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About Zeta Instruments

APPLICATIONS

Zeta3D™ metrology systems powered by the ZDot™ non-contact optical profiler and Multi-Mede Optics are
capable of measuring difficult surfaces that white light interferometers and confocal microscopes cannot match.

ZETA

Multi-mode optical profilers and
defect inspection systems for cost
effective production monitoring

Offices in San Jose (HQ) and
Shanghai

Founded in 2009. More than 230
systems installed in 22 countries
since 2010

Focus on advanced semiconductor
packaging, HBLED, glass, and solar
industries

World’s leading OSATs have
adopted the Zeta WLCSP metrology
solutions

www.zeta-inst.com
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HIGH BRIGHTNESS LED

PSS Metrology & Automated Optical Inspection (AOY)

Zeta3D systems have been adopted by over
20 production PSS fabs for metrology and
AOL.

SOLAR CELLS

Complete Production Monitoring

With the combination of ZDot non-contact
optical profiler technology and application
specific software, Zeta3D provides capability
unavailable in systemsbased on white light

interferometry or confocal microscopy.

DATA STORAGE

Disk Edge Metrology and Inspection

The Zeta-20CM with ZDot non-contact

Optical Profiler technology enables complete,

360 degree characterization of the disk edge.

www.zeta-inst.com

2.5D INTERCONNECT

Semiconductor Packaging

Zeta3D systems have been adopted for
production monitoring by leading
semiconductor manufacturers and by leading
OEMs for R&D and product development.

LASER INDUCED SURFACE
TOPOGRAPHY

Zeta3p™ Optical Profilers can be used to
quantify surfaces created from laser ablation
in True Color, ifrespective of their roughness,

material or dimensions.

PCB & FLEX PCB

Critical Dimension and Morphology

Zeta3D with ZDot non-contact optical
profiler technology and Multi-Mode Optics
enables a complete suite of measurements
for PCB, including critical dimensions (CD),
step heights and morphology.

UNIVERSITY & INDUSTRY
RESEARCH LABS

Fast and Accurate surface metrology instruments

Zeta3D™ Non-contact Optical Profilers are
the tools to get your research done fast,
accurately and enabled for multiple
applications.

MEMS / MICRO-FLUIDICS

Multi-surface Microfluidic Device Metrology

Zeta3D with ZDot non-contact optical
profiler technology provides unique
capability for profiling multi-layer
transparent surfaces, enabling complete
microfluidic device characterization for both

R&D and production.

3D METROLOGY

Non-contact Optical Profiler

Zeta3D systems have been adopted by over
20 production PSS fabs for metrology and
AOL.
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Zeta3D™ Optical Profiler

4

¥

ZDot™ ZFT ZIC ZX5, 25l
Optical Profiler  Film Thickness Interference |nterferometers
Contrast

Transparent and multi-layer
Low reflectivity and low-contrast
High roughness
Large height variations
High aspect ratio trenches
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Unique capabilities for difficult surfaces

ZetaScan™ Defect Inspection

S

\/

ZspP ZTP ZTS ZSS
Specular Topography Top Scatter Side Scatter

Transparent and thin materials
High roughness surfaces
Stacked substrates (glass on carrier)

www.zeta-inst.com 4



Z FOWLP advantages and metrology challenges

ZETA

* Advantages

— Thinner package

— Higher 1/O

— Improved thermal and electrical performance
* Metrology challenges

— Wafer warpage

— Smaller RDL critical dimensions

— Low reflectivity and high roughness of epoxy mold
compound (EMC)



Z Zeta Metrology Solutions for FOWLP

= One system covers all essential measurement needs

Zeta-500/580

Probe mark damage
Seed layer metal reflectivity / : _ e
Pl and PR film thickness | |
Pl and PR opening

RDL thickness, width, and roughness b
UBM height and roughness |
Plated Cu thickness

Bump height

TSV fill monitoring
Bow and stress Zeta-500 Zeta-580
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ZETA

Application examples

LITHOGRAPHY PROCESS MONITORING



Full wafer mapping and statistics

5159

5141

5123

5104

5086

5067

5049

5031

5013

Angstrom

Date/Time:
Film name:
Wavelength:
Lot ID:
Wafer ID:

Wafer Size
No. Sites
Units
Notch

Max
Min
Range
Mean
StdD
%StdD
%NonU

I
05/07/2013 14:43

470

300 mm
49
Angstrom
0

5147.8
5033.9
113.90
5079.6
21.28
0.419
1.121
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Z:70um (200 x 0.354um) AZ4620 PR CD-STEP FOV: 462um x 347um
S | ! ! | N
8#\777f S T — | S S S -
. 63.48um | b
R , 2l BE
al—— | L
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of—
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& —
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! L:401pm |
100 200 400
Zeta Analysis Report
Image Name: Zeta Image6 File Name:
Date Acquired: Fri Jul 13 16:07:08 2012 Today:Fri Jul 13 16:07:08 2012
Z Range: 70pm No. of Steps: 200  Step Size: 0.354pm Field of View: 462um x 347pm
T CursorLeft T Cursor I'{ighi T Cursor LR T T Markers 12
i Avg Ht Width Avg Ht Width Step. Dist Angle Step. Dist Angle
1 3551 17.07 59.89 8.719 56.34 53.59 46.43 -0.34141 63.48 nfa
UIlZ TOUUay.rimJur 15 1U.U7.U0 ZU1Z
Step Size: 0.354pm Field of View: 462um x 347um

light Cursor L-R Markers 1-2
Jidth Step Dist Angle Step Dist Angle
719 56.34 53.59 46.43 -0.3411 63.48 nja

Vias in the PR layers are automatically detected and centered within the field of view.
The Zeta3D software automatically measures the via diameter as well as the depth.
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ZETA

Application examples

PLATING PROCESS MONITORING



5um RDL height and width

Automated measurement sequence down to 2um RDL

ZETA

Automated measurement:

5um Cu Line/Space

ZDot™

Zeta Analysis Report
Image Name: Zeta Image168
Date Acquired:

/Index CenterX  CenterY
1 85950  10.800
2 96.030  10.800
10.800
10.600
10.800
10.800
10.800
8 155790  10.890
8 165780  10.800

Min  85.950 10.800
Max 165780  10.890
Mean 125.910  10.810
SD 25748  0.028

Var% 20.449%  0.262%

File Name:

Msjorkxis Minorxis Sa

21510
21510
21.510
21535
21510
21.559
21.510
21536
21542

21510
21.559
21.525
0.018

0.081%

Step Size:  0.024pm
939.057, Ratio = 25.16%
Sq
5310 0029  0.034
5430 0035  0.042
5.130 0.029 0.034
5243 0033 0039
4.950 0.023 0.028
4965  0.027 0031
4.860 0.025 0.031
4938 0030  0.036
5018 0.031 0.038
4860  0.023  0.028
5.490 0.035 0.042
5.100 0.029 0.035
0.197 0004  0.004
3.860%  12.071%  12.148%

Thu Sep 17 12:09:20 2015 _Today: Thu Sep 17 13:52:04 2015
ZRange:  6.1ym No. of Steps: 250
Total Area = 3732.480, Diamond Area =

Spv
0173
0.197
0.184
0.187
0151
0.143
081
0.187
0.230

0.143
0.230
0.182
0.024

13.093%

0.064
0.074
0.073
0.062
0.048
0.054
0.061
0.069
0.078

0.048
0.078
0.065
0.009

Field of View: 173ym x 22um

AvgHeight
2.853
2.847
2.841
2.830
2.828
2.815
281
2.814
2.811

2811
2.853
2.828
0.015

13.971%  0.538%
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UBM metrology

ZDot™

T Measurement of UBM thickness and roughness

29 S {190 x 8.044py Cetes FOV- Todgm x 17790

The Zeta3D Optical Profiler automatically locates
' the bump, centers it within the field of view and
then calculates the bump height as well as
roughness.

Box areas are used for height and
roughness calculations-.

0

40

20

V- —
40 &0

Zrta by Firp
'..Date Ac':;mred: Tue Nov 20 15:54:38 2012 Today:Wed Jan 02 14:37:22 2013
Z Range: 8.8um No. of Steps: 200 Step Size: 0.044pm Field of View: 164pr
~ SaBox1 SaBox2 SaBox3 SqBox1 SqBox2 SqBox3 Step1832
~ 0.0197 0.0188 0.0145 0.0247 0.0238 0.0185 2.455
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Plated Cu wafer bow and stress

Zeta-500 enables multiple measurements with one tool "
424 Position: 4.000 Value: 368.983 Mean: 367.431 Min: 357.225 Max: 423.658 112
411 90
© 397 67
a N
= E,U M Pre
<
® a M Post
7] —_
O 384 45 13: M Stress
6 ~
371 22
357 0
] | 2 3 4 S 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
- Wafer Site
Site 1 Site2 | Site3 Site 4 Site 5 Site 6 Site7 | Site8 Site9 | Site10 | Site11 | Site12 | Site13 | Site14 | Site15 | Site16 | Site17 | Site18 | Site19 | Site 20 | Site21 | Site22 | Site 23 | Site 24
X Pos 4125002 -118000 -111000 -104000  -97000  -90000  -83000  -76001  -69000 61999  -55000  -48000  -41000  -33999 26999  -20000  -12999 5999 1001 8001 15001 22000 29000 36000
Y Pos 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pre (um) 33.7 315 29.7 21.7 25.7 236 21.4 19.4 17.1 146 121 10.0 7.7 5.8 41 2.6 1.4 0.6 0.0 0.0 0.3 0.9 1.7 2.8
Post (im) 1121 101.3 91.3 81.8 72.8 64.4 56.1 8.3 0.9 33.9 27.5 215 16.2 15 7.6 a4 2.2 05 0.0 0.1 1.2 2.9 5.4 8.9
Delta(um) 78.4 69.8 61.6 54.1 a7.1 0.8 347 28.9 23.8 19.3 15.4 1.5 85 5.7 35 1.8 0.8 0.1 0.0 0.1 0.9 2.0 37 6.1
Stress [MPa) 391 382 375 369 365 362 359 358 357 357 357 358 358 359 359 360 360 360 360 360 359 359 359 358
Avg Stress
_Pre Recipe .
e AVerage Stress: 367MPa
_ Max Stress
3971
0.5
< | www.zeta-inst.com
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ZETA

Application examples

REFLOWED BUMP HEIGHT MONITORING



Solder bump metrology

= Accurate, automated 3D measurement with peak detection

20

251 0 (808 0,27 0jm) ‘__/_,_-—-‘—ﬁ’-’ﬂn"(‘———

40
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[y
o
o
O
O
=
3

1OV: 230ym « V 16pm |

L2 0p-

Z fange 108um M. of Staps: 00 Step Sxe: 0.270um

. AgH WISh AW WWh Sy Dist
lﬁnm PRANTI 1RIIST  ANOGTY  IeRNeR 101

Foald of View: 2X3um » £75um

mmﬁm

m

—_— e L
I |

50 100 150 200
Zeta Aaadysis Regont
Image ame: ta Imagaeit Fi Nm
Date Acgarea Thas My 22 3410030 2013 Todlay num, 3 13010 002
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fa
Z Solder bump on passivated substrate %

Zern Zeta3D correlates with stylus profiler ZDot™

For bump height measurement on 7 —
production wafers with ~
TRANSPARENT passivation films, \

the Zeta-580 correlates with stylus
profiler to better than 0.5um / \

Contact profiler: 76.91um

16
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ZETA

Application examples

LASER SCRIBE MONITORING



Laser scribe of silicon wafer

ZETA

Zeta3D ideally capable for trench measurements

ZDot™

Z:59m (200 x 0.294pm) Full_wafer_scribel

FOV: 233im x 175um

L:233pm

g \
VA J/
i Scribe Depth: 35.35um
50 100 ” 150 200

Zeta Analysis Report

Image Name: Zeta Imagel3 File Name:

Date Acquired: Wed Apr 17 16:47:10 2013 Today:Wed Apr 17 16:47:10 2013

Z Range: 59pm  No. of Steps: 200  Step Size: 0.294pm Field of View: 233pm x 175pm

| Cursorleft . CusorkR ‘
.Mﬂﬁ | Width  Avg . Stey Dist  Angle  Step  Area
1 458723 294728 105248 1.47364 -35.3475 93.1551 -20.7792 -3.00283 52.962  -1185.2

0

www.zeta-inst.com
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ZETA

Application examples

FOWLP CARRIER GLASS INSPECTION



Z /etaScan

= Multi-Mode optics for inspecting transparent substrates

ZetaScan™ Defect Inspection * Multi-Mode Optics

— High throughput and high
sensitivity at low COO

— Accurate defect classification

— Separation of topside, backside
and interface defects

* Difficult Surfaces
— Transparent and thin

— High roughness
=
& Q4 Vvl /;\@ — Stacked substrates
&Z \ &4 ol — Irregular shapes and sizes

ZSP ZTP ZTS AN
Specular Topography Top Scatter Side Scatter

Zeta Instruments Confidential / April 2016 www.zeta-inst.com 20



Multi-Mode optics enable defect classification
Zern Advanced algorithms compare defect signatures

" ociectpe | zss | a5 |z |z

Q T . q .
= op particle very bright bright dark
Q%\Q xad PP
v 5‘&"4"
255 ZTs Bottom particle bright
Side Scatter Top Scatter
. . dark and bright
Top Pit bright dark (down-up profie)
8 8 .
. . bright and dark
E i \ f : Interface particle bright (up-down profile)
ISP TP : . bright and dark
Specular Topography Interface bubble bright bright (up-down profile)
Stain dark

Notes

* This table is lllustrative only

*  Other factors are used as necessary (defect size, double image, aspect ratio, intensities, etc.)
* Recipes are developed for accurate defect classification on customer specific samples
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Carrier glass defect types

= Different signatures in different channels enable detection and classification

Defect Top Scatter Side Scatter Specular Topography Unique Characteristic
it Top Scatter >>
Side Scatter
Scratch High Aspect Ratio
_ Side Scatter >
Particle
Top Scatter

Zeta Instruments / Jun 2016 / FOWLP www.zeta-inst.com
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ZETA

Defect analysis report

Includes defect map, report and pareto chart with binning

10000

Counts

Stain Scratch Pit
]

ZetaScan Analyis Report

Bump Particle

ZetaScan Analyis Report

201410424 15:24:05
Defect Summary
1 2 3 1 5
Stain Scratch Pit Bump Particle

Bin 1 40 562 462 905 2349

Bin 2 23 309 346 639 1870

Bin 3 12 179 286 613 1536

Bin 4 0 n7 240 480 1275

Bin § 65 86 765 439 1092
I Total 153 1253 2099 3076 8122 I

Total Pixels 48979 35478 33074 29669 3750

(pm?) (um?) (um?) (pm?)  |PSLeq (um)

Bin1 0-5,000 0-5,000 0-5,000 0-5,000 03-05
Bin 2 5,000-10,000 | 5,000-10,000 5,000-10,000 5,000-10,000 05-1
Bin3 10,000-20,000 | 10,000-20,000 | 10,000-20,000 | 10,000-20,000 1-2
Bin4 20,000-30,000 | 20,000-30,000 | 20,000-30,000 | 20,000-30,000 2-5
Bin5 >30,000 >30,000 >30,000 >30,000 >5

Zeta Instruments / Jun 2016 / FOWLP
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ZSummary

ZETA

* FOWLP creates new challenges for metrology
and inspection

* Automated multi-mode metrology and
inspection systems provide a solution
— Better process control
— Cost effective
— User friendly



ZETA

Thank youl!

WWW.zeta-inst.com




