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Outline

 BITS -- materials challenges
e WIACS vs. YSin Cu alloys ... then & now

e Brushform 65™ & Alloy 390™

— Product development methodology

— Chemistry, mechanical/physical props
— Conductivity vs. T

— Stress relaxation

» Alloy comparisons
e BITS applications feedback
e Summary

3/6/05-3/9/05 2005 Burn-In and Test Socket
Workshop



BITS Materials Challenges

 Driving Forces

 Base Metal Requirements

— Larger wafers, smaller —
pitch, higher pin count, _
shorter contacts create
new problems in ...

» Fabrication
o Co-planarity
o Compliance

— Thermal management _
— Higher power/lower _

voltage

— Long socket life (cycles)
» Performance stability

3/6/05-3/9/05

High yield strength
Moderate elastic modulus
Good formability

High electrical & thermal
conductivity

Good stress relaxation
resistance

Good fatigue strength
Low/uniform residual stress

2005 Burn-In and Test Socket

Workshop



Historical Conductivity vs. Strength
Relationships in Cu Alloys

Inescapable Rule: %IACS varies INVERSELY with strength
[but, the "frontier" has advanced with each new generation of materials]

@ GLIDCOP
CCZ

NK120

C18080
C186 '

Alloy 3 HTC -

Prior Experlmental Prior Experimental

Al ® Cu-Be Alloys Non-Be Alloys
oy 1915HT Brush 60 HT
Alloy3HTe © Alloy 390 HT
@Alloy 174 HT @

Commercial

AIons ® C7025 TMO03

Alloy 25 HT
)
Cu-TiEH @

P
p)
@)
<
S
>
=
=
—
O
>
©
c
@)
@)
'S
Q
s
(&)
Q
L

60 80 100 120 140 160 180

0.2% Yield Strength (ksi)

3/6/05-3/9/05 2005 Burn-In and Test Socket
Workshop



A New Shift in the IACS vs. YS Frontier

e Brushform 65™ HT Strip
— Strength & formability of

prior high performance Cu-Be

alloys (Alloy 3, Brush 60™,
Alloy 174™)

— Net 15-20 %IACS greater
electrical conductivity

e Alloy 390 HT™ Strip

— Conductivity of prior high
performance Cu-Be alloys
— Nominal 40 ksi higher YS

« Existing UNS Cu-Be
chemistry & proprietary
mill hardening processes

— Consistent properties &
residual stress
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Outputs of Brush Wellman’s “ Stage Gate” New Product Development Process
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“*Stage Gate” New Product
Development Process (I)

 |dentify a new competitive product with a good
value proposition for the customer

e Market/customer focus

 Benchmark vs. competing & historical products
e Front-end planning

« Early & clearly defined product attributes

* Cross-functional team & champion

3/6/05-3/9/05 2005 Burn-In and Test Socket 6
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“*Stage Gate” New Product
Development Process (ll)

 Work to company strengths
 Tough new product launch criteria

* Rigorous/disciplined process -- tough
“go/no go” criteria

e Speed -- but not at expense of execution
quality

e Detalled/high quality execution of each
project phase

3/6/05-3/9/05 2005 Burn-In and Test Socket
Workshop



Partnering for Success in Next Generation BITS
(Harsh Environments)

Design requirements

OEM
A

7

Material Supplier ,
(Brush Wellman) ~

Alloy development, sample material,
production inventory, technical support

3/6/05-3/9/05 2005 Burn-In and Test Socket
Workshop

Maker

Trial stamping, testing,
performance feedback



Alloy 390™ HT

Data Sheet (l)
C17460 = (0.15-0.5)Be-(1.00-1.40)Ni-0.5maxZr-Cu
Physical Property English Units Metric Units

Density 0.318 Ib/in® 8.81 g/cm®
Melting Range 1975F-1880F 1080C-1030C

Electrical Cond. 44 %IACS min. 0.38 Megmho-cm
(Room T)

Thermal Cond. 135 BTU/hr ft F 235 W/mK
(@ 200 F) (@ 100 C)

3/6/05-3/9/05 2005 Burn-In and Test Socket 9
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Alloy 390™ HT
Data Sheet (lI)

Mech. Property  English Units Metric Units
0.2% YS 135-153 Kksi 930-1055 MPa
UTS 138-158 ksi 950-1090 MPa
Elongation 1% min 1% min

Elastic Modulus 20 msi 138 GPa
Hardness (DPH) 275-340 275-340

90 deg Bend* 2 RtGW & BW 2R/t GW & BW

*Up to 0.004 in. (0.10 mm) thick

3/6/05-3/9/05 2005 Burn-In and Test Socket
Workshop



Brushform 65™

PRELIMINARY Data Sheet (l)
C17460 = (0.15-0.5)Be-(1.00-1.40)Ni-0.5maxZr-Cu

Physical Property English Units Metric Units

Density 0.318 Ib/in® 8.81 g/cm®
Melting Range 1975F-1880F 1080C-1030C

Electrical Cond. 65 %IACS min. 0.56 Megmho-cm
(Room T)

Thermal Cond. 160 BTU/hr ft F 275 W/mK
(@ 200 F) (@ 100 C)

3/6/05-3/9/05 2005 Burn-In and Test Socket 11
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Brushform 65™
PRELIMINARY Data Sheet (II)

Mech. Property  English Units Metric Units
0.2% YS 100 ksi min. 689 Mpa min.
UTS 110 ksi min. /58 MPa min.
Elongation 5% min. 5% min.

Elastic Modulus 20 msi 138 GPa
Hardness 225 DPH min. 225 DPH min.

90 deg Bend 1.3 Rt GW & BW 1.3 R/t GW & BW

(Nom. 0.006 In.)

3/6/05-3/9/05 2005 Burn-In and Test Socket 12
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Enhanced Electrical & Thermal Conductivity
Brushform 65™ HT Strip
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Good Stress Relaxation Resistance
Alloy 390™ & Brushform 65™

Brushform 65™
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Alloys for Comparison

0.2%YS El. Cond. T Cond. 90 deg 150 C/1Kk hr
Alloy (ksi) (%IACS) W/mK R/t (GW/BW) (%RS)
190 HM 110 17 105 2/2 74
3HT 95 48 238 2/2 85
Brush 60™ 105 0 220 1.5/1.5 89
HT
Alloy 390™ 140 45 220 2/2 85
HT
Brushform™ 100 65 275 1.3/1.3 83
65 HT
C7025 85 35 170 2.5/2.5 88
TMO2
C199 EH 114 12 55 2/6 08
C18080 72 82 320 2/1 >88

Non-Be alloy data from manufacturer’s data sheet and/or sample exam

3/6/05-3/9/05 2005 Burn-In and Test Socket 15
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Connector Alloy Performance
“Figure of Merit”

(YS + 2 X IACS) X %RS
FOM ="""1T3 BWRI/t) x 1000

Numerator: Increasing property value -- improves performance
Denominator: Decreasing property value -- improves performance
*“(1 + BWR/)” enables 0 R/t value entry

«“1000” = normalizing factor to keep FOM << 100

3/6/05-3/9/05 2005 Burn-In and Test Socket 16
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Alloy Comparison: “Figure of Merit”

~
=
@)
LL
~
=
fam
)
=
Y
o
3]
—
-]
sy
LL

190HM 3HT  60HT 390HT 65HT C7025 C199EH C18080

Alloy

3/6/05-3/9/05 2005 Burn-In and Test Socket
Workshop

17



Temperature Rise

« Function of the bulk resistivity of the material

e More important as contacts become smaller,
with increased current carrying requirements

urrent

J 2 I 2____beam length

change in
temperature AT

i 2
/Zy/kA\area

electrical thermal conductivity
conductivity
[Conductivity Product]

Does not take heat transfer via CONVECTION or RADIATION into account

3/6/05-3/9/05 2005 Burn-In and Test Socket 18
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Alloy Comparison: Relative T-Rise

Relative
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3-Attribute Comparison ()

Relative T-Rise/Strength/Formability
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3-Attribute Alloy Comparisons (Il)

3/6/05-3/9/05
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3-Attribute Alloy Comparisons (lll)

Stress Relaxation/Conductivity/Strength
Top Left Front Corner = Better
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Alloy 390™ HT in BITS

e “Proven technology” in on-going BITS
applications
— LGA (strength)
— Low power (44 %IACS)
e But less T-rise than lower %IACS Cu-alloys
— Meets demanding performance requirements

 Mill hardened

— No heat treat distortion issues
— Uniform residual stress -- high stamping yield
— Consistent strength/hardness

* Meets higher spring force requirements
» Passes increased cycle life test standards

3/6/05-3/9/05 2005 Burn-In and Test Socket
Workshop
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Brushform 65™ |n BITS

« “Alpha customer” trials feedback (POWER apps.)
— Stampability similar to other 100 ksi Cu-alloys

— > 25% Iimprovement in specific resistance vs.
Alloy 390 (65 %IACS vs. 44 %IACS)

— 14% increase in Amperage carried vs. Alloy 390
e Improved current carrying capacity

— Trial stamping in tooling for higher YS alloy
unintentionally compromised mechanical performance

 Different elastic springback (dimensional control)

« Higher initial permanent set (minor design change
could overcome -- offset by benefits of greater
electrical performance)

3/6/05-3/9/05 2005 Burn-In and Test Socket 24
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Summary (I)

e Brushform 65™ HT & Alloy 390™ HT meet
BITS material challenges for demanding
applications

— Results of a rigorous “stage gate” New Product
Development Process

— Examples of OEM/Stamper/Supplier partnership for
success in next generation BITS for harsh
applications

e Both alloys exhibit good stress relaxation resistance
and provide desirable 3-attribute combinations

— Relative T-rise/strength/formability
— Formabillity/strength/conductivity
— Stress relaxation/strength/conductivity

3/6/05-3/9/05 2005 Burn-In and Test Socket 25
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Summary (Il)

e Alloy 390™ HT is a lean Cu-Be strip product
with enhanced strength relative to traditional
“*high conductivity” Cu-Be alloys

— Performance Figure of Merit > competitive non-Be Cu-
alloys of similar or lower %IACS

— Strength within the mill hardened “high strength”
Cu-Be alloy range, with 44 %IACS minimum

— Established in on-going LOW POWER BITS
applications

« Consistent residual stress & strength, high cycle life

3/6/05-3/9/05 2005 Burn-In and Test Socket 26
Workshop



Summary (llI)

 Brushform 65™ is a new lean Cu-Ni-Be strip
product with enhanced conductivity/strength
combination relative to all other Cu-base
connector alloys

— Performance Figure of Merit in the same league as
competitive very high conductivity Cu alloys

— High “conductivity product” = low temperature rise
— BITS application trials (HIGH CURRENT/POWER)

e Good stampability

* Improved specific resistance & current carrying
capacity vs. Alloy 390™

 NO insurmountable mechanical performance issues

3/6/05-3/9/05 2005 Burn-In and Test Socket 27
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Challenges of Contacting
Lead-Free Devices

2005 Burn-in and Test Socket Workshop
March 6 - 9, 2005
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Discussion Topics

« Defining Interconnect Success

e |ead-free Material Trends and
Applications

o Specifics of Lead-Free Alloys
e The Impact on Interconnect Success

 Conclusion: Achieving Interconnect
Success

11/12/2002 Challenges of Contacting Lead-Free Devices



Interconnect Success

 Goal: Minimize and sustain the junction
resistance between the device lead and
contact.

R = R¢ * Rfiim

total
Constriction
R, o« FY2 (force) ; R, &< p, (plating)
Film
R:iim >> R (oxide, debris)

11/12/2002 Challenges of Contacting Lead-Free Devices



Challenges to Interconnect
Success

e Maintaining bias throughout product life.| R « F-

C
L L

* Ry develops on the surface of the contact over
Insertion (debris and oxide).

Riiim >> Re
* Wear of the contact tip can compromise the
interconnect integrity: [ 5 R o F-
‘ 112
P tip

— Plating (contact under-plate metallic oxidizes)
— Function (wipe, piercing, etc.)

11/12/2002 Challenges of Contacting Lead-Free Devices



Industry Lead-Free Trends

 Leaded and Pad Packages
— Matte Sn
— NiPd ; NiPdAu
— SnBi
— Au
 Ball Grid Array Packages (BGA)
— SNAG30.40CUg 5

11/12/2002 Challenges of Contacting Lead-Free Devices



Challenges in the Field
e Matte Sn

— Customers see faster rise in resistance which
leads to more frequent cleaning when compared
to SnPDb.

— Reduced contact life has been observed vs. SnPb,
but not as great as with NiPdAu.

e NiIPdAuU

— Customers observe good contact resistance until
the contact plating wears, which promotes a
drastic drop in 1st pass yields.

— Contact life is much less when testing NiPdAu vs.
Sn Pb.

11/12/2002 Challenges of Contacting Lead-Free Devices 6



Qualification of Interconnect
Success

e Contactor Designs
 BGA Contactor
— Sng;Pb,-, eutectic

— SNgs 5A040CUg 5
 Pad Contactor : ROL200 Design
— SngPby,
— Matte Sny,
— NIPdAu

11/12/2002 Challenges of Contacting Lead-Free Devices



Qualification of Interconnect
Success

 Contacts were populated into a contactor and
mounted to a test board.

e Force Testing: Contact force was measured Iin
real-time as devices were inserted into the
contactor.

 Resistance Testing: The test board and devices
were designed so that four-point Kelvin
resistance measurements were made across
pairs of contacts throughout the contactor.

11/12/2002 Challenges of Contacting Lead-Free Devices



Qualification of Interconnect
Success

 Resistance Testing cont.: Packaged devices were
cycled through the contactor and Kelvin
resistance measurements were recorded:

— BGA Devices: Each device was cycled ten times
with resistance readings at the first and sixth
Insertion (reduce cost)

— Pad Devices: Each device was cycled only once,
Insuring virgin plating material on each insertion.

11/12/2002 Challenges of Contacting Lead-Free Devices 9



SnAgCu Balls

Physical Appearance
e A dull, grainy, matte finish on the SnAgCu
balls due to the formation of pure Sn
dendrites on the surface of the ball.

11/12/2002 Challenges of Contacting Lead-Free Devices 10



EDS Spectrum of Dendrite Rich
Regions - SNAgCu Balls

Average composition
In dendritic rich region

Sn 99.8%
Cu 0.2%
Ag <0.1%

Average composition
In non-dendritic region

Sn  96.1%
Cu 2.3%
Ag 1.6%

11/12/2002 Challenges of Contacting Lead-Free Devices



XPS Analysis of
SnPb and SnAgCu Balls

e XPS: X-Ray Photoelectron Spectroscopy

A beam of x-rays was focused on the sample
surface, which generates photoelectrons that are
energy analyzed and counted.

« The atomic composition and chemistry of the
sample surface can be determined from the
emitted photoelectrons.

 Oxide thickness was defined as the depth at
which the oxygen concentration fell to 50% of its
peak value.

11/12/2002 Challenges of Contacting Lead-Free Devices 12



XPS Analysis of SnAgCu Balls

Composition vs. Sputter Depth for SnAgCu Ball

Oxide Depth
~ 29A

A = 1010

angstrom

30 40 50 60 770 80 90 100
Sputter Depth (A, SiO2)

11/12/2002 Challenges of Contacting Lead-Free Devices 13



XPS/SEM Analysis of
SnPb and SnAgCu Balls

e Conclusions From XPS and SEM:

— Both SnPb and SnAgCu had Sn oxide
dominated layers of approx. 29A.

— Surface roughness of the SnAgCu was
much greater than that of SnPb and
caused by pure Sn dendrites.

— No Sn dendritic growth was observed with
SnPb balls.

11/12/2002 Challenges of Contacting Lead-Free Devices 14



Matte Sn Pad
Physical Appearance

 Matte Sn pad surfaces were observed
having large, Sn-rich grains.

11/12/2002 Challenges of Contacting Lead-Free Devices 15



NIPdAu Pad

Properties

 NIPdAuU plating is approximately 20x
harder than standard solder alloys.
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SnPb vs. SnAgCu BGA
Resistance Performance

Approximate

Force = 1/gm

SnPb

Avg = 118mQ
Stdev = 43mQ
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Increased Force BGA
SnAgCu Resistance Performance

Approximate

Force = 50gm

SnAgCu

Avg = 91mQ
Stdev = 47/mQ
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Matte Sn and NiPdAu Qualification
Pad ROL200 Design

o Utilizes non-plated contact of
hardness >350 Vickers, with
two elastomers to create
device and load board bias.

 Tangential scrub action on the
device. Contact rolling action
on the load board.

« Manufactured for testing with:
— 48QFNO07-0.50

11/12/2002 Challenges of Contacting Lead-Free Devices 19
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SnPb vs. Matte Sn Pad ROL200

Resistance Performance
No cleaning Sn: No Clean
= 125 Avg = 92mQ
S *§ 10 Cleaning every 20K Stdev = 43mQ
%é 75 Sn: Clean @ 20K
¢ % > Avg = 48mQ
= Stdev = 35mQ
100,000 200,000 300,000 SnPb - No Clean
Insertion Avg = 28mQO
Stdev = 5mQ

11/12/2002 Challenges of Contacting Lead-Free Devices 20



NiIPdAu Pad ROL200
Resistance Performance

NiPdAu
Avg = 16mQ
Stdev = 12mQ

100,000 200,000 300,000
Insertion
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Conclusions

Sn rich solder (dark reglon)

" )..} \ =

SnAqCu Evaluation vy """[' vf | ‘\*?i' "

|‘ \‘1
.\r

— Sn rich solder smears
In the contact surface
over insertion, creating |§
resistance rise. |

Rf”m e RC ~Contact éu;face

— Increase In force, combined with a self-
cleaning function aids in maintaining of
nominal resistance performance.

11/12/2002 Challenges of Contacting Lead-Free Devices 22



Conclusions

e Matte Sn Evaluation

— Pure Sn tend to smear
and cover the contact

surface. Rﬁlm >> Rc

— A prescribed cleaning
cycle aids in maintaining |
low resistance values,
while promoting long
contact life.

11/12/2002 Challenges of Contacting Lead-Free Devices 23




Conclusions

e NIPdAuU Evaluation

— Debris/oxide presence was not detected
and does not pose a problem to resistance
performance. Cleaning wasn’'t necessary
during this test.

— Wear on un-plated contacts will reduce the
force over insertion, thus increasing the
variation in contact resistance.

Rc oC |:-1/2

11/12/2002 Challenges of Contacting Lead-Free Devices 24



Proposition
for Interconnect Success

« SNAgCu and Matte Sn (Maintain Low R)

— The right combination of force and self-
cleaning scrub eliminate Sn build-up on the
contacts which will reduce cleaning
frequency. (Reduce down time)

 NIPdAuU (Promoting Long Life)

— Un-plated contacts with material hardness
of >350 (Vickers) to ensure improved
contact life.

11/12/2002 Challenges of Contacting Lead-Free Devices 25



Future Work
Understanding Sn

* The mechanism for the increase In
resistance due to the matte Sn pads and
SnAgCu balls needs to be understood.

 An increase in force may reduce the need
to clean as frequently, but also may
reduce contact life.

11/12/2002 Challenges of Contacting Lead-Free Devices
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Application of Socket
Cleaning and Contact
Restoration to Reduce
Burn-In, Test & Device
Programming Cost

2005 Burn-in and Test Socket Workshop
March 6 - 9, 2005
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Interconnect Restoration

*Solder Contamination
*Interconnect Failure

*Yield & Capacity (Production) Loss
*Restoration Process & Results

11/12/2002March
2005



Interconnect Restoration

Process Applied To
Burn-In Boards
Test Sockets: Pogo Pins (Spring Probes)
Programming Sockets

11/12/2002March 3
2005



Burn-In

Board Stats:

e 96 Socket Positions
e 153 Pin BGA
 Pinch Style Contact

e Auto Load — Open
Top

11/12/2002March 4
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Burn-In: Solder Contamination

11/12/2002March
2005



Burn-In
Socket Functionality (Board 4378)

Restoration -

[
Y
>
>
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Burn-In

Socket Functionality (Board 434C)

100%

11/12/2002March
2005



Burn-In

PRE-SCREEN FAILURES (4378)
Masked Sockets Excluded

1 Elevated
@ Ambient

11/12/2002March
2005



Burn-In: Contact Failure at Temp

PRE-SCREEN FAILURES (4378)

B Masked
1 Elevated
@ Ambient

Y Py Y
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Burn-In: Contact Failure at Temp

PRE-SCREEN FAILURES (434C)

90

80
1 Elevated 70
B Ambient 60

50
40
30
20

~ 10

11/12/2002March
2005
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Burn-In: Benefits Summary

Reduces/Eliminates Board Replacement
Cost

Reduces Labor: Board Handling & Pre-
Screen

* Increases Oven Space Utilization
 Decreases Facility Power Consumption
* Increases Production Capacity (+112%)

11/12/2002March
2005



Test

POGO PIN / SPRING PROBE RESTORATION

11/12/2002March
2005
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Test

e Spring Probe (Pogo Pin) Socket
e 144 Pin BGA Device

e 53K Initial Use Cycle Count

e 45K Post Process (Average)

11/12/2002March
2005
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Test

FAILED SOCKET - CONTACT RESISTANCE

MAX 12022 / MIN 118 / AVG 1558 / STD DEV 2338 (milliohm)

11/12/2002March 14
2005



Test

RESTORED SOCKET - CONTACT RESISTANCE

MAX 385 / MIN 31 / AVG 59 / STD DEV 40 (milliohm)

A B C D E F (€] H J K L M
1| 424 31.2 39.4 41.1 47.4 88.9 34.8 45.8 47.1 102.3 56.4 35.1
2| 63.6 54.8 49.5 58 60.4 34.7 40.7 59 42.8 61 50.8 40.3
3 48 39.7 61.4 49.5 SYRS 44 57.3 54.5 45.2 54.4 74.9 57.5
4| 429 47.5 44.4 385.1 334 48.2 103.6 66.2 49.7 56.8 54 67.8
5| 46.7 53.1 57.8 42.8 58.8 42.7 44.3 56.1 77.4 47.1 51.4 42.3
6| 44.3 42.4 49.4 70 42.7 55.2 35.7 59.1 187 64.9 42.3 57.4
7| 40.1 45.6 52.3 57.3 41.4 50.5 55.7 64.1 45.7 41.1 54.5 68.3
8| 47.6 57.1 54.7 48 45.2 40.3 44.8 a47.7 76 51.9 64.2 92.9
9| 55.6 56.9 67.8 45.2 52.8 43.6 46.2 60 44.5 57.1 ar.7 39.9

10 51 52.9 49.1 69.6 45.8 78 53.3 55.6 76.4 51 64.8 41
11| 77.6 75.7 48.1 45.1 63.8 46.5 83.9 43.4 107.9 48 56.4 42.9
12 55 63.2 44.1 59.5 65.2 51.3 77.2 49.8 46.7 42.5 62.3 46.3
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Test

POGO PIN CONTACT RESISTANCE

4 5
Use Cycle

11/12/2002March
2005
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Device Programming

Programming Yield

Solder Contamination = Reduced Yield
Yield Restoration

Production Results
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Device Programming
YIELD VS. DEVICES PROGRAMMED (Typical)

11/12/2002March
2005
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Device Programming

Solder Contamination
Increased Contact Resistance
Reduced Yield
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Device Programming
Socket Restoration

——127/mm BGA
—8—100mm BGA
—4A—0.80mm BGA
—¢—0.65mm QFP
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Thank You!
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