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Scanning Laser Microscope 
WE have designed and built a prototype of a scanning 
microscope for thick objects of low reflectivity and low 
optical contrast. As light source, we used a 5 mW He-Ne 
continuous wave laser (Spectra-Physics Model 120). 
An improved prototype is under construction ; in a y ear or 
two we expect to have a microscope suitable for advancing 
studies of brain cells in living animals'- '· 

Our innovations, inspired by previous inventions•·•, 
include scanning with the light beam instead of moving 
the object itself (as in Minsky's original microscope), and 
taking advantage of the characteristics of parallel light to 
simplify the design. 

= 

laser 
light 

photomultiplier 

/interference 
filter 

_....---collecting 
lens 

scope 

}'ig. 1. Schematic of scanning laser microscope. 

A schematic is shown in Fig. 1. P arallel , plane-polarized 
light from a laser is reflected from a half-silvered mirror 
through an objective lens that focuses the light at a point 
in the specimen, with scanning by motion of the objective 
lens in the desired pattern. For high magnification micro
scopy, the total excursion of the scan in any direction need 
not exceed O· l mm. 

The light reflected from the specimen at the principal 
focal point of the objective is collected by the objective 
and projected in a parallel beam. The reflected light is 
collected by a large-diameter fixed lens. Reflected light 
originating from the principal focal point of the scanning 
objective is focused at the principal focal point of the col
lecting lens, where there is a pinhole exit aperture 
transmitting light to a photomultiplier detector which 
controls the intensity of an electron beam scanned in 
synchronism with the m echanically scanned light beam. 
An image is built up, point by point, on an oscilloscope 
screen. 

Because only light reflected from the primary focal 
point of the objective is brought to a focus and selectively 
passes t,hrough the pinhole, it is possible to create a virtual 
"thin section" in the plane of interest within a thick 
specimen, screening out flare-light and scattered light that 
would degrade disastrously the image in a conventional 
microscope. Because the image is built electronically on 
an oscilloscope screen from electrical signals generated 
in a photomultiplier, we can use modern image-enhancing 
techniques7

• 

To obtain an image it is absolutely necessary to suppress 
internal reflexions, as well as unwanted modulation effects 
caused by superposition of reflexions in coherent light. 
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We take advantage of the plane polarization of the laser's 
light and add a quarter-wave plate and analyser appro
priately, so that reflexions internal to the microscope, and 
all coherent superpositions occasioned by these internal 
reflexions, are suppressed. The crossed analyser in front 
of the exit pinhole intercepts all light that has not been 
shifted 90° by two transits through the quarter-wave 
plate mounted just beyond the objective8• 

Further suppression of internal reflexions and their 
interactions is provided by a chopper and lock-in amplifier 
system (only the chopper is shown in Fig. 1). Only light 
reflected from the object will arrive at the photomultiplier 
alternating at the frequency of the chopper; corre
spondingly, only electrical signals from the photomulti
plier that are alternating at the chopper frequency will be 
passed by the amplifier to the image display tube. 

Because the image will be formed point by point from 
light reflected, at any instant, only from the principal 
focal point of the lens, coherent superpositions should not 
be troublesome, as they can be in attempts to form an 
extended image with coherent light. 

Modifications of the microscope might incorporate 
pulsed lasers, so that very high instantaneous light ener
gies can be used with the dissipated power below threshold 
for damage to delicate tissues. Pulsed ultraviolet lasers 
might make possible ultraviolet absorption studies in vivo•. 
Addition of fluorescent dyes might facilitate studies of 
nervous activity in vivo 10 • 

Our microscope could also be redesigned for trans
mitted light microscopy, and simple modifications 
would make possible variations like dark field or phase 
microscopy•. All reflexions along the central axis of the 
objective (for example, from a highly reflecting surface in 
front of an object) could be eliminated by mounting a 
small axial stop immediately behind the objective. 

Research applications might include observations of 
other buried tissues as well as brain cells. Clinical applica
tions might use ultraviolet light to treat tumours selec
tively, avoiding much destructive surgery. Diagnosis 
and localization of various types of tumours of the central 
nervous system and other organs could also be greatly 
facilitated; and it might be possible to make diagnostic 
observations of subcutaneous tissue and organs in intact 
organisms, without exploratory surgery or other noxious 
procedures. 
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