
STANDARDS 

Semiconductor standards: A lesson for 
optics? 

T his month we will again draw on 
material published by the Nation

al Bureau of Standards, in this case 
the NBS Research Report for August 
1987. The report deals with NBS ef
forts in the area of linewidth stan
dards for the semiconductor industry. 
Some of the problems in this area can 
be contrasted with the optics industry 
problem of inspection for surface 
beauty defects, in part icular, 
scratches. A key factor to keep in 
mind is the relative economic impor
tance of the semiconductor industry 
compared to the optical industry. 

In the early 1970s, the integrated 
circuit (IC) manufacturers were hav
ing trouble making absolute measure
ments of linewidths on their circuits. 
Mask makers and the IC manufactur
ers were having substantial disagree
ments—as much as 20% errors on 
relatively wide 5 µm linewidths, so 
they went to the NBS for help. At the 
time, the NBS had no standards for 
linewidths in the 1 to 10 µm range. 
Furthermore, when NBS started to 
make some in-house standards, they, 
too, found difficulties in making con
sistent width measurements. 

Beginning in 1975, a full fledged 
research effort was started along both 
theoretical and instrumentation de
velopment lines. By 1978, NBS had a 
prototype linewidth standard ready 
for test marketing and they had devel
oped a special photoelectrically re
cording microscope to aid in the cali
bration of the new standards. During 
a "round robin" test of the new stan
dard, 10 semiconductor companies 
measured a 2 µm line with their own 
equipment and obtained values rang
ing from 1.5 to 2.5 µm. It was then 
obvious why there was disagreement 
in the industry over linewidths. 

By 1979 the Bureau felt that their 

new linewidth standard was suffi
ciently well designed and character
ized to market it to the industry at 
$5,000 a copy. The standard was 
called S R M (Standard Reference M a 
terial) 474 and was a best seller 
throughout the IC industry. After 
much use and customer feedback, the 
Bureau has revised the standard and 
is reissuing it presently as S R M 475 at 
$3,800. 

While not trying to make excuses 
for the optics industry, this example 
may make it easier to see why there 
are still problems with specifying and 

inspecting for beauty defects, some of 
which are scratches of less than a mi
cron in width and yet clearly visible to 
the unaided eye under the correct 
lighting conditions. Perhaps more im
portant is the realization that some of 
these "beauty" defects are functional 
defects in high-power laser and sensi
tive infrared sensor systems. 

From this brief look at the history 
of the problem in the semiconductor 
industry, we may conclude that the 
optics industry problem will not go 
away without substantially more re
search. This may also mean the end of 
a set of Scratch and Dig standards 
that sell for $600, inadequate though 
they may be. 

—Robert E. Parks 

RECENT RESEARCH 

Measurement of Mixing Fluid 
Flows with Optical Tomography 

By Ray Snyder and Lambertus 
Hesselink, Department of 
Aeronautics/Astronautics and 
Electrical Engineering, Stanford 
University, Stanford, Calif. To be 
published in the February issue of 
Optics Letters. 

Two Stanford University research
ers report what they claim is the first 
optical tomographic three-dimension
al reconstruction of a non-stationary 
fluid flow. 

The investigators used holographic 
interferometry to measure the path 
length through a coflowing helium jet 
in air along several views. Optical to
mography provides a means for ob
taining spatially resolved measure
ments from line-of-sight data. Tomo
graph ic d iagnost ics are we l l 

developed, particularly in medicine. 
The Stanford team demonstrated a 

new optical architecture that allows 
all holographic interferometric projec
tions to be obtained simultaneously in 
300 µsec. Each projection passed 
through a 7 cm diameter, 7 cm high 
cylindrical volume, permitting a full 
three-dimensional reconstruction of 
the flow in that region, they say. 

From these data, the flow was re
constructed using any of the available 
reconstruction techniques—convolu
tion back projection being the most 
popular, they claim. The researchers 
report that measurement results 
showed "excellent" signal-to-noise ra
tio. 

Tomographic imaging of the transi
tion region in the jet is also being pur
sued. In this experiment, a full, three-
dimensional representation of the in
stantaneous density field has been 
obtained. 
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