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Introduction

Max Service Temp.
= C
Music Wire, ASTMA?228 250 121
Austenitic Stainless Steel AlSI 302 600 316
Beryllium Copper, ASTM B197 400 204

Material Name and Specification

Data from reference.
May not be suitable for small spring with < 0.1mm
diameter wire.
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Objectives

Investigate the effects of high temperature
heating on spring performance.

Verify suitable temperature range of music wire
spring application (<0.1mm wire diameter).

Analyze the root-cause of spring failure in high
temperature environment.
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Test Methods

Compressed spring in parallel plates;

Heating compressed springs in high
temperature oven for a period of time;

Force-deflection measurements (at room

temperature) after taking the springs out of
oven.
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Spring Sample

Sample OD (mm) Free Length (mm) Wire Diameter (mm)
S1 0.49 1.70 0.06
S2 0.65 3.80 0.08
S3 0.38 5.20 0.065

Material: Music wire, carbon steel (~0.8% C)
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Criteria of Performance Evaluation
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Max Displacement vs H.T. vs Temp.
(S1)
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Max Force vs. H.T. vs Temp. (S1)
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Comparison: New Spring vs after

120°C x 1 week (Sl
O 08 mm

Spring ..
after 2
120°C x 1
week
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Max Displacement vs H.T. vs Temp.
(S2)
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Max Force vs. H.T. vs Temp. (S2)
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Comparison: New Spring vs after
120°C x 1 week (S2)
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Max Displacement vs H.T. vs Temp.
(S3)
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Max Force vs. H.T. vs Temp. (S3)
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Comparison: New Spring vs after
120°C x 1 week (S3)

New
Spring
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Summary -1

<100°C heating has little effects on small music
wire spring (<0.1mm wire diameter).

>120°C heating, maximum displacement of
spring decrease significantly after about 20
hours. Less than 20 hours, the spring can
maintain normal performance.
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Summary — 2

Permanent deformation (length shortage) of
spring during heating causes the reduction
of maximum displacement of spring.

The length shortage due to heating at 120°C for
one week ranges 5~10% for music wire
spring. But spring keeps good elasticity and
displacement range with linear F-D relation
even though spring is short.
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Low cost Burn-in Socket
Design for Area Array
Package (BGA)

2002 Burn-in and Test Socket Workshop

March 3 - 6, 2002
By: Ichiro Fujishiro
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Considerations in the Development of Low Cost
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1 . M arkEt TFEﬂd Source : Semiconductor Assembly Council
Worlawide IC Shipments by Package Family

CAGR
2000 2001 2002 2003 2004 2005 (%)

Package Units (M)

7,426 7,192 7,286 7,459
55,428 60,139 67,549 76,911
2,188 2,215 2,331 2,477
9,399 9,848 11,141 12,828
307 351 383 441
3,456 4,029 4,871 5,748
5,295 7,324 9,891 12,168
7,483 8,154 9,354 10,757

90,983 99,253 112,806 128,789
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2. Considerations in the Development of
Low Cost Burn-In Socket for BGA

Lower Cost with Reduced Component Count.

Keep High Reliablility with Existing Tweezers Type
Contact.

Smalller Size for High Density Assembly.
Lower Height for Better Wind Flow.
Easy Matching with Existing Loader/Un-loader.
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3. Appearance of Low Cost Burn-In Socket for BGA

Slide Plate Contact Lever
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Package Size
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4. Socket Components Comparison

New Socket |Existing Socket

Socket Base
Slide Plate
Contact

Lever A

Coil Spring A
Locator

Latch

Coil Spring B
Cover

Lever B

Lever C
Lever D

Coil Spring C
Shaft A

Shaft B
Retaining Ring
Total Parts of Existing Socket
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5. Operation of Low Cost BGA Socket

Lower Operation Force
(Existing Socket = 4.0KQ)

20%Decreased

Tip of Lever

Tip of Lever
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5. Operation of Low Cost BGA Socket

Pushing down the Tip of Lever Release the Lever

Contact Close Contact Open | contact pinch the solder ball

3
IC Package § -

Sllde Plate

|IC Package
Slide Plate

Slide Plate

Contact -
|

Socket Base || | Socket Base
I Socket Base

SEC.A-A
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5. Operation of Low Cost BGA Socket

Simplified Actuation Mechanism

Low cost socket requires a minor change of
auto loader/un-loader head

Auto Loader/Un-loader Head Image




6. Features of Low Cost BGA Socket

High Reliability
Utilize prewous hlgh rellable contact

ZAKU Hiea A 18RKBm  S7O91F HoEa S@wm  PFELV

04 1.0 .
Each Contacts are Contact Point

divided by socket

base and slide plate. lide Plate Applicable Solder
Ar T ball diameter

Contact
/ \ =0.75mm

Precision contact position /

No short circuit

No damage to contact

Open
& LM
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6. Features of Low Cost BGA Socket
High Reliability

Solder Ball'8ide view)

Contact Mark

Solder Ball (top view)
enlargement.

Solder.Ball (topview). e
Small contact mark =

No contact mark at the top of solder
pball

No sticking problem

@ YAMAICHI
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6. Features of Low Cost BGA Socket
th Re“ablllt Cycle test (room temperature)

Contact resistance variation
N=2 sockets, 160points (80points/socket)

Data is for loop resistance
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6. Features of Low Cost BGA Socket

Cycle test (high temperature, 125 degree C / 48h)

HI h Rellablllt Contact resistance variation

N=2 sockets, 160points (80points/socket)

Data is for loop resistance
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6. Features of Low Cost BGA Socket
High Density

Reduced Socket Body Size

Low Cost : 62mm sq.
Existing: 74mm sq.

Reduced Socket Area

‘ -12mm ‘

Low Cost : 3,844mm2 | -1632mm? |
Existing: 5,476mm? | 30%DOWN |
Reduced Socket Weight

Low Cost : 460
Existing: 75¢ | -29 ‘With light weight

Easy handling

@ YAMAICHI
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6. Features of Low Cost BGA Socket
Better Air Elow

Reduced Socket Height

Low Cost: 16.5mm

‘ o.omm ‘

Existing: 25mm

YAMAICHI
€LECTRONICS
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6. Features of Low Cost BGA Socket
Better Air Elow

Existing Socket Low Cost Socket PWB

|IC Package

|NarrowSpace for Air Flow | |Widerspace for Air Flow |

@ YAMAICHI
ELECTRONICS
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/. Conclusion

Development of low cost BGA socket
Reduced Component Count
Cover-less
Shaft-less

High reliability
Utilize previous high reliable contact

High Density and light weight - Smaller

Size

Better Air Flow - Lower height

@ YAMAICHI
ELECTRONICS
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Existing Socket

New Socket

Difference

Socket Size

74.0mm

62.0mm

12.0mm 164 off

Socket Height

25.0mm

16.5mm

8.5mm 34« off

Socket Area

5 476mm

3,844mm

“11.632mm 30 off

Socket Weight

759

469

299 38% off

Component Count
(W/O Contact)

23 parts

4 parts

19 parts 82% off

Operation Force

4.0Kg

3.2Kg

0.8Kg 20% off

Loader/Un-Loader
Interface

on Cover

IEEE BiTS (BURN-IN & TEST SOCKET WORKSHOP) March 3, 2002
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Coverless
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Our Need

s ECT-STG needed to automate force and resistance
measurements for new contactor technology
gualification and production validation

0 Precise force and resistance measurements are very
tedious and time consuming

0 Measurement sample sizes tend to be too small -
statistically significant data sometimes was missed

0 The ‘human element’ in data taking sometimes ended in
biased or unreliable results

0 Manual testing was not practical for production
Inspection or for rapid field failure analysis




Our Goal

= A programmable X-Y robot with mQ resistance
and gram force sensors with full data
acquisition capability

= A unit ‘off the shelf’ was found - Tricor Systems
921 X-Y DFR system

NO PROBLEM!!!
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The Problem

s 921 DFR X-Y robot DFR system cost: $49,775.00
s Our allocated budget:




The Solution

= Build it yourself!!!
s HmMmmm - where to start...
s SCROUNGE, SCROUNGE, SCROUNGE

Existing

equipment:




The Solution (Hardware)

s The -orce esistance and Displacement System
( F=el) - for short )

RS232 force

EETHLET




The Solution (Hardware)

O el)’s missing BITS:
Indicator serial cable: new $72

Force gage serial cable: new connector $3, stolen mouse
cable $0

0 Additional serial port card on PC: $26
0 Digital 1/0 wiring: another stolen mouse $0
0 Roll of duct tape: $2.59

0 |IEEE 488 adapter board: $12 d‘
0 IEEE 488 cable: $26

The World's Online Marketplace ™

= Bolt it all together... :




The Solution: Probe Considerations

Probe size should simulate
DUT ball/pad geometry

Wires must be soldered near % %
tip to minimize bulk % %
p %

resistance

Probe should be replaced
often

Nickel/Gold plating Is
recommended on tip

Contactor must be firmly

mounted to shorting plate

Wires must be affixed to —
shorting plate on opposite
ends to minimize bulk

re S I Stan Ce GOLD SHORTING PLATE

4-WIRE RESISTANCE METER




The Solution (Software)

s Use existing NC G-Code software

to drive robot
s Data Acquisition software: $2100

s MS Excel macros/extensions -

= Visual Basic dumping into Excel - OK (but a
second PC was needed - not enough system resources
to run VB and NC controller on one machine- oh well...)

The birth of ECT
AUTODATA

- AUTODATA.

10




The Solution - Features

XYZ motion to .0002" precision

Programmable in G-CODE or probe position imported from
CAD data

G-CODE triggered data gathering event with system feedback
1 gram force resolution

4-wire resistance to .01 milliohm resolution

Data output into standard Excel spreadsheet

Output formats: FReD curves, resistance maps, force maps,
force and resistance histograms, monitored cycle testing,
resistance/force statistics per contactor/lot, wear testing,

Total cost to integrate system:




Results - The Good, The Bad, The Ugly

Resistance maps show patterns of resistance
failure

FReD plots analyze a contact system’s reliability
over the entire actuation

Resistance histograms and statistics (mean,
standard deviation, skew, etc.) are good tools to
evaluate improvements

Force contours show mechanical failures

All of the tools above show inherent differences In
contact technologies




Results: FReD Unbiased 2 Piece Probe

FReD - Unbiased 2 Piece Probe

ot ﬁ‘u\m w 0 Very smooth and
i predictable force
& O Erratic and

unreliable
resistance - opens




Results: FReD Biased 2 Piece Spring Probe

Resistance Histogram
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differences for
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Results: FReD - Probe With Uncontrolled Free Length

Resistance Histogram

umber of
r

FReD - Spring Pins With Uncontrolled Free Length
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SR I T S
Resistance (milliohms)

0 Overlaid force
traces have wide
separation

0 Wide variance In
preload evident



Results: FReD - Elastomer/ Flat Interposer

FReD - Flat Tip Interoser on Elastomer

esistance (milliohms)

0 High force system

0 Resistance at beginning
of stroke very unstable

0o Uniform force

0 Uniform working
resistance




Results: FReD - Sliding/Wiping Contact for QFP

Resistance Histogram
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FReD - Sliding/Wiping Type Contact
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Results: FReD - ECT uHPC/PL

Resistance Histogram
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FReD Cantilever Beam Contact Type QFP (uHPC/PL)
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Results: Resistance Map Before and After Cleaning

position 14 21 22 23
89.5| 68.1] 140] 277 X . .

102] 79.4] 3 954, gz,gl 423 ReSIStance HIStOgl’am
104] 59.2

1

2| . 8

4| 64.7] 66| 4 135| 57.2 X 7] _116] 642
s| _82.4| 432] 508] 170 . . . . ] 208| 48.4)

6| A

7|

8|

9

62.5] 35.7] 312]

61.6'

151

273 A
49.11 s . 59.6] 32,5| 38.7
A . X 3 124] 297] 449

52.3] 42.4]

52.6] 64.1
52.3] 33

Number of Occurrences

89
[ 129 - 25| VQ (00 bQ ,\0
Resistance (milliohms)

7 8 10 11 12 13 14 15

X . 33.3] 33.4] 35.4] 31.1] 325 38.8] 72.7] 43.7] 33.8] 30.2]

Resistance Hlstogram . X X 26.3] 48.1] 36.9] 42. 57.3] 40.7
! ] I . X . . . 36.2] 33.9

20.0] 39.9
48.8| 27.3] 38.9] 207

Number of Occurrences

S e S & R

Resistance (milliohms)

0 After standard maintenance cleaning process done,
heavily used contactor nearly returns to usable
condition




Results: Resistance/Force Map - Mechanical Failure

position
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0 Very large LGA contactor exhibited ‘opens’ in a large
patch in the center

0 Contactor guideplate suffered from extreme expansion
due to hydroscopic effects. Center was ‘domed’, resulting
In probe hitting contactor floor too early




Results: Wear Analysis - Au Contact Wear Against Pd-Au

Resistance (mOhm)

w
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o

Gold Contact Element Resistance
vs. Engagement Cycles - Flash Au over Pd Coupon

y = 1E-06x + 18.441

0 Robot was set up
with  uHPC/PL
leadframe element

0 Machine stroked
element over Au flash
over Pd coupon to
simulate 1M actuations

0 Resistance was
recorded every 1K
cycles




Results: Monitored Cycle Testing

0 Robot continuously

cycled 25 pogo pin
array until each pin

was tested 1000 times

0Some early ‘break-in’
IS seen




The Future of FReD

s FReD is always getting smarter

0 Working on improved software for simpler control and
more powerful measurement
— Faster data gathering
— Automatic G-Code generation
— Easier user interface

0 Resistance probe can easily be replaced with VNA or

TDR for signal integrity verification of interfaces, POGO
blocks, and contactors

0 New tests being proposed: spring pin pointing accuracy,
spring pin bias reliability validation, BGA solder transfer
Investigation, Lead-free BGA contact study,




Conclusion

s FReD has proven to be an invaluable evaluation
and characterization tool

m All contact systems have their own features and
benefits - FReD Is a tool to identify the pros and
cons

m FReD is flexible and user friendly. Many different

tests can be performed
= And of course

1 FReD is CHEAP
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