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DIE LEVEL

CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT

°* Nanotopography needs
* 3D system integration
* Hybrid Bonding
° Monolithic Ics
* CMP and Bonding

* State of the art

* Mechanical profiler
° AFM
* Optical profiler

°* The challenges

* Data acquisition
* Data Analysis/Data storage
* Traceablility and uncertainty

°* Conclusion
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CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

Today trends in semiconductor arena:

- It will continue with development of advanced technological nodes (Moore law)

- BUT in parallel develop new alternative technologies (3D monolithic) and advanced packaging
(More than Moore)

- Different applications: 3D Heterogeneous integrations; 3D monolithic for 3DIC, 3DMemaory

. - : 1,000
= Photodiodes for rolling shutter image capture

Global 3D-Sic

Example: Back side CMOS Imagers: High density connection needs:
100,000,000
BSI Sensor e FEOL
Rl == Stacking
= Hybrid Bonding
= 1,000,000 | Dielectric Bonding ~ SEO- Poly gate
2 D2W or W2W P Leve
Control Logic Unit ®» 100,000 | 3D Monolithic ‘ Intermediate
q=, wiring
a 10,000 & Vs Level
t; Micro Bump
BSI Sensor [Back Side Imager] o Stacking
Prix dicio e g Wire wiring
-
‘ ' na.ry reading Cll‘Clll't ' ' . o 100 | Bonding LSt SiInterpose
Control logic unit [Memory + Individual Pixel Processing] o D2D or D2W
* Analog-to-digital converter e % Chip 110 Flip-Chip
= Massively parallel processing - Level

= SIMD components 4
FPGA [Field-Programmable Gate Array] 1000 100 10 1 0.1

Baseband and large scale parallel signal processing Contact Pad Pitch (um)

L.Benaissa et al, Proceeding 17th Electronics Packaging Technologies Conference, 2015.
K.Soon-Wook et al, 66th Electronics Components and Technology Conference, 2016.
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CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

Key technology enabling 3D schema:

- TSV
- Thinning
- CMP
- Bonding

°* Bonding requirements:

* Global wafer shape

* Flatness, Total thickness variation (TTV)
° Bow warpage

* Substrate surface quality What is flatness?
* Smoothness What is roughness?
° Micro-roughness

* (Cleanliness CMP becomes critical!
* Particle

* Organic residuals
* Metal ions
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CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

Roughness and flatness requirements for bonding:

D —Before solution — After solution
u. s
E & % g
RO - "
E ¥ ; i, Y
o &M % . :
3 s ML

o local abrup

o :" nanotopography
s P — "
Scan distance (mm)
RMS = 5,8 nm RMS = 0,93 nm 44{‘-—-—‘.’. ..... S ,.Ch-rv)
PV=535nm PV=16,234 nm : ' F 9 ;1—-- i
— 'i — —
Roughness AFM measurements (20pumx20um) =__, |7 L L
evolution with CMP. —wnd }E:J‘J:TT
alten] e e
dciajenalte]

X I

I ," ] HE "‘ BT
- IEES" e TR

Topography evolution with process.

Nanotopography and roughness are KEYS.
CMP control is key.

SAM images between one process without topography
and another wafer with topography.

A paradigm change in CMP

control, move from TBOX like to

L.Benaissa et al, Proceeding 17th Electronics Packaging Technologies Conference, 2015. |n'd|e (2D VS 3 D)
K.Soon-Wook et al, 66th Electronics Components and Technology Conference, 2016.
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DIE LEVEL

CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT

°  Bonding flatness and roughness requirements:

Flatness and roughness are multiscale in nature. Actually wafer level flatness is well covered,
roughness at um level as well. However in between there is a gap spite some solutions are

available.

Input requirement for
successful bonding

(um)
(wm)/10

(102 nm)

(nm)

300 mm 15 mm | | 10mm 0,5mm | | 80 um
Global Site

Flatness Nanotopography

Tool for development and

control
[ I I I I I I T I I H
mm 10
Amplitude 1] N
100 7]
pm 10 N
b _
(a°) 100 7]
Amm&"ﬁe nm 10[ N
2nm | Wavelength il Opfical |
LR R I | | | | | | | L]
Roughness 1 40 w00 1 {0 100 1 10 100

nm pm mm  Wavelength

In a substrate level without considering the process there is a large scale
Range to look at flatness and roughness in xy and z (Flatness at 102 nm range in z
over the wafer and for roughness over nm in a um level area)
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CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

On top of the substrate input requirement as the wafers are processed with devices on them
They will add topography at different wavelength (transistors, mems, die and wafer).

Device process to control

Transistor/NEMS

MEMS Die Wafer =10' cm

= 1_.102
(um) 1
{umb‘lf{ |
(10 % nm)
{nm)
(A7)
A'J’.D.ffrude
| ?éﬂlg;ﬂ; ;;:m | | 10mm 0,5mm | | 80 pm 2nm I Wavelength

Flatness Nanotopography Roughness | Carlos Beitial| 22(24 March 2017 |8




CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL: DATA ACQUISITION

Scales for process parameter: ° Available metrology solutions:

° Area on interest from pm? to cm? * Mechanical profilometry
over the wafer Pro : Historical reference

* Lateral resolution needed from 102 Cons No need of sample preparation
UM up to 102 nm Slow

° Vertical 102 nm up to nm Contact

Probe sample convolution

* Optical profilometry
Tool for development and Pro: larger range (wafer, Die)
control Non contact
Fast
Cons: Artifact due to heterogeneity of
materials on the wafer
Require a metal layer

mm 10[
Amplitude 1]

100

pm o[

e AFM
_| Pro: Highest resolution x,y,z
| Non mechanical contact
— May have a_rtifact linked to sample
o, A— 1 heterogeneity
1 10 100 1 40 100 1 {0 100 Cons; Slow

m b mm  Wavelength Complex material interaction

d

100

nm 10|

v
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CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL:DATA ACQUISITION

Scales for process parameter:

) .
Area on interest from pm? to cm? Industry requirements

over the wafer * High throughput
Lateral resolution needed from 102 * Larger dynamic range
um up to 102 nm * AOlIl/resolution compromise

Vertical 102 nm up to 10t1hm
Two complementary approaches

Tool for development and give the more flexible solution

control

: ° Optical profilometry

* Interferometers

° High T-put

*  Wafer level

° Die level (low resolution)
* Microscope interferometer
‘ i _ *  Medium T-put
o | * Die level (high resolution)

0.1 | | | | | | | | |
1 10 100 1 10 100 1 10 100

mm 10
Amplitude 1|
100

pm 10 I~

1

100

nm 10
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CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

°* Interferometers
* Large AOI wafer level
* High t-put
e Zresolution < 1nm

* X-Y resolution 100-200 pm Dual Eizeau
Reference
Fizeau ﬁ -~ ﬁ\?’;
N I ey ~~——_ _—77 | Camera
Beam splitter / T Wafer \
Collimator

Fibi—,/
Computer
Channel B Channel A

I— . .
b ﬂ Collimating lens

K3 ¥ | Reference flat

Dual Fizeau, source: Klaus Frischlad et al, SPIE 6672, Advanced Characterization

v v ‘ Test object Techniques for Optics, Semiconductors, and Nanotechnologies Ill, 667202 (10 September 2007)

\ |
Adjustable
table
Szwedowicz, K.K. (2006), 3D-deflectometry: Fast nanotopography measurment for the semiconductor industry, Eidhoven
University.
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CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

* |Interferometers

e Large AOI wafer level Shearing
* High t-put

e Zresolution < 1nm

* X-Y resolution 100-200 pm

[ Fions Laser

Deflectomety ——
Splitter
Scanning Two-dimensional

mirror

Laser '<\\l—-—-—

f
f
Deflection point )/'J

E Position-Sensitive Detector

<:I CCD

Camera

Probe 1::>

f Beam

il

________________ Y -
¥

Surface Under |i E— | Sean line | 1 Owen David et al, Proceeding of 11th Wafer level
Test (SUT) | : g; ! packaging Conference, 2014
IS TS, a -

L

1

Szwedowicz, K.K. (2006), 3D-deflectometry: Fast nanotopography measurment for the semiconductor industry, Eidhoven
University.
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CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

°* Microscope Interferometer (Michelson, Mirau)

* Large AOI Die level with stitching

* Medium T-put

° Zresolution < 1nm

e X-Y resolution 0,3 - 10 um (depending in objectives)

................................................................

........... H i

Z scan Source i | Z scan Source
i —— Ocular lens ' i Eyepiece lens
; Y Y : :
' lens @ ; :

6] | !

A

i Detector "\___ Separating cube | :

@@ - lens ; Detector Beam splitter

{ Reference mirror : : .
| i Z i : lens
i Interferometric & : : ntort . i
: I | : ! Interferometric :
! Objective «> : ! obiecti = i ¥N Reference mirror
| X X i objective , Y,
%y P A
______________________________ ~— Separatmgcubel : — Semi reflective slide
R . A A

Sample

Frontier of characterisation metrology for nanoelctroncis | Carlos Beitia|| 22(24 March 2017 |13




leti

Material Heterogeneity challenges

Frontier of characterisation metrology for nanoelctroncis | Carlos Beitia|| 22(24 March 2017 | 14
I



CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

Material heterogeneity: The practical but destructive solution, an ultrathin conformal
metallic layer. Example FEOL CMP process. W/oMetal

Wo Metal _

High Resolution

Low Resolution

Need: New approaches to avoid metallic layer deposition !
Otherwise will be used just for R&D
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CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

h- 0"k

ity

Material heterogeneity

Under reflection on a surface depending on surface properties a phase shift can
occurs, creating a bias in the height measurements.

PSI
[(x,y,z) =Is+ Iy + v (X, 5, k) cos[@ropo (X, Y, k,0) + Prer(x,y,k,0)]

WLI

ko+Ak
106,9,2) = 1o [ e + ¥ (4,9, 5) €OS[@ropo (6,9, K, 8) + rep (1,3, k, O)IF (R} d

d(x, v, k) = = 2 "12k2 > (assuming that there is not theta variation respect to
ni— (nz+k3)

normal incidence)

M.C. Park, S.W. Kin, Optics Letters27(7), 420 (2001)

A. Harasaki, J. Schmit, J.C. Wyant, Applied Optics 40(13), 2102 (2001) ) ) ) ) o
Frontier of characterisation metrology for nanoelctroncis | Carlos Beitia|| 22(24 March 2017 | 16



DIE LEVEL

CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT

Phase shift on reflection

0
Material heterogeneity 01
-0,2 f
0,3
h- 0"k o -/__——-___.
peaieann _0!5 )
0,6
R SP
0,8
0,9
-1
450 500 550 600 650 700 750 800
M.C. Park, S.W. Kin, Optics Letters27(7), 420 (2001)
A. Harasaki, J. Schmit, J.C. Wyant, Applied Optics 40(13), 2102 (2001) @ Phi(Al) ®Phi (W) @Phi(Cu) ©Phi(TiN) @ Phi(Au) @ Phi(WSi)
Table 1. Height Offsets Comparison of VSI and PSI Techniques Phase Shift on Reflection
VSI Offset 0
Metal (nm) PSI Offset* (nm) 0,02
Silver 360 + 1.0 25.1 + 0.2 004
Aluminum 13.0 = 0.8 12.7 = 0.1 -0,06
Gold 0+ 0.2 33.4 = 0.5 -0,08
Molybdenum 59+ 0.9 134+ 20 0,1
Nickel 154 + 0.9 20.8 ~ 1.8 012
Platinum 133 + 1.0 181+ 14 014
“(Calculated at the wavelength of 600 nm. -0,16
0,18
. . . . . . . -0,2
In principle we can fix it (with a priori 450 500 550 600 650 700 750 800
knowledge)or measured ®Phi(Si) ®Phi(PolySi) ®Phi(PolySi) ® Phi(GaAs) @ Phi(zr20)

Work in progress...
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Scale acquisition challenges

Frontier of characterisation metrology for nanoelctroncis | Carlos Beitia|| 22(24 March 2017 |18
I



CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

CMP scale needs for Bonding on IC stacked - Extended « nanotopography » range

(um)
(um)/10

(10 2 nm)

(nm)

(A%)

AMplity g

300 mm 15 mm | | 10mm
Global Site

Flatnegs Nanotopography

2nm | Wavelength

oughness

High Resolution

CMP dummies and structure can be down
up to 1 um size with nm amplitudes
Interferometric Microscopes

Low Resolution
Die size can be up to 30 mm square size
Interferometer-Deflectometrie

Need both technologies to acquire the whole process information!
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CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT DIE
LEVEL

300 mm FOV Fizeau interferometer Low resolution data
| Slot #1: Front Nanotopography | acquisition

100 mm FOV Fizeau interferometer

¥

P,k
l'.

\ ;'1

i ]ﬂ!,]j

\ | M‘ ‘\

le“J hl,.:l""!‘ h

!

\

Low resolution interferometer acquisition gives global die level information
over all the wafer, but it does not allow access to information in-die details below 102 um.

Frontier of characterisation metrology for nanoelctroncis | Carlos Beitia|| 22(24 March 2017 | 20




CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

High resolution data
acquisition

A i B i TN s T e s A

- s
N l.
fe

*
=

'I"q

=
-
-

3| _ 3 s g
(11,594 mm, 3,611 mm): 1,31 nm é,
- ‘ !
. R
- g "

®

-

>
— -
. - .

-y
in - < -
’

\ He - 'Q - -

? f‘?‘?‘r-r'v‘!"’!‘!

¥

! i -

-
>
f=
3
!
&

’:"?"&

7,658 mm. 8244 mm): 4,513 nm

» ]300 mm 3,50 e 450 5,00
vl h Lol Lol (AT
Y L -

.Il.lll.-.- -
é | l...l.lll..o L L I
‘ -m-l--—----------'m--
-—lln-.--ln-u-.u--
, -—---—.---n--------
B L e ——r———

(5,951 mm, 0,009 mm): 16,76 nm (3,023 mm, 9,340 mm): -6,06 nm

5

High resolution interferometer acquisition give detailed die level information on some dies, up to 3 pm
resolution and allowing further analysis on detailed specific area up to 300 nm resolution level

Need stitching 100-300 images for 2 cm? to 9 cm? die size.
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CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

* Data fusion:

e Stitching algorithms reliable and fastest (specially when dummies from cmp are present)
* Multiscale data fusion algorithms to combine low resolution with high resolution data
This to cover the extended nanotopography range

0,15
needed by Process. ] — Height Distribution HighRes.
a [Déta 5] 112 Godion) = © ||| [ w0t post camp 1 pos ta P centre 5055 eveedpoly [ 169 (Guyadion SiE)] ] — Height Distribution LowRes.
» 600 ~.» 17,3 nm » Omm I
s : 0,10
E 1 Die global
E 0,05—3
. 0,00 7 -
3 IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII,IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII
= -50 40 -30 -20 -10 -0 10 20 30
- z [nm]
gf 03 — Height Distribution HighRes.
g E — Height Distribution LowRes.
b 4 Die Local
(7;0. 0,1_:
Need to put in place alogorithms to keep
information and meausresument oo
consistency at all scales ... i o A8 . : 2 7

z [nm]
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DIE LEVEL

leti CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT

°* The ideal data acquisition « virtual tool »

Without metallic layer

Microscope
Interferometer Detailed Diel Level
Detailed Wafer level Global Device

AFM
Device level

Global Die info. High Resolution
(60 wafer/hour) (5-10 wafer
hours/3Dies)

(couples of points /3
dies -wafer)

|

Multiscale-Multi sensor Datafusion

Frontier of characterisation metrology for nanoelctroncis | Carlos Beitia|| 22(24 March 2017 | 23
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Data analysis / Data storage challenges
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DIE LEVEL

leti CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT

The black tool-boxe for
° Areal surface analysis flowchart Analysis.

e —

—

Denoising/Leveling

L
]
I
v

Need soft gauges !!
Filtering
Need Data fusion !!

Uncertainty propagation —#
modes

|

|

I Need Deep learning
!_~ Data mining
Standardisation

Parametrisation

Uncertainty
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CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

| Height parameters [ runction and retatea parameters
Arithmetical mean height JZ0 Peak material volume
. Root mean square height Core material volume
* Areal surface parameters which one to choose? VA—
° ) Maximum pit height Core void volume
G IObaI : Maximum height Fl Core height
® LOC&|7 Skewness Reduced peak heigh
Kurtosis Reduced dale height
Hybrid parameters M B Material ratio
Root mean square gradient NP N Material ratio

Height parameters Function and related parameters

Developed interfacial area ratio

Spatial parameters

Miscellaneous parameter

B

Str Texture aspect ratio
M7l Texture direction
|- Sal Autocorrelation length

Fig. 1. List of areal parameters used in the assessment

(a)

Hybrid parameters

o
(b)

Spatial parameters

Start

o0 ) (i) ()

Sku; Ssk @
. ———————- - Str (d)
- . Height Hybrid Spatial Functions and Miscellaneous
(C) TV erY Strong M Ode‘l ate Parameters Parameters Parameters Related Parameters Parameter
+«—— Strong = =  ———— Weak

Q.Qi et al, Procedia CIRP 27 (2015) 149 — 154
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CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

* Data produced

* Low resolution images wafer level
* 200 MB/Wafer x 2 if front side and backside
* High resolution
°* 64 MB/Die x 5 Dies/wafer
* Sampling/Lot
* 2 wafers
* About 1GB/lot

°* Need an optimized strategy for:

* Data Analysis
° Parameter selection
* Data mining/Deep learning
* Data storage
* Only raw data
°* Raw data and treated data
°* Raw data and treated Data+ analysis results

Frontier of characterisation metrology for nanoelctroncis | Carlos Beitia|| 22(24 March 2017 | 27
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Uncertainty/ Traceability
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DIE LEVEL

CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT

°* The context:
* Areal surface metrology is getting more and more demanding for
process CMP, Bonding and different technologies.

Hey Lee! My
interferometer
measure
Sg=8 nm

33 nm

2nm

°* What is the status on traceability and uncertainty for Areal
Surface?
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CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT

DIE LEVEL
Si unit \
- Si unit definition (m
° Traceability: NMI (m)
[ e—
« Property of the result of a 1 Wavelength calibration,
measurement or the value of a Primary stabilized lodine
standard whereby it can be related to Laser
stated references, usually national or D
international standards, through an NS S EIEE ) [Pl
] ) metrological instrument
unbroken chain of comparisons all
having stated uncertainties »
Primary standards artifact
° Traceability realization, needs:
* Physical Standards artifacts Secondary standards 2] (®)
. _ _ artifact/ User tool & Ic
Reference Metrological instruments e e 3 E
* Guidelines standards tual =
e Software standards actua 3
Actual measurements on Q.
0]
Measurements Th e el
(Users) \_
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CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

Where are we at the ISO level and semi-level ?

ISO 25178: Geometric Product Specifications — Surface texture: areal

Part 1: surface texture indications

Part 2: terms, definitions and surface texture parameters

Part 3: specification operators

Part 6: classification of methods for measuring surface texture

Part 70: material measures for the calibration of instruments

Part 71: softgauges - SDF file format

Part 72: softgauges - X3P file format

Part 600: nominal characteristics of surface texture measuring instruments

Part 601: nominal characteristics of contact (stylus) instruments

Part 602: nominal characteristics of non-contact (confocal chromatic probe) instruments

Part 603: nominal characteristics of non-contact (wavefront interferometric microscope) instruments
Part 604: nominal characteristics of non-contact (coherence scanning interferometry ) instruments
Part 605: nominal characteristics of non-contact (point autofocus profiling ) instruments

Part 606: nominal characteristics of non-contact (focus variation) instruments

Part 607: nominal characteristics of non-contact (confocal) instruments

Part 700: calibration of surface texture measuring instruments

Part 701: calibration and measurement standards for contact (stylus) instruments

SEMI M43: Guide for Reporting Wafer Nanotopography :

Frontier of characterisation metrology for nanoelctroncis | Carlos Beitia|| 22(24 March 2017 | 31



CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

° Traceability realization, needs:

* Metrological reference instruments large area AFM or profilometer (Europe has CMI,
NPL, PTB)

* Protocols need to work on parametrization, data fusion and uncertainty propagation

High speed Met. LR-AFM PIB @i~ Large area SPM measurements at CMI

Soecifcatons:

+ Measwement range: 26 mm x 26 man x 5 men along X-, y-

Bk LU I T Development of voice coil SPM approaches: interferometric feedback, fuzzy logic
* Maq wd. up to 1 mew's ! i H i

57 S R R control, low cost controllers, linear guidance mechanisms.

* Diry ANNING erao 0 plxes | ne limitation . ) . L.
Pk Sonitason . High-speed large area setup based on combination of accurate large area positioning
o Nk o 5. 8ppr 20 (p-v ) Without filkeing ) R ) . .

-mmomm;a,ﬂnwxs S device (NMM1 from SIOS) and a high speed stage (University of Bristol), development
.l warty " ey Sl an nm

usng Heydemann correcson of control system and related metrology.

+ Traceabiily. traced back 1o the wavelsagth of the iodne

frequency stablised lasor, better than 2x10°

+Mult sensce fecholque: suppart for different probing

techniques such as AFM, shyfus protlometer, assembicd
cantiiover probe (ACF) and true 3D CMM probes

\
*

Development software tools for managing
large and non-equidistant data sets in SPM
within Gwyddion open source software.

Matrofogy frame of
the nanapoesifioning
and NGNOMeaswing
e mactune (INMM)
Source. SIOS
company, Genmany

The flatness dewation over the range of 14 mm s aDo J nm !

G Ox, Aktusle Ertwicklungsn n der O on AFNH
Abt 5, Fab 27th, 2017

7 detection unit laser

Courtesy of Dr. Gaoliang Dai and Dr. Petr Klapetek

Work on going on the frame of 3D stack EU EMPIR program
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CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

° Traceability realization, needs:| _ Stepheights Cross gratings Resolution artefact

* Standards artifacts are
available (NIST, NPL, VLSI...)
* Missing secondary artifact at

wafer level to check tool level |§f — = ——
(e.g. WWU) ' |
] ] Optical flat Good Practice Guide Deterministic artefact
° User instrument metrological sy oL oo R
characteristic
] NPL Artefacts
® NOISG for the calibration of the

. . metrological characteristics areal
* Linearity and squareness e .
* Residual flatness S WL

* Resolution

Frontier of characterisation metrology for nanoelctroncis | Carlos Beitia|| 22(24 March 2017 | 33




DIE LEVEL

CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT

* Traceability realization, needs:

* Guidelines standards
* Definitions

* Metrological characteristics are expected to be common to all
Instruments

°* Noise

* Linearity and squareness

* Residual flatness and amplication coefficient
* Resolution

°* Example: Resolution in ISO 25178

* Common optical lateral resolution giving by the Rayleigh or Sparrow limits, is
not enough.

* The term “lateral period limit” is proposed and join both the ability to resolve fwo
features and the availability to measure the correct height.

* Lateral period limit is defined as the 50 % cut off point from the instrument
transfer function and can be determined by measuring star pattern, grating step
of spheres.

* Theideal is to determine the optical transfer function as this not has height

restriction.
Frontier of characterisation metrology for nanoelctroncis | Carlos Beitia|| 22(24 March 2017 | 34
I



CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

°* And Uncertainty.
° Today at the best measurements are given with statistic type A contribution only.

° Metrological characteristics are expected to be common to all instruments and it should help to
stablish the input uncertainties to propagate to the final measurements.

°* |SO 25178 proposed at set of characteristics and associated instrument specifications from which a
good estimation of the input uncertainty of type B for a given instrument can be stablished.

Metrological characteristic Inctrument specifications Notes
s | izesmee | mnmm
Linearity devistion (z) . Height respanse linearity Exgressed Mmmmle
e ke
e
— R i
Field amplification and Inearity (xv) (ot spacifiod) Calibrated and adjusted in sit

P. De Groot, Proc. of SPIE Vol. 9110 “Dimensional Optical Metrology and Inspection for Practical Applications 111" (Baltimore, MD 2014),
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DIE LEVEL

Uncertainty chain contributors

[(x,y,z) =g+ L, +y (x,y,k) cos[p(x,y,k,0) + p(x,y,k,0)]

ko+Ak/2
I(x,y,z) =1, fk0—+Ak//2 {I, +v (x,y,k) cos[p(x,y,k,0) + ¢(x,y,k,0)]F(k)} dk

Wayelength Lat(?ral AXIS Linearity
calibration calibration

Piezo and/or Z scan

calibration

ulelisdun

tan[e] = f(Istepr (x, y)) or V(6(Z))

Stitching Data fusion

Multiple scale and
multiple sensor Data

fusion
g

v

uonebe

h=fxy)

Physical modeling

(Sq, Sz, Std, Sk...) (Zcmp, Bonding Energie,...)

[ Parametrization

CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT

Instrumentation

Signal Treatment

] Data Analysis
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CHALLENGES IN NANOTOPOGRAPHY MEASUREMENTS AT
DIE LEVEL

* Conclusion

* Nanotopography measurements is key for enabling CMP and Bonding process
for different technological applications.

* The classical limits of nanotopography need to be extended in both size in this
use case.

* Today this is possible with available technology BUT need additional work.
°* Need to be non-destructive

°* No a single instrument can cover all range so an acquisition of the whole
information will require multiple sensor with data fusion strategies integrated

* Data analysis and Data storage will need to be addressed to avoid loosing
information and optimizing data storage

* Traceability and uncertainty will need additional work specially on the final
uncertainty and measurement capability quantification
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