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ABSTRACT

University-based shared experimental facilities are
tremendous assets, serving the local academic needs as
well as providing access to equipment and expertise for
neighboring companies, both small and large. Properly
managed, such a facility can serve as the technologi-
cal foci for a community, serving to stimulate research
growth and investment in the area. The Harvard Uni-
versity Center for Nanoscale Systems (CNS), with its
state of the art clean room and advanced imaging fa-
cilities serves over 1500 users a year with about 15% of
those users coming from corporate customers. This re-
port will focus on the Imaging and Analysis component
of CNS, describing the infrastructure, management, and
interactions with industrial collaborators, vendors, and
customers.
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1 CNS Infrastructure and Resources

The Center for Nanoscale Systems at Harvard Uni-
versity is a shared experimental facility that provides
access to advanced scientific equipment for nanofabri-
cation, characterization, and imaging. CNS is open to
both users from the Harvard community as well other
local universities, organizations, and companies. The
facility operates a 10,000 sq. ft clean room with equip-
ment for advanced e-beam and photolithography, ma-
terials deposition, and etching. In response to the re-
search needs of the Harvard community, our facility has
developed particular expertise in the nano fabrication
of diamond and 2D materials such as graphene. The
center has a second smaller clean room for soft mate-
rials applications and a facility dedicated to work with
biomaterials, providing a diverse range of capabilities to
researchers working on increasingly interdisciplinary re-
search. A unique feature of our center are the advanced
electron imaging and materials characterization facili-
ties that are provided in concert with the clean room.
Ten dedicated imaging suites provide low noise, low vi-
bration environments required for high resolution elec-
tron microscopy and material tomography. These suites
are specially designed with isolated blocks for the in-

Figure 1: Zeiss Aberration Corrected Transmission Elec-
tron Microscope (TEM) with monochromator and in-
column energy filter. Sub-angstrom resolution, meV en-
ergy spread. The measured resolution at 200KV for this
system is 0.073nm.

strument, double walls to minimize ambient noise, and
active electromagnetic cancellation, providing a stable,
quiet environment required for atomic resolution imag-
ing.

1.1 Imaging and Analysis
Instrumentation

Currently, CNS provides access to four scanning elec-
tron microscopes, two dual beam FIB/SEMs, two tra-
ditional TEMs, two dedicated cryo TEMs, an aberra-
tion corrected TEM, two aberration corrected STEMs,
a Local Electrode Atom Probe, XPS, micro-CT, confo-
cal raman and an FTIR microscope as well as numerous
other tools for sample preparation and more basic imag-
ing. This instrumentation provides our center with sev-
eral key areas of expertise. The corrected TEM/STEMs
have enabled our center to push the limits of atomic
resolution imaging at low acceleration voltage (40 kV).
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Figure 2: CNS users come from a variety different types of (a) institutions and (b) technical fields.

Fig. 1 shows the aberration corrected TEM at CNS.
Imaging at lower kV is critical for 2D materials such as
graphene as it minimizes beam damage[1], which is im-
portant to the many researchers at our center focused
on 2D materials for quantum applications. In collabo-
ration with Dana Farber Cancer Institute and Harvard
Medical School, CNS has developed expertise and capa-
bilities for single particle analysis, an increasingly im-
portant component in the toolkit for protein structural
analysis [2]. One of the Center’s focused ion beam sys-
tems has a Leica cryo-stage attached enabling both cryo-
SEM imaging and cryo-FIB sample preparation. This
system has proven to be useful for an incredibly wide
range of applications, including structural analysis of
yew needles [3], porosity measurements on shale, and
the preparation TEM samples from beam-sensitive ma-
terials. While the types of work on these tools is widely
varying, the similar infrastructure, instrumentation and
expertise are required for each application, enabling our
center to leverage our resources to support a broad com-
munity of researchers.

1.2 Acquiring new instrumentation

The primary means for instrument acquisition at CNS
remains direct acquisition by the university. In recent
years the university has made an annual investment of
about $2 million in new instrumentation for the cen-
ter. These funds have been utilized to purchase a new
FEI Helios focused ion beam, a Zeiss scanning electron
microscope, and to supplement grant money for the pur-
chase of a Cameca local electrode atom probe. While $2
million represents a major annual commitment by the
university, this is a fraction of the annual depreciation
in value of CNS equipment, which can be considered
the cost of continuing to provide state of the art equip-

ment at a center such as ours. CNS does not use income
from user fees to purchase capital equipment, so we have
relied on other sources to supplement the funding pro-
vided by the university for instrumentation purchases.
The NSF Major Research Instrumentation (MRIs) pro-
gram has provided a valuable resource to provide unique
research tools to the CNS community. This program
enabled CNS to purchase the atom probe and also en-
abled the purchase a 3D laser lithography system for
the nanofabrication group. Instrumentation investment
by the NSF serves not just the Harvard community, but
other academic and corporate institutions, as will be
described further below.

Another approach for equipment acquisition by CNS
is through collaboration with our users. Recently Dana
Farber Cancer Institute (DFCI) received an NIH grant
enabling them to purchase an FEI Tecnai Arctica cryo-
TEM with autoloader and Gatan direct electron detec-
tion camera for protein structural analysis. The re-
searchers at DFCI have been users of CNS for many
years and decided to place this instrument at CNS to
take advantage of our infrastructure and staffing. CNS
covers the service contract, training, and infrastructure
requirements of the system, and like any tool at CNS
access is provided to all registered, trained CNS users.

1.3 Staffing

The Center for Nanoscale Systems is staffed by nearly
30 full time technical staff, approximately a third of
whom have Ph.Ds. The technical staff support the needs
of CNS users by providing trainings, maintaining and
servicing instruments, providing applications support,
and developing new techniques and processes. Unlike
user facilities that rely on students or postdoctoral re-
searchers to support some of the training and instrument
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support needs of their centers, all of the tools at CNS
are managed by full time staff members. This provides
long term continuity to the training and support of the
tools, it minimizes the risk of preferential treatment of
users from particular laboratories, and it removes un-
needed distractions and responsibilities from students
and postdocs enabling them to focus on their research
goals.

The staff at CNS provide regular trainings on tools,
including the scientific basics of how the instrument
works, the operational details required to effectively use
the tool, and the basics of sample preparation to set
the users up for success. Frequently on more special-
ized tools the training will be carried out on a more
individualized basis, tailored to the individual’s appli-
cation. Trainings are open to all users, both academic
and industrial. In addition to basic trainings, a summer
lecture series provides a generalized over view of many
different techniques, enabling users to learn about ap-
proaches they may not have considered for their work.
Thanks to the interdisciplinary nature of CNS users can
be exposed to imaging techniques not traditionally con-
sidered in their field. The support of CNS staff enables
these individuals to learn more about a particular tech-
nique, be trained in independent use of a tool, and to
provide support for post-imaging data analysis, allow-
ing researchers to explore techniques that they and their
groups have no previous experience with.

2 CNS Demographics and Usage

Over 1500 individuals use CNS on an annual ba-
sis from a variety of different institutions and disci-
plines. Fig. 2 shows CNS users by (a) institution and
by (b) technical field. This diversity in the CNS pop-
ulation leads to unique interactions and collaborations
among different organizations, facilitated via encounters
between users at CNS. CNS facilities are open to aca-
demic and non-academic researchers whose institution
is based in the United States who enroll in the user pro-
gram. There are frequently users of CNS that are visi-
tors from institutions outside the United States, however
these users must initiate a collaboration with a group
at Harvard or an alternative US based institution to
use the center. All CNS users must enroll in the CNS
user program, which involves submitting a description
of the research that will be undertaken and completing
required safety trainings.

2.1 User Access and Reservations

The large number of users at CNS necessitates a sys-
tem for facile reservation and tool access control. The
web base reservation and login system at CNS enables
users to remotely reserve tools in advance. Each tool
is interlocked so that only the reserved user is able to

Figure 3: The reservation system for booking tools at
CNS.

access the tool. This reservation system is particularly
valuable for industrial users who need to plan their work
in advance and are coming to the center from off cam-
pus. Fig. 3 shows a screen shot of the reservation sys-
tem. Users from MIT have reported that the reservation
system and the ease of access it provides is a major con-
tributing factor for their use of CNS over the facilities
on campus at MIT.

3 Industrial Use of CNS

The advanced imaging and characterization facilities
are a valuable asset to local research and development
community. Harvard is able to provide access to tools
that smaller start up companies may not be able to af-
ford on their own and that larger companies may not
want to pay to staff and maintain. Some industrial cus-
tomers come to CNS to use the instrumentation for ex-
tended evaluations as to whether to invest capital in
their own purchase of a piece of equipment, while other
users come in on a regular basis for process evaluation
and materials characterization. For example, a large
corporation considering purchasing an Atom Probe is
evaluating its use for the characterization of FIN-FET
technology. A smaller company currently uses the sys-
tems at CNS to regularly characterize the etch processes
they use to make nanopores.
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3.1 Types of Use

There are a variety of options for industrial users to
utilize CNS facilities. The standard approach is to pay
the industrial rate, which is 6.5x the standard academic
rate for use of CNS. When paying the industrial rate
Harvard makes no IP claims on the technology that is
developed by companies using CNS facilities. CNS staff,
however, are not allowed to sign any non-disclosure or
other agreements with these customers. The industrial
then can then be trained on instruments and use them
independently, they can pay additional fees for staff as-
sistance, or simply send the samples and pay an even
higher rate for remote services. Choosing between in-
dependent and assisted use options is typically related
to the frequency of use of the tool. Infrequent users
frequently opt for assisted use, as the increased cost is
mitigated by the reduced total time required to obtain
results. For more complex processes, such as the FIB
preparation of atom probe samples and the subsequent
analysis by atom probe tomography, assisted use en-
ables the user to benefit from the expertise of the staff
at Harvard. CNS staff can help with the sample prepa-
ration, data acquisition, and the analysis, enabling the
industrial client to focus on the problems they are most
concerned with rather than spending time or money to
develop expertise in these complex techniques.

An alternative means of companies accessing CNS
facilities is to collaborate with academic groups at Har-
vard. In this case the company would fund the research
group and then the work will be carried out at academic
rates. In this case, however, typical agreements with the
Harvard Office for Technology Development would ap-
ply, meaning that any intellectual property developed
as part of this agreement would likely be owned by Har-
vard. These types of arrangements have been used by
numerous companies over the years at CNS. Companies
will even send their researchers to embed themselves as
visiting scientists in a research group to help guide re-
search and to benefit from the training programs our
center provides.

3.2 Key requirements for attracting
commercial customers

Attracting companies to a university-based center
such as CNS requires several key provisions, many of
which CNS possesses. First, the center must have an
acceptable arrangement for IP ownership. Intellectual
property protection is a non-negotiable issue for most
potential commercial customers. Users need to be able
to easily access equipment at the facility and be confi-
dent it will be working properly when they arrive. The
online reservation system at CNS helps to guarantee
that users will be able to plan and easily access equip-
ment, however the large number of users can make tool

access challenging during periods of peak usage. Most
tools at CNS are under service contract, which, together
with the staffing level of the center, insures tools do
not experience extended downtime. Price is an impor-
tant factor for commercial customers, however this is
one parameter our center is unable to significantly mod-
ify. Federal regulations prevent CNS from undercutting
commercial services on price. CNS does, however, of-
fer a discount to the heaviest users of the center. Once
an individual industrial users reaches $9000 of use in
a month at the center they pay only 20% of the stan-
dard rate for any aditional use that month. CNS offers
a number of unique tools that are too expensive or too
complex for even large companies to justify purchasing.
The presence of these tools alone would not attract users
to CNS, however if it were not for the staff that support
the systems. The expert staff at CNS is available to help
industrial users with both basic applications or develop-
ing new specialized techniques and processes tailored to
the users application.

3.3 Benefits to Harvard

Beyond the obvious income from industrial customers,
providing access to outside users including companies
provides a number of additional benefits to Harvard.
First, the facility provides a space for start-up compa-
nies that have evolved out of academic research groups
to start out, enabling them to have access to equipment
that a start up typically could not afford to acquire on
their own. The success of these companies provides long
term benefit to the Harvard community, both through
the validation of the universities academic research pro-
grams and the licensing of Harvard patents. When they
are successful, centers like CNS can serve as a nucleus to
attract R&D organizations to the local community, pro-
viding jobs for students upon graduation and fostering
further industrial/academic partnerships.

REFERENCES

[1] D. C. Bell, C. J. Russo, D. V. Kolmykov, ”40 keV
atomic resolution TEM”, Ultramicroscopy, 114, 31-
37, 2012.

[2] Y. Mao, L. Wang, C. Gu, A. Herschhorn, S.-H.
Xiang, H. Haim, X Yang, J. Sodroski, ”Subunit or-
ganization of the membrane-bound HIV-1 envelope
glycoprotein trimer”, Nature Structural & Molecu-
lar Biology , 19 893-899, 2012.

[3] Y.-J. Zhang, F. E. Rockwell, J. K. Wheeler, N. M.
Holbrook, ”Reversible Deformation of Transfusion
Tracheids in Taxus baccata is Associated with a Re-
versible Decrease in Leaf Hydraulic Conductance”,
Plant Physiology, 165, 1557-1565, 2014.

62 TechConnect Briefs 2015, TechConnect.org, ISBN 978-1-4987-4727-1




