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MOTIVATION

Precise nano-scale
measurements

Use of Scanning Kelvin
Force Microscopy (SKFM)

Electric Field

Measurements are
HIGHLY dependent on
the shape of the probe

Design an Electrical Tip
Shape Profiler Reference
Material

,,,,,

2.5D & 3D IC Applications

2007+ 2000 2010 20MpRommnnnd

{:} ASE GROUP

v v .
Cls 30 Memcty Stack

Warddess N S0
i
vveovocy. 3
Wrakss RF S0

WL VEMS

A0 Via Daccalsy

- Functionw Complecity

Image from Semiconductor Manufacturing & Design Community

NIST



WORKING PRINCIPLES OF SKFM
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» Tapping Mode vs. Mode Lift

Scanning Kelvin Force Microscope
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COMSOL MODEL BUILDER

Domain
Probe
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COMSOL MODEL BUILDER
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COMSOL MODEL BUILDER

Electrostatics

» Charge
Conservation
»Zero Charge
»Floating
Potential

» Biasing
» Ground
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COMSOL MODEL BUILDER
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Aty

e v&u"%

B ‘v.v.‘o.vwgggm% 82 RN

: %ﬁ‘?@:’k%%ﬁm@% RSSO A
AT m“'ﬁﬂ 2 B0 DO e A ’

.—I | ;5‘1 :

~

19, SOCIETY OF PHYSICS STUDENTSE T T 57




COMSOL MODEL BUILDER
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IMPORTANCE OF TIP SHAPE

Surface Potential of Lateral Scan
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CANTILEVER EFFECT

Cantilever Effect

0.15
—Sdeg
0.1 e=75deg
E === 45deg
= 0.05
k=)
(=
3 0
no- A\
515 5 10 15
8
h=
=]
(%]

ﬁ’%gﬁion [um]

Can&:;l;ver Effect
02

- 0.15 = >5deg
= 0.1 ) 5deg
]

£ 0.05 ——45deg
o

= 5 10 5
&

€

=

wv

-0.25
Position [um]

v

(&, S0CETY OF PHYSICS STUDENTSS T T §THi




CLEARANCE EFFECTS ON SURFACE POTENTIAL

5° Cone Angle KFM Scan
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CLEARANCE EFFECTS ON SURFACE POTENTIAL
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DIFFERENTIAL VOLTAGE

» 5° Cone Angle
highest SP and
most narrow width

» Coherent
results as
before

» Smaller lift
height, higher
SP
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DIFFERENT SIZE RATIOS

Lateral Scan &f 2:1 Eccentric Cone
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SUMMARY AND OUTLOOK

» Extract:
»Base shape
»Tip angle
» Height

» Future work:
»Compare
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THANK YOU!

Any Questions!?
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CONCLUSIONS
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COMSOVL’s ability to simulate SKFM

Effect of Tip on the Surface Potential Measurement

Seen through development of many DUTs
IF SLOPE DETERMINED INSERT HERE

Various lift heights affect Surface Potential

Differential Voltage Produced
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GOALS

3D COMSOL Simulation of Scanning Kelvin
Force Microscopy (SKFM)

SKFM = Electric field measurements

Determine the field distribution to design
Electrical Tip Shape Profiler Reference
Material

Cone Angle

Base

Height
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THEORY OF SURFACE POTENTIAL
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Coulomb’s Law — Electric force between charges

Image from HyperPhysics
Electric Potential — work per unit charge to move a point charge
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Gauss’s Law — Used to determine the Electric field of a Gaussian surface

http://hyperphysics.phy-astr.gsu.edu/hbase/electric/elewor.html#c2
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VAN DER WAAL’S FORCES
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http://mathworld.wolfram.com/Full WidthatHalfMaximum.html
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