - : - :
000 020 040 080 08 100 120
Resistor Area ||

w1 Qfsq. ]

1
s esvennamnr

P

Sheet Resistance : 18.2Q/sq.
(for L=W=1gm. thickness = 30um)
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Paste #2(30 KQ/sq. at 25um)

jAAsy

& 00 2 A
Gy P
*
3 =8
F .
WG .
= -4';" NS B
x R ST ..
; Y CH
i BT .
LI R W
e " . ‘:'t ..
T M,
" 'b-.,;,. it
Q% ¢ age by 163 2%

Aeustyr dnig (!

Sheet Resistance : 25.2KQ/sq.
(for L=W=1mn, thickness = 30um)
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H Size capability of Daeduck in Carbon resistor

UNIT : um

DE Capability
S W vi:g:; R&D
A 1270 975 850
870 650 600
C 400 325 250

& PCBO}] 2! M Embedded passive =chip 2 X& L&
p3

St SHES A= Na W ZHE ME8olol ¢

=

¢ Embedded passive PCBJ} A E8H £ 9= alst M a2
280D 75 = F09t 15 S40| 7%= 20IE
ietA, Module, SOP/SIP, Package substrate S0] A4
U= S0t

€ Embedded capacitor & = 2t
ALV M 2 HIHQ &
ol o2 HololH O] E2 §

& Embedded passive 2] AI2312
SAL0l tiet B Aol A dAst= A0 @M MUR0ICEH

f. YUAI chip capacitor £ & &5t
F. Q2 22 £ AOM, solder joint S

€ Embedded resistor 2] A2, Laser trim 2 M E610| £ 5% T= 1 0|512

SXAE HEE 4 20, 30 KQ/sq. 29 DA SHe| M EPtA| JHsSICL

& 115 MS0IAM2 noise Zt4, module, SIP/SOP 9] A8I51E AI&IsI=(|

Embedded passive(E2 active) PCB J} 210} 8 4 912 210|312, 0|2 95101

Set ¢fAll, PCB &iAl, Mz RIS NAAQl & Xt H Q8 2o|ct

R T T sy

A
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