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Optimization of lead free solder paste

for robust process and reliable solder joint

Test methodology

First solder paste generation
Parameters to improve
Second generation

Solder joint reliability

Performance Chemicals
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Japan
Hitachi, Fujitsu, NEC, OKI Electric Industry, AIST RC fro LCA,
Hokkaido Univ.,Jutendo Univ., Dept Manufacturing Sciences
Osaka Univ.,CRCAST, Shizuoka Univ., Tohoku Univ., Univ. of
Tokyo.

Korea
LG Electronics, ECOJOIN, Jaeneung College, KITECH

E.U.:
Avantec (Promosol) France, Philips the Netherlands,
AB Mikroelecktronik Austria, Thomson France, Gaiker Spain,
Pre Consultants the Netherlands, TU Berlin Germany

http://www.efsot-europe.info/.

Performance Chemicals



EFSOT WP1 — New material and process technology 1oy
1111117174
Sy
57717715

Spécifications :

Lead Free Solder Paste Development for
« Assembly down to 0,3 mm pitch
« Consumers and Automotive Electronics

 Performances has to be as good as SnPb solder pastes
In printability, wettability under air, residues have to be
chemically inert after reflow ,joints have to be reliable

Performance Chemicals
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Europe

e
Royal Philips Electronics N.V., PHILIPS
Centre for Industrial Technology — The Nederlands Lot make things bettor
N

Thomson Multimedia, Thomson Television Angers — Frar
J THOMSON

Avantec — France

Solutions to give you the lead

AB Mikroelektronik GmbH - Austria

AB Mikroelektronik GmbH

Performance Chemicals



Solder paste specification

SPECIFICATION According to (test Criteria
TEST method)

Alloy ISO 9453 or IPC SnAg4Cu0,5
Melting point 217°C
Powder size distribution IPC TM 650 (2.2.14.1) 25 - 45 microns
Metal content AVANTEC (MO 00835) 87,5-88,5
Residue after reflow AVANTEC (MO 00835) 54 -62
Acid index on organic AVANTEC (MO 00860) 107 - 113
part
Halide content IPC TM 650 (2.3.35) 0
Viscosity Brookfield IPC TM 650 (2.4.34) 800 - 1000
Viscosity Malcom IPC TM 650 (2.4.34.2) 120 - 140

Performance Chemicals




Functional tests on solder paste

FUNCTIONNAL TEST

Accordingto (test method

Criteria

Copper mirror IPC TM 650 (2.3.32) pass
Chromate paper IPC TM 650 (2.3.33) pass
Solder balling test AVANTEC (PR 01801) Pass ( <or=8)

Cold and Hot slump

AVANTEC (PR 10030)

0,4 (minimal pitch without bridging)

Tack time test

AVANTEC (PR 10024)

1,4g/mm2 after 16 h

Wetting test

AVANTEC (PR 10007)

Class 2 (1to3)

Printing definition PHILIPS Class 3-4
For ratio speed/pressure 80/6
Smearing behaviour PHILIPS Class 4 with alinear profile
Rolling behaviour during printing or [AVANTEC >1000 printing i.e. no problem of evolution on stencil >
stencil life 24h
Rolling behaviour during printing or | AVANTEC TEST >20h i.e. no problem of evolution
stencil life
Abandon time AVANTEC 2 hours for 0.4pitch

Voids test

To be determined

Copper corrosion

IPC TM 650 (2.6.15)

pass

Surface insulation resistance and
electromigration

IPC TM 650 (2.6.3.3)

SIR > 10.80hms pass

Electro-migration Bellecore test

BELLECORE GR 78

Stencil cleaning AVANTEC Using an environmental approved solvent and water base

Missprint cleaning AVANTEC Using an environmental approved solvent and water base
Test pattern IPC B 36 No residue and no microball

PCB cleaning after reflow AVANTEC Using an environmental approved solvent and water base

Test pattern IPC B 36

No residue lonic contamination

SIR >100M

Performance Chemicals




EFSOT — Test board design

Common test board development to answer different constraints of the partners
Board dimension (150x100mm)
Panel : One or two boards per panel
Matérial: FR2 (Philips), FR4 (Thomson), ceramic (AB Mikroelektronik)
Finish :
- THOMSON => OSP (Mecseal 5850) and Immersion Silver
- PHILIPS => Immersion Tin and Ni-Gold

- AB Mikroelektronik => Ag Pt ink and Copper

Performance Chemicals
1



Components with lare heat sink pad

Solder balling
test

~_ Fine pitch
Print capability components

pattern

Surface
Insulation
resistance

pattern

Reflow behavior test pattern Solder paste wetting test pattern



Test board development - ceramic

%o



Components and Tests patterns

0603
0402 .

Resistors networks
0201

LGAS80
LQFP128/0.4

Insulation test
HVQFN48/0.5

BGA256/1.27
TFBGA228/0.5
LFBGA180/0.8
HSOP20
D-PAK SOT428
D?PAK SOT427
SOT89

Printing test
Solder wetting test

Solder balling test

Integrated discrete



0,3/0,1 0,27/0,13 0,24/0,16 0,22/0,18 0,2/0,2

Pad width (mm) / Pad distance (mm)



Printing and smearing

Understencil cleaning if bridge or smearing occur on
pad width(mm) / pad distance (mm) 0,27/0,13 or 0,22/0,18

Abandon time on the stencil

Stencil thickness : 100pm , 120pum , 150pum



Tackiness measurement for 24 hrs

Corellation with tackiness and abandon time on the stencil

Stencil thickness : 100pm , 120pm , 150um



température(°C)

profile for wettabilty test coupons
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Solder joints
Tombstoning
Bridging
Voids

Inspected for all components



Copper Mirror
SIR-Electromigration
Temperature shock test (TST)

High Temperature Storage Test ( HTS)



EFSOT 001 SOLDER PASTE



Pad width/Pad distance perpendicular to print 200um stencil

Board N° 0,3/0,1 0,27/0,13 0,24/0,16 0,22/0,18 0,2/0,2
Print definition Shorts JPrint definition Shorts [Print definition Shorts [Print definition Shorts JPrint definition Shorts
1 4 6 4 6 4 6 3 6 3 6
2 4 6 4 6 4 6 4 6 3 6
3 4 6 4 6 4 6 4 6 3 6
4 4 6 4 6 4 6 4 6 3 6
5 4 6 4 6 4 6 3 6 S 6
6 4 4 4 6 4 6 3 6 3 6
7 4 2 4 6 4 4 3 6 3 6
8 4 1 4 4 4 4 3 4 3 6
9 4 3 4 4 4 4 3 4 3 6
10 4 1 4 2 4 4 3 4 2 6

Underside cleaning




Pad width/Pad distance perpendicular to print 120um stencil

Board N° 0,3/0,1 0,27/0,13 0,24/0,16 0,22/0,18 0,2/0,2
Print definition Shorts [Print definition Shorts |Print definition Shorts |Print definition Shorts JPrint definition Shorts
1 5 6 5 6 4 6 4 6 4 6
2 5 6 5 6 4 6 4 6 4 6
3 4 6 4 6 4 6 4 6 4 6
4 4 4 4 6 4 6 4 6 4 6
5 4 4 4 6 4 6 4 6 4 6
6 4 4 4 6 4 6 4 6 3 6
7 4 4 4 6 4 6 3 6 3 6
8 4 3 4 6 4 6 3 6 3 6
9 4 3 4 6 4 6 3 6 3 6
10 4 3 4 4 4 4 3 6 3 6
11 4 2 4 4 4 4 3 4 3 6
12 4 3 4 3 4 4 3 4 3 6
13 4 1 4 2 4 4 3 4 3 6

Underside cleaning




Pad width/Pad distance perpendicular to print 150um stencil

Board N° 0,3/0,1 0,27/0,13 0,24/0,16 0,22/0,18 0,2/0,2
Print definition Shorts JPrint definition Shorts JPrint definition Shorts JPrint definition Shorts |Print definition Shorts
1 5 6 5 6 4 6 3 6 3 6
2 5 6 4 6 4 6 3 6 3 6
3 4 6 4 6 4 6 3 6 3 6
4 4 4 4 6 4 6 3 6 2 6
5 4 3 4 6 4 6 2 6 2 6

Underside cleaning




Production profiles

Temp. [°C]
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250°C maximum Temp

‘ D 20°C ‘
230°C minimum Temp
D 40°C
D 13°C
217°C melting point
210°C minimum Temp
D 23°C Preheat

183°C melting point
Preheat

25°C _— ] — ] _— ] — ] _— ] — ] _— ] — ] _— ] — ] _— ] — ] _— ] _—



250°C

210°C

SnPb

D 40°C

correct temp whatever the thermal mass
>



250°C

230°C

SAC

g 0201 too high temp

D 20°c

60-80secgdver the liquidys

Large components too low temp




SAC

250°C

230°C / \

<

100 sec over the Liquidus




solder paste

D 20°c

‘ Oxydation

Flux activation

&
A\




EFSOT 001 solder paste

Insufficient activation
On very small deposit
0201, 100pm stenciI\

D2occ /OT\

Flux activation

100 sec over the Liquidu




150°C

High preheat temperature

‘Oxydation

Flux activation




Linear profile : good wettability with EFSOT 001 and EFSOT 002
To differenciate paste robustness to high preheat temperature:
high palier 180°C and low peak T° (222°C)

EFSOT 001 linear profile EFSOT 001 high preheat & reflow at 222°C

Copper test pattern profiles
300 -

250

200 ’4__*_//:/,(4‘3,\
PATRED A ot

//./ EFSOT 002 linear profile EFSOT 002 hlgh preheat & reflow at 222°C

température(°C)
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‘ —e— profil palier —=— profile lineaire




Print Deposit | Wetting diameter with | Wetting diameter with
(mm) EFSOT 001 (mm) EFSOT 002 (mm)
5,00 5,00 5,00
3,00 3,00 3,20
1,00 1,00 1,10
0,60 0,57 0,62
0,30 No Reflow 0,32

Wetting of EFSOT 002 vs EFSOT 002

The 0.3 mm deposit wetting is correct with EFSOT 002 and long reflow profile
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Board:base material Without
PBB and PBDE flames
retardant banned in 2008
(RoHS)

FR4 (2 Layers)

FR4 (4 Layers)

Ceramic ( double
sided; thru hole
plating,dielectric
structure,test

FR4 (4 Layers)

structure
Board:finish Cu-Ni-Au, Cu- Cu-immersion Ag |AgPt ink Cu-immersionAg
' ImmersionSn Cu-OSP Cu (worst case) Cu-OSP
Board size
Test board will fit on 150 X100 |\ 534 141 410 x 330 150 x 100 250 x 150
mm.Larger boards by
multiplication of test board
stencil Laser cut Electroformed Laser cut Electroformed
stencil thickness 100pum 100 pm 150 um 100um




Slightly better results than EFSOT 001 especially in terms of shorts



2,5

Tack
g/mm2

Tack versus time: evolution at 25°C (pressure 1 g)

1,5 1

EFSOT 002

0,5

minimum

Abandon time

10

15

20

25

Hours

30
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EFSOT 002 —Reflow —Partner’s confirmation



ANSI-J-STD-004

EFSOT 002

LO



SIR EFSOT Board
85°C/85%RH 5 Volts , 23, 50 days 500 Volts: >10*

SURFACE INSULATION RESISTANCE
IPC TM 650 (B 25)

SIR IPC B25 Test pattern
85°C/85%RH 7 days 50 Volts

TO 85/85
T4d 85/85/50
T7d 85/85/50

T7d 25/50

—#—EFSOT 002 —&— Standard IPC




EFSOT 002 allows pin probe testability thanks
to its “plastic” residue



Important number of voids on large heat sink pad
components (HVQFN)

SAC solder paste showed little more voids than SnPb

NiAu resulted in more voids than other finishes



Ag SOT 89 Ag LQF128/0.4mm

OSP BGA 256
OSP HSOP 20



High Temperature Storage at 125°C for 2000 hrs

High Temperature Storage at 150°C for 2000 hrs

—

No continuity defect was found
Microsection : no defect

No major change in solder joint by optical inspection



Temperature Shock Test
-40°C +125 °C 2000 cycles of one hour

e

-40°C +150 °C 2000 cycles of one hour
ﬁ

Continuity failure always appeared on TGA 228
Other components were electrically good

SAC paste and SnPb paste about the same

No big difference between Ag & OSP

No significant difference between NiAu & Sn finishes



Reliability tests with EFSOT 002 solder paste
Continuity tests TST



leadless components show a little worse
reliability behavior with SAC solder



EFSOT 002 paste — Results with

R Array components



T0

AFTER TCT 2000 hrs



T0

0603 OSP Finish

After TCT 2000 hrs
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0603 Ag Finish

After TCT 200 hrs



T0 600 hrs
Ag Finish

After TCT 1000 hrs After TCT 2000 hrs



Cross section 2000hrs Ag and Cu finish

Coarsening of the reflowed solder after TST



Shear tests on passive components were performed at 500 hours, 1000
hours, 1500 hours and 2000 hours with good results

SHEARTEST/TC/CAPACITOR 0201 SHEAR TEST / STORAGE / CAPACITOR 0201
1000

—e—OSP 0201 PH J —e—OSP 0201 PH
—g—OSP 0201 TH 800 —m— OSP 0201 TH
OSP 0201 AB o 600 OSP 0201 AB

AG 0201 PH § 200 * AG 0201 PH

—%—AG 0201 TH 200 . . —%—AG 0201 TH

| | | | —e—AG 0201 AB o | | | | —e—AG 0201 AB

0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Nb Cycles Nb Cycles

Shear test on capacitor 0201 during TST Shear test on capacitor 0201 during HTS



EFSOT 002 SAC solder paste is an answer to
Philips Thomson AB Mikroelektronik constraints for
Fine pitch printing

Air reflow process window

With chemically safe residue

Reliability tests TST, HST showed
comparable resuts between SnPb and SAC
whatever the finish



EFSOT 001

Sérigraphie pas fin
Nettoyabilité du résidu Vitesse de sérigraphie
Testabilité ICT

durée de \ie sur écran

visihilité du résidus Abandon time

Tombstoning affaissement a froid

mouillabilité
plage thermique

stabilité du pouwir calant
affaissement & chaud

EFSOT 002

Sérigraphie pas fin

Nettoyabilité du résid Vitesse de sérigraphie
Testabilité ICT

durée de vie sur écran

visibilité du résidus Abandon time

Tombstoning affaissement a froid

modillabilité stabilité du pouwoir collant

affaissement a chaud



Thank you



