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High-confidence, high-
throughput screening with high-
def IR microspectroscopy
High-definition infrared (IR) microspectroscopic imaging in a desktop system enables high-
throughput cell and tissue screening for clinical diagnostics and drug discovery. Made possible 
by several technology advances, the system offers clinical pathology a bridge from traditional 
imaging to a new method that quantifiably assesses tissue for better diagnostic confidence. 

Current technolo-
gies used to clas-
sify excised clinical 
specimens— such 

as histology, cytology, immuno-
histochemistry (IHC), poly-
merase chain reaction (PCR), 
and DNA hybridization—have 
provided unquestionable ben-
efit. But the accuracy of these 
techniques is compromised 
by such factors as small sam-
ple volume, affinity of stains 
and antibodies, and inter-
observer variance. In addition, 
these techniques are restric-
tive because they can identify 
only targeted markers; there 
is no possibility for identification of 
unknown markers or disease variants.

Enabling new paradigms
Over the past decade, a variety of spec-
troscopic techniques have been devel-
oped to provide rapid and sensitive 

characterization of relevant sample bio-
chemistry. Because spectroscopic tech-
niques are based on biochemical rather 
than morphological metrics, new diag-
nostic paradigms are thereby enabled. 
The adoption of infrared spectro-
scopic imaging (IR-SI) in biomedical 

research is of particular note. In a rap-
idly expanding field, numerous high-
quality investigations have highlighted 
a unique ability to identify early disease 
states, predictive molecular markers, 
and drug-resistant populations.

IR-SI produces detail-rich absorbance 
contrast image cubes (2D images with 
an IR spectral response at each pixel) 
of cells and tissue without requiring 
molecular labels, stains, or high opti-
cal power densities. Thus, IR-SI is espe-
cially suitable for studies on live cells.1 
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A representative single-pixel spectra collected from the eyelid tissue section shown in Fig. 4 shows high SNR and 
spectral fidelity. The inset illustrates the concept of the new sparse data collection modality.
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In a process referred to 
as digital staining, these 
image cubes may be  
further reduced into 2D 
biochemically differenti-
ated maps using robust 
supervised-classif ication 
algorithms developed 
over the past decade.2-6  
Digital staining gives 
the pathologist or drug  
developer a powerful 
visual tool for quickly 
identifying subtle changes 
in the biochemical distri-
bution of the sample, and 
may be used to enhance 
contrast between healthy 
and diseased tissue or for screening 
of drug effects in tissue microarrays. 
This technique may prove particularly 
beneficial in detecting early stages  
of disease before visible morphologi-
cal changes are present. Applications 
for this technology are growing rap-
idly and it is already making significant 
impact in the fields of cytology, his-
tology, surgical pathology, structural 
microbiology, drug discovery, and stem 
cell research.1-5 

Fourier transform infrared (FTIR) 
spectroscopic imaging microscopes 
using extended globar thermal light 
sources and HgCdTe (MCT) focal-
plane arrays (FPAs) with pixel densi-
ties up to 128 × 128 are now available. 
However, their ability to rapidly collect 
high-spatial resolution spectral cubes 
over large areas while maintaining sin-
gle-pixel signal-to-noise ratio (SNR) 
levels greater than 100:1 is limited by 
the inherently low spectral bright-
ness of the globar source. IR radiation 
from large-scale (>10 m diameter) syn-
chrotrons located at national research 
labs have been successfully combined 
with FTIR systems to greatly improve 
image quality and throughput, but the 
approach is impractical for meeting 
clinical and industrial needs.7 

Furthermore, FTIR-based systems 
are governed by a fundamental trad-
eoff between spectral resolution and 
spectral range. That is, signal must be 
acquired over a wide band to achieve 

high resolution, even when absorption 
features are sparsely distributed over 
the collection range. Finally, FTIR-
based systems do not provide live high-
definition, full-field absorbance con-
trast imaging—though it is a modal-
ity with tremendous potential in rapid 
screening applications. 

Increased sample throughput, 
improved image quality, and smaller 
instruments are all needed to fully real-
ize IR-SI technology in clinical diagnos-
tic and pharmaceutical development 
labs.

A desktop instrument
To meet the demanding needs of clin-
ical and pharmaceutical labs, the first 
high-definition, high-throughput, IR 
spectroscopic imaging desktop micro-
scope marries a high-spectral-bright-
ness, broadly tunable IR laser source 
with a large-format (480 × 480), 
uncooled microbolometer FPA camera. 
This instrument, produced by Daylight 
Solutions (San Diego, CA), achieves 
high-SNR, diffraction-limited, spectro-
scopic imaging over the 900–1800 cm-1 
molecular fingerprint region. It cap-
tures full spectral cubes within min-
utes or sparse data sets in seconds with-
out the need for liquid nitrogen cool-
ing. The main components of the quan-
tum cascade laser (QCL)-based IR-SI 
microscope, as shown in Fig. 1, include 
multiple QCL modules, an optical 
multiplexer, a condenser, a switchable 

objective, an automated stage (not 
shown), and an uncooled microbolom-
eter FPA. The architecture enables a 
small footprint, currently about one 
third that of a commercial FTIR micro-
scope, and lends itself to further size 
reduction for mobile applications. 

The laser source comprises multiple 
broadly tunable external cavity QCL 
modules that enable platform modular-
ity and scalability. The high brightness 
of the QCL source takes advantage of 
the full dynamic range of commercial 
uncooled microbolometer FPAs having 
14 times the number of pixels found in 
state-of-the-art FTIR microscopes (see 
Fig. 2). This dynamic range is >1000 for 
a single frame acquisition.

The instrument employs a family of 
novel, purpose-designed, high-numer-
ical-aperture (NA), achromatic, wide-
field, IR refractive objectives opti-
mized for coherent IR microscopy in 
the molecular fingerprint region. This 
development disrupts the long-stand-
ing paradigm of Cassegrain objectives 
in IR spectroscopic imaging, effec-
tively removing the practical ceiling 
for numerical aperture that governs 
spatial resolution. The existing micro-
scope embodiment has a three-position 
turret that is easily configured to meet 
application needs. The standard con-
figuration of the microscope includes 
one visible and two IR objectives. One 
of the IR objectives currently available 
has an NA of 0.7 and a magnification 

FIGURE 1. Schematics demonstrate the setups of a typical FTIR microscope (a) and a QCL IR-SI microscope (b). 
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of 12.5X. When combined with the 480 
× 480 FPA, it achieves diffraction-lim-
ited resolution of 5 μm at 1650 cm-1 
(corresponding to the peak of a typi-
cal Amide I band), a sample-referred 
pixel size of 1.36 μm, and a field of view 
(FOV) of 650 μm. Tissue microarrays 
(TMA) with cores 0.6 mm in size, rou-
tinely used in research pathology, can 
be examined using a single field of 
view of the new IR microscope, allow-
ing high-throughput screening at a def-
inition never before available. Achiev-
ing the same pixel resolution on a high-
end FTIR microscope using a 128 × 128 
MCT FPA and a globar source would 
require a 60X objective. At this mag-
nification, the FOV would only be 174 
μm (~14X smaller viewing area than 
the IR microscope) and require a 4 × 
4 stitched mosaic collection protocol. 
Getting similar SNR levels at this res-
olution and FOV, an FTIR microscope 
would require nearly a half-day for data 
collection. 

Figure 3 shows a chrome-on-glass 
USAF 1951 resolution target, imaged 
in ref lection mode with the 0.7 NA, 
12.5X objective at 1555 cm-1, shows 
that the Rayleigh criterion for diffrac-
tion-limited performance is achieved for 
bars with spacing below 5 μm. Figure 4 
shows an absorbance contrast image of 
a 5-μm-thick unstained tissue section of 
an eyelid containing a meibomian gland 
that has been fixed to a CaF2 disk. This 
image was taken with the 0.7 NA, 12.5X 
IR objective at 1650 cm-1 in transmission 
mode. Cellular boundaries and nuclei 
are resolvable while simultane-
ously viewing a full 650 μm field. 

The standard microscope con-
figuration also includes an ultra-
wide-field 4X IR objective with 2 
mm FOV and a sample-referred 
pixel size of 4.25 μm. This objec-
tive is especially useful in rap-
idly surveying large areas of tis-
sue sections or in the simultane-
ous imaging of multiple 0.6 mm 
TMA cores (a 2 × 2 array of 0.6 
mm TMA cores with standard 
spacing can be observed). Once 
an area of interest has been 
identified, it is straightforward 

to transition to the 0.7 
NA, 12.5X objective 
and perform detailed 
spectroscopic imaging. 

The Frontis image 
demonstrates the rep-
resentat ive qualit y 
(spectral fidelity and 
SNR) of single-pixel 
spectra collected from 
the eyelid tissue section 
shown in Fig. 4. Here, 
the Amide I and II 
protein bands, as well 
as the classic triad of 
bands in the low-wave-
number region, asso-
ciated with collagen 
in fibroconnective tis-
sue, are clearly present 
and in accordance with 
FTIR measurements. 

New modalities
The IR microscope is 
also capable of live, 
d i s c ret e - f requenc y, 
chemical imaging at a 30 Hz frame 
rate, a mode well suited for intra-oper-
ative tumor screening of frozen tissue 
sections, live cell studies, and multi-
plexed chemotyping. Further, the IR 
microscope can tune to arbitrary fre-
quencies within the 900–1800 cm-1 
band on demand or in a user-defined, 
non-uniformly spaced vector, enabling 
a fast, sparse data collection mode. 
This mode may be used to greatly 
increase data acquisition speeds and 

enable large-scale multiplexed screen-
ing applications where key spectral 
features can be targeted. For exam-
ple, a dense set of spectral points may 
be clustered around broad spectral 
bands (such as protein bands) to detect 
small changes in band area, centroid, 
or shape, whereas sharp bands may 
require only a small number of points 
to detect the presence or absence of 
targeted chemical absorption markers. 
The inset in the Frontis illustrates the 

FIGURE 3. In a 
reflectance image of 
Groups 6 and 7 of a 
chrome-on-glass USAF 
1951 resolution test 
target—collected with 
the IR microscope using 
the 0.7 NA, 12.5X 
objective at 1555 cm-1 
in reflection mode—the 
profile plot along Group 
6 shows that the Rayleigh 
criteria is met for bars 
with spacing below 5 μm. 

FIGURE 2. Spectral brightness of globars, synchrotron IR source, and QCL 
lasers over the 7–12 μm (833–1430 cm-1) range differ in relation to the 
noise floors of commercial MCT and microbolometer FPAs. 
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concept of performing a user-defined 
sparse data collection. 

The path to clinical diagnostics
Today, pathologists routinely use real-
time visible white light microscopy of 
hematoxylin and eosin (H&E)-stained 
specimens to ascertain the presence 
and extent of disease. Because they are 
not typically trained in histochemical 
vibrational spectroscopy, they are not 
likely to readily adopt instruments pro-
viding only spectroscopic image cubes. 

Real-t ime, high-def init ion IR 

absorbance imaging microscopy can 
bridge the gap between spectral pathol-
ogy research and clinical pathology: 
Pathologists can use the live imaging 
capability, much as they do with visible 
light microscopy, to quickly screen large 
sections of tissue, perhaps moving back 
and forth between a handful of discrete 
frequencies to enhance  chemical image 
contrast. Once the clinical pathologist 
has identified a region of interest, a full 
spectral cube can be collected quickly, 
while supervised chemical classification 
algorithms can provide deeper insight 

into subtle histochemical changes. The 
result is a high-confidence diagnosis. 

This new paradigm injects new hope 
into the quest for earlier detection, more 
accurate diagnosis, and faster treatment 
of disease. «
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FIGURE 4. Different views of an eyelid tissue section containing a meibomian gland. The visible image 
(a) is an H&E stained section collected using a white light microscope. The absorbance image (b) is of a 
neighboring unstained section of the same tissue location fixed to CaF2 disk and was collected by the 
IR microscope at 1650 cm-1 using the 0.7 NA, 12.5X objective in transmission mode.
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