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The tremendous variety of nanotechnology experiments and tools to fabricate and characterize ever smaller structures down to

molecular or even atomic scales leads to stringent demands for appropriate, so-called ”silent”, premises that allow such sus-

ceptible experiments to be conducted. Reducing dimensions means smaller absolute optical and electrical signal levels, and

consequently reduced signal-to-noise ratios. Hence, in addition to short-range disturbances inside the laboratory, also remote

long-range noise sources have to be considered for next-generation laboratories that aim at screening the disturbances and keep-

ing the remaining values at utmost constancy. We present a novel laboratory concept that addresses simultaneously all the dis-

turbances relevant for nanotechnology, namely, vibrations, electro-magnetic fields, temperature, humidity, and sound. Particular

attention was paid to tackling the mutual derogation of the various measures to enable unprecedented performance of the novel

research platform.

1 Introduction

Nanotechnology is related to dimensions smaller than 100

nm, and often deals with molecular (1 - 5 nm) or even atomic

scales (< 1 nm). Both top-down and bottom-up fabrication of

tiny devices requires highly optimized equipment. Nanotech-

nology experiments can be extremely challenging in terms

of positioning accuracy, deflection of the image-producing

beam (electron or ion beam) or probe (scanning tunneling

microscope, atomic force microscope) at generally low signal

levels. There are numerous types of internal interferences

and external disturbances that affect experimental results;

Temperature-induced drifts make long-term investigations

impossible because of the relative motion between probe

and sample, or external electro-magnetic stray fields deflect

charged particle beams, such as an electron or ion beam.

Commercial tools used for cutting-edge nanoscale fabrication

and characterization, such as electron-beam lithography

(EBL), transmission electron microscopes (TEM) or focussed

ion-beam (FIB) tools, frequently require optimized laborato-

ries that are sufficiently ”silent” to achieve the performance

guaranteed. Often, these demanding room specifications can

hardly be achieved in standard buildings, resulting in a major

performance loss and limited applications. In the framework

of the Binnig and Rohrer Nanotechnology Center (BRNC),

built as a strategic partnership between IBM Research

- Zurich and the Swiss Federal Institute for Technology

Zurich (ETHZ), a construction volume was reserved for

a IBM Research - Zurich, Säumerstrasse 4, CH-8803 Rüschlikon, Switzerland.
Fax: +41 44 724 89 58; Tel: +41 44 724 89 74; E-mail: eml@zurich.ibm.com

novel research laboratories dedicated to the most sensitive

fabrication and characterization of nanostructures. The

building site is non-ideally situated above ground between

a motorway and two streets (20 - 120 m in distance), and is

crossed underground by a railway tunnel (180 m in distance)

(see Fig. 1a) - obviously a very challenging site to achieve

low-noise laboratories because of seismic vibrations and

vagrancy return currents (at the railway frequency of 16.7

Hz). The main target for the design of the laboratories was to

achieve a simultaneous reduction of all disturbances relevant

for nanotechnology originating from external (Fig. 1a) and

internal (Fig. 1b) sources, rather than to achieve only one

outstanding value for one specific noise source.

Given the manifold room requirements of state of the art

research tools, we considered the following disturbances as

relevant for nanotechnology: Any kind of mechanical vibra-

tion, electro-magnetic fields, temperature gradients, humidity

changes, and acoustic noise. For every of those disturbances

alone, known measures exists that can lead to signification

improvements compared with ”normal” ambient levels.

Impressive examples are, e.g., the magnetically most silent

room1 with screening factors of more than 100 and remaining

fields of less than 0.5 nT or the acoustically most quiet room2

with sound levels of -9.4 dBA. The simultaneous reduction

of all disturbances in one room, however, constitutes a much

more complex situation and requests careful analysis of the

mutual derogation of the technically known measures, in

particular if the room should still be accessible and easy to be

equipped. Here, we propose a novel laboratory concept3 that
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a External disturbances

e
-

Air-conditioning

Equipment

Power

supply

Vagrancy return currents

(16.7 Hz)
Railway

b Internal disturbances

Illumination

Highway

Nature

Mobil communication (1.8 GHz)

Power transmission lines (50 Hz)

Electro-magnetic fields Vibrations Acoustic noise Temperature and HumidityDisturbance

Fig. 1 Non-exhaustive illustration of the various disturbances at the laboratory site: a) Building-external disturbances generally depend on

the civilization factor, such as streets, railways, mobile communications etc, and natural environmental conditions. b) Lab-internally generated

disturbances originate from equipment or building installations as well as from the operator and instrumentation.

was planned and tested intensively for three years. Six labs

were finally realized, ranging from 25 m2 to 50 m2 floor area

at a room height of 6.8 m each. The laboratory concept as

sketched in Fig. 2 will be presented in detail in the following.

2 Floor Vibrations

Nanotechnology experiments often rely on the precise po-

sitioning of a probe with respect to a defined position on a

sample (such as the tip of a scanning probe microscope or

the electron beam in a scanning electron microscope). The

desired accuracy ranges from some tens of nanometers down

to sub-atomic dimensions. Vibrations (as well as temperature

drifts and electro-magnetic deflections; see below) may

induce varying internal displacements in devices. To some

extent, they can be minimized by appropriate design of the

experimental system. For highest accuracy levels, however,

external excitation of the mechanical degrees of freedom

can become critical, in particular where floor vibrations

or acoustic excitations are concerned. Fig. 3a shows floor-

vibration levels for various types of rooms ranging from

offices to rooms meeting vibration criterion (VC) standards

VC-A to VC-E4 and the most recently added VC-F and -G

curves.5 Also shown are NIST-A and NIST-A1 specifications

achieved in the Advanced Measurement Laboratories of the

National Institute of Standards and Technology (NIST) in

Gaithersburg.5

As mentioned, the main sources of floor vibrations frequently

lie outside the building. A nearby motorway and a nearby

railway were identified as main excitation sources. The

sub-optimal6 site location in terms of remote seismic ground

excitations was taken into account when laying down the

building foundation directly on the bedrock (molasse con-

glomerate). This basically couples the building’s basement to

the tremendous mass of the underlying bedrock, making it al-

most impossible for remote sources to excite the underground

because of the large mass imbalance between excitation

source and bedrock. Hence, in the laboratories located 8 m

below ground level, only building-internal seismic excitations

had to be considered. The vibration level measured on the

bottom slab of the building was found to be already below

the NIST-A1 specs (light gray dotted curve in Fig. 3a). The

remaining floor vibrations measured stem from excitations

inside the building, such as elevators, pumps, air-conditioning

and humans etc. As these disturbances typically occur if

the equipment is close to the experimental setup, a spatial

separation was introduced: a separate room is attached to

every lab for housing auxiliary equipment such as pumps,

transformators, chillers etc. (see Fig. 2b and c).

To reduce the vibration levels further, additional measures

were required. Typically two types of vibration-isolation sys-

tems are used. One type, as realized in standard optical tables,

consists of placing the experiment on a table with a heavy top
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Main base (30 - 68 tons)

Experimental

setup

Flange

Vibration damping system 1 or 2

Ceiling

User platform

Helmholtz coils

Laboratory view (tool room)

NiFe cladding

Acoustic noise

Electromagnetic

fields

Air outlet

Air inlet

Vibrations
Electromagnetic

Fields

Acoustic noise
Sound

abatement

c Auxilliary rooma

b Laboratory concept (cross-sectional view)

d Vibration damping system

Positionable sensors

for electro-magnetic

fields, temperature

and humidity

Sound abatement

LED illumination

Cooling ceiling

Helmholtz coils

Tool attachments

User platform

0.5 m NiFe / Al cladding

Main base

Isolator

Electricity

Media

Feedthrough

Tool base

0.5 m

0.5 m

Fig. 2 Details of the laboratory concept: a) View of a small-sized lab with a floor area of approx. 25 m2 prior to tool installation. b)

Schematic cross-sectional view of the lab including underground installations. c) Partial view of the auxiliary room with media connections.

d) Vibration-damping system based on air springs and air cushions.
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that is placed on springs, typically using compressed air. Such

a spring-mass system is efficient for reducing any mechanical

transmission above its mechanical resonance, typically tuned

to be on the order of 1-10 Hz. A second strategy is to use

active control by measuring incident vibrations acting on the

setup and actively compensating them by means of electro-

mechanical actuators. Both types of systems can achieve

vibration levels below 10 μm/s for vibrations not exceeding

typical building amplitudes on the testbed’s location. To go

beyond these levels, a synergetic combination of the two

approaches is required. A heavy slab (labelled ”main base”

in Fig. 2b), was maximized in terms of mass such that its

volume fills almost the entire room underneath the floor level.

Depending on the desired frequency range, two distinctly

different vibration damping systems were installed, where

the bases sit on either air springs in combination with air

cushions (System 1) or only air springs (System 2) (Fig. 2b

and d). Active vibration control is implemented in System 1

using air springs, whereas System 2 uses electric actuators.

In any case, for vibration level targets below 1 μm/s, it is

necessary to understand which kind of vibration excitations,

other than those through the floor, actuate the base because

the soft suspension renders the base sensitive to smallest

excitations despite its heavy mass. The relevant actuation

sources are air flow from the air-conditioning system and

interactions of humans. Both influences required special

attention. As a consequence, the operator floor was separately

suspended from the base and attached to the inner wall

without any mechanical connection to the slab (Fig. 2b). The

air-conditioning system, as described below, was designed in

such a way that no air flow can excite the base.

In the vibration-damping systems realized here, concrete

slabs weighing between 30 and 68 tons (depending on the

lab footprint) were chosen (mass without tools). The resonant

frequencies of the resulting spring-mass systems were typi-

cally well below 5 Hz, which leads to a passive rejection of

mechanical vibrations at higher frequencies. Active control

is then used to reduce the remaining vibration amplitude,

mainly at resonance and up to about 30 Hz. To achieve active

control, the two system use different strategies. System 1 uses

relatively gentle control as known from vibration isolation at

the source, reducing the vibration amplitudes at resonance by

a factor of approx. 2. System 2, in contrast, uses a larger force

response to suppress the low-frequency vibrations by a factor

of approx. 10. In the latter case, however, mechanical excita-

tions at frequencies around 50 Hz and higher are inevitable

as the concrete base is not infinitely rigid. The vibrational

modes excited start therefore with the lowest bending mode

(torsional mode) of the concrete slab at 328 Hz and range

into the kilohertz regime, whereas the 50 Hz peak is due to

electro-magnetic contributions from power supply. Frequen-

cies above 100 Hz are of special concern because cutting-edge

research tools require vibration control in the range from

hundred of Hz up to 1 kHz (see room requirements in Fig. 3a).

In general, to characterize vibration-damping systems,

the response of the isolated slab to external excitations is

measured in compliance and transmissibility curves. Both

require a frequency-dependent force load to determine the

spectral range over which the slab acts as rigid body and

to describe the damping of the system. As the weights

involved are huge and well-coupled to bedrock, excitations

of the floor are difficult to achieve, hence measurements

have to be conducted with respect to the floor vibrations.7

The vibration spectrum of the floor strongly depends on

the time of day, such that long-term measurement of floor

vs. slab yield an almost complete excitation range. Fig. 3a

shows floor-vibration data recorded at daytime during normal

working-day operation using System 1. The data shows the

RMS velocity in a third-octave bandwidth recorded with a

velocity sensor (for frequency range from 0.1 Hz to 30 Hz)

and with an accelerometer (30 Hz to 1 kHz). The sensors

were placed in the middle of the concrete slab surface.

Between 30 Hz and 400 Hz, the vibration level is below the

noise level of the measurement sensor. For frequencies of

above 10 Hz, a reduction of the vibration velocities on the

order of one decade is observed. At the fundamental resonant

frequencies of the slab-spring system at 1-3 Hz, System 1

reaches similar vibration values as the floor reference for x/y

(red curve) and slightly higher values for the z axis (green

curve in Fig. 3a). Above 4 Hz, the vibrations on the slab are

much lower than the reference. The vibration levels obtained

here are lower over the entire frequency range than those

achieved in the Birck Nanotechnology Center at Purdue

University8, published data from the NIST labs9, and levels

in the ”quietest building in the world” at the Bristol Center

for Nanoscience and Quantum Information.10

The differences between the two damping systems become

apparent from the frequency spectra shown in Fig. 3b (System

1) and Fig. 3c (System 2). Data is shown for horizontal

(the higher velocity for x or y) and vertical direction (z)

obtained on different days. The closed-loop control of

System 2 (Fig. 3c) can be switched off so that the influence

of active position control can be distinguished from the

passive shielding through the spring-mass system alone. The

fundamental resonance at 2.5 Hz is completely suppressed

by the actuation system (green hatched area). However, the

strong control effort induces vibrations at higher frequencies

(50 Hz and larger) that may even exceed the floor reference

(above 2 kHz; red hatched area). System 1, on the other hand,

is tuned in such a way that the fundamental resonance of

the spring-mass system is not completely suppressed. Con-
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a Comparison with vibration standards
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Fig. 3 a) Vibration levels measured in the lab in comparison to standards, tool requirements and references: IEST standards VC-A to VC-G

(light gray), specs achieved at the NIST called NIST-A (dark blue) and NIST-A1 (light blue), typical room requirements of EBL, FIB and

TEM tools (dark gray). Achieved vibration damping in x/y (red) and z (green) direction on the suspended base (higher velocity of the two

systems) compared with the floor reference (light gray dotted line). b) System 1 (red) in comparison to simultaneously measured floor

vibrations (light-gray dotted line) and sensor noise level (accelerometer). c) System 2 with (red) and without (green) active control in

comparison to simultaneously measured floor vibrations (light-gray dotted line) and sensor noise level (accelerometer). Lower (green) and

higher (red) frequency ranges in respect to floor reference are indicated by shaded areas.
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sequently, at resonance (≈1.5 Hz), the vibration amplitude

is larger than the one of the floor reference (red hatched

area in Fig. 3b) even while the system is active. At higher

frequencies, however, the more gentle operation induces less

vibration and exhibits smaller vibration levels than the floor

reference in contrast to System 2. Which of the two systems is

preferred depends on the experimental setup, in particular on

the resonant frequencies of internal vibrations in the tools and

the mounting of the tools on the concrete slab. We decided

to implement both systems to have most flexibility for the

tooling planned.

3 Electromagnetic Fields

Besides reducing and preventing vibrations, an efficient

screening of electromagnetic fields (EMF) at 16.7 Hz railway

frequency and 50 Hz power-supply frequency (as well as

their harmonics) was another important task for the lab

concept. The use of magnetic material to form a magnetic

cage that screens low- and mid-frequency components (100

Hz - 100 kHz) is an established, but quite expensive solution.

Technically challenging, however, was the fact that the

magnetic cage should also enclose lab-internal components,

such as the heavy main bases, user platform, ceiling etc.

(Fig. 2b) because the goal of every magnetic cage is to have

as few openings as possible. The concept therefore uses an

inner room inside the magnetic cage, to which user platform,

ceiling etc. are attached. Thereby no holes had to be drilled

into the magnetic material as any hole would weaken the

screening efficiency. In addition to openings, also a high

mechanical load on the magnetic sheets is detrimental for

the screening efficiency as mechanical pressure decreases the

relative permeability from 10,000 (soft-annealed magnetic

material) - 100,000 (last stage of annealing) to just a few 100s.

Hence, to cast the vibration-isolated bases, four wedge shoes

were used to carry the boarding weight over local openings

in the magnetic cage that can be closed with inlet sheets after

striking and installation of the vibration-isolation system.

These few and re-closable openings in the cage enabled

highest point loads during the casting period. Moreover,

also any doors, air-conditioning channels (up to 1.5 m from

the lab) and feedthroughs were coated with magnetic material.

Single-layer sheets of isotropically conducting NiFe (80%

Ni, 20% Fe) with a thickness of 350 μm and a soft-annealed

permeability of 12000 (saturation density 0.8 T) were used

to coat the floor, walls and ceiling with 20-cm overlap at

sheet borders. To clamp the sheets to the wall, a 2-mm-thick

Al top layer protecting the NiFe from corrosion was seam-

lessly welded to create a Faraday cage for electric fields in

addition to the magnetic screening. The use of additional

NiFe layers would clearly increase the screening down to

ultra-low levels11, but also reduce the usable lab volume

and increase costs drastically. Fig. 4b shows the screening

factors for the DC and low-frequency range up to 150 Hz

for one and two layers of NiFe. In addition to the volume

reduction when using multiple layers, the equipment in

the lab will again be generating EMFs, hence the single-

layer decision was a trade-off between an efficient screening

and the prospective fields produced by lab-internal equipment.

The magnetic field of the Earth of 43μT at the building site is

reduced to 34 - 36μT on the laboratory ground level by the

heavy iron armoring of the building’s basement. Inside the

NiFe cladding of every lab, the DC field strength is reduced

further, reaching values between 9 and 15μT. Because of

the repulsion of the Earth’s magnetic field by the magnetic

cages, high field concentrations are measured directly on or

in close proximity to the NiFe layers (both inside or outside

the cladding), especially in the vertical direction (60 - 140

μT). This indicates that the magnetic material is in saturation.

The use of non-magnetic materials inside the laboratory, e.g.,

glass-fiber-induced reinforcement of the suspended base and

the inner walls to avoid magnetic induction, resulted in DC

field distributions inside the labs that are homogenous and

vary only by ±0.5μT (in more than 15 cm distance to the

cladding). An additional, smaller NiFe cladding around the

core structure of the experiment reduces the DC component

further with screening factors of up to 20 (Fig. 4b), reaching

remaining absolute DC fields below 1 μT inside the additional

cladding.

In most experiments, a stable DC offset can be accounted for,

but DC variations can be detrimental, e.g., for EBL, TEM

or FIB. Outside the laboratories, DC variations typically

range between 400 and 5000 nT (blue curve in Fig. 4c) on

very long time scales, i.e., minutes or hours. Because of the

long-range characteristics, it is difficult to identify the sources

or to find possible counter measures. Given the saturation of

the NiFe layer, the additional DC screening required for these

variations is expected to be rather small. Hence, an additional

active EMF cancellation system12 installed inside the passive

screening cage and based on three pairs of Helmholtz coils

for every spatial direction was implemented and optimized in

terms of distance to the NiFe cladding to achieve the largest

compensation volume for homogenous field distributions.

The system can control either up to 11 distinct frequencies

(with individual PID parameters) or broad-band up to 10 kHz.

In our case, the first setting enables large gains to be set for

the DC component and smaller ones for the AC components.

Fig. 4a shows the passive screening of the NiFe cladding

with and without the EMF cancellation system activated (red

vs. black curve) in respect to the simultaneously acquired
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a EMF AC spectra outside and inside laboratories b Passive screening efficiencies

c DC screening and cancellation

Noise level / Detection limit

1
6

.7
H

z
(r

a
il

w
a

y
)

Power supply

AC: 0.1 Hz - 500 Hz

DC: < 0.1 Hz

Fig. 4 a) EMF screening of the low-frequency AC components inside and outside the magnetically shielded labs from 0.1 Hz to 500 Hz. b)

Screening factors for one and two layers of NiFe (as measured by additional smaller cages inside the lab), and c) active cancellation of the DC

component by the active Helmholtz coil system.
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EMF outside the lab (blue curve) for the frequency range

from 0.1 to 500 Hz. The most dominant 50 Hz power line

peak with 200 - 500 nT outside the lab is reduced by two

orders of magnitude by the passive screening, and another

order of magnitude by the active cancellation. The 3rd, 5th

and 7th harmonic represent the second highest peaks and are

all reduced in a similar way as the 50 Hz component by the

passive screening. The side bands of the odd harmonics result

from frequency static converters and are fully screened by the

magnetic cage. The passive screening of the low-frequency

16.7 Hz railway component is very small (20 - 50 %), and

only the cancellation system is able to reduce it to below 0.1

nT. The system reduces efficiently 2nd, 3rd and 4th harmonic

by at least one order of magnitude but at the cost of two

satellite peaks for the 7th harmonic. For the DC component,

the active cancellation performance is shown separately in

Fig. 4c. Ultimately, and nota bene, when all other measures

are active (vibration-isolation systems, air-conditioning etc),

magnetic field strengths of clearly less than 0.2 nT peak-to-

peak for 50 and 250 Hz and less than 0.1 nT peak-to-peak

for other components were achieved. The variations of the

DC component were found to be less than ±20 nT (Fig. 4c),

guaranteeing negligible beam deflections for charged beams,

such as SEM, TEM or FIB.

4 Temperature and Humidity

Stable temperature and humidity conditions are usually

achieved by exchange of large quantities of air. This approach

is used in cleanrooms. Its implementation in low-noise rooms,

however, would heavily affect other measures, e.g., by excit-

ing a softly suspended base by air streams, by air pressure

acting directly on the experimental platforms, or simply by

generating too much acoustic noise. Our concept depicted

in Fig. 2b uses an upwards-flow air-conditioning system

(ACS), by which conditioned air is injected underneath the

user platform, slightly above the sensitive main base. The

perforated floor plates use semi-permeable membranes to

achieve a homogenous pressure distribution over the entire

floor, and more importantly, also very close to the experiment

(Fig. 2b). Moreover, the air flow is vertical because of a pres-

sure difference between in- and outlet of 20 mPa. In contrast

to standard top-down ACS, here the upwards nonturbulent

air-stream aligns with the direction of the rising warm air

stemming from the experiment, thereby reducing turbulences.

The incoming air is purified in an ACS system located approx.

5-25 m away from the labs and cooled to -0.25◦ C below the

set point. Separate air-flow and control circuits are used for

the experiment and the operator room (see Fig. 2b). Local

heater coils at the entrance adjust the temperature with utmost

accuracy and no delay. A drawback of the inverted ACS is

the circulation of any dust particles brought into the room,

essentially an issue for processes requiring cleanroom class

ISO 5 or better. This issue was solved by additional enclosures

around the load-lock areas. Other than that, the nonturbulent

ACS system is characterized by its low sound emission of

only approx. 21 dBC at air outlet, a value that is achieved in

cutting-edge facilities only with the air-conditioning turned

off.13 Furthermore, the use of the entire floor for ventilation

renders the ACS very efficient and laminar.

At rest (closed doors, constant heat load of approx. 1.2 ±
0.2 kW), we achieve an absolute temperature stability of ±
0.01 ◦ C in the labs (at an averaged temperature of 21.42 ◦
C for a setpoint of 21.50 ◦ C) Typical temperature profiles

are shown in Fig. 5a (red curve) and compared with data

measured in the same period of time in our cleanroom facility

with a temperature stability of ± 0.5 ◦ C (light-gray curve).

In the same period of time, the humidity varies between 42

and 44 %. The heat load inside the lab is expected to be

quite constant as the heat-generating equipment with variable

load is located in the adjacent auxiliary rooms. The ACS

performance for variable load can be demonstrated by placing

heaters directly underneath the master sensor. The abrupt

power-on of 1 kW thermal heat increases the temperature by

+0.42◦ C, which then relaxes slowly (within 90 min) to its

initial set point owing to the inertial control parameters. The

fluctuations of ±0.025◦ C when returning to the set point stem

from fluctuations in the heating power of the electrical oven.

When the heater is switched off, a dip in the temperature

profile of -0.43◦ C occurs because of (a) the same slow PID

settings and (b) latent cooling power in the additional cooling

ceiling installed (Fig. 2b). To summarize, the air-conditioning

achieves superior absolute temperature stability of ± 0.01◦
C with very little sound emission (< 21 dBC) and negligible

excitation of the vibration damping system (no difference

observable in vibration spectra when ACS is on or off).

5 Additional Measures

In addition to the novel system components developed

specifically for this project described above, standard compo-

nents for low-noise rooms were used. For instance, we used

sound-absorbing elements to coat the walls entirely and the

ceiling partially. These will absorb acoustic noise generated

by the experiment itself. The lighting is based on highly-

efficient LED illumination with remote DC power supply

so as not to disturb the electromagnetic parameters during

setup of the experiments (experiments are usually performed

in complete darkness). Tool bases are designed individually

for every tool footprint, using stainless-steel attachments for

force-fit manner connections of the tool to the heavy main
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Laboratory

Clean room

Mean = 43.19 %, Min = 42.35 %, Max = 43.87 %

Mean = 21.41º C , Min = 21.42º C , Max = 21.39º C.. .

Mean = 44.60 %, Min = 41.49 %, Max = 46.51 %

Mean = 21.34º C , Min = 20.85º C , Max = 21.62º C.. .

Fig. 5 a) Temperature and humidity stability at rest (closed door, constant heat load) and b) with a variable load of 1 kW (in respect to 0 kW).

base. All parameters of the vibration-damping system, the

active Helmholtz coil system, and temperature and humidity

control can be tuned and are adjusted to the specific tools

and experiments individually. All environmental parameters

of every room are logged by a server application to correlate

experimental results and possible remaining disturbances.

Finally, to benefit fully from the excellent room perfor-

mance, remote control (from the operator room as depicted

in Fig. 2b) or further away in the building) for all exper-

iments is key to undisturbed experiments and excellent results.

6 Conclusions

In summary, the novel laboratory concept reduces all relevant

disturbances for nanotechnology fabrication and characteriza-

tion simultaneously to unprecedentedly low levels with small-

est fluctuations. We achieve vibrations of less than 300 nm/s

at 1 Hz and less than 10 nm/s above 100 Hz; electromagnetic

fields with AC peaks of less than 0.3 nT at 50 Hz and 250

Hz, and DC variations of less than ± 15 nT. Furthermore, the

temperature is kept constant within ± 0.01◦ C and the humid-

ity within ± 2 %. Acoustic noise is around 21 dBC. The cost

for this performance is estimated to be approx. 1.5 Mio CHF

/ lab (or approx. 45’000 CHF / m2 in comparison to approx.

3’000 CHF / m2 for class 100 (ISO 5) clean rooms). The num-

ber includes design, construction and fabrication with all com-

ponents in case the labs can be planned simultaneously with

the rest of the building. The novel research platform estab-

lished and tested comprehensively allows extremely sensitive

experiments to be conducted with higher accuracy and over

longer time. Cutting-edge commercial tools are no longer lim-

ited in their performance by environmental disturbances. In

general, the generic concept proposed is flexible and allows

further extension of the measures implemented to achieve ul-

timate performance. These strategies include adding combi-

nations of passive and active electromagnetic screening lay-

ers, increasing the mass of the suspended base, building lo-

cal climate enclosures with radiation cooling and/or installing

more sound-absorbing and scattering measures. In that sense,

the laboratory concept is believed to ultimately enable entirely

novel experiments and applications, going far beyond the ini-

tial nanotechnology demand.
§

¶

§ Methods: The laboratories’ performances were characterized in-house using

our own equipment and in addition by independent companies which were

not involved in either the planning or the realization process to guarantee an

objective, certified characterization.

For vibration measurements, Brüel and Kjaer Seismic IEPE Accelerometer

with a sensitivity of 10 V/g and a triaxial IEPE Accelerometer with a sensitiv-

ity of 1V/g were used. Third-octave bandwidth velocity spectra were obtained

after Fourier transform of the raw data (data acquisition with ADwin by Jaeger

Messtechnik, Germany) and the application of a digital filter following DIN

45652. In addition, MR2002 and MS2003+ by Syscom, Switzerland, and data

analysis software by Ziegler Consultants, Zurich, were used.

For electro-magnetic measurements, Bartington Three-Axis Magnetic Field

sensors Mag-03 type ”low-noise” were employed. The noise-level is mea-

sured only up to 10 Hz and estimated in Fig. 4a) according its specification

(noise < 6pTrms/
√

Hz at 1 Hz). Data acquisition was performed using a Bart-

ington Spectramag-6 unit with data recording rates of 10 kHz.

For temperature measurements, Ellab TrackSense Pro-X data loggers with

PT1000 temperature sensors with a measurement accuracy of ±0.005◦ were

employed.
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