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Terahertz microprobe
Application areas

Terahertzmicroprobingtechnology:

Taking advantage of Terahertz range benefits without being

compromised by wavelengtiased resolution limitations.

Terahertz
Research

Applicationareas

AMetamaterials
APlasmonics
APassivalevices
AEmitters
AAntennas
AWaveguides
ASensorsurfaces
AGraphene

Benefits

ANearfield access
ACostefficient
systemextension
AHighsensitivity
ALowinvasiveness
APolarisation
sensitive
ABroadband

nHilm
Inspection

Application areas:

ASolar cells

ADisplays

AFlexible electronics

ASemiconductors

AGraphene

ATransparent
conductors

Benefits:

ASheet resistance

Chippackage
Testing

Application areas

ATimedomain
reflectometry

AFaultisolation

APackagindevel
inspection

A3Dintegration

AThroughsiliconvia
(TSV)

Benefits

AMarketleadingTDR

imaging resolution
AContactless ASubpsrisetimes
AMicron-scale AContactless
resolution ANon-destructive
AlLargearea scanning ACostadvantageover
AHighspeed all-electronic
scanning systems

Volume
Screening

Application areas

Al aserplasticweld
inspection
AFiberinforced
polymers
AChipunderfill
inspection
AOrganidayer
screening

Benefits

ANon-destructive
AFastinspection
AScreeningf VigIR
opaqueplastics
ADetectionof
micron-scale
structures



Optoelectronic

Terahertz technologxI

Femtosecondaserbased THz systems

Photoconductive TeraSpike microprobes are the key enabling components feebajlition
Terahertz imaging offering unprecedented sensitivity, resolution andma@siveness.
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Simplified exemplary scheme ofaraSpikesnabled THz nedreld imaging system.

We offer

A SystemsNearfield imagingsystems subsystems,modules& customsolutions
A Components THzmicroprobes THzemitters, accessories X
A Measurementservices

Pleasecontactusfor further information or inquiries

WWW.pI'OtemiCS.COI’T]

ProtemicsGmbH
info@protemics.com

» Otto-BlumenthaiStr. 25
A 52074 Aachen Phone: +49 241 8867 140
Germany Fax: +49 241 8867 560
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Application areas

Thinfilm Inspection

Contactfree, highresolution and highspeed
sheet resistance & mobility imaging

Semiconductor wafer scanners with
TeraSpikenicroprobes yield more
information in a shorter time
compared to the prior art*.

Application areas:

ASolar cells
AGraphene/2D-Mat.
ADisplays
AFlexible electronics 110
ASemiconductors E 100
ATransparent > 90
conductors 80

130
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Sheet Conductivity [mS / sq.]
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Benefits: 50

140

ASheet resistance a)
imaging

AContactless

AMicron-scale
resolution

ALargearea scanning

AHighspeed
scanning

Mobility
Histogram

ounts [#]

05 5 2
Graphene yi,.. [cm? / (Vs)) 10*

178 180 182 184 186 188 190 192

b) X [mm] C)

a) Resultsfrom a Terahertznearfield transmissionmeasurementat a four-inch diameter
graphenelayer on silicon b) Highresolution measurementwithin the marked area with
visible defectsfrom the graphenetransfer process c) Chargecarrier mobility histogramfor
the markedregionof the graphendayet

* SuchasEddyCurrentprobe,or four pointprobetools.



Thinfilm inspection

Sheet resistance imaging

THz transmission working principle

TSubstrate

Thinfilm
conductor
layer

N

TSubstrate+ Layer

A

substrate

Incident THz radiation

Tinkhamformula:

RSh . (n+ 1)

M. Tinkham Phys. Rewol. 104, pp. 84846, 1956

Accessible measurement ranges and sample conditions

Optimal Acceptable Difficult
Graphene Ry, 5 — 500Q/0 0.5 — 5000 /0 <0.1Q/0
> 10000 /00

Substrate Material

Substrate ~ Curvature

and stiffness

Substrate  Thickness

variation
Spatial Resolution

Sample Size
(longer edge)

Measurement Points
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Sapphire Al;O3,
Crystalline Quartz
SiO2, Highly resistive
(p > 100 Qcm)
semiconductors

Flat and rigid

< 1pm

25 — 250 pm

20 — 100 mm

100 Px — 100 kPx

Flexible Dielectrics,
Lightly doped
Semiconductors

Flexible and slightly
bended

< 20 pm

10 — 10000 zim

5 — 150 mm

< 1 MPx

Paper, Strongly Doped
or metalized Substrates

Strongly curved or
3-dimensional

> 100 pm

< 5 pm

< 1mm
> 300 mm

> 1 MPx



THz neaffield scanning system

TeraCube Scientific

—g—

The new standard fo craatale
resolution THz imaging on large areas

‘%

THE TeraCubeScientificis a fully automated THz nearfield
scanningsystem The systemprovidesa high-efficient source
for the optical generationof broadbandTHzpulseswhich can
be transmitted through planar samples Spatially and
temporallyresolveddetection of the transmitted pulsesin the
nearfield of sample surfaces is enabled by Protemics
TeraSpikemicroprobes integrated nearfield detectors The
system enables measurements on arbitrary surface
topographiesthrough active control of the detector/surface
distance It canbe drivenby an existingor new fs-lasersource
with suitablespecifications

Applicationareas

THzMetamaterialresearchand sensingapplication
Semiconductomvaferinspection
Sheetresistanceamaging

Grapheneanalysis

THzdevicecharacterization
Microstructureanalysis

Nondestructivetesting

I I D D D

Key features

A Highspeed continuous move
scanning & data acquisition

A Optical sample topography
detection for scanning at
constant microprobe/surface
distance

A Synchronized motiogontrol
and realtime position detection

A Linear polarized and rotatable
THz emitter for polarization
dependent measurements

A High performance THz
emitter/detector component

A High dynamic range Lok
detection

A Integrated CCD camera module
for monitoring of microprobe tip
and sample position

A System control and
measurement automation
software on integrated PC unit

A Softwareimplemented
alignment monitoring function
and system health check
electronics

A Software assisted microprobe

tip to sample surface

approximation

Timedomain signal preview

mode for fast optical alignment

Dataexport as plairtext or

Matlab-compatible format

System housing for laser beam

and dust protection

Open extendable labype

system platform

Do Do Do Do

ProtemicsGmbH WWW.protemics.com
Otto-BlumenthaiStr. 25 info@protemics.com
52074 Aachen Phone: +49 241 8867 140
Germany Fax: +49 241 8867 560



THz neaffield scanning system

TeraCubescientific

Technical data

new
TeraCubeScientific TeraCubévi2

Opticalsystemconstruction Freespacebeam Fibercoupled

Spectrarange 0.05¢ 3 THz 0.05¢ 4 THz

Maximum sample size (X, Y, 2) 20 cm, 20 cm, 1 cm

Maximum scanning speed (X, ) Upto 100 mm/s

Min. scanningime perpixel 10 ms/ Single TDWosition 10ms/ FullTD Transient (5ps)

18 cm, 18 cm, 3 mm

5 .. 200ps

Maximum scanning range (X, Y, z)

Timedomainscanningange 1000ps

Timedomainstepresolution(dt) 6.6fs 50fs

Bidirectionalrepeatability(x, y, z) +0.1 um,+0.1pum, +0.15 pm

Measurement example

Installation requirements Example plots of the THz neféeld distribution
A Vibrationdamped optical table with 1.5m x 1m x measured at a metamaterial surface for sensing
1.5m of space for system placement applications which is locally loaded with sample
A Laser laboratory specification of class 3b or higher renxactif;[?cl).nLeft: Peak excitation state, rightpgafter
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