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“I can’t believe THAT!” said Alice.

“Can’t you?” said the Queen in a pitying 
tone. “Try again: draw a long breath, and 
shut your eyes.”

Alice laughed. “There’s no use trying,” she 
said, “one can’t believe impossible things.”

“I daresay you haven’t had much practice,” 
said the Queen. “When I was your age, I 
always did it for half-an-hour a day. Why 
sometimes I believed as many as six 
impossible things before breakfast!”

— Through the Looking Glass (1871), Lewis Carroll

new analytical and 

diagnostics laboratory 

offers tools, opportunities 

to redefine the edge 

of possibility 



impossible things aren’t quite what they used 
to be. But when Larry Lehman steps up to any 
of the “looking glasses” at his disposal, just 
like alice, he is likely to soon find himself in an 
unfamiliar world comprising landscapes that 
defy experience, laws that flout established 
thinking and relationships that challenge 
convention. 

Lehman’s journeys beyond the mantle of the commonplace 
and past the edge of possibility are the result of science and 
technology rather than magic mirrors or psychotropic fungi. 
Still, in ways that neither Lewis Carroll nor the White Queen 
could ever have imagined, Lehman’s efforts, and those of 
scores of other University and industry researchers who work 
alongside him, stand to underscore the advisability of believing 
the impossible. 

Lehman is the manager of Binghamton University’s Analytical 
and Diagnostics Laboratory (ADL). The facility, which is in the 
bioengineering building at the Innovative Technologies Com-
plex, is the signature lab for Binghamton’s Small Scale Systems 
Integration and Packaging Center (S3IP), a New York State 
Center of Excellence.

Arguably one of the best analytical facilities of its kind in the 
Northeast, the ADL is home to $16 million in state-of-the-art 
equipment, all in an 8,000-square-foot laboratory designed for 
functionality and flexibility. The facility was developed with 
state money to advance high-tech commercialization by mak-
ing resources available for academic-industrial collaborations, 
said Mary Beth Curtin, associate director of the Center of Excel-
lence. The facility will seek to become self-supporting through 
fees generated by users in the laboratory.

The multi-user facility opened its doors in September, and is 
expected to ramp up to full-scale operation during the next 18 
to 24 months. By providing major instruments and technical 
support for diagnostics, analysis and characterization of ma-
terials used in small-scale systems integration and packaging, 
the laboratory will enable improvements to products and pro-
cesses, which will translate into enhanced commercialization of 
microelectronics technologies, said Bahgat Sammakia, director 
of S3IP. 

“Technologies that will benefit from the ADL include 
electronics packaging, with products like computers and 
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“ if we were to duplicate this type of analytical 
resource in rochester, the cost would be 
prohibitively expensive. by being able to easily 
access adl, this facility has provided us the 
complementary option to probe and understand 
different thin-film technologies needed for 
microelectronics and micromechanics.”

— Samuel Chen, senior research scientist, Eastman Kodak Co.
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telecommunications, displays, new materials for electronics, 
organic electronics, defense and homeland security, and 
consumer products,” Sammakia said. “In other words, any 
technology that requires an understanding of materials 
behavior, molecular-level measurements and physics-based 
models of product performance in the field will benefit.”

Binghamton University is already one of a handful of universities 
in the world that are at the forefront of research in electronic 
systems integration and packaging. 

“This lab will enable us to continue to compete and excel with 
this very distinguished and select group,” Sammakia said.

The laboratory also builds on the University’s successful track 
record of partnering with industry, particularly in the areas of 
electronics and micro- and flexible electronics. All under the 
S3IP umbrella, the ADL joins the Integrated Electronics Engi-
neering Center and the Center for Advanced Microelectronics 
Manufacturing as another portal for companies seeking to 
take advantage of the extraordinary intellectual and physical 
research infrastructure the University provides. 

“Many small and even large multinational companies cannot 
justify investing in this infrastructure — both instrumentation 
and scientists — on their own, even though when they do 
need it, they will need it urgently,” Sammakia said.  “The ADL 
enables regional and national industries to come to Binghamton 
and partner with us to conduct their R&D in key emerging 
technology fields.” 

As part of that kind of partnership, industries can tap not 
only into the physical infrastructure of the ADL, but also 
into the intellectual resources of more than 20 Binghamton 
faculty and scores of graduate students working in the area of 
small-scale systems integration and packaging. They can also 
count on support from PhD-level senior scientists and research 
engineers exclusively assigned to the laboratory.

One company that was quick to take advantage of the ADL is 
Corning Inc., where Ralph Truitt directs research in the area of 
characterization and materials processing. 

“Because of the breadth and ever-evolving types of technolo-
gies we support, and the capital-intensive nature of analytical 
measurements, we simply can’t acquire every tool and expert 
we need,” Truitt said. “Partnering with labs that complement 
our capabilities is critical. The ADL at Binghamton University 
is just such a facility. The staff’s expertise and the measure-
ment tools that are being assembled are already a formidable 
set of capabilities to make unique surface chemistry analyses, 
material morphology measurements and thermal property 
measurements.”

Outer shell taken on an optical 
microscope at 53x.

a high-tech shell game

egg

Edge of cracked shell taken on a scanning electron 
microscope (SEM) at 2470x.

Surface topography on an eggshell taken on a 
profilometer at 975x.

Membrane on inside of shell taken on an 
SEM at 493x.

3-dimensional visualization of surface topography of 
an eggshell. Profilometer, 975x.



That will mean a savings in research time and expense and will 
allow Corning to leverage its expertise in developing new test 
applications, Truitt added.

“We particularly appreciate the obvious attention paid to 
making access rules and administrative requirements clear and 
simple for consortium members,”  he said.

Samuel Chen, a senior research scientist with Eastman Kodak 
Co., agrees.

“It was a real pleasant surprise to find a place like the ADL 
at Binghamton University with such a large number of 
high-tech analytical instruments capable of assisting the 
digital microelectronics effort of Eastman Kodak Co.,” Chen 
said. “If we were to duplicate this type of analytical resource 
in Rochester, the cost would be prohibitively expensive. By 
being able to easily access ADL, this facility has provided us 
the complementary option to probe and understand different 
thin-film technologies needed for microelectronics and 
micromechanics.”

Ultimately, the laboratory will put top-of-the-line tools in the 
hands of investigators, whether they are industry scientists, 
faculty researchers or graduate students, Lehman said.

“If you want to see what’s going on at the nanometer or micron 
level, these tools are just the best there is,” he said.

When it comes to microscopy, for instance, the ADL offers 
state-of-the-art solutions. 

“We go from extremely macro on one end … a microscope 
that takes pictures at 0.3 magnification, so images are smaller 
than the actual thing, to equipment where we have several 
million magnification,”  Lehman said. “Then we are looking 
at individual atom rows in material and can say,  ‘Well, in this 
particular layer here is where these two different crystals join 

arguably one of the best 
analytical facilities of its kind 

in the northeast, the adl is 
home to $16 million in state-

of-the-art equipment, all in an 
8,000-square-foot laboratory 

designed for functionality 
and flexibility.
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together, and there is one layer of atoms there that is different. 
You can see it and you can measure it.”

Based only on the names of equipment in the ADL, even 
non-scientists will recognize that there must be something 
big going on in a lab designed to examine things in the most 
minute detail. There’s the atomic force microscope, scanning 
electronic microscope, dual-beam focused ion beam/electron 
microscope, transmission electron microscope, ultra-fast 
laser confocal imaging system, a spectroscopic ellipsometer, 
a scanning acoustic microscope, an X-ray diffractometer, and 
small- and large-angle X-ray scattering devices. And that’s 
just for starters.

“What many of these tools have in common, is that they create 
images,” Lehman explains.

Not just any images, you understand. We’re talking images 
of things so small that proportionately they would be to the 
period at the end of this sentence what that period would be 
to a football field. We’re talking images at the nanometer scale, 
keeping in mind that a human hair is about 80,000 nanometers. 
We’re talking about images that look like nothing you’ve ever 
seen or could ever hope to see with the naked eye or even the 
best optical microscope, which can afford only about 1500x 
magnification.

In the ADL, smooth surfaces are transfigured by magnifications 
of up to several million times and microscopic creatures become 
beasts so enormous that only small portions of them can be 
seen at one time.

“Looking at a plain piece of paper, the topography would be 
like a mountain range,” Lehman said. “It would look more like 
an open-weave piece of cloth, and you would find it chock 
full of garbage, fillers of all shapes and sizes. It wouldn’t look 
anything like the macroscale piece of paper you’re used to 
seeing.”

“ it’s an adventure of the 
highest order to just sort of 
step out of the realm of all 
that you know into a place 
where you begin to see things 
that cannot be seen and 
hardly even imagined.”

 
— Larry Lehman, manager, Binghamton University’s 

Analytical and Diagnostics Laboratory (ADL)
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Popular wisdom suggests that whether you’re building a house 
or carving a roast, whatever the job, “it’s all about having the 
right tools.” When it comes to research, even though Lehman 
offers a caveat, he agrees that having good tools is critical. 

“Good research does not come from good tools; it comes from 
good thinking. But good tools enable you to probe the limits of 
good thinking,” he said. “When you get the chance to test your 
thinking and you say, ‘Oh this is not exactly what I thought,’ 
you get an opportunity to think again in a more informed way.”

And the laboratory’s flexible design will also allow investigators 
to rethink even their practical approach to projects.

“If scientists using the facility suddenly find themselves 
thinking, ‘Oh, I wish I had this tool right next to that tool,’ in 
this laboratory we can do that,” Lehman said. “If you want this 
optical microscope to sit next to that thermal tool, in 10 minutes 
we can make that happen.”

That’s because the laboratory was designed with all utilities in 
the ceiling and all equipment, tables and benches on stabilized 
wheels.

Depending on the type of analysis being employed in the labora-
tory, certain materials might be ablated and vaporize into thin air, 
while other substances will cling to each other in intractable crys-
talline cliques, refusing to mix in any proportion other than that of 
their own choosing. In person, it’s all pretty heady stuff, even for 
Lehman, who is a self-proclaimed, lifelong laboratory geek.

“It’s mind boggling to me some of the things that are possible 
out there in that laboratory,” Lehman said.

One of the most important roles of the ADL will be to serve 
as a meeting place for great minds from across the disciplines, 
something facilitated by the leading-edge nature of the labo-
ratory and by the extraordinary mix of high-end equipment it 
houses. 

“To develop products, to develop new devices, new kinds of 
processes, you really have to cross all the boundaries,” Lehman 
said. “Used to be you could go to school and take your physics 
courses and say, ‘I’m a physicist, and I’ll go out and I’ll study 
electrons or something.’

“But if you’re going to build products in the real world today, 
you better know a lot about a lot of things, and what’s more 
you better collaborate with a lot of people who are specialists 
at things that you are not. Because all on your own, I’m sorry, 
you’re probably going to be behind the curve.”

Industry faces some of the same challenges. Companies need 
new ideas and products, but if they are to succeed in an increas-
ingly competitive market they can’t afford as they did in the 

past to invest huge sums in outright ownership of the necessary 
intellectual and physical infrastructure.

So the industrial research and development model has shifted, 
and to the degree that they can, many companies are working 
to improve the design of or to reduce the cost of existing tech-
nologies, without the capacity to make independent quantum 
leaps to next-generation products.

“They’re not making a brand new widget; they’re making the 
same old widget work a little better and maybe a little less 
expensive to produce,” Lehman said. “And you can go quite a 
ways doing that sort of thing. But if you want to invent a really 
new widget or do something in a completely different way, 
that’s going to take a bit more work.”

The ADL will allow even small companies to compete with big 
companies when it comes to next generation, high-tech widgets. 

Say that a small company builds a good product and wants 
to move into a higher-end market with its product, Lehman 
proposes.

“Suddenly they’re being asked to guarantee the quality of their 
product at a higher level. Well, generally you can’t do that without 
a lot of knowledge about the internal workings of your manufac-
turing process and the product itself. And generally you can’t do 
that without good analytical tools to actually find out what’s go-
ing on. Yes, you have a product or process and it seems fine. But 
how fine is it? How close are we to the edge of failure?

“It’s not the same thing when you build a cheap product for 
short-term use and one in 10 fails. Then people will throw that 
one in the trash, no big deal. But when you’re building for a 
high-end application and the customer comes to you and says, 
‘I want you to guarantee that no more than one in 10,000 of 
these things fails, and if it does you’re going to pay for the re-
pair costs,’ now that’s a different ball game. Now you’re talking 
about, ‘I really have to know what it takes to fail. I’ve got to really 
know how close my manufacturing brings me to that point.”

Having access to the ADL tools and the expertise of University 
scientists to analyze and diagnose materials and systems will 
even the playing field for companies, better the chances for 
success in product design and hasten the process of developing 
new and better materials. But perhaps just as important, it will 
help researchers bent on believing impossible things, whether 
before breakfast or otherwise. 

“It’s an adventure of the highest order,” Lehman said, “to just 
sort of step out of the realm of all that you know into a place 
where you begin to see things that cannot be seen and hardly 
even imagined.”  

— Susan E. Barker


