
QSMQuantum Scanning Microscope
NV-MAGNETOMETER: FASTER. VERSATILE. EASY TO USE.



2 3

Our NV Magnetometer and its Applications

Meet Our Turn-key Scanning NV Microscope: The QSM
The QSM unites user-friendliness with flexibility and high performance. From large area megapixel images to 
high resolution, high sensitivity maps, the QSM is the right tool for the job. Delivering perfomance close to the 
shot noise limit, its flexible platform makes it a versatile tool for studying magnetic phenomena at the nano-
meter scale, from stray fields and vortices over domain boundaries to current densities.
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PURPOSE

Applications at a Glance

Measurement for Scanning Modes

Qualitative: PL, Iso-B
Quantitative: ODMR
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We use a single defect in diamond, a Nitrogen Vacancy (NV) center, as an atomic size quantum sensor. By scan-
ning it in close proximity over a sample surface, we can quantitatively map magnetic fields and more with high 
sensitivity and better than 40 nm resolution. All of this works in ambient conditions, in the desktop sized QSM.

Working Principle

Removing two adjacent carbon 
atoms from the diamond crystal 
lattice and placing a nitrogen atom 
at one of the sites creates an NV 
center. This “artificial atom” has 
several unique properties:
•	 It is a room temperature qubit
•	 The levels can be readout via 

an optical signal
•	 The gyromagnetic ratio of     

28 GHz/T makes it very sensi-
tive to magnetic fields

•	 The measured magnetic fields 
are absolute

Flexibility at the Core of Our Design

Broad microwave band

Custom optics compatible 
with multiple colors

Large scanner footprint for 
any sample geometry

Custom DC and RF lines 
for manipulating sample 

properties

Stitching extends the 85 x 
85 µm2 scanner range to 
cover feature sizes up to 

several millimeters



54

Use Cases

SPECTROSCOPY
Ferromagnetic Resonance in 
YIG

Measure at high magnetic fields 
with our magnet options and 
broad microwave band (see 
more on page 14).

QUICKSCAN MODE
Stripe features in Hematite 
(Fe2O3)

Image large areas while re- 
taining high pixel density in 
a short amount of time with 
QuickODMR. Resolve both 
short- and long range features.

ANTIFERROMAGNETS
Domains in copper manganese 
arsenite (CuMnAs)

Resolve the challenging, weakly 
varying magnetic signals with 
our superior probe sensitivity.

SKYRMIONS
Vortices with applied magnetic 
field

Easily tune the magnetic field 
to induce vortex nucleation with 
our vector electromagnet option 
(see more on page 10).

MULTIFERROICS
Cycloids in strained bismuth fer-
rite (BiFeO3)

Study spin cycloid domains with 
high sensitivity and resolution.

DOMAIN WALLS
Extract domain wall chirality and 
width

Characterize domain walls 
directly from the data, which 
is the projection of the sample 
magnetic field onto the defined 
NV axis. TRACING CURRENTS

Correlate topography with cur-
rents and more

Image currents in a running de-
vice via the magnetic fields they 
generate to reveal fabrication 
defects and hot spots or verify 
the design.

GRADIOMETRY
Paramagnetic palladium disk in 
high bias field

Working with very weakly mag-
netic samples? Gradiometry 
will detect field strengths on the 
scale of 100 nT or smaller.

WAVEGUIDE RABI 
FREQUENCY
Map out the RF-field amplitudes 
of your device by measuring 
Rabi frequency

The QSM can perform scan-
ning Rabi and reconstruct the 
RF field amplitude generated 
by a device. RF fields in the 
range of 10 MHz to 9 GHz can 
be mapped by Rabi oscillation 
measurements.

NV ORIENTATIONS
In-plane, out-of-plane and other 
standard orientations

We offer different NV orienta-
tions for optimum projection of 
the stray field or measuring at 
high bias:

<100>, standard

<110>, in-plane

<111>, out-of-plane

SPIN WAVES
Image surface magnons in YIG

Several imaging protocols are
available to characterize surface 
spin waves with the QSM.

Imaging Modes
MOKE
Correlate magnetic field and 
magnetization in BiYIG

Quickly scan large sample areas 
to identify features of interest 
and use the additional data for 
a better understanding of the 
material.

Measure magnetization hys-
teresis and saturation of your 
sample and directly correlate 
it with domain formation using 
MOKE imaging.

Field-dependent magnetization 
in BiYIG

“It’s a pleasure to use QSM every day.”
Dr. Daniel Lacour, CNRS Research Director at IJL

“The QSM system allowed us to push our metrological 
capabilities [..].”
Dr. Craig Barton - NPL

“QZabre offers best-quality diamond scanning probes [..].”
Prof. Donghun Lee, Korea University
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The QSM includes built-in 
surface magnetization re-
construction protocols that 
allow stray field maps to be 
converted into magnetization 
maps in just a few clicks. Are 
you interested in reconstruct-
ing surface current density? 

That can be done as well. 

1 µm

E X P L O R E
YOUR SAMPLE SURFACE

Scan with megapixels resolution in just a few hours with QuickODMR.
The QSM temperature regulated enclosure guarantees drift rates

 as low as a few nanometer per hour.
 

Sample information: (111)-oriented BiFeO3 epitaxial thin film from the
University of Wisconsin, Dr. Pratap Pal and Prof. Chang-Beom Eom.

2.5 Mpixel image.
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QSM HighlightsSystem Overview

Performance

User-Friendly

Flexibility

MOKE MEASUREMENT SETUP
MOKE provides additional data in 
the form of sample surface
magnetization and allows
quicker identification
on a larger size
scale.

    QUICKSCAN
   ODMR at pixel rates up to 200 Hz 

means 100 x 100 pixels scans 
in less than one minute and 

Megapixel scans in less than 2 
hours. Optimized software

algorithms decrease
software overhead

 close to zero.
UNIFIED USER INTERFACE
The QS3 software interface gives you full control of the QSM microscope, from the 
AFM to the NV part. It features unique measurement protocols such as QuickODMR 
ODMR, is open source, and allows scripting within the same GUI. 

MULTI-COLOUR EXCITATION
The QSM optical setup and its control electronics can 
handle multiple wavelengths, as well as multi-colour ex-
citation pulses and pulse sequences.

MAGNET OPTIONS
Mechanical magnet for bias fields exceeding 200 mT or 
vector electromagnet for fast sweeps.

BROADBAND MW EXCITATION FOR A LARGE
RANGE OF MAGNETIC FIELD BIASES

5 GHz of microwave bandwidth means that the
QSM can measure at any magnetic bias
field up to 110 mT. Both magnet options

allow full vector control of the bias
field, giving you maximum

 measurement flexibility.

BRIGHT FIELD IMAGING WITH HIGH RESOLUTION AND 
LARGE FIELD OF VIEW (FOV)
By switching between these two independent systems, you 
can easily identify larger and smaller landmarks on your 
chip. Approaching the surface is safe and easy.

auxiliary
mirror

Green arrow:
A 50x high resolution system with a FOV of 150 µm

Blue arrow:
A low resolution system with a FOV of ~2 mm 

MONITOR
Display real-time temperature and humidity data 
over up to 24 hours 

ISOLATING ENCLOSURE
Temperature stabilized and acoustically isolated 
enclosure, active vibration isolation

OPTICS HEAD 
Scanning confocal optics for NV excitation and 
readout, scanning MOKE and widefield imaging

AFM STAGE
AFM head with manual 3D stage for microwave 

excitation for NV scanning probes

MAGNET STAGE
Mechanical magnet or electro vectormagnet

 for biasing the NV and/or sample

SUPPORT RACK
Quantum Control Console,

AFM controller, PC, UPS

OPTIMIZED OPTICS
Our custom optical design significantly boosts the optical 
performance. The NV emission overlaps the visible and 
near IR region, which means standard components are 
not optimal. Each element in the QSM is optimized for the

Wavelength [nm]
500 600 700 800

0.55

0.65

0.75

0.85

0.95

Optimal detection range

QZabre objective
Commercial objective
NV photoluminescence

NV band, 
even the 
objective.

dichroicdichroic

637 nm

575 nm 532 nm

to optics head



To reduce the reminescent hysteresis from the mag-
netic cores of the vector electromagnet, we offer a 
hall probe based feedback compensation as an op-
tional upgrade. This allows to finely control the field 
direction and perform complex ramps of the bias 
field. 

•	 In combination 
with our wide 
microwave mea-
surement band, 
the vector electro-
magnet allows to perform NV imaging over an 
extensive range of magnet bias fields.

•	 Its top is mounted  
100 µm underneath 
the sample scan-
ner and tempera-
ture controller by 
a water cooled 
circuit and 
a dedicated 
controller. 

•	 The vector electromagnet enables easy 
field sweeps and ramps 
for magnetizing samples, 
as well as optimization 
algorithms for align-
ment to the NV axis.

•	 The low noise, temperature stabilized design 
offers > 80 mT in arbitrary directions with peak 
fields for specific directions >200 mT. 

At a Glance Active Feedback Compensation

The bias field 
can be gener-
ated in an arbi-
trary direction 
of space, mak-
ing it a true three 
d i m e n s i o n a l 
vector field as 
opposed to oth-
er limited solu-
tions. 

3D Vector Field Biasing
Magnetic poles can be inde-

pendently electrically actuated, 
enabling precise adjustment of the 
bias field strength and orientation.

Hall probes measure the bias field 
and optimize the pointing direction 
through active current compensa-
tion of the bias field strength and 
orientation.

Pulsed measurements increase magnetic sensi-
tivity and extend the measurement modes from 
DC to AC magnetic fields, currents, NMR, mag-
netic noise, and much more. Additional analog 
and digital channels allow to bring electrical sig-
nals to the sample or trigger external instrumen-
tation and hardware. 

Time Domain Option

The time domain option and its software inter-
face are flexible and expandable to include mul-
tiple microwave sources with individual phase 
control operating several GHz from each other.

ENHANCED IMAGING AND SENSITIVITY
Pulsing laser and the microwaves significantly 
extends the QSM’s capabilities to:
•	 QuickODMR up to 200 pixel/s scanning 

speed
•	 Pulsed ODMR, Rabi, Ramsey, T1, relaxome-

try, CPMG, XY, and more
•	 Programable user-defined pulsed experi-

ments using a dedicated pulse sequence 
interface

As showcased in the gradiometry scan of a palla-
dium disk below, magnetic sensitivities down to 
a few tens of nT/Sqrt(Hz) can be reached.

All protocols can be run as stand-alone or 2D 
maps. Stacking several measurements per each 
pixel is also a possible option.

The QSM enclosure actively regulates internal air tem-
perature, adjustable and monitorable through the QS3 
software. An interlock switch automatically turns the la-
ser ON or OFF, when the main door is closed or opened.

Temperature Regulated Enclosure

LOW DRIFT RATE
After a sample or tip exchange, the temperature regu-
lation system begins stabilizing the air temperature to 
the desired operating setpoint. Full thermal equilibrium 
is reached when the microscope body matches the air 
temperature, typically within 12 to 24 hours. Once in 
equilibrium, the drift rate is less than a few nanometers 
per hour.
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Powerful Software Suite

The QS3 software is built around the experience and the needs of our customers, combining functionality, speed 
and usability. The intuitive software interface jump starts your entry into the world of magnetic and current im-
aging. Built as a unified, turnkey solution, QS3 seamlessly integrates all QSM components from the AFM to the 
magnetometer, and the MOKE microscope.  

QS3 Software - Scanning NV as simple as AFM

Scripting and Pulsed Measurements
Being at the forefront of research means new and often unconventional experiments. A dedicated pulsed program 
interface in QS3 allows you to easily modify existing pulse sequences or even add new ones. Script custom pulse 
experiments controlling both the laser and the microwave source and directly use them to perform scanning mea-
surements without additional programming. 
A dedicated widget gives you easy access to software resources minimizing programming overhead. QS3 auto-
matically plots and saves the data, so that you can focus on designing your experiments. Have a look at the spec-
troscopy measurement of page 5 to see what the script widget can do! 

Magnetic sensitivity strongly depends on the 
protocoll used. To start, let’s look at cw-ODMR, 
measuring at a single point frequency point. 
The shot noise limited sensitivity is then given 
by: ηcw 

4
3√3 Ccw√R

∆ν
ge μB

h
ηcw=

with linewidth ∆ν, contrast CCW, count rate R.

Sensitivity

Ccw
∆ν

“We are also pleased with QZabre’s helpful and informative 
customer care and assistance.”
Prof. Donghun Lee, Korea University
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Specifications

Vibration and Temperature Isolation
VIBRATION ISOLATION Active isolation 0.7-300 Hz, passive isolation above 300 Hz

Transmissibility <0.01(~40 dB) above 10 Hz

TEMPERATURE STABILIZATON <0.1°C temperature drift

Quantum Control Console
MICROWAVE SOURCE 0.6-6 GHz, up to 36 dBm (5 W), custom range and output power available on request

Analog and digital extension: AWG with 1.25 GS/s, 400 MHz bandwidth
Custom MW circuitry available on request

LIGHT SOURCE & 
DETECTION

515 nm laser source (cw & pulsed control),  >10 mW, <1.5 ns rise/fall time
SPAD module with high quantum efficiency

Confocal Microscope Performance
MICROSCOPE OBJECTIVE 50x magnification, NA=0.75, WD=5 mm, FOV=150 µm diameter, 

NV-band optimized and compatible with 515 nm, 575 nm and 637 nm

OPTICAL SCANNING RANGE Circular aperture with 150 µm diameter FOV

SPM Scanner and Coarse Stage
SAMPLE SCANNER xyz scanner range: 85 µm x 85 µm x 15 µm (closed-loop, 0.15 nm resolution)

System noise z: <50 pm RMS (dependent on environment)

COARSE STAGE xyz range 6 mm x 6 mm x 15 mm (100 nm resolution)
Stitching with scanner movement possible

SPM MODES Tuning fork based AFM mode, NV modes: Photoluminescence, Iso-B, cw-ODMR, 
QuickQDMR, pulsed protocols

SAMPLE SIZE 25 mm diameter, (up to 50 mm x 50 mm with custom holder)

PROBE-SAMPLE DRIFT RATE <2 nm/h over 50 h in temperature stabilized housing

Imaging Modes
NV SCANNING Magnetic spatial resolution: theoretical <10 nm; typical 25-70 nm 

Magnetic sensitivity*: 0.5-3 µT/(Hz1/2)

AFM TOPOGRAPHY Tip dependent: NV scanning probes ~1 nm (z), ~150 nm (xy); 
Akiyama probes (non NV) <1 nm (z), <30 nm (xy)

CONFOCAL FLUORESCENCE Circular scanning range: 150 µm diameter; <1 µm imaging resolution @515 nm

ADDITIONAL MOKE, MFM, PFM
* Probe and protocol dependent: shot noise limit for DC sensitivity in cw-ODMR : better than 1.5 µT/(Hz1/2), for pulsed ODMR better than
 500 nT/(Hz1/2)
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System Extensions

Custom PCBs
Whether you need current pulses to move a domain wall or microwave excitation to excite a ferromagnetic res-
onance, applying signals to a sample is often required. We offer both standardized as well as custom designed 
ceramic PCBs with DC and/or RF lines, including connectors.

This optional upgrade extends the QSM’s imaging capa-
bilities to include MFM and PFM modes, transforming it 
into a full-stack magnetometer capable of multiple com-
plementary magnetic inspection techniques, including 
NV, MOKE, PFM, and MFM. A dedicated beam-bounce 
AFM head can accommodate both magnetic and con-
ductive probes, featuring alignment grooves that ensure 
reproducible tip placement within a few micrometers. 
This design enables rapid and precise switching between  

Magnetic Force (MFM) and Piezo Force Microscopy (PFM)

Interchangeable permanent magnets on a moving xyz stage offer a wide 
range of field strengths with orientation control. This option can gener-
ate beyond 0.5 T in- or out-of-plane for strong magnetization of samples. 
An algorithm aligns the magnetic field to the NV axis for measurements 
at bias fields beyond 100 mT. We offer options to mount movable per-
manent magnets either underneath or in front of the AFM scanner. Get 
in touch to know more.

Mechanical Magnet Option
FMR in YIG

Reproduction of nanobeam data, C. Du, Science, 357, 2017

Sample Heater
The sample heater is mounted on the QSM 
scanner and allows samples to be heated 
up to 110 °C. It is compatible with the vector 
electromagnet option, allowing to perform 
studies of samples at different temperatures 
and magnetic bias field. A QS3 integrated 
temperature controller enables the micro-
scope user to set and monitor the tempera-
ture in real time.

one tip and the other, with the new tip positioned within a few micrometers of the  previous scan area. As a result, 
imaging the same region with both NV and MFM or PFM can be completed in just a few minutes.

Scanning NV MFM

GdFeCo thin films: By heating, the strength 
of magnetization in antiferromagnetically 
coupled GdFeCo sublattices changes, re-
sulting in switching the direction of the total 
magnetization. 35 °C

55 °C

60 °C

Contact us for features such as multi-
ple microwave or laser sources, cool-
ing, temperature range, additional opti-
cal beam paths, rotating sample holder 
or inert atmosphere housings.

Data provided by L. van Schie1,2*, G. Sala1, M. Kang1, N. 
Meinhardt2, C. Degen2, P. Gambardella1; 1Dept. of Mate-
rials, ETH Zurich; 2Dept. of Physics, ETH Zurich
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Established in 2018, QZabre AG is a pioneer in NV technology. As 
an ETH Spin-off from the Spin Physics Group, our vision is to make 
scanning NV imaging as easy to use as AFM today.

2026.1

Shaping a new future for nanoscale imaging


