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Overview

e Zero Defects and Automotive Semiconductor Industry
e Key Enablers of Zero Defects Program
e Reliability and Probe Mark Inspection
e Tool Matching
e Tool Stability
e Tool design for Tool Matching
— lllumination matching
— Flat-fielding
— Distortion correction (warpage and scale)
e Manufacturing flow change
e Data on Tool Matching
e Summary
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Zero Defects and Automotive Semiconductor
Industry

With 1ppm 15 of 1000 cars may fail!

Therefore we need zero defects! Cafineon
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® Failure rate of the caris 1.5% Yield Forum

» If the target for the ECU is 5 ppm, we need to reach 0 ppm
for the individual component
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Key Enablers of Zero Defects Program
Inspection

eAutomated over manual

Automotive Excellence Program: —
We focus on the 4P Cinfineon eUpstream, inline and focus

on reliability-related defects

*Tool Stability

Tool Stability
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Single Die Traceability
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Simulation on defect density
Robust Package
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Automation manual inspections
Implementation of macroinspection
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Reliability and Probe Mark Inspection

Relation between device reliability and probe mark inspection (metrology)
is well known.....

e Hotchkiss, G. et al “Probing and Wire Bonding of Al capped Cu Pads”, Proceedings
IEEE 40th Int’l Reliability Symposium, Dallas TX, 2002, pp140

e Hotchkiss, G. et al “Effects of Probe Damage on Wire Bond Integrity” Proceedings
ECTC, Orlando, FL, 2001, pp1175

e Gahagan, D “Assessing Pad Damage and Bond Integrity for Fine Pitch Probing”,
SWTW 2001

e Thompson, K. et al “Building the Framework of an Integral Process to Ensure Fine
Pitch Probe with Fine Pitch Wirebond”. SWTW 2002

e Goulding, J. et al “Improving Yield for High Pin Count Wafer Probing Applications”,
SWTW 2000

e Brown, M “Controlling Pad Damage”, SWTW 2000

e Huebner, H et al “Pad Damage due to Probing: Solutions for the Future”, SWTW
2000

e...Iran, T. et al “Fine Pitch Probing, Wire bonding, and Reliability of Aluminum
Capped Copper-Bond Pads”, SWTW 2000

» And others....
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Typical Probe Mark Parameters Measured

. Angular Drift (deg)
» Probe mark too big (> x%)
Probe M(;f:lfeats shown
would have an Angular
» Probe mark too small (<y%) Dritof 270 dog
Probe Mark ',
[

Missing probe mark

|
Actual Measured Probe ! Probe Mark Origin (center)
Mark Location (center) as defined in Product
|

setup

Pad discoloration

e Probe mark location ( microns
from bond pad center)

y PrObe mark too Close to edge Octagonal Bond Pad with
(microns from bond pad center) Probe Mark
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Tool Matching

How are the tools used in automotive applications?

Need #1 - Tool Matching

e Share recipe

® Process Lots through any
tool based on availability

e Results should not be tool
specific

e Results between need to
correlate
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Tool Stability
Monitoring Tool Health

Need #2 - Tool Health

e How do you know if it
is inspecting correctly?

— ] — | can be used
e If tool has been moved

or is down for PM, how
do you know if you need
to re-teach recipes?

© ©
S o
o

FAIL — Tool needs to be serviced

Correlation (%)

v

At Rudolph At Customer Factory Time
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What is needed to ensure the ability to match
tools and monitor tool health?

e What we did to get there:
— Spec components tighter—camera, lenses, illumination
— lllumination matching
— Flat-fielding
— Image distortion correction

— Re-do our system manufacturing build procedure
e Put a “golden tool” in class 10 clean-room.
e Implement a “golden wafer” or a standard wafer design.
e Certify new standard wafers.
e Certify all tools relative to “golden tool”.
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Need for lllumination Matching

Master tool |

e Due to differences
between light
sources, aﬁing of light
source, light
intensities with same
illumination setting
on different tools can
be different

eDifferent calibration
for each mag.

* Probe mark area
calculation could vary
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Need for Flat Fielding

Master tool

e Due to the inherent non-uniform
light response of light source, optics,
and camera across Field of View, gray
values of pixels will vary across the
field of view.

Variation in
e If multiple dies fit in the Field of INTENSILyACNass m
view, each die may result in different | the Field of
probe mark results even if probed View
“identically”

Slave tool

eDifferent flat-fielding for each mag.

e Probe Mark Area calculation could
rner of Field of
co f Field of
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Need for Image Distortion Correction

Original Image Warpage Correction SRl I (7] (HelTEEIen
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e Inherent imperfections in any optical system can cause non-linear image
distortions on one system and scale (pixel size) variations between different
systems

e|mage distortion can cause inspection errors when the size of an object
varies as its location in image changes

istortion correction are needed to correlate between tools for

June 8 to 11, 2008 IEEE SW Tes



Manufacturing Strategy

e KGT - “Known Good Tool”
e Key components MUST meet Rudolph specification
— Optics, camera, illumination

Pass

e Tool MUST meet correlate to Golden Tool
— 95% Repeatability on Cert Wafer within tool

— 90% Correlation on Cert Wafer to master tool
defect list

Ship

Tool to be shipped
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Definitions

e Repeatability of defects from run to run

e Total Count Repeatability = 100 x (1 — 6 / mean), where o is the standard
deviation of the defect counts and mean is the average defect count for the
inspection runs

e (Calculation Method:
— 10 runs of the same wafer are made. Wafer is removed between runs
— Defect locations are used to determine a run-to-run defect match
— A5 pixel defect radius is used to decide if it is the same defect across
I

e Specification Target

— 95% Repeatability for the same tool
="90%.Correlation between two different tools
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S h OW m e Slals 2X insp without Image Enhancements 12" standard  74.23% 73.80% 99.96% 99.94% 99.40%

- Defect-level correlation _—_ 99.68% 99.58% 96.25%

2 2Xinsp with illum matching only 12"standard  74.27% 73.85% 99.98% 99.86% 99.54%
] Defect-level correlation 1 ] 9981% 98.76% 96.90%
3 2Xinsp with all enhancements 12"standard 74.11% 73.47% 99.96% 99.82% 99.66%

- Defect-level correlation _—_ 99.68% 98.75% 97.66%

7  5Xinsp without Image Enhancements  12"standard  49.50% 46.52% 100.00% 97.40% 96.88%
- Defect-level correlation _—_ 99.99% 92.78% 91.70%
8  5Xinsp with illum matching only 12"standard  49.53% 49.40% 99.97% 99.88% 99.73%
- Defect-level correlation _—_ 99.91% 99.60% 99.03%
9 5Xinsp with all enhancements 12" standard  49.52% 49.51% 99.99% 99.97% 99.89%
- Defect-level correlation _—_ 99.96% 99.93% 99.55%
1 e e e e Y A
19 1Xinsp withoutimage enhancements 8" Customer 98.47% 0.00% 99.98% 100.00% 1.53%
samnle
] Defect-level correlation 1] 99.96% 82.67% 45.92%
20 1Xinsp with illum matching only 8" Customer 98.51% 97.32% 99.94% 99.77% 98.54%
sample
] Defect-level correlation 1 ] 9814% 96.33% 85.20%
21 1Xinsp with all enhancements 8" Customer 98.13% 97.36% 99.85% 99.98% 98.68%

] 96.10% 95.24% 85.51%
1 e 5 S

Impact of turning on
corrections




Impact on Correlation by Mag and Defect Size
for Product Wafer

Correction Comparison by Mag and Defect Size, M1

95 i —8— 2x 50um 10x10

90 = 2x 10um 4x4
—*— 20x 5um 10x10

85 —@®— 20x 2um 4x4

30 —+— 20x lum 2x2

75

No Correction lllumination matching All corrections
b—-r—"_'“—————-—_.,______\
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Test for Correlat

Between 3 tools M1, S1 and S2

Within Tool Repeatability Comparison; 5x, 20x; M1, S2
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Test for Correlation
Between 3 tools M1, S1 and S2

Cross Correlation

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Correlation (%)

05X_ All 05X_ All 05X_ All 05X _No 20X_ All 20X_ All
Corrections M1, Corrections M1, Corrections S1, Correction M1, Corrections M1, Corrections M1,
S2 S1 S2 S2 S1 S2
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Now for the Real Test: PMI

Correlation at Customer Site DOE Overview

e T2T correlation and repeatability study was performed using
PMI metrology data at customer site

Tool Type: NSX115 with Basler Camera

Wafer was chosen and eight bond pads were sampled for probe mark
inspection.

The product setup was created on RU0O2 and copied over to RUO1
without detector training.

The wafer was inspected 15 times on each tool. Each time, PMI raw
data report was generated and saved.

The inspection was performed using 5X objective.
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Sample Plan
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Left Edge Proximity (pum)

Results

Bondpad 1 Bondpad 2 Bondpad 3 Bondpad 4 Bondpad 5 Bondpad 6 Bondpad Bondpad 8
: 11 ] 8

AVG 13.2951333  26.6001333  11.3551333 | 20.4791333 15.6374 27.7345333  11.3225333 21.0076
3 Sigma 0.51974373 | 1.85166075 | 0.6755054 1.2698092 | 0.39598506 | 3.40961617 | 0.27124206 | 3.18534937

RUO1 Left Edge Proximity (um)
Bondpad Bondpad 2 Bondpad 3 Bondpad & Bondpad 6 Bondpad 7 Bondpad 8
1: a = 1 12

AYG 13.3506 27.9033333 | 12.3193333  20.2022667 | 156874667  28.8469333  12.4877333 | 21.2650667
3 Sigma 0.55693654 | 3.87777005 | 0.62571673 | 1.74348953 | 0.37471338 255731919 | 1.063005625  0.67524231

> June 8to 11, 2008 IEEE SW TestWaorkshop
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Average Left Edge Proximity (um)

Results

Average Left Edge Proximity (um)

Bondpad &
Qa0

Difference (um)| 0.05546667 1.3032 0.9642 0.27686667 | 0.05006667 1.1124 1.16562 0.26746667
Difference (%) | 0.41632682 | 4,78208114 | 8,14548445 | 1,36114621 0,3217149 | 3,93202957 9.78737463 | 1,21812361

Average Difference (um) 0.64810833
Average Difference (%) 3. 74653517

Average correlation between two tools running the
same wafer >96% for bond pad edge proximity
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Probe Mark Area (Lm?)

Results

RUO2 Probe Mark Area (um~2)
Bondpad 1 Bondpad 2

AVG 625.3240867 555.7418
3 Sigma 16.026499 | 13.1884682

RUO1 Probe Mark Area (um~2)
Bondpadl Bondpad2
= =

b72.459067
1117 A7 7412187

> June 8to 11, 2008

Bondpad 3 Bondpad 4 Bondpad b Bondpad 6 Bondpad 7
5 41

—ad |~ =]

~ad |l | =] (=] |~ =] |~

765.6952 586.507267 b8b.664733 432.281933 549.0964
22.6473525  34.6399265 | 17.692174 | 19.8005456 | 44567703

Bondpad3 Bondpad Bondpadb Bondpad6 Bondpad?
= Fil 7

688.644 b47.674467 568.921067 422.7092 488.2668
552865068 | 42 4525607 | 10.6489376  14.8037293  77.4032315

IEEE SW TestWaorkshop

Bondp

612.470933
19.9153913

Bondpad8

b73.1826
25 9074784
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Average Probe Mark Area (um?)

Results

Average Probe Mark Area (um™2)
Bondpad 3 ndpad 4 ondpad b Bondpad 6 Bondpad 7 ondpad
RUO2 :
RUO1

Difference {um~2) h2.86b 20,6626 ¥7.0512 38.8328 16. 7436667  9.b7273333 60,8296 39.2883333
Difference (%) | 8.82714049  3.76976885 | 10.6960425 | 6.84772094  2.90037634 | 2,23926909 | 11.7277343  6.6272873b

Average Difference {um™2) 39.4682417
Average Difference (%) 6.69191624

Average correlation between two tools running
the same wafer >93% for probe mark area
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Summary

e Automotive industry requires a metrology approach to inspection
e Tools have to be designed ground up for tool matching

e Must implement Standard Wafer and the concept of Golden Tool in
manufacturing

e Implement manufacturing methodologies — stringent key component
quality along with tool certification procedures

e Using a single recipe, defects with >90% correlation between tools is
achievable

e When correlation between two tools is proven, correlation of data over
time (toolhealth monitoring) is a matter of trend analysis

June 8 to 11, 2008 IEEE SW TestWaorkshop 25
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