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BRUKER DIMENSION NEXUS AFM

Dimension Nexus AFM: ne rformanc:
smaller footprint AFM from Bruker~ ~ * '
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john.thornton@bruker.com




BRUKER DIMENSION NEXUS AFM

Latest Addition to the Dimension Product Family

NEWDimension Nexus

NanoScope 6 Controller

Dimension IconlR = Dimension Pro
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BRUKER DIMENSION NEXUS AFM

Large-sample capabilities in a compact AFM system

= 150mm diameter sample chuck, compatible with:
= 6" wafer (maximum)

= 15mm sample puck (single or multiple)

= Tip scanning design + open access to stage allows
range of sample sizes and customized setups.

= XYZ scanrange = 90um x 90um x 10um

= |ntegrated acoustic enclosure = compact footprint

High performance tabletop AFM
with large sample capabilities
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BRUKER DIMENSION NEXUS AFM

Wide range of measurement techniques

Highly configurable with full range of advanced AFM
modes

Addresses all major application areas in materials
research

Many modes are unigue to Bruker, including:
= Full suite of PeakForce Tapping modes
= ScanAsyst self-optimizing imaging
= ScanAsyst Plus for Contact, Tapping, PeakForce
= Torsional Resonance (TR-Mode)/ TR-DFM

= Environmental control: Fluid imaging, heating stages, ...

<)
BRUKER
(>

AFM Modes and Capabilities Available

Standard Optional
PeakForce Tapping PeakForce QNM (PF-QNM)
ScanAsyst PeakForce TUNA (PF-TUNA)

TappingMode

PeakForce KPFM™ (PF-KPFM)

; Contact Mode PeakForce EFM (PF-EFM)
S A & :T_Laémﬁ! }FOI‘O& MicroscopY DataCube Modes
e ﬁ;” s Phaselmaging™ Ramp & Hold
GaN on Silicon Carbide LiftMode™ Nanolithography
(1 Oum) Force Spectroscopy Dark Lift Mode

Force Volume

Conductive AFM (C-AFM™ )

Tunneling AFM (TUNA)

R LY - ' Surface Potential (KPFM)

1 . i 1 Piezoresponse Microscopy
i, " LR 22 (PFM)

Fast Tapping

Electrostatic Microscopy (EFM)

Torsional Resonance Mode (TR-Mode™ )

Torsional Resonance Dynamic Friction
Microscopy (TR-DFM)

Fluid Imaging (PeakForce Tapping,
TappingMode, Contact Made)

¥

DNA origami and
individual strands
of DNA in liquid

Inquire for additional modes and capabilities
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BRUKER DIMENSION NEXUS AFM m
PeakForce Tapping mode
Z motion [F= . Lo Probe motion
| it resembles a typical
= Probe oscillated at low amplitudes at sub-resonant frequencies /\\ force curve.. |
(e.g. 1-2kHz), Feedback on “peak” force Deflection e \[ =

A 4

= Benefits:
= Precise control of tip-sample interactions enables lowest imaging forces
= Tip and sample integrity maintained over extended periods

= Consistent, repeatable high-resolution imaging

= |mages acquired at standard imaging rates

7000 = PeakForce Electrical
= PeakForce QNM

= Simultaneous acquisition of quantitative nanoscale sample properties 6000 ; = Peakforce Tapping
(mechanical, electrical, etc.)

= PeakForce Tapping/ScanAsyst = PeakForce KPFM

= PeakForce QNM PeakForce MFM

= PeakForce TUNA PeakForce sMIM

Almost 10k publications = 2 each day for the past fifteen years!
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BRUKER DIMENSION NEXUS AFM

Designed to be productive and easy to use

o Select From: Edit Probe Record
& “j': Use previous experiment Select an existing name ko eddét
fer k
. . Scanning Tunneing Microscapy (STM) - 11/0%/09 | 22 :jﬂ,w
= Ease of use features benefit new and experienced users ) I 4
Choose an Experiment Category: Eng_HS \
IDNP-4
= Tip alignment station B2 & T g TR
Beanbsyst  Tapping  Cortact B S
Mode: Mode FESPA Probe Name | ODESP Nam\nal‘Mimmum‘Max\mum
o, . 7? — '5- :més = Length (um) 1250 1100 1400
= [ntuitive Ul, guided workflow s ¥ 2 oy it v om0 w0
)
lectrical hanicdl  Othe /5 . Base Width {um) 400 300 500
| e e e ST N
an SCBnASYﬁt in Air MLCT:E Laser Spot Size Large > K {Njm, 42.0 200 600
| P b D b iﬁy_ﬂ MLCT_C Fi Air (kHz) 320.0 2300 4100
ro eS ata ase H Set e mtgg L] | Tie Racus (o) | 35 F:::jzzﬂl;d(l;z) 8.2 588 1066
R Select Experiment Group: e o0 pisod O Factor
. 3 Scandsyst in Alr MPP'{“ZU {1AP22sA) Q Factor Fluid o]
=  Automated tip-surface engagement @ ot
p g g MELC Probe Parameters
=|, Check Paramet; bR
;L e [ | [ar |M\(rE(p(unh—q“DEHSensNum‘DeHEenst‘DeHEensMax‘DnveAmp‘T\pOFfsel
H 1= N N [ 1on Tl39.0 0.0 ! 0.0 0.0
= ScanAsyst self-optimizing imaging dy erome e -
& © Select Experiment:
E; Ramp Scandsyst in A
é Withdraw
= Programmable, motorized XY-Stage for multi-site and

multi-sample measurements (150mm x 150mm)

= Scripting capabilities for automation of XYZ movement
and data collection (NanoScript)

© 2025 Bruker




BRUKER DIMENSION NEXUS AFM

Application Examples




BRUKER DIMENSION NEXUS AFM

<)
BRUKER
(>

Tapping Mode on PTFE crystal lattice

F F
= Sample: Polytetrafluoroethylene (PTFE) or Teflon, rubbed on surface. {‘F"F)

F F
= High spatial resolution: lattice spacing is 0.5 nm, visible in height, height sensor and phase channels

Phase 9.0‘nm Phase S 5.0 n Phase 2.0 nm

© 2025 Bruker Innovation with Integrity | 7/20/2024 8



BRUKER DIMENSION NEXUS AFM

TR-DFM on 2D with Moiré Pattern

= Torsional Resonance Dynamic Friction Mode (TR-DFM) = contact mode feedback with small lateral tip
oscillation at the cantilever torsional resonance.

= |mages collected at 10 Hz linerate

250"

TR Phase

TR Phase 40.0 nm | 200.0nm

Innovation with Integrity | 7/20/2024 9



BRUKER DIMENSION NEXUS AFM

PeakForce Tapping on SiO, 6" Wafer (500 nm scans)

= Extreme low drift is observed: X: 0.70 nm/min, Y: 0.02 nm/min

= Excellent repeatability: 129 repeats: Ra roughness = 208 pm, std dev = 2 pm

image #129 Active control of temperature
IR s DK of key instrument components

Tesgaraturel Hetd Piswiri

Bridge 23.0000 Bridge 33
Z Stage 23.6007

Z Stage 28
PIC 24.3000
P Lmits | Cmlerns
Erdge I Stage
""""" Q0200
cipoenn 430000 T3E000
Ep 1,000 10000 Reaet Heater Conarnlesr
K ik i) TR ]

%

Heiht Sensor 100.0 nm  Height Sensor | 100.0 nm
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BRUKER DIMENSION NEXUS AFM

Tapping on SBC Polymer & Celgard

= Good throughput can be obtained. All images 512x512 pixels.

2.5 Hz- 3m?24s 20.6 Hz — 25s 31Hz-17s 4 Hz — 2m8s 9.8 Hz — 52s

5 Gk e

3.0nm 50.0 nm

-3.0 nm -50.0 nm
Hihsnsm 100-0 m Heigh Sensor eghtSensor e TS Height Sensor 4000nm  Height Sensor 4000 nm

18.6 Hz- 28s 46.4Hz - 11s
Y R SRR D) S reB i) S B AT
>o‘-:~J,‘ ‘1\’4";' @ e ‘?’Q; - .,}".Q,“‘.- s so 50.0 nm
- - ~ ; A

?}y Xd.o;:gl-f‘. R “}&a - g‘. }:";’:',!c o l‘
:':‘«4.'&-5‘-':":/* 250 5&' GRA AL G
T AN TArA a.';(.’f LR T e -

- "s.'.:".@ oy 80°
_(t‘-'_g-: A

A
] [ /‘... '~ - —
- . IR LA F 3 ; ] ; —
Phase 1000nm Phase {00.0nm Phase 700.0m Height Sensor 400.0 nm  Height Sensor 400.0 nm
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BRUKER DIMENSION NEXUS AFM

4 DMT fit for
modulus

PeakForce QNM on PS-PMMA-PVC blend

4 Deformation
/

Peak Force

I:.'

v 1 Dissipation

on

Adhes

= Accurate mechanical property measurements at standard imaging speeds

v

Tip-sample Separation
= Adhesion, Modulus, Deformation, Indentation

= Sample courtesy: Ph. Leclere, Uni Mons, Belgium

Adhesion W

Height Sensor T0m LogDMTModulus T.0um
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BRUKER DIMENSION NEXUS AFM

Kelvin Probe Force Microscopy: a suite of implementations

= Five different implementations for surface potential measurements

o |

FM-KPFM
(in lift mode)

PeakForce KPFM

PeakForce KPFM-AM

PeakForce KPFM-HV

Surface Potential
(AM-KPFM)

Surface Potential
(FM-KPFM)

Two-scans

Two-scans

Two-scans

Two-scans

Single scan

PeakForce Tapping
(with QNM)

PeakForce Tapping
(with QNM)

PeakForce Tapping
(with QNM)

Tapping

Tapping

AM-KPFM
(in lift mode)

Open loop FM-
KPFM
(in lift mode)

AM-KPFM
(in lift mode)

FM-KPFM

Innovation with Integrity |
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BRUKER DIMENSION NEXUS AFM

FM-KPFM on hBN: high spatial resolution and sensitivity

Height Sensor 1.0 um Height Sensor 500.0 nm Height Sensor 240.0 nm

-600.0 mV -600.0 mV -800.0 mV

Potential 1.0 ym Potential 500.0 nm Potential 240.0 nm

© 2025 Bruker Innovation with Integrity | 7/20/2024 | 14



BRUKER DIMENSION NEXUS AFM

Piezo Force Microscopy (PFM): single crystal lead PMN-PT

-100.0 mV

Height Sensor o 2.0 ym

4 150.0 mV

S

itu

Height Sensor 400.0 nm HS AmI - 4000 nm

© 2025 Bruker Innovation with Integrity | 7/20/2024
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BRUKER DIMENSION NEXUS AFM

DataCube Contact Resonance PFM: stay tuned

= BFO sample test.
= Sweeping the AC frequency during hold.

Armplitude! {prn)

= Following the contact resonance at every
. 305 310 315 320 325 330 335
p|X6| Drive Frequency (kHz)

CR Phase 8000 nm

Innovation with Integrity | 7/20/2024 | 16



BRUKER DIMENSION NEXUS AFM

PeakForce Magnetic Force Microscopy (PF MFM): 20 TB HDD [E=YI=YERY

= |Improved sensitivity and resolution owing to special probes.
= k~05N/m,f..~ 110 kHz Q ~ 60.

rores

= Higher sensitivity (Q/k) and higher speed (f/Q).

-1.0 nm

A

‘OO.\IO nm

Innovation with Integrity | 7/20/2024 | 17



BRUKER DIMENSION NEXUS AFM

S,
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AFM Modes Handbook

= Download from https://www.bruker.com/en/products-and-
solutions/microscopes/materials-afm/resource-library/e-
book-the-definitive-afm-modes-handbook.html

PeakForce Tunneling AFM {PeakForce TUNA)

PeakForce TUMA was specifically designed for
local electrical conductivity mapping on soft
and fragile semples. This technique offers high

anatial rasnlitinn Hirk rorant sancifiyity, and

—— ate
TappingMode ;T;:be—tip
B, sinca itis

TappingMode is the mast populer AFM imaging
mode in both air and Bguids, and is also the

backbone for many specialized modes, such as omap
I Al and magnetic o perties,
development of 1. the
I hers to image =d over the
AFM Nanoscale Dynamic Mechanical Analysis "4 laterel forces Kforca on
| speeds much ican be
{AFM- I'IDMA] in contact mode. f current
& short
AFM-NDMA provides quantitative viscoelastic R g
property measurements of nanoscale domains in 'ﬁ: tfr?;ns'a;;;hﬂ onis fired
heterogensous polymeric materals. AFM-nDMA ing ~ :
N st resonance
directly sddresses frequency and temperatwre — o FeakForce
dependence of viscoelastic properties in the w a”°_"‘5 's .

. The cantilever’s tovoltaics,
rheologically redevant range [0.1-20 kHz). In with samaie Jas. It
contrast with traditional AFM modes, AFM-ADMA . o=
compares well with estabished machanical };og'raph\rln;age .s “tmd
characterization techniques whils enabling studies anges snd cosing g an

- z& them. When dectrical
of microstructure and bulk properties. . .
2 phase signal is bettar
— . . 3ing page). it prefarred
ATOMIC FORCE MICROSCOPY APNFIDNIA Includes twa men modss of xoa
operation. First, viscoslastic moduli images I
TR, - N graphical studies
can be collected tf ingle-frequency -
The Definitive AFM Modes Handbook - gt
L wolume mode. Secand,  both = and ligud
frequency swesp measwements are performed in | ‘o _a'u a" N 1qu-
selected positions on the sample. This advanced : o virually ey
- . - amage to tip or
ramp spectroscopy uses a ramp scnpting routine \in thausands of
3 : : _ i with a series of segments to control preload, ;‘n h-bandh ; h
A Cornpre hensive Guide to Expanding Your Materials Research Capabilities relaxation, modulation, znd calculstion of contact rian senawi:
radius. Analysis then leads to the crestion of B
mastercurves, 25 well 25 quantitative data for loss
tamgent, loss modulus, and storage modulus.
AFM-nDMA iz the most advanced AFM method
for the guantitative characterizetion of viscoslastic
properties 2t the nenoscale. It & preferred over _
other AFM-based nanomechanical methods for e g o e o o
characterizing & wide vanety of polymer and -
nanomaterial samples. PR
MM, and otbars.
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BRUKER DIMENSION NEXUS AFM

Summary

= Come by our booth to see the Nexus live

T-MRSEC

Discovery at the Frontiers of Materiare Research

ATOMIC FORCE MICROSCOPY

Dimension Nexus

Interssction of High Performance and Unbeatable Value

Redefining the
Quintessential Value AFM

Innovation with Integrity
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Connect with us:

‘

m Bruker Nano Surfaces & Metrology

X @BrukerNano
° @BrukerNanoSurfacesMetrology

John Thornton, ——
https://www.bruker.com/en/meta/forms/bns-form-

pages/brochures/afmi/dimension-nexus.html

— w—
S
Thank you! pp— ]
o O ol et #

Join our Journal Clubs Today!


mailto:john.thornton@bruker.com
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