e %

PCB2| |

-21-






IMAPS—Korea, The Microelectronics and Packaging Society

PCB Market and Technology Changes
Driven by Mobile Phone

April 02, 2003

Jinho Lee (jhlee@daeduck.com)
Daeduck Electronics Co

QeEn ol & = SMT/PCB Korea 2003

Title

1.801&

2. PCBY B g}
3.Materiale| ¥ 3}
4.Via Type
5.Environmental Issue
6.Stack Via

7.PCB Finish
8.Embedded Passive

e O S S RNt
QS&ER 0 & = SMT/PCB Korea 2003

«23-



1. BUE_ 24 &UE / Microvia PCBAI & B8 (NTI)

1) 20024 =i Microvia 4 (MM PCBS 17%)

A Us$M
SEM 185
DE 122
Etc. 93
Total 400

He| R E HHP &
Microvia Capa : 100,000 m*/B
Laser drill : 2f185&

3) 20024 M| 2| HHP 4 A X
2) 2002 =Ll HHP A AAI X
200244 HHP 4 &t  (Mpcs)

=X sSHolcH

Samsung 43
No kia 35 S0/RE
LGE 16

P & Critel 4 Total
Etc. 12 400M pcs
Total 110

110
= ==
= 20031 140M Of B
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1.2UE_Sdx

Major componenis of PSOuS

v

Nuin board

o
5
pt-

' fox S8

The previous model usea separate drive ICa for the rmain and
. i rear displaye. but circuit design weas changed to imtegrate them

e e into & single chip, fresing up space 1o mount the camera

Li-ion rechargeable battery moduls.
1 Sanyo Eldric vgg
P504iS carmera madule o ‘g".'ugmgr-;h‘h_r‘,‘ ot W
T T e e Sy Peosi
=
g miym Framo4rambw COD ackisiam
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* Frora salscid in adwanoa, with multde shots Laad to

Shield (sigral processng
Ic cresaky n singls outputimogs

, ete, urdder neath)

Atlexible PCB is used to imerface with the keyped in
the previous modal, but a standard PCB s usad inthe

Fig 4 Major Component Charges I Mova P504iS Shows the key componerts of the rew dosign. The flaxibie PGB demande & dedicated
Mowa P504i§ mobile phone, and major changes from the prior P8D4i model. assembly line, making high productivity difficutt.
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1. &0 & _oOptical Module

a) External dimensions of oplical modules b)Sarnple optical module for a camera
115mm phone

|
| i

{
Internal 1/4- to }
i

+ 1 f8-inch imager :
nch I i Solic-state
PR ! i CCD imager . _.

Barrel ;
ane___\i

Optical 10x 200m

IR fiter
E‘ {Cross-
ection
llntern;xl 116-t0 & :
Digial sarmera 142 7-inch imager Object
h lens
Signal
Optical 3x zoom processing iC )q;
[0 J— a4
7’T"L ».—.q_Intemal 1/4-t0 7 §$
b &
Camera phane I— y

3 11/84nch imager
@/ imag Fedle /i
i E i substrate e

Fig 3 Camera Phones Need Miniature Cameras Optical component manufacturers are gearing up to meet the challenge of the huge cell
phone market. Optical modules for camera phones must be small and thin, as is evident in a comparison with the modules for camcorders or
digital cameras {a}. Many camcorder eptical modules are especially large because, even though the imaging device itself is smaller than that
used on a digital camera, they have a 10x zoom function. Most digital cameras, on the other hand, are smaller with only 3x zoom capabiliies.
Even so, camera phones demand significantly smaller modules, and the same madules must also handle exposure control and color balance
(b). Technologies developed for these market requirements will drive the entire camera industry. Note that (b) is an example of a product from
Sanyo Electric, with a 1/7-inch CCD imaging device with a total of 110,000 pixels.
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1. I ZE_&=22 Rigid /Flexible PCB M4+ 818
Bt $ Million
Makers 20004 20015 2002%
G/R w5t G/R

Samsung E. M. 367 383 4.4% 462 20.6%
Daeduck Group 440 427 | ~-3.0% 428 30 0.2%
KCC 284 281 -1.1% 280 15 -0.4%
LGE 312 273 | -12.5% 320 17.2%
Isu-Petasys 147 112 | -23.8% 110 -1.8%
Young Poong 34 47 | 38.2% 67 42.6%
Cosmotech 64 50 | -21.9% 48 3 -4.0%
Simm Tech 69 49 | -29.0% 45 ~-8.2%
SI Flex. 32 39 | 21.9% 59 51.3%
Hunix 53 47 | -11.3% 43 17 -8.5%

SEHE 5! % B4 Flexible PCB

E£ERNR(DN A 4)

E 3.2 974 98%F 994 20004 20014 20024 2003 ®A8
130 329 495
219 354 532
227 276 374

Interflex 20

XBBTF 42
SiFlex 39
Hith 29
A 130

QeEn ol & &

50

60 100

650 1,000 1,500

2.PCB 2 ¢ig}

640 1151 1800
588 1067 1600
464 760 1200
400 500 400
2,000 3,500 5,000
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1.J15%: 3i0iet 715 It/ Optical Module 28

2.Material: RCC

-> Prepreg

28t FR > Halogen Free FR-4
3.Design / Process : Stack Via
Rigid -> Rigid—Flex
4 Finish : Immersion Gold{ENIG) = Hybrid(OSP + ENIG)

immersion Gold(ENIG) - High P Type

5.Quality/Reliability

Warpage/ Mechanical or Thermal Stress

Solder Void in Microvia

2 meter Drop Test

Black Pad

Issue

S02 Corrosion on Key Pad

6.Future Technology : Embedded Passive
.
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2.PCB2| ¥i3l_Hole Typelll M2 812 LA

S!GuRE 7. Circuit density comparison by hole type.

OHEn o & & SMT/PCB Korea 2003

3.Material® B1&}_ RCC > Prepreg

Effect of glass reinforcement after laser ablation {top) and
copper via fill {bottom)

"
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3.Material@ ®&l_ Laser Drillable Prepreg

High Opening Glass cloth @
- ’ ! : Yurn
Opening

G

N

L ap

S DA SR RN T M g oA

Glass Paper

A IR M b L g ety
» # B B 4 fat? ER2 35 .
Ly LG ° £ e
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4.Via Type_ Conformal vs Large Window Opening

Via profile effects

HardertoFill < > Easier to Fill

[

Prepreg RCC
Conformal Opening Large Window
OeETG 0l & & SMT/PCB Korea 2003
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4 Via Type_ Beam Saping for uVia

BeOm Sh0p|n9 . PC Fab(Feb 2003)
for WIICROVIA DRILLING

R ST P TTE SU S FEUATTIL SRR IY proded Toe

e e ot was =000 by TODDE LIZOTTE

FIGURE 2. Beam shaping optics include refractive ileft} and
diffractive designs.

FIGURE 6. Beam variations and cross-sections of the via hole profile

as it penetrates the material. In some cases, the variation is two times. FIGURE 8. The imaging system permits control of beam profile at the
target, resulting in uniform microvia holes.
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5.Environment_ EU Directive

RoHS (Restriction of Hazardous Substances)# R4 2&:
Pb, Hg, Cd, Cr+6, PBB, PBDE

20021 118198 JEITA(Z2EXE M8 ol), RBUH(Soldertec), NEMI(0I2#
X o1l AR 88)JF Ois AgE 22

— 2001 &KX 1AI&O[2tE Pb Free Solderii &
—~ 2005E &Nt Xl B RIEZ Pb Free

-2006.07.01 REMA Rl E& 7 H(RoHS) AIZ

-0/=: Wo|ZLIot #FYZ 1986 REH. A0 FoHs AXYR2(K0 S
R0t U= ZE NES Naph T AZE AHIX X YT B Al
AEI=F Ol #F Y. 038 Ol EAEHE=E ZE HE QoA 31 2+
e o

PCB Ol & :Halogen Free(® Bt/PSR)I Pb Free L2222 High Tg HIE A8

M R SR
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5.Environment_ Issue

Br:7.5% Wt %

Items Material Conventional Green
Laminate Brominated Epoxy(w/TBBPA)) Phosphor
(Flame Retardant) Br Br: <0.01% Wt %

RCC Br r:16 % wt% r:<0.01 Wt%
Phthalocyanine Green Phthalocyanine Blue Cl :
SolderMask | = €l | ¢y. 2,500ppm 320 ~ 350
. H ~ m
Pigment S00PP PP
Finish Pb HASL (Sn/Pb) OSP, ENIG, Immersion Tin
TABLE 1. Worldwide Daemand for Green Laminates®
PRODUCTS 2000 2002 2005 2007
Oigital cellular 105.5 284 .4 4765.6 8922.2
mabile handsets
PDA/handheld 16.11 62.71 1096.4 3643.9
computers
Digital camcorders 0.39 1.19 433.5 1045.2
Portable computers 80.8 439.5 2459.2 o588.2
Digital cameras .73 1.77 343.6 563.2
Total 203.%5 789.6 9098.3 23,762.7

In 000 M2 Scurce: BPA

asdaxn ol & =

5.Environment_ Green Laminate Quality
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Percent (%) of Failures
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M

Solder dip temperature

a Halogen Free
Brominated

290°C 70°C

ured at 1 GHz MHz.

FIGURE 4. Dielectric constant of moisturized laminates meas-

FIGURE 10. Solder dip failure versus temperature,
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% of Failures
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Brominated

SR
~

Laminate Srades
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FIGURE 1. Dielectric constant of dry laminates measured at
10 MHz.
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3
PCT Seorption durations (hours)

3

FIGURE 8. Solder dip failure versus PCT duration.

PC Fab. Mar 2003
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6.Stack Via_ Design Requirement

High design flexibility
. Via hole density increase because via hole diameter decrease.
. Via hole density increase because pad pitch is reduced.
. All layer IVH design is possible.

Sequential build Stack up via

Pad pitch : §00um
Pad pitch : 400um

o 66

©0©

Land 200

Land 150
via 100
~ Via 80 e Land di. : 300um
LiS=50/50 LIS=60/50 ~40/40 VH :100um Land dia.: 300um
HHEG ol @ & SMT/PCB Korea 2003

6.Stack Via_ Via Fill Plating System

Waieform options Effect of agitation on filling uniformity
b ' LY P .
| Dvect Curent(DG; piatng | | Perodic Pulse Reverse Pating . e
3 2 | | Impingement -
8 5 ) .
Time, ms Timg, ms

Side views of via fill plating cell

Hed@n of & %= SMT/PCB Korea 2003
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6.Stack Via_ DC vs Pulse Plating

Coppef Vla fl” through hOIe '(WO\V mg power compdanson of DC and PPR on pattern surface distribution
0
100 g =
:
R By = e
5 T T F /
B ,
a T T \\’\"Z\ P roctrolys
? \si‘ _ . . . N lectrolysis method
L | - - . L]

.E 70 &-\i N @rad area
e T QFine pitch
£ Sp
'_ 60 1 T 2

Sompanson of OC and PPR on pattern shape

50 — —r

0.8mmdiax 0.3mmdax 0.8mmdax 0.3 mmdiax
10mmthk 1 0mmink 16mmihk 1.6 mmthk

—+-1.0ASD-0C
«-20ASD-DC
—~4~-1.0 ASD -PPR

~ 20ASD-PPR
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6.Stack Via_ Microvia and PTH

Examiples of copper fitled vias

Difficult to fill Micovia and PTH at
the same time.

Mitro Via Hole PTH (1.0)

Ty

- .
s

#
H
i
#
»
%
3 "
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6.Stack Via_Other Stack Via Technology

ALIVH B2it NMBI Process AGP Process

1. Laser drilling 1. Bump Printing 1. Inner Board 1. Inner Board

B SN W A A R NEp | [

2. Electroless Ni plating

2. Paste Filling 2. Prepreg Lamination W stage 2. Etching 3Layer Material “

3. Copper Foil Lamination 3. Copper Foil Lamination 3. Bump Imaging 3. Cu plating (70um)

4. Patterning 4. Patterning 4. Prepreg Lamination“B" stage 4. Bump Imaging
EIEER C A &) WV — a—

5. Lay up 5. Lay up 5. Hot Press "C" stage

5. Ni Stripping & Resin Coating

6. Pattern Formition 6. Pattern Formation
HeHER ol & = SMT/PCB Korea 2003

7.PCB Finish

" Surfacn

Organic

Sobderabifity Strscture

Prerervative

Drtanhs. Prosens: Proceyy:

Shops 21000 Pros Cem «Ceaner

) X . GEM's Most Avallatility  SheilUfe » Microetch
Figure 2. Use of PCB surace procas  Verustiom.| | LowGost | Tamith * Pre Dip/Adid
finishes 2002 est. (Source: IPC %’:‘k';“"" S Min, Experience  No Contact + Osganic Cooting
= wess 0.2 pm Wertabiit

THARC). Inspectabllty

JI5P Piesentation (Fhotos A, B, C, B, E) and Blue

Ty Y
Thlilie e

Table

y
| Process  Vert./Morz. | Automatisn  Wikisken « Pre.Dip oo 130 Cont + Cleaner |
Cycle Yime 15-20 Min | Wettabliity  Thiourea  Invmersion Yin OfM's *100 Low Cast Avaliabifity * Microetch {
Thickness  10pm Sa | Freas-FiL Soldermark Attath Frocas Vert./Rors Sarface Contact  Varnhidh * Pre-ip
’ shalf-Ufe  Cyele Tine  S-1Omin. $imple Process  Migratien? + tmmension Siver
L iihklmu Q.2ym A
FIGUIE b Imirrersian Tin (pthIOS ARG D Eand Blue Figure 7. Immersion Silver (Photos A, B, C, D, E) and Blue
Table Table.
Q=& o & & SMT/PCB Korea 2003
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7.PCB Finish_ENIG (Electroless Nickel + Immersion Gold)

Optical

Electrodins Nicha!
immariion Gold
Cetinis: PearjCont: Proveas,
Shops >200 Pros Coms * Clvamer
OEM's *>200 Shell-Life Expemiive + Micraeich
Procass Vertica) Surface Contact Complicaled + Acid
Cyde Time 60 Minute Wettablllty Hi intermetallic s Lo t
4 W, Black-Lins Nickel » Eectrolens Nickel
1 0. 1pm Au Soldermask Attack? | » Imgwsalon Gold
Ower/Ship Plating

Figure 5. ENIG Presentation (Photos A, B, C, D, E) andEIue |
Table.

QeEn ol & &

7.PCB Finish_ Black Pad Issue

SMT/PCB Korea 2003

FIGURE 1: SEM image of 3 ball it
Interface foliowing separation,

|GURE 4:

has an obwious mud-cracked appearas

RE: 27 Mud-crached appsarance sf the
aracteristic of black pad defect.

A region o° severe black pad
M spikes protruding into nicke! layer

FIGURE 5: Acza of
severe Back pad ane
conasian spikes pro-
vided a conecting
peth between the o~
der and the copper
below the nickel layer.

ENIG(Key Pad/Soldering Pad)> ENIG(KP)+OSP(SP)

QeEn o & &
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8.Embedded Passive_ issue

Embedded Passive

PKG Discrate SMT

It is the hot topic in the Jast two years. However, Decoupling

#1s the technology practical?

# Basic concepts are not fixed yet.

# Total cost must be reasonable.
Embedded Planar
# Realistic feasibility studies should be dore. Decoupling
# Many kinds of materials
# Design will a bottle neck.

L. FIGURE 2. A power and ground plane pairing can create a
# Patent of Zycon is a issue. capacitance of 250 nE eliminating 0 to 40% of the SM decou-
pling capacitors from a board.

& ol & & SMT/PCB Korea 2003

8.Embedded Passive_Embedded0ll TH8 Questiont ®E AlD|

Fitering, Timing, A/D Conversion s
T st b 11U
)
= 1,000 e M N P
£
£ SEAN | g M8 [0P.dE K
s wr el e | 0| |m
& Tolge) g e
10
& I DS B
4
§_ , Phewo g2l owe | r |0
“ 1o Wpk 10008 Tok LUTEEER: TR
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8.Embedded Passive_lZ Se(MLEI| SY HRA)

AT &

L e

Buried Capacitorof tish
wizded

B oplt elakel Capacitor$

Gl (ogat

A7 4k WNoise Zhivolid

¢ e B

Buried St Cupa, Buried Capa.
Capacitor . P S - K - 1
pactio Density | 600801 4 Inl 10nF Max 0.50F
Sz 1 <0.5mm 23 <20mum

Buried Resistorts 218 Toleranes

SeEbal &

=

Buried

B Aag A Ak

o]

Resistor | #gffve] i 3fgel oot 4 -] F7VE Cost R4 94
kﬁf;ﬁigl Inductor® PCBY Embedded &k 2fubd o} @ wjzlgh 2l
[713819) Embeded PCB ke &
LS| e Eﬁ: 4-41?;1;’.\.1; I‘Lsu
WL, l‘l } Tl WL“M
| 11 ] g
C 111 [T 82K 7 | = —L] i
PCB L T
LS AETE HE SEEE JEHRE LSl SHEFE ZF R
—~ 20007 -~ 20058 -~ 20103
|71H10) Embeded PCB 71588 F0]
OeEn ol & & SMT/PCB Korea 2003
8.Embedded Passive_Buried Capacitor Material
Organic Laminates Coated Ink
Maker Sanmina DuPont Gould Matsushita Asahi Motorola
Trademark BC~2000 Hik TCC Condenser Flim CX-16 Mezzanine
BaTlO,In CFP
. BaTiO BaTIO
Materials g Polylmide Polyimide 3 3 (Ceramic
FR-4 Cast fiim F'spersed | ID'spersed | Fllled Photo-
on Copper foil n epoxy resin N epoxy resin dielectric)
Dk (@1GH2) 4 12~20 3.2 40 60 20
Capacitance | 0.5 nF/in? 1.5 nF/in? 1.450 nF/in? | 10~22 nF/in? 8.5~22 nF/In? 11nF/in?
tan&(1GHz) 0.021 0.01 0.009 - 0.06 0.03
Thickness 50 m 8~25 m 12.5 i 10 ~ 30 /m 12~ 40 im 11 m
Low
breakdown
Commercially Volt .
R K available 'O age Ibiden
emar technology High ) WUS
capa?mve AT&T
High Royalty | Density
L RSB

Qe&n ol & =
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8.Embedded Passive_ Buried Resistor Material

Screen Printable type Thin film Laminates type
Maker Asahi(TU-XX-08)
/Electra Polymer DuPont Shipley Gould Omega-Tek
{Insite Resistor) (TCR) (Ohmega—Ply)
Materials Conductive LaBg based Pt thin film Conductor Conductor
Carbon/Silver film (Etched by laminate film laminate film
filled { ceramic paste ) | Desmear Soln) (NICr or (NiP)
polymer pastes NICrAISI)
Resistance 1~ 1MR/square | 10~ 10kQ/square | 10 ~ 1MR 25, 50, 100, 250 | 25, 50, 100, 250
/square Q/square Q/square
Remark

=& of & &
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