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Detect faults early and optimize processes combined

advantages through 3D solder paste inspection
David Whetstone
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Company founded in 1991

Management board

Holger Gopel
Jorg Schneider
Thomas Wenzel

Headquarters in Jena, Germany
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USA - Austin
UK - Cambridge
China - Hongkong, Chengdu
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Business Units

JTAG/Boundary Scan
Inspection solutions
Industrial Function Test

Automotive Test Solutions

JTAG/Boundary Scan

Inspection Solutions
AOI - AXI - SPI - IVS

Industrial Function Test

Automotive Test Solutions |




Inspection Solutions
AOl - AXI - SPI - IVS
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sSucess story

Turn over in Mio EUR

30,05

1991 2000 2010 2015



Success Story

Employees

229

1991 2000 2010 2015
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Why Solder Paste Inspection?

Failures can happen at different places in the production

About 60% of the failures are caused by faulty solder paste printing




Why 3D solder paste inspection?

Failures

14%

W Paste printer
m Assembly

B Reflow

M Others

20% 60%

What can we do?

Detect paste failures = Avoid consequential failures
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Why 3D Solder Paste Inspection? 0

Difference 2D / 3D test criteria

OFFSET
BRIDGES e HEIGHT
SURFACE COVERAGE e VOLUME

Total test coverage is only possible with 3-dimensional analysis.



How complexis 3D solder paste inspection?

* Reliable inspection

* High precision

* High repeatability and reproducibility (Gage R&R)
* High speed

Whatis missing?

e Easyprogramming

\/ System characteristics




How complex is 3D solder paste inspection?

* Comfortable statistical evaluation possibilities

* Closed loop to paste printers

* Linkto otherinspection systems

\/ Additional tools for process optimization
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SPI-Line 3D

Special features:

High speed 3D double projection head sensor
Highly dynamic linear axis system
Very intuitive and user friendly software

Short programming times
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SPI-Line 3D O

High Speed 3D-Sensor:

* Double projection sensor based
on LCoS™ Micro display
e Pros:
Redundant measurement
results

Maximum reliability

"LCoS- Liquid Crystal on Silicon \/ Own development by GOPEL electronic in Jena

D 15



SPI-Line 3D

High speed 3D sensor:

Fringe projection

4 mega pixel CMOS camera, 180 fps

LCoS™ mikrodisplay, 180 fps

Triangulation angle=30°

*L.CoS- Liquid Crystal on Silicon

Projector

Camera

Projector

16



SPI-Line 3D G

Electronic projector - Advantages:

Illumination

; PBS
e Area based measurement Bplice

* Short measurement times reachable D] D *| Microdisplay
 Flexibility S

( ; ) Prqjection
» Extremely high resolution and precision . l i optice

* No moving mechanical parts in the measuring
head (very robust / minimized calibration

operation)



SPI-Line 3D

Inspection parameters

Volume v~
Height
Offset v~
Form v~

Shorts v~

v’
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SPI-Line 3D

Intuitive user friendly software interface

P& B TRE

Nutzer wechseln

Transportband
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Grundstellung System Minimieren Beenden
Ubersicht [15:19:21]
Nutzer: Administrator

Aktuelle Letzter
rTest  Test

® &

System [ Leerlauf ]

Status Prozess

Produktinfo

Name : MyDatal
Losnummer : 123
Bilder : 16 (16)
1D: 123
Pads : 2988 (2988)
Passmarken : 3

Total (2 - Boards)
Fail (2 - Boards)
Name Alle Aktuelles|
Volumen 21 (0 %) 10
Demo Board 17 L Héhe 14 (0 %)
Form 8 (0 %)
Briicken 6 (0 %)
Versatz X 33 (1 %)
Versatz Y 37 (1 %)

ERS =

Niichste PCB PCB FAIL PCB PASS Maschinenkontr.

Ldschen




SPI-Line 3D

.fast programming by using SPI-Wizard

Zuriick Layout &ffnen Bild Layout Passmarken Bareboard anlernen Stufenmasken Boards aktivieren Grenzen

Projektinfo

Projektname : |MyData Produktions ID : (123

Transportbreite

Lotpastentyp : [mm]:

Fail Operationen Beleuchtung

Klassifikation Beleuchtung 3D [%] |(€=

e e

Max Fehleranzahl [#]

Speichern

20



SPI-Line 3D

Data import

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Layout Importieren

GOEPEL

I

passmarken : 3

L

274D, 274D No Aperture, 274X, Fire9XX0

Cadence (Allegro, Specctra), Pads, ODB++,
Mentor Neutral, Zuken (PWS, DB), PCAD,
Protel, FabMaster GenCAD ...

Various CAD X-Y, JPG, BMP ...




SPI-Line 3D G

Intuitive parameterization

=  Basis | Hohe [0,120 mm] ‘
: r Level - 0 | Hshe [0,150 mm] .'

Pad Anzahl = [0]

Positionstoleranz in mm [0.0 - 1.0]

‘ S

Default




SPI-Line 3D

Fiducial training and bare board teaching

FIDU1 ‘Global
Footprint = ADU1 Pos = (5,38 6,00} ImagelD = [1]

FIDU3 Global
Footprint = ADU1 Pos = [112,08; 94,00} ImagelD

FIDUS | Global

Footprint = FIDU2 Pos = [154,60; 6,00} ImagelD = (3]

Demo Board

Result... = Found
Calc Time = 14,50 ms
€ Static Binarized
OffseE Xt 00 RawPos... = (1017,586, 1015,593
Pos [mm]. = 3

Offset Y = -1,00 Quality.. = (9

23




SPI-Line 3D

Inspection results

Save Selection Minimieren

3D Ubersicht | ~
4x/ = & 9/48

Pad ID: 1620 Untere  Obere

20 Bild
Ubersicht




SPI-Line 3D

Inspection results

¢

Minimieren

3D Ubersicht |

P 9/48
W !

Pad ID: 1623 i \ fere Obere
= X N

X =-3920
¥ = 11057
Z=0002

P lxraw =819

1 %aw = fe01
Gw=27




SPI-Line 3D

Inspection results

Nutzer: Administrator

Fertig

Manuelle Klassifizierung [72 / 279]

Pin-Typ ID: 9

[PASS]  OK
[FAIL]  HLimit
[PASS]  OK
Briicken {mm) 0,000 [PASS] OK
Versatz X {mm)  -0,111 [PASS] OK

Versatz Y (mm) 0015 {PASS] -OK—=

Footprint: FO
Pad ID: 48

S urcwrnln
& 0000000 " f

Nicht klassifiziert

v - Vv 4 4

Vorheriges PASS deklarieren Uberspringen Grenzen bearbeiten

Minimieren

Beenden

26



SPI-Line 3D

Failure detection/
paste height

Volumen (%) 106,524 [PASS)
Hahe (%) 207,906 [FAIL)
Form 0,997 [PASS]
Bricken {mm) 0,000 [PASS]
Versatz X (mm) -0,111 [PASS]

OK
HLimit
0K
0K
0K

50,000
50,000
0,300
0,000

0,120
Versatz Y (mm) 0015 {PASS] Ok~ -0,120~0,120

160,000
1,000

0,900
0,120

Manuelle Klassifizierun g (72 / 279)
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SPI-Line 3D

Failure detection/
No paste

3D Overview

15/15
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SPI-Line 3D

Failure detection/
Bridges

3D Overview




SPI-Line 3D

Failure detection/
Offset

| b}

Back
-~

4« »

Minimize

2D Image
Board Overview




Inspection of Sinter paste

Sinter technology — why?
« Semiconductor power modules built as a thermal stack
» Stateoftheartis large area soldering

» Forlonglife-requirements the silver sintering promises big improvement

Power
semiconductor
Solder layer
Heatsink DBC

Source: Fachhochschule Kiel / Institut fir Mechatronik



Inspection of Sinter paste

Sinter technologie — applications

* Photovoltaic
* Wind power stations

« Electric mobility

Source: SEMIKRON Elektronik GmbH & Co. KG

Source: VW AG




Inspection of Sinter paste

Inspection tasks for Sinter paste

* Height
e Volume
o (Offset

* Holesin surface (cavities, scratches)

* Fringes on edge

* Coplanarity

33



Inspection of Sinter paste

Differences between solder paste and Sinter paste:

_ Solder paste Sinter paste

Paste height 80 um... 150 pm 20um ... 50 pm
Paste area ~mm? ~cm?
Structure size 25-45 uym <3um

Height, area, volume,

offset, form, bridges,

particles, scratches,
holes, fringes

Height, area, volume, offset,

Test fonctions form, bridges

34



Inspection of Sinter paste

A highly precise measurement of Sinter paste is possible!

2D-image

3D-image with SPI-Line 3D




Process optimization g

Closed-Loop

Paste printer

Many parameters
Random failures
Serial failures

S

SPI-Line 3D

Reliable measurement of
paste

v

Response of results

36



Process optimization G

Many data — one channel / Pilot Connect

MES

Pilot Connect




Process optimization

Many data — one channel / Pilot Connect

# MES

& INDusTRY 4.0
Inspection data
- measured values & results
+ classifications
Master data - failure images
- failure classes
- layout settings

- user accounts & rights
+ MES settings

= CAD data
/.l y - CAD data_

overview images

(1

' apPILOT |

STATISTIC |

 £PLDT7

CoNNECT

& /0|, AXI, SPI
= Comparative data ? 1 2 pl{?g;l; /
- - PASS images \ /

- PASS measured values

38



Process optimization

Failure visualization on a common repair station

AOI [2] 0° Pin [3D]

£ AXIPASSR1

Failure Information
Blockl = I1C16 2 2

Failure Text Failure Class Mac Failure Class Use

Unclassified

) Al

) SPI
Kein Text gefunden... --




Process optimization

Common statistical evaluation of results

PILOT Statisti e |
M Statistiken | Aktuelle Statistik  Ansicht |de-DE ~| )
% Legende anzeigen Hintergrund M Schwarz =
s Zusammenfassung anzeigen  Schrift Weill i
Aktualisieren | Als Tabelle 2 s E
darstellen Achsen Weil3 ||

op 10 Fehlerklassen
I verschoben: 1 (14,3%) [ nicht gelotet
I Tombstone/Billboard: 1 (14,3%)
B Pseudofehler: 1 (14,3%)
falsche Polaritat: 1(14,3%) [ urzschiuss
I Kurzschluss: 1 (14,3%) [l akzeptabel
I nicht gelGtet: 1 (14,3%)

M Pseudofenter

Kurzschiuss: 1 [l verschoben

I akzeptabel: 1 (14,3%) Pseudofehler: 2
nicht gelotet: 4 [l TombstoneiBillboard

falsche Polaritat

I PASS: 5 (13,9%)
FAIL: 26 (72,2%)
I FAIL (klassifiziert): 3 (8,3%)
I Abgebrochen: 1 (2,8%)
I Passmarkenfehler: 1 (2,8%)




summary G

A total test coverage can only be reached with a 3D solder paste inspection.
Paste defects will be detected with a high precision and high speed.

The user friendly system concept of the SPI-Line 3D allows a simple line
integration.

The use of SPI-Line 3D offers new possibilities for process optimization and

process stability.
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Thanks for your attention!
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