
Rajadhyaksha Figure 1. Confocal reflectance images of human skin in vivo: 
(a) cel ls and nuclei in the epidermis. The nuclei (arrows) appear as dark ovals 
surrounded by bright cytoplasm; (b) melanocytes with dendrites (arrows) that 
appear very bright in a heavily pigmented melanoma (skin cancer) ; (c) atypical
ly large elongated nuclei (arrows) in a basal cell cancer; (d) blood circulation 
showing peripheral white cells (arrows) rolling along the endothelial wall of a 
blood vessel . Sca le bar = 25 μ m . 

measured resolution is 0.5-1.0 μm (lateral) and 3-5 μm 
(axial) within the tissue, using water immersion objec
tive lenses of numerical aperture 0.7-1.2 and wave
lengths of 800-1064 nm. The axial resolution defines the 
(noninvasive) optical section thickness; thus, our confo
cal section thickness in vivo compares very well to the 
thickness (typically, 5 mm) of sections that are prepared 
for histopathology. The maximum depth of imaging is 
350 μm in skin, 450 μm in lip mucosa, and 250 μm in 
tongue. Mechanical skin-holding fixtures and oral tissue 
clamps were developed to keep the imaged site laterally 
stable to within ±25 μm (i. e., ±2 cells). 

Imaging of cells and nuclei (Figure la) in the epithe
lial layers, and the underlying collagen, connective tissue, 
circulating blood cells and capillaries is possible. The 
image contrast is mainly due to the detected variations in 
singly back-scattered light due to variations in the refrac
tive index (n) of tissue microstructures (typically, 
n=1.33-1.40).1,2 The pigment melanin has a high refrac
tive index (n=1.70) and thus acts as an endogenous stain, 
especially when imaging pigmented lesions (Figure lb). 

Other clinical applications include characterization, 
screening, and demarcation of neoplastic-to-normal tis
sue margins of basal- and squamous-cell cancers (Figure 
1c, d), and commonly occurring disorders such as psori
asis (proliferative and inflammatory) and folliculitis 
(infectious).4 We have also studied the dynamic response 
of skin to irritants and allergens (contact dermatitis), 
and to laser treatment of sebaceous hyperplasia.5 

Confocal reflectance microscopy is a promising imag
ing technique for both basic and clinical research in der
matology, otolaryngology and other areas of biomedicine. 
Screening and diagnosis of diseases and disorders is poten
tially possible in the clinic in real-time without biopsy. 
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Detectors 
Improved Responsivity of Non-Steady-State Photoinduced 
Electromotive Force Sensors Using Asymmetric Interdigi
tated Contacts for Laser-Based Ultrasound Detection 
David M. Pepper, Gilmore J . Dunning, David D. Nolte, John A. 
Coy, Bruno Pouet, G. David Bacher, Marvin B. Klein 

Laser-based ultrasound (LBU), enables one to "see" 
into opaque materials with light, using lasers to gen

erate and sense ultrasound, without contacting a sam
ple.1 LBU is a nondestructive remote diagnostic, with 
application to industrial inspection and process control, 
and has niche opportunities where conventional ultra
sound, using contact transducers, cannot be used. 
Examples include in-situ monitoring of the wall-thick
ness of red-hot pipes moving 3 meters/second from a 
furnace, evaluation of bonds in microelectronics com
ponents during assembly, inspection of delamination in 
composites of complex shape, and quality control of 
paper products moving at 20 meters/second in a mill. 

We have demonstrated an "adaptive photodetector" 
that optically senses ultrasound and also compensates 
for optical distortions and background mechanical 
vibrations.2 The ultrasonically induced surface displace
ments1 are on the order of 1/1000 of a wave at 1 MHz to 
>100 MHz, whereas dynamic speckle and wobble involve 
many waves of distortion at =10 Hz to 10 kHz. In 
essence, one needs to perform laboratory precision inter
ferometry on rough-cut parts in a factory environment. 

Our detector uses photo-emf detection in GaAs for LBU 
sensing and compensation3—without electronic feedback 
or computational algorithms. Photo-emf detection involves 
the formation of space-charge fields in a crystal, with the 
generation of transient photocurrents in response to rapid 
lateral motion of an optical pattern.4 The pattern can be a 
set of fringes, created by interfering a probe beam (scattered 
from a sample) with a reference beam, or can even be a 
rapidly moving speckle pattern. Slowly varying fringe 
motions (mechanical vibrations, speckle) are "tracked out," 
or compensated, by the reconfigurable space-charge fields. 
Rapidly varying fringe or speckle motion (induced by ultra
sonic vibrations) results in a measurable photocurrent. A 
challenge is that the responsivity is several orders of magni
tude smaller than that of a conventional photodiode detec
tor (note, however, that a conventional photodetector does 
not respond to rapid pattern motion, nor does it compen
sate for wavefront distortions). 

We have demonstrated a photo-emf sensor with a 32-
fold enhanced responsivity,2 in agreement with theory, 
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Pepper Figure 1. A s y m m e t r i c interdigi tated e lec t rode s t ruc ture for 
e n h a n c e d photo-emf responsivi ty (shown for one , two, and three 
act ive de tec t ion reg ions) . E a c h a l ternat ing region is opt ical ly 
b l o c k e d or ion implanted to s u p p r e s s the back -ac t ion photo-cur
rent, result ing in an i n c r e a s e d overall output s igna l . Note that the 
act ive area in e a c h c a s e is the s a m e (W x H), yet , the photo-emf 
r e s p o n s e i n c r e a s e s by the number of e lec t rode pairs. 

using a novel electrode structure—a set of interdigitated 
electrodes with asymmetric active regions (Figure 1). 
The goal is to sum up the photocurrents from every oth
er electrode pair to realize the enhancement, while sup
pressing the out-of-phase photocurrent components. 

The photo-emf effect is a polar mechanism, generating 
photocurrents in the same direction as the fringe pattern 
motion. If one simply collects the photocurrents from all 
the interdigitated electrodes (as done in typical MSM 
photodetectors), the current from each pair will exactly 
cancel that of its neighboring pair. To realize our enhance
ment, the output from every other electrode pair is col
lected, while that of its nearest neighbor pairs (the 
"back-action" regions) is suppressed. We demonstrated 
this by either optically blocking the back-action regions or 
by inactivating them via selective ion implantation. Ion 
implantation dramatically reduces the carrier recombina
tion time, resulting in a concomitant reduction of the 
photo-emf current in the back-action regions. 

Using this structure, we observed an enhanced respon
sivity equal to the number of electrode pairs. This scaling 
was seen in up to 32 pairs, limited by our mask set. We are 
investigating the scaling limits with larger numbers of elec
trodes. The observed enhancement gives us confidence that 
photo-emf sensors may be competitive with other compen
sated coherent detectors or time-delay (Fabry-Perot) inter
ferometers, with far less design complexity. Our compact 
semiconductor-based sensor can also have application to 
phased-array LBU detection,5 with improved spatial resolu
tion and full-frame electronic scanning or imaging. 
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~20x Enhancement in Silicon-on-Insulator 
Photodetector Near λ = 800 nm 
Howard R. Stuart and Dennis G. Hall 

The addition of a monolayer of nanoparticles can mod
ify significantly the optical properties of the structure 

that supports it. We recently offered a practical example of 
that assertion by using a layer of silver (Ag) nanoparticles 
to increase by nearly 20 times the optical absorption near 
wavelength λ = 800 nm of a thin silicon-on-insulator 
(SOI) photodetector.1 The upper portion of Figure 1 
shows the SOI sample geometry and a scanning-electron-
microscope (SEM) image of a layer of nanoparticles with 
mean particle diameter D = 108 nm. The photodetector 
consists of a p-n junction formed in a single-crystal sili
con (Si) layer of thickness 165 nm separated from a thick 
Si substrate by ~200 nm of silicon dioxide (SiO3). A 30-
nm-thick lithium fluoride (LiF) spacer layer separates the 
nanoparticles from the Si surface. 

The geometry in Figure 1 unites two very distinctive 
systems. The SOI structure is under serious develop
ment as a next-generation platform for SI microelec
tronics: IBM and others recently announced plans to 
move SOI wafers into microchip production.2 Because 
the Si/SiO2 refractive-index ratio is so high (~3.5/1.5), 
even the thin SOI silicon layer supports optical-frequen
cy resonances in the form of waveguide modes.3 The 
subwavelength-diameter Ag nanoparticles in turn sup
port localized plasma resonances and interact strongly 
with the radiation field at optical frequencies.4 The 
radiative efficiency of those particles increases with the 
particle diameter, and is predicted to be nearly 100% for 
particles of diameter ~100 nm. That this occurs in spite 
of silver's intrinsic absorption is significant, and per
haps not widely appreciated. 

The lower portion of Figure 1 shows the measured 
photocurrent enhancement as a function of the illumina
tion wavelength λ for three values of D.1 The enhance
ment is the ratio of the photocurrent produced in the SOI 
structure in the presence of the nanoparticle overlayer to 
that produced in its absence. The greatest enhancement 
occurs in a wavelength band-centered near λ = 800 nm, 
with a maximum enhancement of -20 occurring for the 
largest particles (D = 108 nm). We interpret these results 
to mean that the nanoparticles scatter an appreciable frac
tion of the incident illumination into the nearby wave
guide modes supported by the SOI structure. Si absorbs 
weakly at λ = 800 nm; only about 1% of normally inci
dent light would be absorbed by the SOI silicon layer in 
the absence of the Ag nanoparticles. But once the wave-
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