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Physics of Contact Resistance

- Contact Shape is
very important

Real Contact Area << Apparent Contact Area

Surface Contamination 1 === Cres ¢

Contact Force | === Cres ¢
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Surface Contamination Factor

Number of TD increases
. B

Contact surface is contaminated
o

Cres increases
S

Test Yield drops
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Hard Materials Factor

To comply with RoHS (Restriction of Hazardous Substance),

» Leadframe & Ball & Pad Material Change
: Leaded > Lead-free

» Leaded leadframe & ball & pad: Soft (SnPb)
» Lead-free leadframe & ball & pad: Hard (Sn, NiPdAu, Pd alloy...)

*** Pin contact cleanliness and sharpness become more important for lead
free package test

B TestConXFE. 2018
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Test Temperature Factor

* More High Temperature Test required

» High Temperature : Material activated - more pin contamination & alloy formation

*** Pin surface cleaning becomes more important at high temp test

China
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Metal layers of the Pin Surface

Au
Ni
Be-Cu

* Au layer is most important to flow current

* Ni Layer is used for Cu diffusion Barrier

* If Au layer is worn or cracked, Ni comes out to form Ni Oxide
 Ni Oxide is not conductive and Cres is increased

> Very important to maintain Au layer clean for high Yield Testing = Periodic Cleaning

-TeSt Co nx¢' Iﬂ " Test Yield Control by On-line Laser Cleaning 2 0 1 8
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Conventional Cleaning

Brush Cleaning

* Cleaning Performance is not enough
» Cause Au Layer Surface Wear

* Pin Lifetime is reduced

* Remaining debris make a leakage

Ultrasonic Cleaning

* Cleaning Performance is not enough

» Cause Crack Growth in the Au Layer

* Long cleaning time due to off-line cleaning
» Water make oxidation/rust issue

-TeSt Co anF' Iﬂ " Test Yield Control by On-line Laser Cleaning 2 0 1 8
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What is Laser Cleaning?

m What is a laser cleaning?

- Dry cleaning technique to remove
the surface contamination selectively
without inducing any substrate damage
by using proper laser beam interaction.

Definition of Socket laser cleaning

- Removal process of Tin(Sn) based
contamination from the tester socket
pin surface to enhance the test yield.

TestConX.org

Laser Pulse L
Vaporization

After Lasing

Ref: Lasers & Cleaning process,
J.M.Lee, Hanrimwon Publ. 2002

Ny

Laser removes
the contaminants
on the pin surface

selectively

Test Yield Control by On-line Laser Cleaning

October 23 & 25, 2018
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Advantage of Laser Cleaning

In-situ cleaning without removing the socket

High speed cleaning: approx. 10 sec/socket
Excellent cleaning performance

Immediate test yield increase (Approx. >2%)

Very fast response process for emergency cleaning
Very simple and easy handling process

Low cost of ownership

-TeSt : 0 nX | | l'“ Test Yield Control by On-line Laser Cleaning

China
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Cleaning Results (Logic Sockets)

Target : To remove Tin(Sn) based contamination

= [estConXFHE.

China
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Memory BGA Socket

Before Laser Cleaning After Laser Cleaning

&= [estConX'E.

Test Yield Control by On-line Laser Cleaning
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Various Contact Pins

Laser can clean most of pin types without causing any substrate damages in the test sockets.

TestConX+E.

China
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RF Device Socket

J-com, S pin: Pins can be cleaned without any damages of the Elastomer

= [estCo nX‘PE{

China
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Rubber Socket

® Laser cleaning after 100K touch down

After Laser Cleaning
1. No physical damage to rubber
2. 50% reduction in Cres

Test Yield Control by On-line Laser Cleaning

TestConX China Workshop TestConX.org October 23 & 25, 2018
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Rubber Socket — Au, Ag Powder

-Test ConXCP]ﬂ - Well cleaned without any damages

Test Yield Control by On-line Laser Cleaning

China
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Pd Alloy Pin

Test Yield Control by On-line Laser Cleaning

China

Tegt Coan‘f’E] - Well cleaned without any damages 20 1 8
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Contact Resistance — Rubber socket

Before After Reduced Percent
Laser Cleaning Laser Cleaning

1 320 mQ 142 mQ 55.6 %
275 mQ 153 mQ 44.4%
404 mQ 197 mQ 51.2%

2
3
4 358 mQ 164 mQ 54.2%
5

362 mQ 166 mQ

Average

Resistance tester

B TestConXFE.

China
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Composition Analysis

EDS Analysis Results

3 Comtocior pm [elors) © 10keV I @ Cortecter 2 (w/ PO2-1556)

Lead © Pin mralysis @ 10taV
- | Gold plate

F A -
/ I—|Tm 1: J
: a5 Lead

Before Cleaning After Laser Cleaning: Most Sn, Pb removed

China
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Composition — Rubber Socket

f2e

= g
ull Scale 18508 cts Cursor: 0.000

Element Weight%

CK 5.97
NK 0.00
OK 17.52
Sn L 27.51
AuM 49.00

Totals 100.00

& [estConXTE.

China

TestConX China Workshop

Atomic%

23.46
0.00
51.64
10.93
13.97
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——

Element
CK
OK

AuM

Totals

Weight% Atomic%
7.89 35.16
4.09 27.88

88.02 36.96

100.00

Test YielteSoXiedd §300kdliny IQsdin€leasiidCleaningimt-c.co.kr> 2 0 1 8
20
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SEM Analysis after 100 times laser cleaning
Crown type Pogo Pin

Before Cleaning After 100 times Cleaning

After 100 times Laser Cleaning, No visual damage was shown

- TeSt Co anP @ " Test Yield Control by On-line Laser Cleaning 2 0 1 8
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Dimension & Deformation Analysis

€ Probe dimension before & after 1000 laser shots at cleaning condition

210.3090pm 210.0858um
Before Cleaning After 1000 laser shots

*** There was no any dimensional change after 1000 times of laser cleaning => No physical damage by laser

-TeSt Co nXCF' E " Test Yield Control by On-line Laser Cleaning 2 0 1 8
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Au Coating Thickness Measurement

1. Measurement Instrument
> XRD: X-Ray Diffractometry
> Model: MaXXi5
> Measurement spot size
»approx. 100x100um

2. Measurement Process

1) Thickness measurement before laser treatment
2) Laser cleaning with 350mdJ, 100 shots
3) Thickness measurement after the laser treatment

I TestConX+E.

China

Test Yield Control by On-line Laser Cleaning

TestConX China Workshop TestConX.org October 23 & 25, 2018
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Au Coating Thickness Measurement

Before treatment . After treatment

Johnstech
Pins

3 Average
Before laser treatment 1.49 pum 1.62 pm 1.56 pm 1.56 pm

After laser treatment 1.60 pm 1.52 pm 1.58 pm 1.57 pm

*** There is no difference on Au coating thickness of Johnstech pin
before and after the harsh laser treatment.

i JestConX+E.

China

Test Yield Control by On-line Laser Cleaning
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Au Coating Thickness Measurement

Before treatment After treatment

Spring Probe
Pins

1 2 3 Average
Before laser treatment 1.24 pm 1.32 pm 1.29 pm 1.28 pm

After laser treatment 1.27 pm 1.30 pum 1.25 pm 1.27 pm

*** There is no difference on Au coating thickness of pogo pin
before and after the harsh laser treatment.

% TeS t CO nXtP = Test Yield Control by On-line Laser Cleaning 2 0 1 8

China
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Laser Cleaning
after 160K Touchdown

Full Scale 5332 ct=  Cursor: 0.000 ke

BB TestConX TR

China

TestConX China Workshop

AMKOR
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Metal Brush Cleaning
after 150K Touchdown

Test Yield Control by On-line Laser Cleaning

TestConX.org

October 23 & 25, 2018
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Microscopic Investigation

A significant surface change was found
even after 60 shots.

Initial 60 times 150 times 300 times

Brush Cleaning J

Laser Cleaning A significant surface change was not found
even after 300 shots.

Before After 60 shots After 150 shots After 300 shots

TestConX+E.

China

Test Yield Control by On-line Laser Cleaning

TestConX China Workshop TestConX.org October 23 & 25, 2018
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SEM/EDS Investigation after 300 times

Brush Cleaning
After 150 sho_ts

After 30Q0shets _ 1
H 9:” 3 h' .
Before Cleaning / : 1

.

Ni  3.45
Cu 55.01
Zn  21.11
Au 20.44

2n  Total 100.00

Organic contamination

Au 100.00
Total 100.00

B TestConXFE.

= Test Yield Control by On-line Laser Cleanin
China Y g
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Contact Resistance Change with Cleaning

Brush #1
—dr— Brush #2
—a—Brush #3
—®— | aser #1
—@—Laser #2
—@—|_aser #3

Before 30 shots 60 shots 150 shots 300 shots

* In brush cleaning, Contact Resistance (Rc) increased even after 30 shots and more than 100% up after 300 shots.
* In laser cleaning, Contact Resistance (Rc) showed no significant change after 300 shots.

B TestConXFE. 2018

= Test Yield Control by On-line Laser Cleanin
China Y g
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Significant Leakage caused by brush cleaning

The debris and particles on the crown
valley and the surfaces generated after
brush cleaning could be a significant
leakage cause during the test.

XPE

= Test Yield Control by On-line Laser Cleanin
China Y g

TestConX China Workshop TestConX.org October 23 & 25, 2018
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Verification of Cres

S-com test data before and after laser cleaning

Mm@ | ([We wr ey e | [

Before Laser Cleaning After Laser Cleaning:
All Cres within spec.

-TeSt Co nx¢' Iﬂ " Test Yield Control by On-line Laser Cleaning 2 0 1 8
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Yield Enhancement

#06 => MLF10x10_64LD (Pogo)

Before LC Total: 2,572 Unit After LC Total: 3,896 Unit

Good

(BIN1) 2,314 90%

Reject

(BIN5) 167 6.5%

=)

(BIN6) 13 0.5%

(BINS) 8 0.3%

Good

(BIN1) 3,752

96.3%

Reject

(BIN5) 128

3.3%

(BIN6) 13

0.3%

(BIN5) 9

0.2%

#11 =>

BGA 13x13

(Pogo)

Before LC

Total: 1,495 Unit

Good

(BIN1) 1,265 84.6%

Reject

(BIN3) 42 2.8%

=)

(BIN5) 19 1.3%

(BIN6) 97 6.5%

(BIN7) 81 5.4%

After LC

Total: 3,104 Unit

Good

(BIN1) 2,809

90.5%

Reject

(BIN3) 50

1.6%

(BIN5) 25

0.8%

(BIN6) 109

3.5%

(BIN7) 118

3.8%

estConX+HE.

China

Test Yield Control by On-line Laser Cleaning

2018
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Yield Management

Payback Region by Laser
Cleaning

Time (hours)

-TeSt Co anF' Iﬂ " Test Yield Control by On-line Laser Cleaning 2 0 1 8

China
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Yield Management — Real Data
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Package Type : TFBGA14X14

LR
T
I/ 1
new lot

‘I‘

.

\
\#

96.37
AVERAGE Q/S
0.27%

AVERAGE :IELEIJ

.. |
wy ¥ -- lneviae *
w9 ] 1€ ¢

.
| | &
.

J\

‘——

I_-_Ylew—.-oxs]

vlet

Lti' | ,..,l*'
e
i
l',i
I

Before laserclean | Afier laserclean

| —-»

v
-

new

new lot
!’—"-H uﬁ.’

lr[ l

AYERAGE YIELD
928.47%
AVERAGE 0/S
0.15%

Blue Point : Laser clean

B TestConXFE.

China

TestConX China Workshop

Test Yield Control by On-line Laser Cleaning
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On-line Cleaning Effect

Effect on Test Yield e=t= NORMA L CLEANING
=== ON-LINE CLEANING

100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00% |
10.00%

0.00%

AVRG. 93%

AVRG. 83%

-> Test yield increased 10% with on-line laser cleaning

-TeSt Co nx¢' E " Test Yield Control by On-line Laser Cleaning 2 0 1 8
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Retest Reduction

EXA R/T RATE LB [E
Retest %

o

Week: 532 | #3533 | #3534 | 2335 | 4*36 538 | 2839 | 340 1 5541 | 5542

B0 | oam | o | | sE b | H | | | om

7HAPEXA 7544 R/T RATE | 15.83 | 15.83 | 15.83 | 15.83 | 15. 15.83 | 15.83 | 15.83 | 15.83
8 A {85 32:A A LA T e S K IHMERR - ‘ 16.52 | 11.34 | 11.91 | 11.34 74 | 12. 12.78 | _

9 FD 5339 AP LA T S 1, BE e S kM | 12.78 [ 10.94 | 9.57 | 7.54
| R | | ‘

| —=— 73 ExA 7549 RTRATE  JUly @verage, baseline
—— SHEERMA e S A B HENEE  Aug. weekly average at normal condition
[ —>—9H fﬁ}ﬁi.?‘)igﬁ”ﬁ-?ﬁﬁ?Q‘ffﬁf%f}?{ﬁﬁﬁ'/‘(ﬁ?f'f’f.'::“ﬁz'?f‘;*#5?;'3’1’-}\11”J: Sept average after laser c|eaning

B TestConXFE.

China

- Retest reduced more than 5%

Test Yield Control by On-line Laser Cleaning

TestConX China Workshop TestConX.org October 23 & 25, 2018
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M/C UTI Efficiency

UTI-Efficiency
< 40 TESTERS ASTS, LT1101,. QUARTET. HPET K. SAPPIRE. PCT =

MORMAL CLEAMIMG
OLEAMING \."‘—,' /———"/

- Machine Utilization Efficiency increased by ~ 7% after on-line laser cleaning, compared with
normal blush cleaning —pogo socket

-TeSt Co nx¢’ E " Test Yield Control by On-line Laser Cleaning 2 0 1 8

China

TestConX China Workshop TestConX.org October 23 & 25, 2018
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Comparison with Ultrasonic Cleaning

1st Test Yield Result of Laser versus Ultrasonic Cleaning
U-MT9928-1/U-ETS364-4

Ultrasonic Cleaning 1
Result |

|

|

Laser Cleaning Result

/AL =20 VN

RE-TEST (2HRS)

PADDLE BOARD ©ON SITE 2

IN BAD CONDITION.

LOW YIELD ON
~ SITE 2. HAD

\k\‘l/ \_.\‘I \ \j \H/ \/‘

CHANGE NEW PADDLE — CHANGED NEW

||
ala|l~|= o'.A' oy .o’: Al |w]|b|d]| S|t |d] ]| ﬁ ﬁ ~| =] o
Cl|A|B|A|B|C|B|C|B|C|A|C|]A|B|A|B|A|B|C|B|C
ifEhif hiff hifp hifishifphifg hif hif hifishifp hif hif hif hifs hifp hifg hifphif hiffs hifp hifg hifp hifhifS hifp hifS hif]

Date of Laser & Ultrasonic Cleaning

- Laser cleaning provide stable high yield.

B TestConXFE.

China

Test Yield Control by On-line Laser Cleaning

2018
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Comparison with IPA Cleaning

Lifespan (cleaned by laser) Handler : SRM
P e, e it ORI S Socket : SRM Contact Finger
r—— 7 g )
./ i T A Device : 1x1.45 6L Kelvin

Observation (Laser Cleaning):
= Life span recorded at 376k compared to

1 Laser Cleaning performed . 224k insertions for IPA cleaning.

= Less contamination built up at the surface
of the pins as it got removed each time
laser cleaning was performed.
«Consistent yield (>95%) observed
«50% Lower cleaning frequency

i Observation (IPA Cleaning):

98.00% — = Life span recorded at 224k insertions
96.00% = ; - Solder & foreign material built up on
the surface of the pins.

» Less consistent yield (92%~99%)

= High cleaning frequency

94 .00%
92.00%
90.00%
88.00%

IPA Cleaning plerfoﬁmed

24061 55726 80031 105868 135660 167514 197559 224102

Bl TestConXTE. = e 2018
39
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Comparison with Metal Brush Cleaning

Metal brush cleaning({Touch down - Per Site14K)
{ ___________

i
it
1

ELE)]
ELE] |

AUGOE-AUGT12{DAY)

AUGTI2({SWING)}-AUG19

Much Higher First Test Yield
B TestConXtE

Also Final Test Yield Up

= Test Yield Control by On-line Laser Cleanin
China Y g

TestConX China Workshop

TestConX.org October 23 & 25, 2018
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Burn-in Board Socket Cleaning

* Very effective for Buckle beam type BIB sockets

» Not suitable for pinch type BIB sockets

& [estConXTE.

China

Test Yield Control by On-line Laser Cleaning

TestConX China Workshop TestConX.org October 23 & 25, 2018
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Cantilever Probe Card Cleaning

* Cleaning target:

Probe Pin surface contaminated by
continuous contacts with wafer

JTestConX+E.

China

Test Yield Control by On-line Laser Cleaning

TestConX China Workshop TestConX.org October 23 & 25, 2018
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Cantilever Probe Card Cleaning

Probe Surfaces Before & After Cleaning (x50)

- Well cleaned without any probe damage

:% 7 Te St Co nX‘CP ]E - Test Yield Control by On-line Laser Cleaning 2 0 1 8
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MEMS Probe Card Cleaning

« MEMS Probe Card (FormFactor)

B TestConXFE.

China

TestConX China Workshop

Test Yield Control by On-line Laser Cleaning

TestConX.org October 23 & 25, 2018
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MEMS Probe Card Cleaning

qﬁ?:r_ = I R

g ConX‘PE} - Well cleaned without any probe damage 20 1 8

Test Yield Control by On-line Laser Cleaning
45
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Examples of Commercially Available Tools

Mobile & Manual
For on-line socket cleaning

B TestConXFE.

China

TestConX China Workshop

Socket Test & Cleaning
For socket maintenance

Automatic
For off-line board cleaning
— HiFix board

Test Yield Control by On-line Laser Cleaning

TestConX.org October 23 & 25, 2018
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How to Work & Laser safety

o\
L 0 {1
‘ i

=

- 2018 model for on-line cleaning
- 300MV: very compact & economical
1

-TeSt Co nx¢' Iﬂ " Test Yield Control by On-line Laser Cleaning 2 0 1 8

China

TestConX China Workshop TestConX.org October 23 & 25, 2018
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Cost saving factors by Laser Cleaning

1. Final Test Yield Up by high quality contact by laser cleaning

2. Machine productivity increase by reduction of retest time due to high first test yield
3. Machine downtime decrease by rapid on-line cleaning without socket replacement
4. Labor time saving by on-line laser cleaning

5. Socket pin consumption down by extension of pin life time

6. No use of chemicals and water and no post-cleaning waste treatment

B TestConXFE. 2018

= Test Yield Control by On-line Laser Cleanin
China Y g

TestConX China Workshop TestConX.org October 23 & 25, 2018
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Conclusions — On-line laser cleaning provide

« Improvement of pin contact quality without any damage
1. Contact resistance reduction: ~ 50%
2. Suitable for most socket types (BGA, SOP, QFN, Rubber/Elastomeric...)

Significant cost saving
1. Yield Improvement: as much as 5% (dependent on sockets)

2. Reduction in system downtime

3. Increase of pin/socket lifetime

-TeSt Co nx¢' Iﬂ " Test Yield Control by On-line Laser Cleaning 2 0 1 8

China
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