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PRIVILEGED AND CONFIDENTIAL MATERIALS

Superior Pb-free soldering

Enabling fine pitch printing via flat surface

pads
Compatibility

— No-clean mixed Technology
— Circuit board fabrication (solder masks)

Long Term Reliability
— Strong Solder Joint

— Electrical Performance

— Low Voiding

Low Contact Resistance
— EMI Shielding
— Tip & Key Contacts
— Press Fit Connectors
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Organic Solderability
Preservative (OSP)

Hot Air Solder
Leveling (HASL)

Enthone Leadership in Surface Finishes
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ORMECON Technology: Basics

ORMECONT :1. -1AS

Organic Nanometal Properties
Y 412GG¥ 2 (16N

e Conductive polymer

e Noble metal — almost as noble
as silver

 Nanometal — primary particles
10 nm In size

o (Catalyst for...
— Oxidation and reduction processe
— Passivation of Copper, Iron,...
— Deposition of Tin on Copper (PW
finish)
— Complexation of Copper and
oxidation prevention (OMN)
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Oxidation — Passivation
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Organic Metal
Prevents Oxi

not visible
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e Approximately 80 nm thick

 H,S0, etched copper surface
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Oxidation Potential Shifted
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Oxidation at 155 eC U

without OM_ =~ OM
— linear increase of Cu,O and CuO
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o e m w0 with OM 6 OM

— Cu,0 decrease exponentially

- — CuO increases with 't
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o 1o 20 am 4w e with OM, CuO achieves a constant level
fime fmin => Passivation
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Nanofinish ® Processes 412G><M6 @)U /R

(ENTEK OM) 50 nm, performance OSP medium
soon to be introduced better than OSP requirements,
GU|Y 6Nib OSP HASL
OSP KELO" E
HASL
OrmeSTAR™ Ultra 50 nm, best ENIG
performance
06N O G
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OrmeSTAR ™ Ultra

SEM Layer

— 50 nm particles
arranged at the
phase boundaries,
the active sites

— Nominally 4 nm Ag

— 90% Organic Metal
(by volume), 30% by
weight

SEM

— 50 nm, X412G ,2f U
KY# 0,X,]+ M6

— 08 JE 4nm

— 90% ('/AYGE )Y
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XPS Depth Profile: No Oxidation #A z /4": "0 é
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XPS Depth Profile: No Oxidation #A z A&“: 10 é
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Different electrochemical potentials
aaxX+ é:”
GCM
(electro-chemical
measurement)
showing 50 nm
Ag-Cu-OM
complex potentials

different
from Ag and Cu
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Results after different immersion time
a a"#L EKE,X48 p

Potential at — 0.4 V shows open Cu area — practically all is covered if > 60 sec
immersion time. Then OM-Ag complex layer 50 — 60 nm ,thick".
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Flextronics Evaluation Results A~ 48 p
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Nanofinish or OMUN = OrmeSTAR ™ Ultra



Texas Instruments Evaluation Results
<2 Y<K 4B
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Nanofinish or OMUN = OrmeSTAR ™ Ultra



Metallographic Analysis G¥IUJd :

Metallographicanalysis of solder joint iw ;"1 nE %o é :

,Our analysis shows that the lead-free-Sn solder joints (BGA pads)
with the Nanofinish are of superior quality compared to those solder
joints made on the ENIG surface. The Nanofinish solder joints are
expected to be more more long-term reliable. U d4§ p>< 84£412G><
M6 @)U, X J™b vy (BGAIM=) b ENIG @)U A412G><M6 @)U&R'Y

KS 6 AMZA“
OMUN: homogeneous solder joint CN)PCEUng layer between Ni-P and
ATiw ENIG: Ni-P —Ni-Cu-SnT 1 PJ%

Nanofinish or OMUN = OrmeSTAR ™ Ultra



Micro Voids ,0N"0 ?
No Micro Voids Spb <P

ISIT Fraunhofer Itzehoe

 NO microvoids8p b <P e (X-ray)No microvoids
8pbp<P



Shear test > U# A©

Shear Strength S5 >7é

ISIT Fraunhofer Itzehoe

* no sign of free copper in the fracture area
« => excellent joint between surface and solder
>— "uYAZ# HY 3<M6 a&pb mKE 5by U



Shear test > U# A©
Shear Strength S5 >7é

Component | Shear force |Fracture area| Shear strength
E >Uo >— M6/A >0 z

LED ~ 100 N ~ 2,6 mh ~38,5N/mn?

Tantal ~ 80N ~1,6mrh ~50N/ mm?

capacitor

+ o<

MELF diode |~ 130N ~2,8mm ~46,5N/ mn?

“Ulu

« Normal shear strength 30N/mtiz >U z 30 N/mm?
e Critical 15 N/mm? — 20 N/mm?2+ 15 N/mm?2 — 20 N/mm?

OrmeSTARM Ultra solder joints are perfectly homogenous anahsk.
The shear strength is above any specmcatlon

OrmeSTARM Ultra&p my U&s O.1 ,>UoCYE>?"nU3§ A



Force (Q)

Ball Shear Results
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E-Corrosion + T#<KSIR)
E-Corrosion + 78<SIR)

ISIT Fraunhofer ltzehoe

ORMECON'’s OrmeSTAR™ Ultra does not show any e-corrosion
"HCOBZ@® TNENIPS



Al Wire Bonding (Wedge Wedge Process) J+4“yU AK 9a18N A

ISIT Fraunhofer Itzehoe

No bond failure, fracture is from the wire itself
“'4" Bu E e>— 9734J+4"“ Do

Force o [cN]

Average Force for OrmeSTAR™ Ultra panels G o 9.92
Minimum force specified LO O &0 2.5
Typical values for lab + assembly 4.0

El rP x >™G!S*(,X 0

OrmeSTAR™ Ultra shows significantly stronger bonds than typical lab and
assembly values.

OrmeSTAR™ Ultra,XyU o a !"rP" x ">™G! S*(1,X ?UP-



Electrical tests + 06N# A©

A big Chinese OEM in the telecommunication sector evaluated

OrmeSTAR Ultra in a 9 months long project (first phase), re electrical and
soldering aspects; some key results:

*IC test — only 2 out of 21,600 failed (,Nanofinish behaved like a metal finish, no
difference to Ag, Sn, ENIG")

sSurface resistance — ENIG: 18.07 mOhms, Nanofinish: 11.98 mOhms (= 66% of
ENIG value)

«Signal gain, loss and efficiency are comparable and significally improving single
carrier wave performance

NOSO _EiAf OEM E> ZA”
UOp 9pUKSAL OL 1% AXNMA | OrmeSTAR UltraE>A" Ey Z+ O
6N "&by M6 Y O 0Gj?U48 p O
*IC# AOE21,600G % Y2 E BU (,Nanofinish,X><),C3G¥ 2><M6 @)U, E aJE,
JO EKIG¥'uY ¢y ¥
o><M6L kEK!G¥O 18.07 mOhms , Nanofinish ©11.98 mOhms (= KIG¥ ,X 66%)
J'EW N EX9%<2 E3 Y O AI'Xb,X ,Jéa aP-Z)pEQ"],X 06N



Contact Resistance y?°+ L

Contact Resistance Test Results

y?°+ L X# A©48 p

No Reflows ~ 2&pb

1X Reflows 1 0 2&p

mOhms mOhms mOhms mOhms
Surface Finish ‘
><M6 J) 10g 20 g 10 g 20 g
OrmeSTAR Ultra 0.9 0.8 1.5 1.4
ENIG 6 5.6 6 5.3
Immersion Ag "TIE 1.5 1.2 1.6 1.2
OSP| 15-20 25 - 35 15 150
Pure Au Standargl
A4fG¥ U S 0.9 0.6




Soldering performance &by (06N

Further results referring to soldering have been:

No discoloration even after 7 reflow (lead-free conditions)
Solder spreading outstanding

Wetting 0% failure even after 7 reflow

PTH wetting 0% failure even after 5 reflow

Solder joint (IMC) normal, shear strength above specification,
comparable to metallic finishes

G b&b y 06K E 1,X48 p

GSu762&pPA&a3"uY-8F A JM5E A

&PJB =7 018F

G Si7062&pb a&pJ6 48C)[E~ 0%

G S5 062&b 4E7 (&PJG 48C)[E-~ 0%

&b yyU& (IMC)7 , >0 zP-b?" , 06N!I"X PG¥ 2><M6 @)U



Assembly study (1) >™G!-e0J

In US, the ,New England
Lead-Free Consortium“ is
undertaking a broad
assembly study with 4
different finishes: LF-
HASL, ENIG, OSP and
Nanofinish OrmeSTAR™
Ultra. First results had
been published in Sept
2008.

usb N E“,8A D J™#

T "1 4/; &a><M6 G)UE~

> Z>™GI oM6 S, X-e0J O
LF-HASL, ENIG, OSP °
Nanofinish OrmeSTAR™
Ultra AOj 648 p b 2008 H
OU @ x A



Assembly study (2) >™G!-e0J



Assembly study (3) >™G!-e0J

Number of assembled components:
>™G! E,X DGE

SMT (Surface Mount Technology) 886 / each board A><M6C >™ T A
THT (Through Hole Technology) 21/ each board A 193 O>™ T A
Total 907 / each board

SMT: Nanofinish showing lowest number of defects, better than
ENIG

PTH (THT) assembly: Nanofinish OrmeSTAR™ Ultra comparable
with ENIG

Solder pastes are to be carefully selected

SMT: Nanofinish 1),,X4a8C)[O" E!" ENIGQ
PTH (THT)>™GONanofinish OrmeSTAR™ Ultra * ENIG,|"
?2U(M YEY %2J87¢



Conclusions 48AZ7

The OrmeSTAR Ultra Nanofinish — although only 50 nm thin — can fully satisfy
all requirements for a metallic surface finish

Improved performance compared to ENIG and any other finishes
— Ageing
— Soldering
— Electrical and signal transport properties

Cost will be around 30% below ENIG

High productivity increase vs ENIG (process time only 25% of ENIG process
time; energy demand only 5% of ENIG process energy consumption)

OrmeSTAR Ultra Nanofinish — 1u %Y 50nm;X— A1 <$uCt IG¥ 2><M6 @
)U,X Y?U"
AENIG * JW><M6 @)U,II" , 6N k ©P-
- 506
— &by 06N
— + 06N " p E 6Eg 06N
al” ENIG"4z 30%
AENIG,II" {6N EP-~ (@)U EKE % YENIG,X25% x6N$d#\5¢ ¥ YENIG,X5%)



Performance / Cost Summary

Performance compared to ENIG
o Solderability: equal or better
 ACF & Al wire bonding: equal
e Solder strength: better

e Signal integrity: better

Cost compared to ENIG

e Chemicals — 30%

 Process time — 75%

— hence also equipment cost — 75%
 Energy — 95%
 Waste water — 99%



