Heraeus

Lead Free Assembling

Industrial Experience in the Soldering Process
without Lead

Elimination of Lead in the Electronic Production
Process

Barcelona 27.6.2006

W. C. Heraeus GmbH, Contact Material Division

Technical Service Europe
Heraeusstrasse 12-14, 63450 Hanau
Phone: +49 6181 35 9254

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 1



Heraeus
AR
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1 Technology Roadmap

1.1 Technology Trend vs. Lead Free
Package Technology
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IMAPS Seoul, Sep. 2./3. 2004 Y-E Shin (KMJA/Korea) Thermal Fatigue Life in uBGA and Flip Chip Solder Joints
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1 Technology Roadmap

1.1 Technology Trend vs. Lead Free
Package Trends

Small, Light, High performance
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1.1 Technology Trend vs. Lead Free

Technology and
Package Trend
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1 Technology Roadmap

1.2 Lead Free Legislations World wide

* JEITA:
Challenges and
efforts towards
commercialisation
of lead-free solder

(version 2.1; 2002)
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Special requirements for the assembly of lead free products

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.
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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

Article 4

Prevention

1. Member States shall ensure that, from 1 Julyv 2006, new electrical and electronic
equipment put on the market does not contain lead. mercury, cadmium, hexavalent
chromium, polybrominated biphenyls (PBB) or polybrominated diphenyl ethers
(PBDE). National measures restricting or prohibiting the use of these substances
in electrical and electronic equipment which were adopted in line with

Community legislation before the adoption of this Directive may be maintained

until 1 Julv 2006.
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2 Legislation in Europe

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
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2 Legislation in Europe

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

e 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.
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2 Legislation in Europe

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.
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Heraeus

2 Legislation in Europe

Main topic for changing to LF: costs, technologies and others

Kostenfaktor verbunden mit technologischen und Iogistisc_hen Problemen

RoHS-Umstellung

Kosten, technologische Herausforderungen und organisatorische Anpassungen sind die Hauptprobleme bei der Umstellung STRA X

Hauptprobleme Kosten Technologie andere Probleme
30% B%  B% 8% e 56% 9%
48%
35% 1% 1% 339, 39% 4%

W Kosten M Lote M Material B Temperaturstress B Bauteileverfiigbarkeit M Patente
B Technologie B Prozesse M Investitionen B Benetzungsprobleme I Schulung B andere
M andere B Qualitdt/Zuverlassigkeit )

Quelle: ELFNET
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Special requirements for the assembly of lead free products

3 Lead Free Powder

= 3.1 Preferred Solder
= 3.2 Patents SAC

» 3.3 LF solders of different composition in use
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3.1 Preferred SnAgCu (SAC) Solder

Heraeus

SnAg3.9Cu0.6

NEMI

SnAg3.5Cu0.75

JEITA-Project

SnAg3.0Cu0.5

JEITA-Roadmap

SnAg(3.4-4.1)Cu(0.45-0.8 ITRI
Examples:

SnAg4.0Cu0.5 Intel
SnAg(3.2-4.0)Cu(0.5-0.9) Nokia
SnAg3.8Cu0.7 Motorola
SnAg3.0Cu0.5 SEA

SnAg(3.3-4.7)Cu(0.3-1.8)

National under Evaluation

SnAg3/4Cu0.5

Heraeus (Customers)

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006
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Heraeus

3 Lead Free Powder

3.2 Patens / Composition

Alloy name Patent #

= Sn96.5Ag3Cu0.5 JP PAT #. 3027441
= Sn95.8Ag3.5Cu0.7 JP PAT #. 3027441
= Sn95,5Ag3.8Cu0.7 JP PAT #. 3027441

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006

Patent holder

Senju

US PAT #. 5527628 IOWA U.C.

Senju

US PAT #. 5527628 IOWA U.C.

Senju

US PAT #. 5527628 IOWA U.C.
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Heraeus

3.2 Patens / International LF

3 Lead Free Powder
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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

Pb-free solders of different composition in use

Matsushita
Sn-3.5Ag-8In-0.5Bi,
(206 °C)

Fujitsu
Sn-7Zn-0.003Al,
(199°c)

Standard
Sn-3Ag-0.5Cu
(217 °C)

Sony
Sn-2.5Ag-0.5Cu-1Bi,
(222 %)

Hitachi
Sn-3Ag-0.7Cu (220 C),
Sn-3Ag-0.7Cu-Bi-In
(210°C)

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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Heraeus

Special requirements for the assembly of lead free products

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
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4 Process Qualification

4.1 Complex of Solder Material and Process Evaluation

Process Reliability VS. Product Reliability
Solder paste quality (Standards) SIR

Wetting Voids

Spreading TCT

Phys./chem. Properties RH

Metallurgical Properties Thermo-/ mechanical stress
Dissoluton ..

IMC — Formation

T — Profiling Target:

Compatible to Comp./Board Finishes SAC > SP/SPA
Inspection

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

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 19



Heraeus

4 Process Qualification

4.1 Complex of Solder Material and Process Evaluation

Evaluation item

Solder paste

Flux Content

Organic Acid Content

Tackiness Test

Printability Test

Slump Test

Spreading Test

Solder Ball Test

Copper Corrosion Test

Insulation Test

Migration Test

40 TSI RH, 36hr

40 EY353E or 85 TAESHRH, 45 -850V, 168hr

A0 T/35% or 85 TE5S%AH, 45 ~50V. 1000hr

Flux

Solid Content

Organic Acid Content

Halogen Content
[silver chromate paper test)

Agqueous Resistivity Test

Spreading Test

Copper Corrosion Test

Ingulation Test

Migration Test

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

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006

Seite 20



4.1 Complex of Solder Material and Process Evaluation

To insure materials & mfg. process integrity To insure quality & reliability in market

i
I Materials and Mfg. Test q Reliability Tests 1
| 1 |
| | 1 1 | |
: "ﬂaﬂmsrilgrtﬁ:?' ‘ Mfg. Evaluation i : Board Level Test “ “ SET Level Test :
|, w[NTIp. | I L
1 | I 1 1 |
: Solder Properties | Printing Test | : : | Thermal Shock | | Bond Strength | | ALT TEST | I
- I | I I
| Evaluation ':Im Items} | EIridgze Test | I | Temp./Humidity Cross Section Temp./ Humidity |
| — . | (crack occurrence) Cycle Test |
| [PCB Surface Finish WEIL'TQ Test g | | | I | I | I
- High Temp. Storage Whisker Vibration Test
I OSP, N|.|‘I-II'|.|.|-| sn | smdla-r ball | p | I I :
| : | Non Melting | p | | HALT | Electronic Function | DmplTest | )
I |Component Plating I I | [
| 5nPb, Sn, SnBi |  Tombstone | g I Migration Test Shc":kl Test I
I — |
I Self-Alignment p | : | |Vn|tﬂge LllﬂltTest| I
| I g | | lonic Test | T
| TH-hole filing p | Power Noise Test :
I . g | I
| Materials & Mfg. SPEC. p | | ESD, EOS | |
I I

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

4.2 Solder Paste Qualification
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Heraeus

4 Process Qualification

4.2 Solder Paste Qualification

Printing
Process

™

Inspection

f

Soldering

\L Printing
AA
Parameter
Parameter
Optimizing

Solder Paste
Volume

Profile Window
N/O
V2P. 5oldering

:| Electrical '

stress

hermo/
: mech.

Section |:

Cross 1

| Pull Test |:

stress

Reports
etc.

:| Climate |:
! stress i
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4 Process Qualification

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

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 24



Heraeus

4.3 Temperature Profiles

4.3.1 Profile Window

Profile Window

300
O 250
';' 200 ——LF high
S ——LF low
= 150
= 100 ——LC high
(]
2 50

0
0 50 100 150 200 250 300 350 400 450
TIme [sec.]
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4.3 Temperature Profiles

4.3.1 Profile Window

Tempearatur ["C]

183 °C

Reflow Profil
SnPb

Zeit Uber Liguidus Zeit
Cuells: Depetraten

Bild 10 Reflow Prozessfenster fiir SnAg und SnAgCu

Jorg Trodler / Jiirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 26
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4.3 Temperature Profiles

4.3.2 Linear Profile (HLF)

Wednesday February 26, 2003  12:00:33 @

Site: Heraeus LeadFree modifiziert (HLF O2+N2)

Company: Heracus
Oven Name: rehm SMS-V6-N2 3300_80-400

250
Bottom 185 160 175 220 250 310 290
Conveyor Speed ( em/min ):  80.0

o — =

Celsius
Z
|

z2 73 74 tzg z6 Z7
300 400
Seconds
PWI= 130
23 won. 192.7 1% 6.7 -122% 598 1%, 2538 | 46.5 ]
1.9 62% 188.3 914 126 £3%, 546 2% 238.6 282 &
1.9 K 1935 | 114% 8.2 -112% 57.9 194, 252.0 A8 13
1.5 13 _ 197.6 130% 1.5 s 50.7 204, 2426 338 44
Profiled Using KIC 2000 Technology P
KIC Thermal Profiling Tel: +1 858 673 6050 www.kicthermal.com
San Diego, CA USA Fax: +1 858 673 0085 tech@kicmail.com
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4.3 Temperature Profiles

4.3.3 Profile P5

i P Tuesday February 25, 2003 ]9:25:%
Company: Heraeus Site: BLEIFREI (JLF O2 + N2)
Oven Name: rehm SMS-V6-N2 3300_80-400
132
Bottom 132 213 255 200 214 293 294
Conveyor Speed ( em/min ): 53.9
2500 e == = 4 = — —
= i | B I ——
(]
250
]
[
Q
100 2%
— —
Z1 Z2 Z3 Z4 Z5 i} Z7
200 300 400 500
Seconds
51% 39.6 4% 129.1 191% 92.8 8% 263.3 166% 79.4 0%,
43%, 833 433% 73.4 -366% 96.7. 7%, 253.1 -36% 76.9 63
s 2.7 27% 128.8 188% 90.0 0% 260.6 111% 734 53,
28m 703 303% 87.4 -226% 87.2 e 2553 6% 68.6 M,
Profiled Using KIC 2000 Technology
KIC Thermal Profiling Tel: +1 858 673 6050 www.kicthermal.com
San Diego, CA USA Fax: +1 858 673 0085 tech@kicmail.com
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4.3.4 Profile acc. J-STD 020B

Critical Zone
T toTp

—
=

_|
-

Temperature =
»
|1

|Hamp—dm1.-n |

ts
Preheat

258

t 25°C to Peak

Time —>
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4.3.4 Profile acc. J-STD020B

Heraeus

Profile Feature

Sn-Pb Eutectic Assembly

Pb-Free Assembly

Large Body Small Body

Large Body Small Body

Average ramp-up rate
(T, to Tp)

4 Cisecond max.

3°Cisecond max.

Freheat
= Temperature Min (Ts.)
- Temperature Max (Ts..,)
= Time (min to max) (is)

100°C
150°C
60-120 seconds

150°C
200°C
60-180 seconds

Tsmaxto T,
- Ramp-up Rate

3°Clsecond max

Time maintained abave:

- Temperature (T} 183°C 217°C
= Time (1) 60-150 seconds 60-150 seconds
Peak Temperature (Tp) 225 +#0/-5°C 240 +0/-5°C 245 +0i-5°C 250 +00-5°C

Time within 5°C of actual Peak
Temperature (tp)

10-30 seconds

10-30 seconds

10-30 seconds 20-40 seconds

Ramp-down Rate

6°C/second max.

6°C/second max.

Time 25°C to Peak Temperature

& minutes max.

8 minutes max.

Maote: All ternperatures refer to topside of the package, measured on the package body surface

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006
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4 Process Qualification

4.4 Wetting HLF

Paste 1 LC with SAC

Jorg Trodler / Jiirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 31
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4 Process Qualification

4.4 Wetting P5

Paste 1 LC with SAC Paste 2 LF Paste 3 LF

e

i

Jorg Trodler / Jiirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 32
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4 Process Qualification

4.5 Solder Balling HLF

Paste 1 LC with SAC Paste 2 LF Paste 3 LF

Jorg Trodler / Jiirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 33
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4 Process Qualification

4.5 Solder Balling P5

Paste 1 LC with SAC Paste 2 LF Paste 3 LF

Jorg Trodler / Jiirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 34



4 Process Qualification

Heraeus

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

Ohm

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

Paste 1 LC
with SAC

SIR Messung

Paste 2 LF

Paste 3 LF

O Initial

B 14d

Automot

ive

Jorg Trodler / Jiirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006
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4 Process Qualification
4.6 Surface Insulation Resistance

» SIR-Messung: 85°C/85% r.F /100 V /Measurement all 4h

SIR Messung
1,00E+13
1,00E+12
1,00E+11 3 initial
£ 1,00E+10 B 10d
O 1,00E+09 o 2 comps
1,00E+08 Automotive
1,00E+07
1,00E+06
Paste 1 LC Paste 2 LF Paste 3 LF
with SAC

Jorg Trodler / Jiirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 36
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4 Process Qualification

4.7 Benchmarking Procedure

4.7.1 Benchmarker Il Testboard

4.7.2 Lineresolution

4.7.3 Hot Slump and Spread

4.7.4 Wetting

4.7.5 Print after wait

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 37
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4.7 Benchmarking Procedure

4.7.1 Benchmarker Il Testboard

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 38
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4.7 Benchmarking Procedure
4.7.2 Lineresolution

m“.llm assNEsNNANRINNRNRRORRDRORRRAROONREBEDRNRNRONBANANNNERD DO N RO D EDRODORNDNDENDD DR DY
‘lllll“lll'lllllllll!lllllllllllllllllllllIIlllIIIIllllllllllIIlIlllll!Il
O LLLITETE] N R R NN R N NN N N NI NI O I O O T I I O O T O O I I O B B

ﬂlill. L ETT 300“m llllllllllllllll‘llllljlllI!llIll‘lllllllllll (O O B A IR

Benchmarker B Line Resolution Area $5EE
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4.7 Benchmarking Procedure
4.7.2 Lineresolution

e =

120 - 300 micron lines & spaces

Benchmarker Il

=g B

o

Bridges Line Opens

Bridges are defective  Open lines are defective

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 40
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4.7 Benchmarking Procedure
4.7.2 Lineresolution

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

SS =2 mm/sec.
SS =15 mm/sec.

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 41
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4.7 Benchmarking Procedure
4.7.2 Lineresolution

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

SS =10 mm/sec.

SS =2 mm/sec. SS =15 mm/sec.

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 42
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4.7 Benchmarking Procedure
4.7.2 Lineresolution

Board 15; 380 um Aperture, uBGA;
PS=12 SS=2, 10, 15 [mm/sec]|

SS =2 mm/sec. SS = 15 mm/sec.

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 43
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4.7 Benchmarking Procedure

Board 16; 380 um Aperture, uBGA;
PS=12 SS=2, 10, 15 [mm/sec]

SS =2 mm/sec. SS =15 mm/sec.

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 44



Heraeus
.

4.7 Benchmarking Procedure

4.7.3 Hot Slump, Spread
» Hot Slump

= (L|nereso|ut|on) Ster Druck Vertikal

(=]

c

=}

(%]

E

§ O initial
2 B 5min 150°C
£

Paste 1 Paste 2 Paste 3
Solder Paste
5ter Druck Horizontal

(o2}

c

35S

[%]

E

§ O initial
2 B 5min 150°
£

) ) Paste 1 Paste 2 Paste 3
Bridges Line Opens
Solder Paste

Jorg Trodler / Jiirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 45



Heraeus
AR

4.7 Benchmarking Procedure

4.7.3 Hot Slump, Spread
* Hot Slump
Gap

Hoooougiopotiibpbtiiiobtiiinopl el
00000000000000000000000000000000 EErl ekttt
HOHOootooooOototoboptotootbbntotull gk
IRy 150
O T et

o I

Benchmarker Il :

o 5
L -
lllllllllll

- g S

st

|||||||||||||||||
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Heraeus
.

4.7 Benchmarking Procedure
4.7.3 Hot Slump, Spread
» Hot Slump

Counts of Bridges

O [nitial
B 5min 150°C

Paste 1 Paste 2 Paste 3
Solder Paste
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Heraeus
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4.7 Benchmarking Procedure

4.7.4 Wetting e M
Development of Wetting Test Area A : %

Before Reflow After Reflow

INNENRNRRRRRRRERRRRRRRRRRERRRRIRRDRRR BB RO RRRRRBORRBIREBRRDRERERT
DIRMNRERRRRARRNRRRRIORORDRRRRRDRRRRRORRODRER BB RERGREREEODUER BN DEN RN
WiREGRnnenenieRnaRNoRRRRRRRRERRRRERDRRRRR BRI DR DR R PRI EREERRDONETE

L N NN NN RN NN A N T

LR
" L]
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4.7 Benchmarking Procedure

4.7.4 Wetting — Example Area B
Vieting

100 94 88 82 .76 70 64 B8 b2 46 40 34 28 22

00000000ODOLOOOVO

Print NiAu + N2 OSP + Air

Jorg Trodler / Jiirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 49



Heraeus
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4.7 Benchmarking Procedure

4.7.4 Wetting — Example Area C

Wetting C

1.00 94 88 .82 .76 .70 64 B8 .52 46 40 .34 .28 .22

00000 DoDB0EEAAEH

Print NiAu + N2 OSP + Air
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4.7 Benchmarking Procedure

4.7.4 Wetting — Example Area D

Wefting D

00 94 88 82 .76 .70 64 B8 .62 46 40 .34 28 .22

HEEEEEE NN

Print NiAu + N2 OSP + Air
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Heraeus
.

4.7 Benchmarking Procedure

4.7.4 Wetting on OSP

Max. 1299
100

90
80
70
60
50
40

OProfile HLF/O2

BProfile P5/02
JProfile HLF/N2

OProfile P5/N2

Points

30
20
10

0

Paste 1 Paste 2 Paste 3

Solder Paste
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Heraeus

4.7 Benchmarking Procedure

4.7.4 Wetting on Immersion Sn

Points

Max. 1299
400

350
300
250
200
150

O Profil HLF/O2

B Profil P5/02
] Profil HLF/N2

O Profil P5/N2

100
50
0

Paste 1 Paste 2 Paste 3

Solder Paste
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Heraeus

4.7 Benchmarking Procedure

4.7.4 Wetting on NiAu

Points

Max. 1299

1256268 12681278

1300

1178

1200

[H
w

((0)

1100

1000
900 -
800 A
700
600 -

O Profil HLF/O2

1071

[ Profil P5/02

Paste 1

O Profil HLF/N2
O Profil P5/N2

Paste 2 Paste 3

Solder Paste
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Heraeus
AR

4.7 Benchmarking Procedure

4.7.4 Wetting - other features Solder Bali

Solder balling on
Board

Tombstone Balls / Beads

Slight
Solder Ball
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4.7 Benchmarking Procedure

4.7.5 Print after wait
QFP100 Pitch 0,63mm -> Vertical Stencil Opening: 230pum

Paste 1 LC with SAC Paste 2 LF Paste 3 LF

Initial

1h
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Heraeus
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4.7 Benchmarking Procedure

4.7.5 Print after wait
QFP100 Pitch 0,63mm -> Horizontal Stencil Opening: 230um

Paste 1 LC with SAC Paste 2 LF Paste 3 LF

Initial

1h
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4.7 Benchmarking Procedure

4.7.5 Print after wait
BGA100 Pitch 0,8mm -> Stencil Opening: 380um

Paste 1 LC with SAC Paste 2 LF Paste 3 LF

Initial

1h
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Heraeus
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4.7 Benchmarking Procedure

4.7.5 Print after wait
CSP56 Pitch 0,5mm - Schablonendffnung: 280um

Paste 1 LC with SAC Paste 2 LF Paste 3 LF

Initial

1h
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4 Process Qualification

4.8 Process Window

= 4.8.1 Printing

= 4.8.2 Soldering
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4.8.1 Printing
= Analyses by using the doe software Modde 6

Variable Parameter:

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

4.8.1 Printing

Criteria: Volume by using 2 %2 printing inspections system
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Heraeus
AR

4.8 Process Window

4.8.1 Printing

Investigation: Drucken_FBEZ0vsFBAO0 (FLS, comp.=2)
Owverlay Prediction Plot

—k— Lhe B2

¥ Lie 810 Rakeldruck = 7,55

Temperatur = Z6&

Tremmygeschwindigkeit = 50,05

RBakelgeschwindigkeit = 102, 5
I
e}
20

FED FEd0
Flnx

N=Zg DF=z0

WODDE 7 - 28.06.2005 06:41.03
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Heraeus
AR

4.8 Process Window

4.8.1 Printing

Pitch

Irvestigation: Drucken FB20vsFBAD (PLS, comp.=2)
Cwverlay Prediction Plot

—&— PioiB2 |

—=e— FPloci B10) Rakeldruck = 7,55

Temperatur = Z&

Trenhgeschwindigkeit = &0,05
050 Rakelgeschwindigkeit = 10Z,5

0sx
0
050
0o
0.0
0.0
os0

1K 21)

o040

Fexl FEdd
Flux

N=z& DF=Z0

MODDET - 22.08.2005 022041
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Heraeus
AR

4.8 Process Window

4.8.1 Printing

Investigation: Drucken FE20vsFEAD (PLS, comp.=2
Volume g o e R
Cverlay Prediction Plat

EEE Bakeldruck = 7,55
—%—  EGAIS Temperatur = Z&

Trenngeschwindigkeic = 50,08

im Pakelgeschwindigkeit = 102,55

Finx

H=Z& DF=z0

MODDET - 25.00.2005 02:41:47
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4.8 Process Window

4.8.1 Printing

Line resolution: Speed vs. Pressure

Irvestigation: Drucken FE20vsFBAQ (PLS, comp.=2)
4D Contour of Line B10

Temperatur = 265
Trenngeschwindigkeit = 50 05

200 200
180 Aan
~ 18k o 160
s E
140 14
b 74
E Az E4mm
= =
= W o
& s % m
£ s i =1i)
& i
40 10
20 20
& a
Rakelilnink Rakeldrick
Flux = FE20 Flux = FB40

MODDET - 28.06.2005 02:49:12
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Heraeus
AR

4.8 Process Window

4.8.1 Printing

Irvestigation: Drucken FE20vsFBAQ (FLS, comp.=2)
Pitch: Speed 4D Contour of Pitch B10

Temperatur = 265

VS. Pressure Trenngeschwindigkeit = 50 05

Rakrlgzsnbnirdigk it

C 2 4 [ # LU

T
4

Rakelilnink Rakeldrick

Flux = FE2O Flux = FB40

MODDET - 28.06.2005 02:42:14
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Heraeus

4.8 Process Window

4.8.1 Printing

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

Rakrlgzsnbnirdigk it

Irvestigation

e
{a
150
14
{20
fo

[ S T

Rakelrinink

Flux = FE2O

Rekelgaschwinrig it

. Pressure

: Drucken FB20vsFBEA0 (FPLS, comp.=2)
40 Contour of BGADS

& a L.
Rakeldrick

Flux = FB40

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006

'

Temperatur = 265
Trenngeschwindigkeit = 50 05

MODDET - 28.06.2005 024700
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Heraeus
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4.8 Process Window

4.8.1 Printing

Volume BGA(196 P=1): Speed vs. Pressure

Irvestigation: Drucken FE20vsFBAQ (FLS, comp.=2)
40 Contour of BGA19E

Temperatur = 265
Trenngeschwindigkeit = 50 05

Rakrlgzsnbnirdigk it
Rekelgaschwinrig it

a
Rakelilnink Rakeldrick

Flux = FE2O Flux = FB40

MODDET - 28.06.2005 024732
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Heraeus

4.8 Process Window

4.8.1 Printing

Volume CSP: Speed vs. Pressure

Irvestigation

e
{a
150
14
q2u
fo

LI

Rakrlgzsnbnirdigk it
Rekelgaschwinrig it

[
[ ]

bl
Rakelrinink

]

Flux = FE2O

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006

: Drucken FB20vsFBEA0 (PLS, comp.=2)
A0 Contour of CSP04_M

Temperatur = 265
Trenngeschwindigkeit = 50 05

00N

& a
Rakeldrick

10

Flux = FB40

MODDET - 28.06.2005 024622
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4.8 Process Window

4.8.1 Printing

Line resolution print 10: Speed vs. Pressure

Irwestigation: Drucken_FE20vsFRA0 (PLS, comp.=2)
40 Contour of Line B10

Termperatur = 26
Trenngeschwindigkeit = 50,05

[
=3
b

180 1an
~ 160 ~ lan
H E
5140 o l4n
33 =
£ Az £1zn
o E]
£ e T 100
- Z o
[ [H
# &b W B0
13 V3

40 A0

20 20

I 2 4 G A n 12 14 & a
Rakalrinik Ruakeldruck
Flux = FE20 Flux = FB4D

WMODDE 7 - 28.06 2005 0% :<48:45
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4.8 Process Window

4.8.2 Soldering

Optimization for SAC soldering by DOE
- SVP1

- SVP2
-  SVP4
- SVP5
- SVP6
- SVP7
-  SVPS8
-  SVP11
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4.8 Process Window

4.8.2 Soldering - Profiles

SVP-L6ten F620 - Profile

200 —+SVP1
= SVP2

O 290 - SVP4
= 200 - SVP5
& 150 —~— SVP6
qé_ 100 —— SVP7
IG_J " — SVP8

SVP11
0
0 50 100 150 200 250 300 350 400 450 500
Zeitin sec
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Heraeus

4.8 Process Window

4.8.2 Soldering - Profiles
SVP 2

SVP 1

@ SVP-1F620

Tuesday August 26,2003 13:11:39 6

Site: Profil SVF 1 F&20
Process Window Name: SVP-1-F620

Bottoan 167 08
Conveyor Speed { cm/min ;995

Teop 167 0F 20T M0 13T 19 1E

207 0 13T 299 132

Celsius.

elia (] EI ] Tave i S
Procers Winden:
(Sobder Pante: SYSTEM DEFAULT
Statinesc Nagme Low Lamat High Lamt Unsty
Mas Rewang Slope (Tages=0.5) a0 Degroes Sevoed
(Calendate Slope over 30 Secondi)
Preheat Tuse 100-167C 76 Secondh.
Soak Time 167-217C 42 B Seconds.
Tame Above Reflow - 217C 7 33 Seconds.
Peak Temperanue mr 253 Degrees Celums
Profiled Using KIC 2000 Techualogy
KIC Thermal Profiling Tel: +1 858 673 6050 wnw kicthermal.com
San Diege, CA USA Fax: +1 858 673 0085 tech kicmail.com

SVP 4

@ SVP-2-F620

Company: W.C. Heraeus GmbH

Oven Name: pehm SMS-VE-N2 1300_S0-400

Wednesday Octaber 22, 2003 08:57:42 @

Site: Profil SVP I F620
Process Window Name: SVP-2-F620

@ SVP-4F620

Company: W.C. Hersens Guabll
Oven Name: rehm SMS-VE-N2 230058400

Friday October 24, 2003 13:39:09 @

Site: Frofil SVF 4 F620
Process Window Name: SVP4-F620

Top EELE U
Battom 232 216 281
Comveyar Speed ( comimin ;778

EETINETE]
w3

286
286

Battom 13 285 16 1%
Canveyor Speed | cmimin ). 499

2\
== F—
Vi
4 /7
& o /
]
/
7 A
i // /
L n_ﬁ'_m_ﬂz_ﬂﬁm_ﬁ__,wﬁ_ﬁﬁ_m
a E
PWI= 2904, PWI= 499%, ]
Tumb I o [X] £ [iE] WA | | 0602 Tumbestons ™ EL i 1673
15 mil Narraw Pq 31 0 k] H T T 2% mil Xarrow E i i de | Ty
[ s0IC z] T wE T CH FE) S01C 13 GE T8 T
| Riickueite T 0 LX) Ti | e FE ] Rickseite E ) a8 w1 I
Telta 5 (a0 T v 5] wE Delia L iy i3 E L )
Procen Window: Process Window:
Solder Paste: SVRLF6N [Selder Paae: SVP-LFEN0
Stamne Name Lowlssst  Haghlimst  Usin Seatsn Name LowLimit  MighLemit  Unies
Max Slope 5 0o 10 Secced Max Rasang Slope (Taeperso 5) 00 0 Degeees Second
Calculme Slope over 50 Seconds) (Caleulate Slope over 30 Seconds)
Prehemt Tume 100-167C i) Seconds Preheat Tuse 100-167C 7 7 Second
Sask Tune 167-217C " 13 Seconds Soak Time 167-217C 179 185 Seconds.
Tiase Abite nic 57 ] Secondi Tume Above Reflow - 217C 147 155 Seconds.
Prak Tempeeawe M2 Mz Diegrees el Peak Temperanurs 257 263 Degsees Celsus
Profiled Using KIC 2000 Technalogy Praofiled Using KIC 2000 Technology
KIC Thermal Profiling Tel: +1 528 673 6050 wwn kicthermal.com KIC Thermal Profiling Tel: +1 855 673 6050 www kicthermal.com
San Dirgo, CA USA Fax: +1 855 675 (085 rechi kivmailcom San Dirge, CA USA Fax: +1 558 673 0085 techE kicmail.com

Measured profiles by SlimKic
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Heraeus

4.8 Process Window

4.8.2 Soldering - Profiles

SVP 5

SVP 6

% SVP-5F620

Campany: W.C. Hersens GubH
Oven Name: rebim SMS-V6-N2 3300_80-300

Monday November 03, 2003 13:02:56 @

Site: Profil SVF £ F620
Process Wimdow Name: SVP-5F620

% SVP-6F620

Company: W.C. Herasus GmbH
Ovem Name: rebim SM5-V6-N2 1300_50-400

Monday November 17, 2003 16:29:57 6

Site: Profil SVP 6 F&10
Proceis Window Name: SVP-6-F620

SVP 7

% SVP-7F620

Company: W.C. Heraens GmbH

Oven Name: rebim SMS-VE-NI 1300_50-400

Tuesday November 18, 2003 15:30:58 6

Site: Profil SVP 7 Fé20
Procews Window Name: 5V

7620

Celsius,

Cel

Top 0 40 150 310 35 31 280 4 b
Bottom e 40 0 MO MS M 280 Battom %0 e 6 1% 225 A RS Batiom e 180 0 10 250 195 MO
Canveyar Speed { cm/min i 1709 Canveyor Speed { comimin ) 67.2 Canveyor Speed { em/min }: 76.0
el =

Ceisiys

i

T
lz7 H_E 1 7
7 ) ) — B a5 E
FWIs T11% I T R I T PWI= d36%

0602 T [ T4 ] 2% mil Narrow Pa T 5 HE] T#i Tugabratoms e ET I X} [ EE Thate
2% mil Narvow Pad [ [HH] 5] S0IC T T T | D |t |25 mil Narrow Pad % EEX] S (1] 1o e
_s0IC [ 1000 [T [ Rickseite 1% 103 10 _s0icC 2 % B [ 1 fry

Rickseite ETL 1202 (2] Delis Ak ] v (3] | Rickeite 3 1% I T £ )

Delia I 175 304 [ Delia x I 5 Teve (LX) 353

Protes Window:
Procets Winden: Sabder Pave: SVPa-FelD e Baders
Selder Paite SVP-5-F60 Selder Pt SVP-1-FE20
. . i Statsic Nasne Lowlawt  HighLamit  Usin
Statisnc Name Low Lt MighLemit  Unsn Max Raung Skope (Tarpet=0.5) L] Degtors Second Stanstse Namse LowLemt  HighLumt  Uws
‘Max Rauing Slope (Tager=0.5) an 30 Deprees Second {Calculate Slogsr aves 30§ Max. Raung Slope (Tagers0) 5) an a0 Degrees Second
(Caloulate Slope over 10 Seconds) Prebeat Tene 40-190C 52 88 Seconds aver 30 Seconds)
Preheat Tuse 30-217C 107 3 Second Soak Teme 190-217€ 1m 178 Seconds Prebeat Tue 40-217C 2 238 Seconds
Timne Above Reflow - 217C . i Srvondy Tume Above Reflow - 217C ] ] Seconds Tame Above Reflow - 217C 41 E) Seconds
Prak Temperanae nr 233 Degroes Celign Peak Temperanme 43 258 Diegrees Celuus Peak Temperanwe 47 255 Degrees Celwau
. . Profiled Using KIC 2000 Technelogy . Profiled Using KIC 2000 Techualagy Profiled Using KIC 2000 Technology
KIC Thermal Profiling Tel: +1 855 673 6050 www kicthermal.com KIC Thermal Profiling Tel: +1 855 673 6050 www Kicthermal com KIC Thermal Profiling +1 855 673 6050 www kicthermal.com
San Diego, €A USA Fax: +1 558 673 0085 tech @ kicmail.com San Diega, CA USA Fax: +1 558 673 0085 techii kicmail.com San Diegs, CA USA Fax: <1 828 671 0083 tech @ kicmail com

Measured profiles by SlimKic
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Heraeus

4.8 Process Window

4.8.2 Soldering - Profiles
SVP 8

SVP 11

@ SVP-8-F620

Company: W.C. Herarus GubH

Oven Name: rebm SIS V6N 3300_S0.400

Sive: Profil SVP 8 F620

Wednesday November 19, 2003 12:45:49 6

Process Window Name: SVP-S.F620

@ SVPI1F620

Wednesday November 19, 2003 13:35:49 @

Site: Profil SVP 11 F620
Procew Window Name: SVP-11-F620

€. Heraeus GubH

Setpoints (Celsiug)

Tap 165 190
Battom 165 199 50
Comveyor Speed { cm/min i 93,9

EEE T T
75 s WY

FICE T ST I LU T T
Bottom 134 189 219 5% 174 25F 0 14
Conveyor Speed { cmmin ;7.8

Colsius

300 4]
PWI= 334% -
LY fat fe a8 Hite FWI= 692%
A e 524 et 060} Tumbsrone thiall =3 491 A
T3 T 2] HaE |28 mil Narvow Pados) 5 1 i) T BT
) (5] it} ELE] " solc E s [3 T
& il 14 L T ckseite X EE ] I 154
elta I £ 7% Al
SVP-B-F&20 Process Windew:
Suativnc Name Lowlms  Highlimse  Uumis pse: SR
Max Raung Slope (Targess0.5) oo 30 Degrees Second Statiatse Name Low Lot HighLaimt  Usmin
(Caliulate Shope over 30 Secondy) fan =0, 0
mm”‘“',?c 5 1&‘ am Max Rawang Slope (Tagee=0.5) a 30 Dirgrees Second
15021 £ E 240 240 Seconds
Time Above Reflow - 217 47 5 Seconds LH] i Seconds
Peak Te 247 33 Degrees Celuius 3] 3 Diegrees Celsius
Profiled Using KIC 2000 Techuolagy Csimg KIC 2000 Techaolagy
KIC Thermal Profiling Tel: +1 858 673 6050 wnw kicthermal.com KIC Thermal Profiling Tel: +1 858 673 6050 o www kicthermalcom
San Diego, CA USA Fax: +1 858 673 0085 techi@ kicmail.com San Diege, CA USA Fax: <1 $55 673 0085 techid kicmail.com

Measured profiles by SlimKic
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4.8 Process Window

4.8.2 Soldering - Execution of the test
- 8 profiles and 2 pretestes

- 2 Benchmarker Il 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
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Heraeus

4.8 Process Window
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

Sgueegee pressure: 50 N/cm

Seperation Speed: 10 mm/s

Print Speed: 50 mm/s

PCB: Bench 2

Stencil: 150 um / B6
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4.8 Process Window

4.8.2 Soldering — Results

o mMES

Benchrﬁlarker Il

i

SVP 4
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Heraeus
AR

4.8 Process Window

4.8.2 Soldering — Results

Benchn‘;arker | AR

SHOH@HS ™
PEPEIESE

n HsHeMNOBYRGES
Ee EwEY E@i@ﬂ@

SVP 8 SVP 11
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4.8 Process Window

4.8.2 Soldering — Results

Investigation: Profile Bleifrei TS (PLS, comp.=5)
Cwerlay Prediction Plot

Solder Balls / Beats due to Solder Balls / Beats due to
Peaktemperature Peaktime
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4.8 Process Window

4.8.2 Soldering — Results

Investigation: Profile Bleifrei TS (PLS, comp.=5)
Cwerlay Prediction Plot

B Air Mitu

oo

Wetting due to Wetting due to
Peaktemperature Peaktime
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Heraeus

4.8 Process Window

4.8.2 Soldering — Results

Investigation: Profile Bleifrei TS (FLS, comp.=5)
Cwearlay Prediction Plot

LK 1206
LK 0305
LK 0503
LK 0402

L L |

Solder balls / beats vs. Solder balls / beats Solder balls / beats
board Start-temperature vs.Preheat End vs.Preheat Time
temperature
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Heraeus

4.8 Process Window

4.8.2 Soldering — Results

Investigation: Profile Bleifrei TS (FLS, comp.=5)
Cwverlay Prediction Plat

L B Air Mistu
G101 &10
&00 1 s00 G101
500 1 sa0 &00 1
520 4 530 B
570+ 570 SBUT
T 570+
S50 1 S60 1
+ S50 1
S50 1 S50 1
Z T 550 1
= sa07 540 T
=z + 540 4
530 1 s30 1
1 s30
s20 1 sz0
1 sz0
510+ s10
1 s10
s00 500 s00
490 1+ a0 a0
420 420 420
470 470 470
=0 En 50 &0 70 a0 an 100 150 160 170 120 190 =00 210 220 S0 100 120 140 160 180 200 300 240
Preheat Temp Start Preheat Temp Ende Prheatzeit

Wetting vs. Preheat
Start-temperature End-temperature  Time
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Heraeus

4.8 Process Window

4.8.2 Soldering — Results

B Ar Hidu

Investigation: Profile Bleifrei TS (PLS, comp.=5)

Cwerlay Prediction Plot

150 160 170 120 190
Soak Temp Start

200

0

N=

Solder balls / beats vs.

soak start-temperature

220

30

L] Lk 1206
& Lk 0505
* Lk 0603
+ Lk 0402

20 I e T B B L T EE B W

DF=
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Solder balls / beats vs.
soak time

0O 10 20 20 40 50 60 70 80 40 100 110 120 120 140 150 160 170 180 190
Soak Zeit

Seite 85



Heraeus

4.8 Process Window

4.8.2 Soldering — Optimization

SVP 1 - optimized

SVP 2 - optimized

@ SVP-1-F620-optimiert

Company: W.C. Heraeus GmbH
m SMS- VN2 3300_80.400

Friday February 13, 2004 13:35:52 @

Site: Profil SVP 1 optimiert F620
Process Window Name: SVF-1.F610.optimiert

Top W06 109 1% ol

Conveyor Speedd ( cm'min ;556

0 269 244
Bottom 06 109 136 1 W0 29 244

FWI= 655%
0603 Tombstone | 14 s = e Jan
100 QFF 25 mily 19 L] N )
SOIC i 1K) £ I

|_Riickseitre 1 1] Wi sl TEi%
Delta (5] T iis i ] T

Frocess Window:

[Solder Paste: SVP-1-Fe20-cptmment

Stansng Name Low Limit  MighLimst  Unins

Max Risang Slope (Tages=0.5) o0 30 DegreesSecond
(Caloulate Slope over 30 Seconds)

Preheat Time 0-1 40 200 Seconds

Soak Tune 170-217C 45 =0 Secoudhy

Time Abore Reflow - 217C 6 &2 Secondy

Prak Tewperatiwe ns 130 Degrees Celwa

Prafibed Using KIC 2000 Technelogy
KIC Thermal Profiling T 1 858 673 6050 wnw kicthermalcom
Sam Diege, CA USA Fax: +1 858 673 0085 tech@ kicmail.com

Measured profiles by SlimKic
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@ SVP-2-F620-optimiert

Tuesday February 17, 2004 10:40:38 ®

Site: Prafil 5V pimiert F620
Process Window Name: SVP-2-F620-optimiert

Convevor Speed ( co/min J: 571

Top o 0 18 m 48 1m0
Batram il 0 128 11 4% 1 300

-_-.;//
/=
I / . \1 —
z |
8
/ =
] —
4] -] s ps 13 3 et
n 00 X 0 ]
PWI= 6309,
1% R [ T 3
11 ER) 186.7 ThI b
1x ) 1861 665 5.3
12 b wrs X ume
lia [X] [ nT HE i 66 [
Process Wimdow:
Slder Paste: SVP-2-F620-optsen
Statistic Name Loww Lezat ‘Hagh Lamt Uty
Max Rasing Shope (Tasgre=0 5} L] 30 Dregers Second
i« Slope over 30 Secondy
Preheat Tane 30-100C 240 280 Secceds
Soak Tune 100-170C 0 & Secoeds
Tiase Abarve Reflow - 217C % H Srcoeds
Prak Temprranze b:13 4 Degrees Cehaus

Profiled Using KIC 2000 Technology
KIC Thermal Profiling Tel: +1 858 673 6050 ki
San Diege, CAUSA Fax: +1 858 673 0085 techin kicmail.com
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4.8 Process Window

4.8.2 Soldering — Optimization

SVP 3 - optimized

@ SVP-3-F620-optimiert

W.C. Herarus GmbH
Oven Name: rebm SMS-VE-NT 3500_§0-400

Company:

Wednesday February 18, 2004 10:42:21 6

Site: Profil SVP 3 aptimiert F&20
Process Window Name: SVP-3-F620-optimiert

Conveyor Spesd { emimin ) 57.8

Tap T o84 2 9 nE a7
Battom LU T A

3
e

Celsi

== N | W NS N S— S . —-—_—_——
4] 2] jus] fes 2 v
L] 00 ] ]
PWI= 6574,
0603 T, 5] oo 1578 ] et | 1w i
100 QFF 25 mil N__ 14 W WED 5]
SOIC 5] Y 16 £ £
Rickseite [H] E 081 [T T
Delia [ B 1Y} Tl [ Eiity
Process Window:
Sodder Panse: SVP-3-FO20-optament
Seatistic Name LowLimit  MighLimit  Units
Max Rising Slope (Targer=0.5) 00 0 Second
{Calculate Slope aver 30 Seconds)
Preheat Tume 50-100C 240 200 Seconds
Soak Tune 100-170C 45 0 Second
Tume Abeve Reflow - 2170 n » Secondy
Prak Treprranae us 50 Degrees Celuus

KIC Thermal Profiling
San Diega, CA USA

Tel: +1 858 671 6050
Faz: <1 855 673 0085

www kicthermal.com
tech@ kicmailcom

Measured profiles by SlimKic
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SVP 4 - optimized

@ SVP-4-F620-optimiert

Company: W.C. Heravus GeabH
Oven Name: rehim SMS-VE-N2 33040_50.400

Wednesday February 18, 2004 17:08:04 6

Site: Profil SVP 4 aptimiert F&20
Process Window Name: SVP-4-F620-optimiert

Camveyor Speed ( cm/min ) 571

Top 0 90 148 263 242
Bamam 0 90 148 263 242

PEI . ]
EET I ]

Calslus.

| \
lz1 lzz 4 5 T
]
_I';\Ll_m' = 2 — ] T |
Mm“ E ) 1828 ] ETY 472 82 1714
100 QI-'P 32 mil N E 1% 1919 L1 623% 452 L
S0IC z [ JLI 7 CEN T Tast | ST
Riickisite b b A 5574 A0 BT 08
Delta Tiw T T I3 o i e ] T
Process Wisdow:
Solder Paste: SVP-Fo2topamient
Saatsitic Name Lo Lt Hegh Lamaz Umits.
Mix Raung Slope (Target=0 ) 00 30 Second
(Cadeulste Slopr over 30 Seconds)
Peebeas Tane 301000 240 80 Seconds
Soak Tme 100-170C a5 @ Seconds
Time Above Reflow - 217C 20 =] Seconds
Peak Temperae 250 254 Degrees Celsius

Prafiled Using
KIC Thermal Profiling Tel:
San Dirgo, CA USA Fax: =1

KIC 2000 Techmalogy

535 673 0085
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4.8 Process Window

4.8.2 Soldering — Profiles optimized

SVP Optimiert

300

— PCB-1
— QFP 100-1
S08-1
—— LP Unterseite-1
— PCB-2
— QFP 100-2
— S08-2
— LP Unterseite-2
— PCB-3
QFP 100-3
S08-3
LP Unterseite-3
- PCB-4
—— QFP 100-4

0 100 200 300 400 500 | S084
— LP Unterseite-4

250

200

150

100

Temperature [°C]

50

Time [sec.]
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4.8 Process Window
4.8.2 Soldering — Results of soldered boards after optimization

E=1 et
. meaoneiOEQO
9!0'6.65

0B O EVBEPRS
BB ECEOEO N

SVP 3 - optimized SVP 4 - optimized
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Special requirements for the assembly of lead free products

5 Assembling

5.1 Lead Free Material

5.2 Finishes Components

5.3 Finishes on Printed Circuits Boards (PCB)

5.4 Reaction of Exchange

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 90



Heraeus

5 Assembling

5.1 Lead Free Material

The present situation in Fujitsu

Reflow soldering

(Fluw sullgering}

o 250F wave soldering

- (218 deg. C) ' >

< | High MP' solder Sn-3Ag-0.5Cu | | Sn-3Ag-0.5Cu

iE 200 F Medium MP solder Sn-77n-Al Sn-7Zn- Al

2 b [Sn3TPh T Tige g, O) i)

° (183 deg. C]\ (Under developmen ™ -

S 150 F Low MP solder

= ;.Sn-Bi-Ag 5 200

2 T (139 deg. C) N

= 100} :
"MP: melting point (melting temperature) §100

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

(%3]
=
T

Temperature distribution for board (270 s)

0 50 100 150 200 250 300
Time (s)

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

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006
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5.1 Lead Free Material

Alloy system Company Composition(mass%)
NEC (Japan) Sn-3.5Ag-0.7Cu(Sn-3.5A0(Mp:494K))
ShiAG Oki (Japan) Sn-3.5Ag({-0.7Cu)
lowa State Univ. (USA) Sn-4.7Ag-1.7Cu
AIM Inc. (USA) Sn-2 5Ag-0 8Cu-0.5Sb
Hitachi (Japan) Sn-Ag-Bilex. Sn-2 5Ag-2 0Bi)
Sn-Ag-Bi | Sonf,r (Japan) - Sn—2Ag-4Bi—3.0Im-D;1Ge
Sandia National Lab. (USA) Sn-3 4Ag-4 8Bi
Cookson Technol. C. (USA) Sn-2Ag-7.5B1-3.0In
Matushita (Japan) Sn-Ag-Bi-In (Sn-2.5Ag9-2B1-3In)
Sn-Ag-Bi-In Toyata (Japan) Sn-2.5Ag-3Bi-1In-0.2Cu
Mitsui (Japan) Sn-2.5Ag-2.5Bi-2 5In
Sn-Zn Toshiba (Japan) Sn-8.8Zn(T_ :472K)
IEC electronics corp. (USA) Sn-0.7Cu (T_493K)
Sn-Cu
Matushita (Japan) Sn-0.7Cu-X
Sn-Bi Fujitsu (Japan) Sn-58Bi (T,,:412K)

IMAPS Seoul, Sep. 2./3. 2004

Y-E Shin (KMJA/Korea) Thermal Fatigue Life in uBGA and Flip Chip Solder Joints
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5 Assembling

= Solders being adopted

= Sn- 3.0~4.0 Ag- 0.5~0.7 Cu
= Paste, ball

= Sn-0.7Cu
= Wave soldering

= Sn-Ag-Cu-Sb (CASTIN®)
= Wave soldering, paste

= Solders being under = Sn-Cu-Ni
consideration « Wave soldering
= Sn-Ag-Cu-Ni-Ge = Sn-Zn-Ag-Al-Ga
(patented JPN) (patented TWN,
= paste pending JPN, US)
= Sn-Zn-Al (patented JPN) ball
= paste, ball )
Paste for SAC ball
attachment
= Sn-Zn-Bi (not intend to
accept)

= IMC formation
mechanism
= SAC/Cu-Ni-Au;
SAC/Cu
=« SAC/UBM
= Sn-Zn/Cu-Ni-Au; Sn-
Zn/Cu

= Electromigration
« SAC/UBM
= Sn-Zn/Cu

= Thermodynamics

= Ternary phase
diagram
establishment
= Interfacial
Interaction

= Wetting behavior

= Pb-free solder alloy development
= Sn-Zn system: Sn-Zn-Ag-Al-Ga
« Eutectic temperature: 198°C

= Form layer, instead of columnar, IMC with Cu and Au -
ho Cu-Sn or Au-Sn IMC

= Higher UTS and greater ductility than Sn-37Pb

= Solder ball (& 0.3mm~0.76mm being successfully
produced)

= Improved oxidation resistance over Sn-9Zn
= At least a commercial flux works well for ball attachment
Good shear strength (as reflowed, 5 cycle reflow)

s Cost lowers than SAC

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
Sn SnBi SnAg SnCu Pd
SEC (Deaveloping) SONY, Fulitsu, Matsushita TOSHIBA TOSHIBA SONY, Matsushita
ila MEC, TOSHIBA, Renesas Fenesas TOSHIBA, Eenesas,
SANYO, SEC[Mass Prod.) Rohm SEC (Developed)
MOTOROLA, TI, Intel MOTOROLA MOTOROLA, TI, Fairchild
s Mational Semiconductor (for Japan customers) 2n Semiconductor
ON Semiconductor
AMD, Fairchild
U Infinean, Phillips Fhilips
3T Microelectronics Cypress

IMAPS Seoul, Sep. 2./3. 2004

*20 Companies : Samsung, Intel, Renesas, TI,
Toshiba, ST Micronics, Infineon, Philips, NEC,
TSMC, Motorola, IBM, Matsushita, Fujitsu,
AMD, SONY, Sharp, Seiko-Epson, HP, Amkor

S-Y Jeon (Samsung Electronics/Korea) Pb-free Strategy of Semiconductor Business in Samsung

Electronics

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006
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5 Assembling

5.3 Finishes on Printed Circuits Boards (PCB)

= ENIG NiAu

= |[mmersion Sn

* |mmersion Ag

= CuOSP

= 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
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5 Assembling
5.4 Reaction of Exchange - Tombstones
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Heraeus

5 Assembling
5.4 Reaction of Exchange - Tombstones

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

Tombstone vs. Component Endtermination

20,00
g 15,00
c LFC
S 10,00 =
3 mPbC
=
2 5,00

0,00 e

0603 0402 Total
Components
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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

17 solder beads 102 solder beads
18
16
14 O BE 1206 Bord 1
W BE 1206 Bord 2
12 0O BE 0805 Bord 1
% 0O BE 0805 Bord 2
210 W BE 0603 Bord 1
E 14 solder 3 Kugeln 26 Kugéln 76 Kugeln I BE 0603 Bord 2
= beads
S 8 m BE 0402 Bord 1
N
< O BE 0402 Bord 2
6 - —
7 solder 7 Kugeln 3 Kugeln 0 Kugeln 10 Kugeln 16 Kugeln 9(KugsIn 17 Kuge|n
beads
4
| ’—I
0 [ [ [
N 2 02 N 2 ‘ 02 N 2 ‘ 02 N 2 02
SMC - LF SMR - LF SMC - LC SMR - LC

Bauelement-Typ/Atmosph.
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5 Assembling

5.4 Reaction of Exchange — Ball material (LF or LC) vs. LF soldering

BGA lead free

00000000
00000000
00000000
00000000

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006

BGA lead contain

00000000
009000009
00000000
00000000
00000000
00000000

-_— eam o a A B

Seite 99



Heraeus
AR

Special requirements for the assembly of lead free products

6 Reliability

6.1 Failure Data

6.2 Voids

6.3 Inter Metallic Connection (IMC)

6.4 Future Trends
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6 Reliability
6.1 Failure Data - Example

Failure Data for 0 Cto 100 C (30 min Cycle Time) Failure Data for 0 C to 100 C (120 min Cycle Time)
* — 5 3sAgiglow)] | 1| a = ! i | | oo
- 1 1 1 1 1 [ 1 —%— 38Ag(slow i i i i
—&—3sAglst | | | | I n-ies S B N N V7 7
951" —— 2 3Ag(slow] N ) T 95| 4 23Ag(slow ! ! ! LA
ag|--. —&— E,SAgl::ast}.T.-_.. _i..__ gn |- —a— 2_3',:‘@“35“ - __._i_ __.__;,___._.i_ et =i
—+— 25Ag(fast) | ! ' —+— 25Ag(fast) ; ; bl ;
75 |- —&— 2 1Ag(slow) T T =1 75[ " —a— 2 1Agislow)” T TS, e Sl
@ —+— 2.1Agifast) | i i o —+— 2 1Ag(fast) ! _ A
F= IR N N i = 5o R (S S .
g L B : | ' VAR
a Co o i %7 P
o T A G Py I LA R -
! ] | I
po N b
1'3 R p— .-_I.-__I_-. 1D 1 i i
2] — I B[ = = S TR
BEN i N
' bl oo
1 1 I I % ! !
800 1000 1200 1400 1600 1800 ae £00 vl 110201 1200 1400
Cycles to Fail yCles 1o Fal
Multiple Sample Lognormal Probability Plot Multiple Sample Lognormal Probahility Plot

Glohal Common o =0.153 Thermal Fatigue Life of Sn-Ag-Cu BGA loints Global Common o= 0153

+ SAC alloys with reduced Ag
- 5n-3.8Ag-0.7Cu (control)
- Sn-2.3Ag-0.4Cu-0.2Bi (optimized alloy)
- Sn-2.7Ag-0.7Cu (intermediate Ag)

|MAPS SGOU', Sep. 2./3. 2004 - Sn-2.3Ag-0.9Cu (low Ag, w/o Bi)
S.K. Kang (IBM/USA) Recent Progress in Pb-free Solders and Soldering Technology: Fundamentals,
Reliability Issues and Applications
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6 Reliability Very strong correlation between drop reliability and voiding
for Cu/SnAgCu solder interface
6.2 Voids — Kirkendall voids at Cu/Cu,Sn interface are detrimental to the drop

reliability after aging
+ Similar trend is expected for temperature cycling reliability

— Voiding process is activated at as low as 100°C

— Bare Cu or OSP-Cu surface finish is not suitable for higher
temperature applications

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 Reliability

6.2 Voids vs. Temperature profile SAC (Ag4)

o o Padsize:
Frofike B Sifer Thursday August LF, PHE  LS46IET
:um:-mr‘-::lmsxm :::II:\IM Xame Frabl Ba Saie 1 Gop m .
-H_,J"'\\
=
[l = L]
vl | A
7 4 L
_J/'” - 0y
v ™
[ ]
-
Padsize:
500um
a } Froflld Uring KIC 1083 Torkockgr a .
KB Thermal Frodilag Tek <1 W &%) ShED TR L Lo
Sam Diegs CA USA Foa: +1 058 470 e e b @ ke il regm
.
Bord: Heraeus Array Bumping System Nifu
Printer: Typ: Ekra ES [ ]
Syueegee pressure: 20N
Syueegee speed: Smm/s .
Separation distance: Jmm
Separation speed: 0,2mmi/s ®
Screen: Koenen 137473

Koenen 137437
Inspection: Viscom XB8008
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e & & & @& a
® & & & & 0
® & & & o 0

® & & & o 0

@ & & & & 0

a & & & & a
Faktor: 0%

Faktor: 8%
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6 Reliability
6.2 Voids vs. Temperature profile SAC (Ag4)

. . Padsize:
SVE-LFEM Wednedor Dober 23, 3 08874
AP —" 1 Gﬁp m
Orren Namw: Tehm SEIS-VE-N1 200 30500 FProcws Windaw Name: SVFIFRIN
e ® o 0 0 0 00
) i
P —— 5 ® & 0 0 0 00
fﬁ \ ® o 0 0 0 00
e !
: /\/&f’ \ ® & & & & & »
o
® & & & & 0
[ Y
/ Faktor: 1%
™ Padsize:
K o] T il | = g L I
1 iy i) ! Ak L1 ! ey 1 ! o i ! I ri ! [ 500“ m
Purabal T riag 1IC I8 Taikesbogs
KB Thermal Frodiisg Tek <1 WG] hkd FE bl o
0 Swn Diags. CAUSA Foa: =1 088 @70 Wae ezl g kil e . ' . . . .
Bord: Heraeus Array Bumping System Nifu [.] [ ] - - [ ] ]
Printer: Typ: Ekra E5
Squeegee pressure: 20N ® ™ ® ™ ® ™
Squeegee speed: Smm/'s
Separation distance: S
Separation speed: 0,2mmi/s ® e ® ¢ . ¢
Screen: Koenen 137473
- - 3 - - -

Koenen 137437

Inspection: Viscom X8008 Faktor: B%
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6 Reliability
6.2 Voids vs. Temperature profile SAC (Ag4)

=

P u

& SVBAFin Mancday November 03, 5H8 10845 0 ad SiZe:
Cammpenr: Harpms LU HE s 1 60

e Ko rohm BAISVEAH RE6_Sii sl FProwwn Windew Sum: SUVR-AFilE p m

N

AL }

A

/ Faktor: 3%

.
]/

* & & & »
e & & » @
* & & & »
e @& @9 @ @
® & & & »

Padsize:
TM- Tt h A L B s
— T i = = i — i i soopm
Frofled Tring KH 2683 Tarhmobogy
S D eA A Fia: -3 468 473 g ik timl s 0 e e 0 0 0 0
Bord: Heraeus Array Bumping System Nifu @ & & & 0 0 @O
Drucker: Typ: Ekra ES
Rakeldruck: 20N ® & o © & & o
Rakelgeschwindigkeit: Smmis ® & & & 8 & @
Trennwegqg: Smm
Trenngeschwindigkeit: 0,2mm/s & & ® & ® & @
Schablone: Koenen 137473

Koenen 137437

Inspektion: Viscom XE800E Faktor: 23%
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6 Reliability

6.2 Voids vs. Temperature profile SAC (Ag4)

0 SVP-FEzh

Cammprar: Harpoms
rvah Nadw Tik SIS VEN] 200 S0 s

Tmsnday November 13, 20008 153355 0

i BVPT
Frosir, Windaw Nam: SVE-1Fil

7\

/] ?

A

[T

Y

To= i

= T = T T [<¥] T Foin ] T

|

KN Thwrmall Fredling
Gum Dlege CAUEA

Prafbed Thmg KHC 1080 Tarbmology
Tak ~L HEST 4853
Faa: <1 454 4% i

e kb sl o
T ws kbrm sl roim

©

Bord:

Printer:

Ihgpection:

Heraeus Array Bumping System Nifiu
Typ: Ekra ES
Syueegee pressure: 20N
Syqueegee speed: Smm/s
Separation distance:
Separation speed: 0,2mm/s
Screen:

Jmm

Koenen 137473
Koenen 137437
Vizcom X800B
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6 Reliability
6.2 Voids vs. Temperature profile SAC (Ag4)

Overview over the influence of the different profile‘s

Profil minimal Voids
8er ©
SVP 2 ©
SVP 5 A®
SVP 7 O
S 2% e C e
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6 Reliability
6.3 Inter Metallic Connection (IMC)

IMC

Characteristics Area Array
Connection

IMV and Void formation

IMC und 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
6.3 Inter Metallic Connection (IMC)

Reaction between electroless Ni and Sn3.5Ag

Ni;Sn,

Ni(P) POk L N e Ve
(Cu,Ni)gSn; - - ‘Ni,Sn,

Ni(P) 10pm
- IMC attached area

%

NiyP ; P25at.%)
Ni(F)

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

Reaction between electroless Ni and Sn3.5Ag

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

Solidification process

T [, +solid fraction
f —1— ( Tf I ) %ﬁ'ﬂ -1) T, +melting temperature of Sn
5 T T T, +hquidus temperature
k;  *equilibrium distribution coefficient

. L 4 Sn-3Ag-0.5Cu Sn-3.9Ag-0.6Cu
P ] S I S — 222 T T
: =1 : 1 22 Ag,Sn primary ]
*  220%B-Sn primary 4 220 —
% 2191 / p-Snk Agsn | 219} B-Sn+Ag;Sn _
z : B-Sn + Ag,Sn B-Sn + Ag,Sn
g 218k 218 +CugSn,
5 2170 217 15 _
F.

216 216

215 | ! | | 215 | | { I

0 0.1 02 03 04 05 0 01 02 03 04 0S5
Solid fraction Solid fraction

K Suganuma, ISIR, Osaka University

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

Jorg Trodler / Jirgen Ehmes W.C. Heraeus GmbH CMD-SM-AT,27.6.2006 Seite 111



Heraeus
AR

6 Reliability
6.3 Inter Metallic Connection (IMC)

_'111.-‘_.‘*‘! g,

'-\. ¥ i
YL I Ty
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Shrinkage / Cavity also
inside volume, Effect for
Voidung

Rough surface -

K Suganuma and K. 5. Kim, ISIR, Osaka Univ.

IMAPS Seoul, Sep. 2./3. 2004
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6.3 Inter Metallic Connection (IMC)

|Solder balls in CSP-on-PCB asseml:rlﬂ |Solder ball surface after solidification

RN LY
3 ..lmmi;-.‘-n

Effects of Pb contamination in soldering
Enhancing defect formation by expanding pasty rangs. .

= Lo Sekarcston ecing Seggeten » Hot cracking depend on
Formation of low temperature phase, &g, Sn-Bi-Ph. . . . R . .

=5 Undsiaereacion rocsds ity solidification direction
‘Weakening interfaces, grain boundaries? . P . .

= Bouniy ek » Solidification not uniform;
T e econ v IMC formation not uniform
e » Cooling on board

IMAPS Seoul, Sep. z7o. zuu=
K. Suganuma & K-S. Kim (Osaka Univ./Japan) Formation Mechanisms of Various Solderfication Defects in
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6.3 Inter Metallic Connection (IMC)

Ag3 Ag4

Initial Initial

F—50 pm—
After 155°C (7d) ° After 155°C (7d)
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6.3 Inter Metallic Connection (IMC)

- e W

2

Ag3Sn

<BGA ball : SAC, Cu OSP> - Ball size : around 300um
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6.3 Inter Metallic Connection (IMC)

SnAgCu +In SnAgCu +In +Nd

\”5: b"?‘*_

\-.

Nucleus formation under the influence of elements:; Reduction of critical IMC
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6.3 Inter Metallic Connection (IMC) — Alternative Alloy for HT - Applications
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6.3 Inter Metallic Connection (IMC) — Alternative Alloy for HT — Applications
Resistance measurement points
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6.4 Future Trends

Future Trends of Micro Joining

The Joining Reaction Layer Control Technology I
The Joining Interface Analysis Technology I
Low Temperature Joining Technology I

New Materials Development I
The Establishment of Evaluation Technology I

IMAPS Seoul, Sep. 2./3. 2004
Y-E Shin (KMJA/Korea) Thermal Fatigue Life in uBGA and Flip Chip Solder Joints
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6.4 Future Trends
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Special requirements for the assembly of lead free products
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
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If you have further questions pls let us know!
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