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Special requirements for the assembly of lead free products
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1.1 Technology Trend vs. Lead Free

IMAPS Seoul, Sep. 2./3. 2004 Y-E Shin (KMJA/Korea) Thermal Fatigue Life in µBGA and Flip Chip Solder Joints

1 Technology Roadmap
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1.1 Technology Trend vs. Lead Free

IMAPS Seoul, Sep. 2./3. 2004 
Y-E Shin (KMJA/Korea) Thermal 
Fatigue Life in µBGA and Flip Chip 
Solder Joints

1 Technology Roadmap
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Legislation Lead Free 
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1.1 Technology Trend vs. Lead Free

1 Technology Roadmap
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1.2 Lead Free Legislations World wide

1 Technology Roadmap
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Legislation in Europe

2002/96/EG and 2002/95EG EC OF THE EUROPEAN 
PARLAMENT AND OF THE COUNCIL of/on waste electrical 
and electronic equipment (WEEE); Brussels 27.Jan. 2003

Directive on the Restriction of the Use of Certain Hazardous 
Substances (RoHS) in Electrical and Electronic Equipment, 
dated 13 Feb. 2003.

Special requirements for the assembly of lead free products



Seite 8Jörg Trodler / Jürgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006

2 Legislation in Europe

2002/96/EG and 2002/95EG EC OF THE EUROPEAN
PARLAMENT AND OF THE COUNCIL of/on waste electrical
and electronic equipment (WEEE); Brussels 27.Jan. 2003
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Directive (ROHS) on the Restriction of the Use of
Certain Hazardous Substances in Electrical and
Electronic Equipment, dated 13 Feb. 2003

Art. 4: Prohibition of: 
Lead, mercury, cadmium, hexavalent chromium, PBB (polybrominated biphenyls) and 
PBDE (polybrominated diphenyl ethers) 

Deadlines for Prohibitions of Materials:
EU Comission (1998 bzw. 2000): 1st Jan. 2004, resp. 2008
EU Parliament (04/2001): 1st Jan. 2006
EU Council of Ministers (12/2001): 1st. Jan. 2007
EU Parliamant 2nd reading (04/2002): 1st. Jan. 2006

Official Journal of the European Communities dtd. 13 Feb. 2003: 1st July 2006

2 Legislation in Europe
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Directive on the Restriction of the Use of Certain Hazardous 
Substances (ROHS)

Following equipments are concerned

• Large and small household appliances
• IT and telecommunications equipment
• Consumer equipment

• Lighting equipment

• Electrical and electronic tools (exception: large-scale stationary industrial tools)

• Toys, leisure and sports equipment

• Medical devices (exceptions: implanted or infected products)

• Monitoring and control instruments

• Automatic dispensers.

2 Legislation in Europe
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Directive on the Restriction of the Use of Certain Hazardous 
Substances (ROHS), Exceptions for Pb:

• Pb in solder materials with high melting points (SnPb alloy with >85% Pb)

• Pb in solder materials for servers, storage systems and storage-array-

systems (until 2010)

• Pb in solder materials for network infrastructure devices for switching, for signal processing, 

transfer and network management, in telecom.

• Pb in ceramic electronic components (e.g. piezo-electric components) 

• Pb in the glass of cathode-ray tubes, electronic components and 

fluorescent tubes

• Pb as an element of the alloy in steal (<0.35%), in Al (<0,4%) and in Cu 

(<4% W/W)

• Military applications.

2 Legislation in Europe
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Main topic for changing to LF: costs, technologies and others

2 Legislation in Europe
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3 Lead Free Powder

� 3.1 Preferred Solder 

� 3.2 Patents SAC

� 3.3 LF solders of different composition in use

Special requirements for the assembly of lead free products
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3 Lead Free Powder

3.1 Preferred SnAgCu (SAC) Solder 

Heraeus (Customers)SnAg3/4Cu0.5 

National under EvaluationSnAg(3.3-4.7)Cu(0.3-1.8)

SEASnAg3.0Cu0.5

MotorolaSnAg3.8Cu0.7

NokiaSnAg(3.2-4.0)Cu(0.5-0.9)

IntelSnAg4.0Cu0.5

Examples:

ITRISnAg(3.4-4.1)Cu(0.45-0.8

JEITA-RoadmapSnAg3.0Cu0.5

JEITA-ProjectSnAg3.5Cu0.75

NEMISnAg3.9Cu0.6
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3 Lead Free Powder

3.2 Patens / Composition

Alloy name Patent # Patent holder

� Sn96.5Ag3Cu0.5 JP PAT #. 3027441 Senju

US PAT #. 5527628 IOWA U.C.

� Sn95.8Ag3.5Cu0.7 JP PAT #. 3027441 Senju

US PAT #. 5527628 IOWA U.C.

� Sn95,5Ag3.8Cu0.7 JP PAT #. 3027441 Senju

US PAT #. 5527628 IOWA U.C.
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3 Lead Free Powder

3.2 Patens / International LF

IMAPS Seoul, Sep. 2./3. 2004 K-L Lin (National Cheng Kung Univ./Taiwan) Review of Pb-free Activities in Taiwan
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3 Lead Free Powder

3.3 LF- solders of different composition in use

IMAPS Seoul, Sep. 2./3. 2004
S. Denda (Nagano Institute of Technology/Japan) History and Current State of Pb-free Soldering Technology in Japan
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4 Process qualification

� 4.1 Complex of Solder Material and Process Evaluation
� 4.2 Solder Paste Qualification
� 4.3 Temperature Profiles
� 4.4 Wetting
� 4.5 Solder Balling Test
� 4.6 SIR
� 4.7 Benchmarking Procedure
� 4.8 Process Window

Special requirements for the assembly of lead free products
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4 Process Qualification

Product Reliability

SIR
Voids
TCT
RH
Thermo-/ mechanical stress
……

Target:
SAC > SP/SPA

Process Reliability vs.

Solder paste quality (Standards)
Wetting
Spreading
Phys./chem. Properties
Metallurgical Properties
Dissolution
IMC – Formation
T – Profiling
Compatible to Comp./Board Finishes
Inspection
……

4.1 Complex of Solder Material and Process Evaluation

ZVEI 15.Sep. 2004; J.Albrecht, Siemens AG CT MM6; Anforderungen an bleifreie Elektronik in den einzelnen 
Anwendungsbereichen - Industrieelektronik
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4 Process Qualification

4.1 Complex of Solder Material and Process Evaluation

IMAPS Seoul, Sep. 2./3. 2004 S-M Hong (Samsung Electronics/Korea) Lead-free Implementation and Issues in Electronic Set Makers
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4 Process Qualification

IMAPS Seoul, Sep. 2./3. 2004S -M Hong (Samsung Electronics/Korea) Lead-free Implementation and Issues in Electronic Set Makers

4.1 Complex of Solder Material and Process Evaluation
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4 Process Qualification

4.2 Solder Paste Qualification
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Parameter 
Optimizing 

Printing 3 D-
Inspection

Pick and 
Place Soldering

Components
Type + 
Finishes

Profile Window
N  /  0 
V.P. Soldering

Cross 
Section

AOI

Thermo/
mech. 
stress

Electrical 
stress

Climate
stress

Reports
etc.

X - Ray

Boards
Type + Surface

Parameter Solder Paste
Volume

² ²

Pull Test 

 ↓
↓

Reliability
Printing 
Process

Reliability
Board Level

4 Process Qualification

4.2 Solder Paste Qualification
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4.3 Temperature Profiles

� 4.3.1 Profile Window

� 4.3.2 Linear Profile (HLF) 

� 4.3.3 Profile P5

� 4.3.4 Profile acc. J-STD 020B

4 Process Qualification
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4.3.1 Profile Window
4.3 Temperature Profiles

Profile Window
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4.3.1 Profile Window
4.3 Temperature Profiles
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4.3.2 Linear Profile (HLF)
4.3 Temperature Profiles
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4.3.3 Profile P5
4.3 Temperature Profiles
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4.3.4 Profile acc. J-STD 020B
4.3 Temperature Profiles
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4.3.4 Profile acc. J-STD020B
4.3 Temperature Profiles
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4.4 Wetting HLF
4 Process Qualification

Paste 1 LC with SAC Paste 2 LF Paste 3 LF

O2

N2
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4.4 Wetting P5
4 Process Qualification

Paste 2 LF

O2

N2

Paste 1 LC with SAC Paste 3 LF
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4.5 Solder Balling HLF
4 Process Qualification

O2

N2

Paste 1 LC with SAC Paste 2 LF Paste 3 LF
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4.5 Solder Balling P5
4 Process Qualification

Paste 1 LC with SAC Paste 2 LF Paste 3 LF

O2

N2
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4.6 Surface Insulation Resistance
� SIR-Measurement: 40°C/92%RH/5V; all 4h; 8 comps

4 Process Qualification

Paste 1 LC 
with SAC

Paste 2 LF Paste 3 LF

SIR Messung

1,00E+07

1,00E+08

1,00E+09

1,00E+10

1,00E+11

1,00E+12

1,00E+13

O
hm

Initial

14 d

Automotive
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4.6 Surface Insulation Resistance
� SIR-Messung:  85°C / 85% r.F / 100 V /Measurement all 4h

4 Process Qualification

SIR Messung

1,00E+06
1,00E+07
1,00E+08
1,00E+09
1,00E+10
1,00E+11
1,00E+12
1,00E+13

O
hm

initial
10 d
2 comps

Paste 1 LC 
with SAC

Paste 2 LF Paste 3 LF

Automotive
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4.7 Benchmarking Procedure

� 4.7.1 Benchmarker II Testboard

� 4.7.2 Lineresolution

� 4.7.3 Hot Slump and Spread

� 4.7.4 Wetting

� 4.7.5 Print after wait

4 Process Qualification
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4.7.1 Benchmarker II Testboard
4.7 Benchmarking Procedure
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4.7.2 Lineresolution
4.7 Benchmarking Procedure

Line Resolution Area

120µm 140µm

300µm
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4.7 Benchmarking Procedure

120 - 300 micron line s  & space s

Bridges Line Opens

Bridges are defective Open lines are defective

4.7.2 Lineresolution
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4.7 Benchmarking Procedure

SS = 2 mm/sec.

SS = 10 mm/sec.

SS = 15 mm/sec.

Board 15; 230 µm Aperture, Perpendicular to 
Squeegee; PS=12 SS=2, 10, 15  [mm/sec]

4.7.2 Lineresolution
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4.7 Benchmarking Procedure

Board 16; 230 µm Aperture, Perpendicular to 
Squeegee; PS=12 SS=2, 10, 15  [mm/sec]

SS = 2 mm/sec.

SS = 10 mm/sec.

SS = 15 mm/sec.

4.7.2 Lineresolution
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4.7 Benchmarking Procedure

SS = 2 mm/sec.

SS = 10 mm/sec.

SS = 15 mm/sec.

Board 15; 380 µm Aperture, µBGA;
PS=12 SS=2, 10, 15  [mm/sec]

4.7.2 Lineresolution
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4.7 Benchmarking Procedure

SS = 2 mm/sec.

SS = 10 mm/sec.

SS = 15 mm/sec.

Board 16; 380 µm Aperture, µBGA;
PS=12 SS=2, 10, 15  [mm/sec]
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4.7.3 Hot Slump, Spread
� Hot Slump 
� (Lineresolution)

4.7 Benchmarking Procedure

B ridge s Line  Ope ns

5ter Druck  Vertikal

140

160
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240

260

Paste 1

Solder Paste
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ni
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Paste 2 Paste 3

5ter Druck  Horizontal
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5min 150°C

Paste 1

Solder Paste

Paste 2 Paste 3
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4.7 Benchmarking Procedure

4

6
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Pa
d 

G
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300µm
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100µm

4.7.3 Hot Slump, Spread
� Hot Slump 
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4.7 Benchmarking Procedure

61
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140

72

142

0
20
40
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100
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140
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Paste 1
Solder Paste

B
rig

he
s

Initial
5min 150°C

Paste 2 Paste 3

Counts of Bridges

4.7.3 Hot Slump, Spread
� Hot Slump
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4.7.4 Wetting
Development of Wetting Test Area A

4.7 Benchmarking Procedure
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4.7.4 Wetting – Example Area B
4.7 Benchmarking Procedure

Print NiAu + N2 OSP + Air
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4.7 Benchmarking Procedure

Print NiAu + N2 OSP + Air

4.7.4 Wetting – Example Area C
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4.7 Benchmarking Procedure

Print NiAu + N2 OSP + Air

4.7.4 Wetting – Example Area D
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4.7.4 Wetting on OSP
4.7 Benchmarking Procedure

14
7

24
14

7
14
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11
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22
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Profile HLF/O2
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Profile P5/N2

Max. 1299
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4.7.4 Wetting on Immersion Sn
4.7 Benchmarking Procedure

9 12

137

14 11 10
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19 21
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Max. 1299
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4.7.4 Wetting on NiAu
4.7 Benchmarking Procedure
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4.7.4 Wetting - other features
4.7 Benchmarking Procedure

Tombstone

Solder Paste over Solder Resist

Slight

Heavy

Solder Resist

Balls / Beads

Solder balling on 
Board



Seite 56Jörg Trodler / Jürgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006

4.7.5 Print after wait

QFP100 Pitch 0,63mm  Æ Vertical Stencil Opening: 230µm

4.7 Benchmarking Procedure

Paste 1 LC with SAC Paste 2 LF Paste 3 LF

Initial

1h
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4.7.5 Print after wait
QFP100 Pitch 0,63mm  Æ Horizontal Stencil Opening: 230µm

4.7 Benchmarking Procedure

Paste 1 LC with SAC Paste 2 LF Paste 3 LF

Initial

1h
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4.7.5 Print after wait 
BGA100 Pitch 0,8mm  Æ Stencil Opening: 380µm

4.7 Benchmarking Procedure

Paste 1 LC with SAC Paste 2 LF Paste 3 LF

Initial

1h
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4.7.5 Print after wait
CSP56 Pitch 0,5mm  Æ Schablonenöffnung: 280µm

4.7 Benchmarking Procedure

Paste 1 LC with SAC Paste 2 LF Paste 3 LF

Initial

1h
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4.8 Process Window

� 4.8.1 Printing

� 4.8.2 Soldering 

4 Process Qualification
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4.8.1 Printing
� Analyses by using the doe software Modde 6

4.8 Process Window

Variable Parameter:

Parameter Abk. s.c. Range
Squeegee pressure RD N 0,1 to 15
Temperature Temp. °C 20 to 32
Separation speed Tre.G mm/s 0,1 to 100
Speed Rak.G mm/s 5 to 200
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4.8.1 Printing

Criteria:  Volume by using 2 ½ printing inspections system

4.8 Process Window
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4.8 Process Window

4.8.1 Printing
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Pitch

4.8 Process Window

4.8.1 Printing
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Volume

4.8 Process Window
4.8.1 Printing
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4.8 Process Window
4.8.1 Printing

Line resolution: Speed vs. Pressure
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Pitch: Speed 

vs. Pressure

4.8 Process Window
4.8.1 Printing



Seite 68Jörg Trodler / Jürgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006

Volume BGA(100P p=0.8): Speed vs. Pressure

4.8 Process Window
4.8.1 Printing
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Volume BGA(196 P=1): Speed vs. Pressure

4.8 Process Window
4.8.1 Printing
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Volume CSP: Speed vs. Pressure

4.8 Process Window
4.8.1 Printing
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Line resolution print 10: Speed vs. Pressure

4.8 Process Window
4.8.1 Printing
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4.8.2 Soldering

Optimization for SAC soldering by DOE

- SVP1

- SVP2

- SVP4

- SVP5

- SVP6

- SVP7

- SVP8

- SVP11

4.8 Process Window
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4.8.2 Soldering - Profiles

SVP-Löten F620 - Profile 
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4.8.2 Soldering - Profiles
SVP 1 SVP 2 SVP 4

Measured profiles by SlimKic

4.8 Process Window
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SVP 5 SVP 6 SVP 7

Measured profiles by SlimKic

4.8 Process Window
4.8.2 Soldering - Profiles
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SVP 8 SVP 11

Measured profiles by SlimKic

4.8 Process Window
4.8.2 Soldering - Profiles
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4.8.2 Soldering - Execution of the test

- 8 profiles and 2 pretestes

- 2 Benchmarker II Boards per profile
- Atmosphere : Air
- Board surface : NiAu 
- Components : Chip-Components 1206-0402

QFP
BGA 0,8mm

- analyses: wetting / dewetting Bench2
solder balls at components / tombstone   
solder balling on board

4.8 Process Window



Seite 78Jörg Trodler / Jürgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006

4.8.2 Soldering – Constant print parameters

Printing of solder paste:

Printer: Ekra X5 ( or DEK also possible )

Metal Squeegee: 60°

Squeegee length: 200 mm

Squeegee pressure: 50 N/cm 

Seperation Speed: 10 mm/s

Print Speed: 50 mm/s

PCB: Bench 2

Stencil: 150 µm / B6

4.8 Process Window
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4.8.2 Soldering – Results

SVP 1 SVP 2

SVP 4 SVP 5

4.8 Process Window
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4.8.2 Soldering – Results

SVP 6 SVP 7

SVP 8 SVP 11

4.8 Process Window



Seite 81Jörg Trodler / Jürgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006

Solder Balls / Beats due to 
Peaktemperature

Solder Balls / Beats due to 
Peaktime

4.8 Process Window
4.8.2 Soldering – Results
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Wetting due to 
Peaktemperature

Wetting  due to 
Peaktime

4.8.2 Soldering – Results
4.8 Process Window
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Solder balls / beats vs. 
board Start-temperature

Solder balls / beats 
vs.Preheat End 
temperature

Solder balls / beats 
vs.Preheat Time

4.8 Process Window
4.8.2 Soldering – Results
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Wetting vs. Preheat 
Start-temperature  End-temperature   Time

4.8.2 Soldering – Results
4.8 Process Window
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4.8.2 Soldering – Results

Solder balls / beats vs. 
soak start-temperature

Solder balls / beats vs. 
soak time

4.8 Process Window
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4.8.2 Soldering – Optimization
SVP 1 - optimized

Measured profiles by SlimKic

SVP 2 - optimized

4.8 Process Window
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4.8.2 Soldering – Optimization
SVP 3 - optimized SVP 4 - optimized

Measured profiles by SlimKic

4.8 Process Window



Seite 88Jörg Trodler / Jürgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006

4.8.2 Soldering – Profiles optimized

SVP Optimiert
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PCB-1
QFP 100-1
SO8-1
LP Unterseite-1
PCB-2
QFP 100-2
SO8-2
LP Unterseite-2
PCB-3
QFP 100-3
SO8-3
LP Unterseite-3
PCB-4
QFP 100-4
SO8-4
LP Unterseite-4

4.8 Process Window
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4.8.2 Soldering – Results of soldered boards after optimization

SVP 1 - optimized SVP 2 - optimized

SVP 3 - optimized SVP 4 - optimized

4.8 Process Window
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5 Assembling

� 5.1 Lead Free Material

� 5.2 Finishes Components

� 5.3 Finishes on Printed Circuits Boards (PCB)

� 5.4 Reaction of Exchange

Special requirements for the assembly of lead free products
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5 Assembling

IMAPS Seoul, Sep. 2./3. 2004 K. Hasihimoto (Fujitsu Laboratories Ltd./Japan) Assembly Technology Using Pb-
free Solders: the State of the Art and Issues

Change of viscosity due 
to reaction between Sn 
and flux with insensitive 
saltformation

5.1 Lead Free Material
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5.1 Lead Free Material
5 Assembling

IMAPS Seoul, Sep. 2./3. 2004 
Y-E Shin (KMJA/Korea) Thermal Fatigue Life in µBGA and Flip Chip Solder Joints
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5 Assembling

IMAPS Seoul, Sep. 2./3. 2004 
K-L Lin (National Cheng Kung Univ./Taiwan) Review of Pb-free Activities in Taiwan
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5 Assembling
5.2 Finishes Components

IMAPS Seoul, Sep. 2./3. 2004 
S-Y Jeon (Samsung Electronics/Korea) Pb-free Strategy of Semiconductor Business in Samsung 
Electronics
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5 Assembling

5.3 Finishes on Printed Circuits Boards (PCB)

� ENIG NiAu
� Immersion Sn
� Immersion Ag
� Cu OSP
� HAL SnCu / SnCuNi
� Cu-Au
� EL Ni-Pd
� EL Pd

ZVEI 15.Sep. 2004; J.Albrecht, Siemens AG CT MM6; Anforderungen an bleifreie Elektronik in den 
einzelnen Anwendungsbereichen - Industrieelektronik



Seite 96Jörg Trodler / Jürgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006

5 Assembling
5.4 Reaction of Exchange - Tombstones
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5 Assembling

Tombstones at LC and LF finishes with placement offset of 200µm

Tombstone vs. Component Endtermination
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5.4 Reaction of Exchange - Tombstones
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5 Assembling
5.4 Reaction of Exchange – Solder Balls vs.  Component Finishes

F 620 auf chem. Sn / SMC + SMR als LF & LC

0
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N 2 O 2 N 2 O 2 N 2 O 2 N 2 O 2

SMC - LF SMR - LF SMC - LC SMR - LC
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BE 1206 Bord 1

BE 1206 Bord 2

BE 0805 Bord 1

BE 0805 Bord 2

BE 0603 Bord 1

BE 0603 Bord 2

BE 0402 Bord 1

BE 0402 Bord 2

17 solder beads 102 solder beads

7 solder 
beads

7 Kugeln 3 Kugeln 0 Kugeln

14 solder 
beads

3 Kugeln

10 Kugeln 16 Kugeln 59 Kugeln 17 Kugeln

26 Kugeln 76 Kugeln
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5 Assembling
5.4 Reaction of Exchange – Ball material (LF or LC) vs. LF soldering

BGA lead free BGA lead contain
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6 Reliability

� 6.1 Failure Data

� 6.2 Voids

� 6.3 Inter Metallic Connection (IMC)

� 6.4 Future Trends

Special requirements for the assembly of lead free products
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6.1 Failure Data - Example
6 Reliability

IMAPS Seoul, Sep. 2./3. 2004 
S.K. Kang (IBM/USA) Recent Progress in Pb-free Solders and Soldering Technology: Fundamentals, 
Reliability Issues and Applications
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6.2 Voids

6 Reliability

IMAPS Seoul, Sep. 2./3. 2004
S.K. Kang (IBM/USA) Recent Progress in Pb-free Solders and Soldering Technology: 
Fundamentals, Reliability Issues and Applications
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6.2 Voids vs. Temperature profile SAC (Ag4)
6 Reliability



Seite 104Jörg Trodler / Jürgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006

6.2 Voids vs. Temperature profile SAC (Ag4)
6 Reliability
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6.2 Voids vs. Temperature profile SAC (Ag4)
6 Reliability



Seite 106Jörg Trodler / Jürgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006

6.2 Voids vs. Temperature profile SAC (Ag4)
6 Reliability
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6.2 Voids vs. Temperature profile SAC (Ag4)
6 Reliability
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6.3 Inter Metallic Connection (IMC)
6 Reliability

Characteristics Area Array 
Connection

IMV and Void formation

ZVEI 15.Sep. 2004; J.Albrecht, Siemens AG CT MM6; Anforderungen an bleifreie Elektronik in den 
einzelnen Anwendungsbereichen - Industrieelektronik
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6 Reliability

IMAPS Seoul, Sep. 2./3. 2004 
T-Y Lee (Hanbat National Univ./Korea) Performance and Reliability Issues of Flip Chip Joints

Reaction between electroless Ni and Sn3.5Ag

6.3 Inter Metallic Connection (IMC)
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6 Reliability

IMAPS Seoul, Sep. 2./3. 2004 
T-Y Lee (Hanbat National Univ./Korea) Performance and Reliability Issues of Flip Chip Joints

Reaction between electroless Ni and Sn3.5Ag
6.3 Inter Metallic Connection (IMC)
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6 Reliability

IMAPS Seoul, Sep. 2./3. 2004 
K. Suganuma & K-S. Kim (Osaka Univ./Japan) Formation Mechanisms of Various Solderfication Defects in 
Lead-Free Soldering and Their Prevention

6.3 Inter Metallic Connection (IMC)
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6 Reliability

IMAPS Seoul, Sep. 2./3. 2004 
K. Suganuma & K-S. Kim (Osaka Univ./Japan) Formation Mechanisms of Various Solderfication Defects 
in Lead-Free Soldering and Their Prevention

Shrinkage / Cavity also 
inside volume, Effect for 
Voidung 

6.3 Inter Metallic Connection (IMC)
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6 Reliability

IMAPS Seoul, Sep. 2./3. 2004 
K. Suganuma & K-S. Kim (Osaka Univ./Japan) Formation Mechanisms of Various Solderfication Defects in 
Lead-Free Soldering and Their Prevention

» Hot cracking depend on 
solidification direction

» Solidification not uniform; 
IMC formation not uniform

» Cooling on board

6.3 Inter Metallic Connection (IMC)
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6 Reliability

Initial

After 155°C (7d)

Ag3 Ag4

Initial

After 155°C (7d)

6.3 Inter Metallic Connection (IMC)
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6 Reliability

<BGA ball : SAC, Cu OSP> - Ball size : around 300um

Ag3Sn

6.3 Inter Metallic Connection (IMC)
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6 Reliability

Nucleus formation under the influence of elements; Reduction of critical IMC 

SnAgCu +In SnAgCu +In +Nd

6.3 Inter Metallic Connection (IMC)
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6 Reliability
6.3 Inter Metallic Connection (IMC) – Alternative Alloy for HT - Applications

R

C BGA

CSP

QFP
SO

DO

TO

TO
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6 Reliability
6.3 Inter Metallic Connection (IMC) – Alternative Alloy for HT – Applications
Resistance measurement points
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6.4 Future Trends
6 Reliability

IMAPS Seoul, Sep. 2./3. 2004
Y-E Shin (KMJA/Korea) Thermal Fatigue Life in µBGA and Flip Chip Solder Joints
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6.4 Future Trends
6 Reliability

IMAPS Seoul, Sep. 2./3. 2004 
T-Y Lee (Hanbat National Univ./Korea) Performance and Reliability Issues of Flip Chip Joints

Trends of 
Microelectronic Devices
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6 Summary

� Extensive activities LF world wide

� No definition of alloy

� Automotive will follow

� Components, Minimizing compatible to LF ?

� Consumer products in a wide application

� Drop in solution for Pb ?

� Reduction of profile window for SAC

� Application depend on Reliability characteristic (IMC, Voiding,

Dissolution…)

� HT properties

Special requirements for the assembly of lead free products
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If you have further questions pls let us know!


