
Solder Alloys

� Lead-Free Solder
� SnAgCu = Sn3.9Ag0.6Cu
� SnAgCuBi = Sn3.4Ag1.0Cu3.3Bi
� SnCu = Sn0.7Cu

� Baseline
� Sn63 = Sn37Pb



Mfg JTP Test Vehicle Matrix

No SMT
parts?

SnCu?Immersion
Silver

High tgLead-
Free

Wave
solder not
economical

SnAgCuSnAgCu

Sn63

SnAgCuBi

Wave
Solder

Sn63

SnAgCuBi

Reflow
Solder

HASLHigh tgBaseline
(control)

Wave
solder not
economical

CommentSurface
Finish

LaminateType



Mfg JTP Test Vehicle Matrix

No SMT
parts?

SnCu?Immersion
Silver

High tgLead-
Free

Wave
solder not
economical

SnAgCuSnAgCu

Sn63

SnAgCuBi

Wave
Solder

Sn63

SnAgCuBi

Reflow
Solder

HASLHigh tgBaseline
(control)

Wave
solder not
economical

CommentSurface
Finish

LaminateType

4 x 5 = 20
TEST
VEHICLES
per test



Alternative Mfg JTP Test
Vehicle Matrix

Immersion
Silver

High tgLead-
Free

SnAgCu or
SnCu?

SnAgCu

Sn63

SnCu

Wave
Solder

Sn63

SnAgCuBi

Reflow
Solder

HASLHigh tgBaseline
(control)

CommentSurface
Finish

LaminateType



Alternative Mfg JTP Test
Matrix

Immersion
Silver

High tgLead-
Free

SnCuSnAgCu

Sn63

SnCu

Wave
Solder

Sn63

SnAgCuBi

Reflow
Solder

HASLHigh tgBaseline
(control)

CommentSurface
Finish

LaminateType

3 x 5 = 15
test vehicles
per test



Repair JTP Test Vehicle Matrix

SnCuSnCu
SnAgCuSnAgCu

Sn63SnCu
Sn63SnAgCu

SnCu
SnAgCu

Sn63Sn63HASLFR4Repair SnPb
Control

Sn63SnAgCuBi

Immersion
Silver

High TgRepair Lead-
Free

SnAgCuBiSnAgCuBi

Immersion
Silver

High TgRepair Lead-
Free Control

Sn63

Reflow &
Wave Solder

SnAgCuBi

HASLFR4Repair SnPb

Repair
Solder

Surface
Finish

LaminateType



Repair JTP Test Matrix

SnCuSnCu
SnAgCuSnAgCu

Sn63SnCu
Sn63SnAgCu

SnCu
SnAgCu

Sn63Sn63HASLFR4Repair SnPb
Control

Sn63SnAgCuBi

Immersion
Silver

High TgRepair Lead-
Free

SnAgCuBiSnAgCuBi

Immersion
Silver

High TgRepair Lead-
Free Control

Sn63

Reflow &
Wave Solder

SnAgCuBi

HASLFR4Repair SnPb

Repair
Solder

Surface
Finish

LaminateType

10 x 5 = 50
TEST
VEHICLES
per test



Recommended Repair JTP
Test Vehicle Matrix

SnCu

SnAgCu

SnAgCuBi

Sn63

Sn63

Reflow &
Wave
Solder
Alloy

Sn63HASLFR4Repair
Control

HASLFR4Repair

Repair
Solder
Alloy

Surface
Finish

LaminateType



Recommended Repair JTP
Test Matrix

SnCu

SnAgCu

SnAgCuBi

Sn63

Sn63

Reflow &
Wave
Solder
Alloy

Sn63HASLFR4Repair
Control

HASLFR4Repair

Repair
Solder
Alloy

Surface
Finish

LaminateType

4 x 5 = 20
TEST
VEHICLES
per test



Project Flow Chart

Assemble Test
Vehicle

JTP Approval CTC Approval

Test Vehicle
Design

Test Equip.
Design

Procure
Components

Procure
Boards

Procure Equip.

Environmental
Testing

Assemble Test
Equipment



Critical Test Flow Chart

Mechanical
Shock

JTP section 3.2.2

Thermal Shock
(QTY 5)

JTP Section 3.2.3

Humidity
(QTY 5)

JTP Section 3.2.4

Cold Limit
Determination

(QTY 1)
JTP Section 3.2.5 Hot Limit

Determination
(QTY 1)

JTP Section 3.2.5 Rapid Thermal
Cycling

 (QTY 1)
JTP Section 3.2.5 Vibration Limit

Determination
(QTY 1)

JTP Section 3.2.5 Combined
Environments

Testing
 (QTY 5)

JTP Section 3.2.5

>= SnPb
Performance

Pb-Free Alloy
Meets JTP

Criteria

Pb-Free Alloy
Does NOT
Meet JTP
Criteria

NO

YES

Test Vehicle
Assembly

Vibration
JTP Section 3.2.1

Thermal Cycle
0/+100C
(QTY 5)

JTP Section 3.2.6

Thermal Cycle
-55/+125C

(QTY 5)
JTP Section 3.2.6

Thermal Cycle
-20/+80C
(QTY 5)

JTP Section 3.2.6



Critical Test Flow Chart

Mechanical
Shock

JTP section 3.2.2

Thermal Shock
(QTY 5)

JTP Section 3.2.3

Humidity
(QTY 5)

JTP Section 3.2.4

Cold Limit
Determination

(QTY 1)
JTP Section 3.2.5 Hot Limit

Determination
(QTY 1)

JTP Section 3.2.5 Rapid Thermal
Cycling

 (QTY 1)
JTP Section 3.2.5 Vibration Limit

Determination
(QTY 1)

JTP Section 3.2.5 Combined
Environments

Testing
 (QTY 5)

JTP Section 3.2.5

>= SnPb
Performance

Pb-Free Alloy
Meets JTP

Criteria

Pb-Free Alloy
Does NOT
Meet JTP
Criteria

NO

YES

Test Vehicle
Assembly

Vibration
JTP Section 3.2.1

Thermal Cycle
0/+100C
(QTY 5)

JTP Section 3.2.6

Thermal Cycle
-55/+125C

(QTY 5)
JTP Section 3.2.6

Thermal Cycle
-20/+80C
(QTY 5)

JTP Section 3.2.6

34 TEST
VEHICLES
per SOLDER
ALLOY



Two Thermal Cycle Critical
Test Flow Chart

Mechanical
Shock

JTP section 3.2.2

Thermal Shock
(QTY 5)

JTP Section 3.2.3

Humidity
(QTY 5)

JTP Section 3.2.4

Cold Limit
Determination

(QTY 1)
JTP Section 3.2.5 Hot Limit

Determination
(QTY 1)

JTP Section 3.2.5 Rapid Thermal
Cycling

 (QTY 1)
JTP Section 3.2.5 Vibration Limit

Determination
(QTY 1)

JTP Section 3.2.5 Combined
Environments

Testing
 (QTY 5)

JTP Section 3.2.5

>= SnPb
Performance

Pb-Free Alloy
Meets JTP

Criteria

Pb-Free Alloy
Does NOT
Meet JTP
Criteria

NO

YES

Test Vehicle
Assembly

Vibration
JTP Section 3.2.1

Thermal Cycle
0/+100C
(QTY 5)

JTP Section 3.2.6

Thermal Cycle
-55/+125C

(QTY 5)
JTP Section 3.2.6

Thermal Cycle
-20/+80C
(QTY 5)

JTP Section 3.2.6



Two Thermal Cycle Critical
Test Flow Chart

Mechanical
Shock

JTP section 3.2.2

Thermal Shock
(QTY 5)

JTP Section 3.2.3

Humidity
(QTY 5)

JTP Section 3.2.4

Cold Limit
Determination

(QTY 1)
JTP Section 3.2.5 Hot Limit

Determination
(QTY 1)

JTP Section 3.2.5 Rapid Thermal
Cycling

 (QTY 1)
JTP Section 3.2.5 Vibration Limit

Determination
(QTY 1)

JTP Section 3.2.5 Combined
Environments

Testing
 (QTY 5)

JTP Section 3.2.5

>= SnPb
Performance

Pb-Free Alloy
Meets JTP
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Pb-Free Alloy
Does NOT
Meet JTP
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YES

Test Vehicle
Assembly

Vibration
JTP Section 3.2.1

Thermal Cycle
0/+100C
(QTY 5)

JTP Section 3.2.6
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-55/+125C

(QTY 5)
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29 TEST
VEHICLES per
SOLDER
ALLOY



Extended Test Flow Chart

Salt FogTemperature
Altitude Rain

Meets Critical
Performance
Requirements

Pb-Free Alloy
Does NOT
Meet JTP
Criteria

>= SnPb
Performance

Pb-Free Alloy
Meets JTP

Criteria

NO

YESMeets Critical
Performance
Requirements

Pb-Free Alloy
Does NOT
Meet JTP
Criteria

>= SnPb
Performance

Pb-Free Alloy
Meets JTP

Criteria

NO

YES

Fungus



Mfg. Test Options vs.
Resources

156394Original Test Matrix +
Extended/Three Thermal Cycle
Ranges

87293SnCu Wave Only/Two Thermal
Cycle Ranges

72243SnCu Wave Only/One Thermal
Cycle Range

102343SnCu Wave Only/Three
Thermal Cycle Ranges

136344Original Test Matrix/Three
Thermal Cycle Ranges

TOTALTV per
Alloy

# of
ALLOYS

OPTION



Repair Test Options vs.
Resources

116294Recommended Repair Matrix/Two
Thermal Cycle Ranges

192248SnCu Wave Only/One Thermal
Cycle Ranges

96244Recommended Repair Matrix/ One
Thermal Cycle Range

272348SnCu Wave Only/Three Thermal
Cycle Ranges

3403410Original Repair Test Matrix/Three
Thermal Cycle Ranges

TOTALTV per
Alloy

# of
Alloys

OPTION



Thermal Cycle Test Duration

22315208,0000/+100

2501543,000-55/+125
13815103,000-55/+125
10015203,000-55/+125
4451548,0000/+100
27815108,0000/+100

20415308,0000/+100

Duration,
Days*

Dwell
Time,
min.

Ramp
Rate,
C/min

Est. # of
Cycles

Temp.
Range,  C

*Assumes 24 hrs. a day of chamber operation & 0 days of maintenance
downtime, holidays, etc.


