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NanoFocus AG

m Optical 3D metrology supplier for QA, process control, zero defect strategies

M Integrated value chain from R&D over production to customer support & service

: NanoFocus AG
;Oberhausen, Germany

ENanoFocus, Inc.
:Glen Allen, VA, USA

OHSAS 18001:2007

1S0 9001:2008 l NanoFocus Pte. Ltd.

A 1S0 9001 . H
wow o com : , Singapore:
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Motivation

® Why did we want to create such a probecard inspection process?

,Make sure an intact wafer condition after test”

, To control test is to control the mechanical contact and the

electrical contact between the probes and the DUT.”
J. Broz, S. Khavandi ITWS7 2015

.. While the electrical contact not least depends on the
mechanical contact...”
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Background

M How exactly could we contribute to such process?

,continuous observation of head & clearance conditions
avoids damage and loss”

,Continuous observation of wear & tear allows tight control
of probe (tip) conditions”

,Fast feedback of the process allows shorter and more
focused repair & maintenance cycles”

,Fast feedback of the process allows closed loop of
observation”
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Wafer Test

é/ Probe Card Storage
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Wafer Test

Inspector

@ Probe Card Storage
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Supervisor
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Target

,A fast probe card inspection enabling a clear and resilient
decision about if a probe card is OK for testing or not.”
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Objectives

® Which specifications do the acquired tip parameters have to meet?

Inspection | Parameter Specification

Probe Tip Misplacement

. : : Precision: 2um @ 36
Diameter (min./maj.) Bel Accuracy: Zﬁm

Height / Planarity I

Tip Area ! Precision: AA;/AA gy i < 1
Rel. Accuracy: n/a

| | Tip Types | Verticals, MEMS, Cantilever,

| | POGO o

1) The factor stated for precision is resultuing from the error propagation of the diameters measured. The
factor must result < 1 for the measurements to be in spec.
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Objectives

® Which specifications do the other acquired parameters have to meet?

Martin Kunz

Inspection | Parameter

Probe Head | Planarity / Tilt

Specification

Precision: 2um @ 3c
Rel. Accuracy: n/a

Clearance Object Detection?

False Positives: < 2%
Detection: > 98%
Min. Object: 625 um?

’ Time ' Average UPH l Approx. 4 cards per Hour

=

2) The minimum detectable object size is depending on the lateral resolution settings. It can be reduced using
higher lateral resolutions. It is possible with no HW changes but comes along with increased inspection time.
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Approach

Feasibility Study » Tool Implementation
,Proving precision & accuracy ,Realizing a tool fitting site
targets.” requirements.”

) " 4

Tool Assessment
,Qualifying the tool for measurement
ability and environmental effects.”

4

Tool Automation
,Enabling the tool for the process,
SECS/GEM hook up.”
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Approach - Material

W Selected material for feasibility study and AFAT

= MEMS Card = Vertical Card = POGO Card = Cantilever Card
~13x 13 pm? ~@ 10 um ~@ 30 um ~@ 80 um
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Characterization

W Statistical results, precision & accuracy assessment tips

Inspection Parameter Specification

Misplacement

Precision: 2um @ 30

Tip Area V) Precision: AA /DAy i < 1
Rel. Accuracy: n/a

Tip Types Verticals, MEMS, Cantilever, POG
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Characterization

W Statistical results, precision & accuracy assessment head, clearance

Inspection Parameter Specification

Planarity / Tilt Precision: 2um @ 30
Accuracy: n/a

Clearance Object Detection? False Positives: < 2%
Detection: > 98%
Min. Object: 625 um?

Average UPH ! Approx. 4 cards per Hour
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Characterization - Precision

M Precision assessment, example data on MEMS card

MEMS Mean Stdev @ 36 [pum]

W Height
Area (DA / DAmax)
M Minor Diameter
Major Diameter
Misplacement
Dist. to best plane fit
M planarity Error
Tilt Angle

No. of items . N l/
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Characterization - Comparison

W Relative accuracy assessment, example data on vertical card

Absolute Difference Minor Diameter

[:“f

= Avg.0.42 um = <1.5um 99.34%
= <1.9um 99.92%

Abs. Diff. Misplacement (um)
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Characterization - Comparison

M Typical tip imperfections as found on reference cards

= OK Condition = Scratches, Dents, Abrasion = Adhesions, Damages
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Characterization - Clearance

W Clearance inspection, capability on vertical card

= Particle & object detection in the clearance area is possible repeatedly & reliable

=  False positives” and ,,slip” are under long term surveillance
nd
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Characterization - Clearance

m Clearance inspection, capability on MEMS card
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Characterization - Head

M Probe head inspection, capability on vertical card
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Characterization - Head

M Probe head inspection, capability on vertical card
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Characterization - Head

M Probe head inspection, capability on vertical card

Martin Kunz SW Test Workshop - June 5-8, 2016




Characterization Time

Type & Task

Verticals

ProbeHead
Tiplnspection
Clearance Inspection
Time saved by factor

MEMS

ProbeHead
Tiplnspection
Clearance Inspection
Time saved by factor

#Tips Time/Tip

1260 00:00.264
2072 00:00.181

Ll

M Probe card inspection process, summary of acquisition times

Type & Task

Cantilever (Smoophy)
ProbeHead
Tiplnspection
Clearance Inspection

Cantilever (LUPO)
ProbeHead
TipInspection
Clearance Inspection

# Tips Time / Tip

104 00:00.606

26 00:01.962

Martin Kunz
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Target

,A fast probe card inspection enabling a clear and resilient
decision about if a probe card is OK for testing or not.”
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Result

,A load & go probe card inspection enabling a clear and resilient
decision about if a probe card is OK for testing or not.”
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Summary, Benefits, Perspectives

M Objectives of development were met
M Process enables Load & Go tool

M Clear OK or NOK decision possible

W Tool can be run as capacity tool

W Optical / contact less inspection
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Thank You!

Martin Kunz
NanoFocus AG
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Backup

3 sigma - confidence at normal distribution

1
3 ‘ 13.6

|
13.5%. A

@1c — 68.3 % of the results are within + 2um from the ,truth”

@26 -95.4% ...
@36 —-99.7 % ...
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Backup
Limit criteria for areas / error propagation (1)

The standard deviation oy of a value y = f(x; ... x,,) is caculated, accordingly to the error
propagation rules, as follwos:
n 2
of
2 2
oy)“= — | - ox;
G Zl (ax) l
1=

For the MEMS tips with A = d;, * dppqj this means in particular:

c5A=\/d2 cod?. +d%. -od?

maj min min maj

For the elliptic structures with A = "/, dypip, * dppqj this means:

min min maj

0A=7T/4\/d,2naj-cd2 +dZ.. - odZ
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Backup

Limit criteria for areas / error propagation (2)

The acceptable standard deviation for the area thus is depending on the actual values of the
diameters measured and the according standard deviations. For this reason for every single
tip the maximum acceptable standard deviation AA,,,, is calculated based on the actual
values. However, the emerging dynamic acceptance criteria for the areas is capped by the
nominal standard deviation of the diamaters of 2/3um, which means for the upper limit:

2 2
2 2
0Amaxi = \/d,znaj,i - MIN (dein,ii§ um) ¥ d,znin’i - MIN (deaj,ii§ um)

The pass / fail status of each single tip area measurement finally is qualified by the factor

AA; . o0 . . 0000
*— . In case this ,precision factor” is > 1 the measurement is out of specification.

AAmax,i
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Tool at customer site
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Backup

Calculation of standard deviation
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Backup

ITWS 2015 J. Broz

Neuer Tab . |5-Test GmbH - integrating yo...

Is-test.com/do
& LH ww kw B® Maps T Leo [ NH
in} 4+ ¥ Seite 10 von 44

I5-Test GmbH - integrating yo... X Transverse Load Analysis for ...
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Device Test => Controlled Contact

* To control test is to control the mechanical contact and the
electrical contact between the probes and the DUT.

* Control Variables * Process Monitors
* Probe Force
Overtravel
Probe Placement (XYZ)
Current / Duration
Temperature
Cleaning Execution

J. Broz and 5. Khavandi ¥ ‘ International Test Solutions
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