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The Technological 
Legacy of RHK
RHK’s revolutionary R9 is built on the heritage 
of over 25 years of technological leadership in 
Scanning Probe Microscopy. RHK launched the 
industry’s first STM 
control system in 
1988. As the field 
of SPM branched 
out and many new 
types of SPMs 
were developed, 
the SPM 1000 was 
continuously refined 
to help enable these new fields of research. 
RHK’s close collaboration with leading research 
groups helped incorporate the latest features 
and capabilities required to keep pushing the 
frontiers of research. The SPM 1000 came 
to be the industry standard with over 1,000 
systems sold. When a researcher said they had 
an RHK “Blue Box”, their colleagues all knew 
what they were talking about. The SPM 1000 
helped enable many of the breakthroughs in 
nanoscience that are now taken for granted.

Better by Design
In 2008, RHK had gathered together eight of 
the leading researchers in their fields of SPM 
research. We posed the questions: What is 
currently limiting your research? If you could 
have your dream controller, what features and 
capabilities would you wish for? How would 
you like to interface with this controller? With 
this input, we took everything that we had 
learned over the previous 20 years and started 
working on our new Dream Machine. Starting 
with our core team of electrical engineers that 
had been with RHK since the original launch of 
the SPM 1000, we expanded our development 
team to ten people.  After almost three years 
perfecting every circuit, we were able to bring 
the R9 to fruition. Our team’s mission was not 
just developing another controller.  Our goal was 
perfection. We strived to develop a controller 
with a cutting edge architecture and capabilities 
that would keep RHK the industry leader for 
another 20 years. R9 is truly a technological 
triumph.
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Elegant One-Box Design
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Revolutionary Architecture
We knew that to achieve the perfect controller 
we could not simply start with off-the-shelf 
boards or generic laboratory-instrument 
software platforms. To achieve optimal 
performance we would need complete control 
over every circuit, every component, every 
driver and software module. By designing every 
circuit board in-house we achieved extremely 
high speed operation, while minimizing noise 
to the lowest theoretical limits. By designing 
every firmware module we assured the ultimate 
in performance and configurability. Finally 
we developed our patented Iconic Hardware 
Description Language, or IHDL, to provide a 
user experience that offers both ease of use 
and unlimited flexibility. We, of course, included 
a fully linear power supply to remove a major 
source of high frequency noise, just as we 
have always done since we produced our first 
controller.
 

R9: A Fully Integrated 
Solution
R9 provides a fully integrated control platform for 
all SPM modes and techniques. Examples are 
STM, STS, STS mapping, contact, intermittent 
contact, qPlus, force-distance, MFM, C-AFM, 
EFM, KFM, and many more. All connections 
between modes are made through software in 
the digital domain, eliminating the typical web 
of signal-degrading cables. All components 
required for even the most advanced 
measurement modes, such as high voltage 
amplifiers, lock-in amplifiers, PLLs, additional 
feedback loops, pulse generators and signal 
generators and digital filters are embedded 
inside the R9. 

The R9 features:
All digital, Purpose-Built Hardware for 
exceptional signal quality

Works with any SPM

One-Box Integration for complete 
STM, AFM, and even KFM control

RHK’s Patented IHDL™ for easy, 
drag-and-drop setup of components 
that automatically connect and validate 

Patented, fully synced, lock-ins 
and PLLs

Fast transient measurement: 10 ns

Analog bandwidth 20 MHz for high 
frequency / harmonics detection

Lightning-Fast Crash Proof tip-sample 
approach 

TBDA (Time Based Data Acquisition)
   All parameter changes are   
     recorded in real-time
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A Unique Combination of 
Capabilities
R9 has the unique ability to offer seemingly 
contradictory capabilities. R9 has a noise floor 
of only a few nV/√Hz but an analog bandwidth of 
almost 20 MHz. Attaining the impossible, R9’s 
unique design produces an unparalleled low 
noise and high dynamic range. This provides 
the ability to generate and measure signals 
continuously from microvolts to volts, as well 
as the ability to generate and demodulate 
frequencies from mHz to 20MHz. This wide 
dynamic range allows optimal performance 
without the need to frequently fine tune 
operating parameters as was necessary with 
previous generations of SPM control systems. It 
is no longer necessary to adjust sample offsets 
and slopes, or adjust ADC gains to obtain high 
resolution data. R9 has unlimited flexibility and 
configurability for the advanced user, yet can still 
be quickly mastered by the beginner.

Highest Signal Quality
All analog signals are efficiently converted 
to digital as close to the source as possible, 
making them immune to external noise and 
crosstalk.  The purity of the signal and stability 
of the electronics are crucial for every SPM 
application. Matched and optimized state-
of-the-art electronics yield an input noise of 
6nV/√Hz. A full 64 bit frequency resolution of 
5.4pHz is realized on all internal PLL/lock-ins. 

Signal accuracy is optimized via high-speed 
single-ended and differential impedance-
matched analog inputs and outputs. Fully linear 
power supplies provide low noise density and 
allow interference-free high frequency operation. 
There is no need to limit bandwidth to hide high 
frequency power supply noise.

UltraDACs
RHK’s UltraADCs™ provide massive 
oversampling at 100 MHz, yielding resolution up 
to 24 bits at acquisition speeds useful for actual 
measurements. At a standard 10 kHz bandwidth 
the effective resolution exceeds 24 bit. RHK’s 
UltraDACs™ combine all functions of position, 
ramping, and modulation in a single DAC. 
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5 μVp sine wave on 25 μV steps

10nV/√Hz

1nV/√Hz

Ultra low noise: <6 nVp/√Hz
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Lowest Noise and Drift

This solution eliminates noise, non-linearity 
and complexity of multiple DACs, external 
oscillators, and summing junctions.  UltraDACs™ 
oversampling at 100 MHz, plus sophisticated 
computer-modeled output filters, allow DC 
output changes <0.1μV and AC modulations 
<10μV at frequencies as high as 10 kHz. 
This enables step sizes <0.1Å over a 100 micron 
scan area with a 100 kHz update rate. 

All R9 outputs use UltraDAC technology 
to allow modulation of all outputs, such as 
bias voltage and all piezo elements, while 
synchronously detecting any input signals with 
the integrated lock-ins and PLLs.  Patented 
Phase Synchronization, enabled by a single 
100 MHz clock, assures maximum precision by 
providing exact synchronization of all excitation 
and detector references, and eliminates 
loss of phase accuracy inherent in multi-unit 
configurations.  

See What You Have 
Been Missing
R9’s multi-speed data path delivers a 
revolutionary way to have both high speed 
and high precision measurements with perfect 
synchronization. As the data are digitized at 100 
MHz,  it flows into three separate parallel paths.  
One path flows into our transient recorder’s 
ring buffer. We are always filling this data 
buffer and its contents can be grabbed at any 
time.  As this graph shows, data are captured 
a few milliseconds before and after the trigger. 
Now you can Crash Proof your tip-sample 
approaches, even for challenging experiments 
like the shear-force tuning fork example below. 
The full 100 MHz data stream also flows to the 
PLL and lock-in amplifiers, allowing signals 
and higher harmonics up to 20 MHz to be 
demodulated. The final data path flows into our 
digital filters which over-sample the signal down 

Individual tuning fork oscillations as probe approaches the surface depicting an 
otherwise imperceivable double impact of the probe tip on the sample surface.
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to a 200 kHz rate while increasing its resolution 
up to 24 bits. 
Contrast this with the limitations of controllers  
where the input data are heavily filtered before 
digitization and high frequency information is 
permanently lost. With R9’s time-based data 
acquisition architecture every data point during 
an experiment is collected. Since all of the 
experimental data is saved, making relationships 
and discerning patterns in complex experiments 
is now available to you.  There is no need to 
guess what happened during tip approach, 
or what happened when you moved to image 
a new area on the sample.  Even parameter 
changes during scanning, like bias or setpoint 
are recorded to give you the complete picture. 

Superior Spectroscopy 
The combination of exceptional electronics 
and stability allow ramping any combination 
of signals while measuring any number of 
channels. With the sensitivity and precision 
of oversampling and the ability to ramp and 
measure any number of signals, the complete 
range of voltage spectroscopies (I/V, dI/dV, etc.) 
and Z-spectroscopies (FvZ, dC/dZ, etc.) are 
fully implemented. Now you have outstanding 
flexibility to acquire single point measurement, or 
during scanning acquire a grid or line of spectra 
while avoiding drift, creep and hysteresis.

In addition, the transient data recorder captures 
high speed, time-based spectroscopic data 
up to 100x faster than with typical controllers. 
One-Box integration of all components for 
advanced spectroscopic measurements delivers 
unprecedented capabilities and experimental 
flexibility. 
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Right: Raw spectroscopy data taken on Pb single 
crystal. Graph shows 50 dI/dV curves acquired 
at 350 mK. Dark line shows average of individual 
curves.  Courtesy of Dr. Pratap Raychaudhuri Tata 
Institute of Fundamental Research

20 monolayer Pb/1 monolayer PTCDA mole-
cule/20 monolayer Au/ Si substrate. Smaller gap is 
due to proximity effect of superconductivity.  Cour-
tesy of Dr. Ken Shih, Univ. Texas Austin



Exceptional STS Maps 
R9 uniquely allows both high quality topographic 
images and optimized spectroscopic data. R9 
adjusts the bias modulation, feedback and other 
imaging parameters separately for both the 
topographic and spectroscopic measurements. 

Using R9 for STS maps, which are complete 
spectroscopy volume datasets, allows up to 
ten threshold slices to be displayed in real 
time.  In addition the spectroscopic curve at 
each pixel can be displayed and analyzed 
individually.  Using offline analysis, key regions 
of interest can be selected. Spectroscopic data 
can be averaged to compare feature properties 
to substrate properties. The power of R9 is 
elegantly harnessed through our software user 
interface, giving novices and experts the level of 
control they need.

Si Image courtesy 
of B. Choi (RHK)

-1.2V  0.3V  1.7V

R9 allows up to ten “slices” of the spectroscopic data 
to be displayed in real time along with the topographic 

measurement and the display of each spectroscopic curve. 
Topographic image was acquired simultaneously with dI/dV 

spectra on every pixel at 18K  VS=1.8 V, IT=0.5 nA.  

6
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Elegant User Interface 
Not all SPM users are experts in SPM controllers. Even 
experts appreciate keeping operation as streamlined as 
possible.  We strive to provide the best possible interface 
that offers genuine advantages in ease of use without 
compromising the full capability and flexibility of the R9 
for experts.

The R9 interface:
Completely software 
configurable 

Easy to use

Eliminates BNC connections 
between modules

Experimental flexibility

Dashboard for Basic STM

Dashboard for Advanced 
Spectroscopy

Dashboard for 
Regular AC Bias 

STM

Snap in one or more dashboards for 
the ultimate in experimental control. 

Customize and save your settings for an 
unrivaled experience with in-depth data 

display and superior ease of use.



STM with lock-in for dI/dV
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Drag and Drop Experiment Design

Iconic Hardware 
Description Language 
IHDL™ Graphical Drag-and-Drop Hardware 
Configurator provides fast, customized set-up 
of any complexity. Simply select and graphically 
connect hardware icons for ADCs, DACs, 
lock-ins, PLLs, etc. R9 devices automatically 
configure and connect when a template is 
implemented. 

The Graphical Drag-and-Drop Microscope 
Configurator provides ultimate flexibility and a 
highly optimized interface to any microscope. 
Users can set output limits on high voltage 
amplifiers as a function of microscope 
temperature; automatically ground piezo 
elements during cooling; allow multiple scanners 
on one microscope, and much more. 

The Graphical Drag-and-Drop Experiment 
Procedure Designer provides simplicity for 
beginning users and total flexibility for expert 
users.  Pre-configured experimental templates 
are provided for quick set-up. Personalized 
templates can easily be shared with your 
colleagues. 

Prefer LabVIEW or MATLAB? R9 supports 
LabVIEW data acquisition and display VIs, 
as well as MATLAB, to give you all the 
building blocks you need to design your own 
experiments.  The advantage of being the first to 
publish is often based on the adaptation of an 
instrument that allows researchers to perform 
experiments in a way nobody else has done 
before. 
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Lightning Fast Fail-Safe 
Tip-Sample Approach 
The revolutionary architecture and capabilities of 
the R9 allow using AC capacitance to control tip-
sample approach.  A bias modulation is applied 
between conductive tip and sample.  The 
capacitance is a long-range interaction, linear 
when the tip-sample separation is large and 
non-linear when it is small (see graph). A smart 
algorithm feeds back on AC capacitance until 
the tip is close to the surface. It then switches 
to tunneling current to provide a crash proof, 
reproducible approach independent of     tip 
and sample. This novel technique dramatically 
reduces tip-sample approach times from 30-60 
minutes to just 8 seconds! 

R9’s fast, fail-safe tip-sample approaches are 
crucial, especially during experiments when 
the tip-sample junction cannot be seen, like in 
deep bore cryostats and high field magnets. 
This allows the R9 to dramatically increase your 
productivity by minimizing tip crashes.

Linear Fit
(tip far from surface)

Tip - Sample Separation 
millimetersmicrons

Non-linear Regime
(tip near surface)

(p
A

)

STM Tip 1 mm from surface STM Tip safely in range

Automatically
in 8 seconds!

1mm
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Upgrade Your Lab’s Capabilities

Numerous kits are available to interface your 
SPM to the R9 controller.  If you want to 
see what you have been missing, interface 
your RHK, Omicron, Bruker (Veeco), Asylum, 
JPK, Park, JEOL, Unisoku, Agilent-Keysight 
(Molecular Imaging), Nanomagnetics, Nanonics, 
Qprobe, or your home-built microscope to R9. 
Interface modules are available for stepper 
motor driven and piezo motor tip-sample 
approach.  

Today’s SPMs are increasingly more powerful 
and precise. With such instrument advances, 
your SPM Controller now determines the 
actual performance and productivity of your 
overall system.  Do not let your existing SPM 
controller impede your research with electronics 
or software that constrain your experimental 
freedom. Its jungle of noisy cables, poor 
dynamic range, and lost or disregarded data 
can limit your progress. With R9’s access to 64 
signals, ultra high speed acquisition and output, 
2 phase locked loops, 4 lock-in amplifiers, and 
IHDL experiment design, you can explore with 
confidence on any microscope.

Connect Your Microscope 
to the Power of R9

“LabVIEW remote control can enable numerous 
interesting functions through R9 such as 
synchronization with external instruments, 
automatic scan data acquisition and scanning 
probe based lithography.” 1

“A fully automated procedure to achieve 
highly reproducible calibration factors was 
implemented as simple to use MATLAB script 
for remote control of the R9. As the R9 offers 
a large variety of commands to control nearly 
all functions remotely, we need only 25 lines 
of MATLAB script for the routine automatically 
performing all steps for the amplitude 
calibration.” 2

LabVIEW and MATLAB 
Plus the Power of R9

Controlling tip position programmably by LabVIEW, scanning probe 
lithography can be performed

Figure 2 Typical result for an 
amplitude calibration [3] taken
within 37 s for a commercial 
cantilever of NCH type [7]. Blue
and red dots represent mea-
sured positions for up and down
movement of the cantilever. 
The curves differ in their slope
due to thermal drift that is 
compensated by extracting the
calibration factor S from the 
slope of the mean straight line. 

20 30 40 50
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Up 189.2 nm/V
Down 142.8 nm/V
Avg 166.0 nm/V

Applications from our users

1Cheng Cen, Univeristy of West Virginia  
2Matthias Temmen, Jannis Lübbe, Michael Reichling, 
 Fachbereich Physik, Universität Osnabrück



R9 SPM Control System
Explore with Confidence

RHK Technology
Imaging the Future of Nanoscience

11

Differential ±1V 100kHz
 

 ADC
1 MHz 18Bit

BNC±10V 100kHz
 

 ADC
1MHz 18Bit

BNC±10V 50kHz
 

 DAC
500 kHz 20Bit

Offset DAC

BNC ±10V

Differential ±1V

BNC Monitor

Gain
x1 ~ x512

50kHz
 

 ADC
1MHz 18Bit

Offset DAC

BNC ±1V 50Ω

BNC ±10V

Differential ±1V

BNC Monitor

Gain
x1 ~ x512

17MHz
 

 ADC
100 MHz 16Bit

AC/DC Coupling

100 MHz
Counter

SMA TTL +3.3V A

SMA TTL +3.3V B

External Modulation

BNC ±1V

Differential ±1V

Offset DAC

Attenuation
1-1024

17 MHz
 

DAC
100 MHz 16Bit

FP
G

A

1

2

3

4

5

6

7

2x High-Speed Counting Channels

4x Preamp Inputs [A1 A2 B1 B2]

1x User Defined Input

4x User Defined Outputs [DAC 1,2,3,4]

2x User Defined Inputs [CH3, CH4]

2x High Speed Outputs [CH1 Drive, CH2 Drive]

2x High Speed Inputs [CH1, CH2]

High speed input channels used for feedback or imaging of current, cantilever/tuning fork, etc. Wide bandwidth circuitry enables 
multiple harmonic capabilities. Massive oversampling provides up to 26 bit resolution. Input multiplexer and coupling are software 
controlled. Impedence matched, differential input circuitry maximizes high frequency signal integrity.

High speed output channels used for bias and cantilever/tuning fork drive. Massive oversampling provides up to 26 bit precision.

Input channels used for feedback or imaging of any user signal.

User defined outputs can output any internal signal or can be used as secondary feedback outputs.

User defined input, ideal for general purpose use such as temperature or pressure data.

Used to measure signals from a preamplifier, such as individual PSD sectors.

High speed pulse counting inputs. High speed connectors for each input allow reliable pulse counting up to 100 MHz @ 3.3V.

1

2

3

4

5

6

7
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Hardware Configuration and Attributes

DAC
500 MHz 20Bit

50 kHz
 

±10V Out

DAC
100 MHz 16Bit

±5V Out

±150V or ±215VHV

GND

DAC
100 MHz 16Bit

5 or 25 kHz
 

AMP

ADC
1 MHz 18Bit

100 kHz
 BNC ±10V

H
IG

H
 S

P
E

E
D

 B
U

S

FP
G

A

8

9

10

11

12

13

8x High Voltage Piezo Outputs [AMP A-H]

4x Low Voltage Scan Outputs

4x User Defined Inputs [INPUT A,B,C,D]

2x High Speed Outputs

Headphone Jack

Ethernet Port

DSP 

Workstation

±15V @ 0.5 A 
±5V @ 0.5 A 
+8V @ 1.0 A

User Accessible Power Supply

Internal Circuitry

Handshake
TTL
Triggers
Sync

Eight high voltage amplifiers. Each output automatically switched to ground during power up to prevent transient spikes to piezos. 
[AMP A-E = 5 kHz] [AMP F-H = 25 kHz]

Low voltage outputs to drive closed-loop stages. Both low voltage outputs and high voltage outputs are available to drive 
microscopes with both linearized stages and piezo tubes.

High speed outputs optimized to drive SEM column. High speed analog inputs can measure multiple signals from SEM.

User defined inputs for position sensors and closed-loop operation. Digitize external modulation and sum into any internal signal.

Stereo headphone jack. Can output any two internal signals simultaneously.  

Fully linear power supplies for ultimate low noise performance. No high frequency noise from switching power supplies. Computer 
control of laser power and current. +8V is dedicated for Laser I/O supply.

8

9

10

11

12

13

[AMP A-E = 5 kHz] [AMP F-H = 25 kHz]
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“We really appreciate the strong flexibility of the R9. Our microscopes require very different 
driving signals.  The R9 can support those requirements easily by simply reorganizing the 
IHL file.  There are so many high voltage output ports.  The most important is that all of those 
outputs are independent. Even for very complicated operation, it is very easy to be realized.” 
Dr. Haibiao Zhou,  University of Science and Technology of China, Hefei, China

“The R9 is a very powerful digital SPM controller. Very easy to use. When acquiring 
spectroscopy, a lot of flexibilities with a very precise adjustment of the tunneling junctions.”  
Dr. Jindong Ren/ Prof. Haiming Guo of Institute of Physics, CAS , Beijing, China

“.. the surprising flexibilities of the R9 IHDL software. This makes the experiment very flexible. All 
the functions we need can be realized by slightly modifying the IHL file.” 
Dr. Kai Chang / Prof. Qikun Xue, Department of Physics, Tsinghua University, Beijing China

“The R9 controller is working great for us. The internal lock-in has stability and resolution which 
is comparable to the industry standard SRS 830 and for us that is a big plus of R9.  Another plus 
of R9 is the convenience of use.” 
Dr. Pratap Raychaudhuri Tata Institute of Fundamental Research, Mumbai India

Simply Superior

1 2

3 4

5
Raw spectroscopy data taken on Pb single 

crystal. Graph shows 50 dI/dV curves 
acquired at 350 mK. Dark line shows aver-

age of individual curves.  
Courtesy of Dr. Pratap Raychaudhuri Tata 

Institute of Fundamental Research

Graphene Islands on Ru(0001) acquired at 77K.

Courtesy of National University of Singapore

Voice of the Customer
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Technical SpecificationsR9

Product Specifications and descriptions in this document subject to change without notice.1qPlus® is a trademark of Prof. Franz Gießibl

Analog Outputs:
Ultra High Speed:

 2 @ 100 MS/s

Programmable Gain

Programmable Offsets

Effective Resolution

High Speed:
 8 @ 500 kS/s

High Voltage:
8 @ 100 MS/s

Effective Resolution

16 bit @ 17 MHz bandwidth

up to 512x

up to full scale

22 bits @ 25 kHz; 24 bits @ 1.5 kHz 
 

20 bit @ 50 kHz bandwidth (±10V)

16 bit @ 25 kHz bandwidth (±215V)
22 bits @ 5 kHz

Ultra High Speed:
 2 @ 100 MS/s

Programmable Gain

Programmable Offsets

 DC/AC coupling

Effective Resolution

High speed:
 2 @ 1 MS/s

Programmable Gain
Programmable Offsets

 9 @ 1 MS/s

Pulse Counting:
 2 @ 100 MC/s

16 bit @ 17 MHz bandwidth

up to 512x

up to full scale

Input signals can be AC or DC coupled 
as defined in software configuration.

22 bits @ 25 kHz; 24 bits @ 1.5 kHz 
 

18 bit @ 100 kHz bandwidth
up to 512x
up to full scale
18 bit @ 100 kHz bandwidth

Analog Inputs:

Fully linear power supplies eliminate high frequency switching noise
64 Signals (inputs, outputs, internal signals)
8 Feedback loops, feedback loops include Z, KFM, Interferometer
Z can feedback off any input ADC, lock-in or PLL amplitude, or phase
any harmonic or side band.

Every HV amplifier can be configured to drive any piezo
Each HV amplifier can be modulated via an NCO
All High Voltage amplifiers can be software limited to any range to 
prevent damage to piezo elements or other experimental elements.  

Outputs automatically scaled to designated output range.

Scanning Tunneling Microscopy
(STM)

Topography
Current

Modulated STM

STS Spectroscopy
I(V)
dI/dV
d2I/dV2

dI/dZ
Hyperspectral Mapping

Contact AFM
Topography
Lateral Force (LFM)
Conductive (C-AFM)
Spreading Resistance Imaging
Force Modulation (FMM)

Amplitude Modulation AFM
Topography
Phase
Feedback

Magnetic Force Microscopy (MFM)
Electrostatic Force Microscopy (EFM)

Two-pass DC/AC
Lift DC/AC
Single-pass, Two-pass
Amplitude Modulation
Frequency Modulation

Kelvin Probe Force Microscopy (KPFM)
Single-pass, Two-pass
Amplitude Modulation
Phase Modulation
Frequency Modulation
dC/dZ imaging
dC/dV imaging

Piezo-response Force Microscopy (PFM) 
Voltage
Current
Force

Frequency Modulation AFM
qPlus® 
Shear Force (SFM)

Scanning Capacitance Microscopy 
(SCM)

Scanning Thermal Microscopy (SThM)

Scattering Scanning Near-field Optical 
Microscopy (sSNOM)

AFM Spectroscopy 
Force-distance
Amplitude-distance
Phase-distance 
I(V)
Hyperspectral mapping

Nanolithography
Bias or Force controlled patterning
User defined patterning

Patterns and coordinates saved 
and loaded from standard file

Supported Scan Modes:

IHDL™: 

PerfectSpec™

Data Watch™

Interactive Hardware Development Language
RHK-developed IHDL with support for Labview V.I.s and MATLAB.  Customer can use IHDL to easily modify hardware 
configuration.  No additional software modules required.

To quickly and easily customize spectroscopic measurement techniques to allow optimum performance for any desired 
parameter, whether for ultimate low noise or high data throughput.

Multiple Data watchers can be inserted into procedures and processes to ensure that parameters stay within safe 
values or to trigger new processes.  High internal data rates allow responses as fast as 5 μs. 
Lightning Fast Crash Proof Tip-Sample Approach.

Software:

RHK Technology
Imaging the Future of Nanoscience
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