
New considerations 
in computer systems 
for optical applications 
By Fred Goldstein 

What are the criteria for se
lecting computer hard
ware and software for op

tical applications? There is a wide 
range of requirements: from opti
cal system design to controll ing the 
deposition of optical thin films. In
correct system choices at the be
ginning of a project can have far¬
r e a c h i n g c o n s e q u e n c e s . D a t a 
processing and purchasing depart
ments might want every desktop in 
the organization to be identical. A n 
optical scientist who accepts their 
recommendation may find his sys
tem compatible with his secretary's 
—but N O T with the instrumenta
tion in his laboratory. 

Desktop systems are increas
ingly replacing mainframes for op
t ical appl icat ions. We consider 
some (but not all) aspects of their 
utility for compute-only applica
tions as well as applications involv
ing external instrumentation. 

Are desktops better than main
frames? One figure of merit is cal
culat ion speed: number of rays 
traced per second, time to calcu
late the reflectance of a multilayer 
stack, etc. Such numbers, deter
mined from computer C P U (cen
tral processing unit) time, are used 
to compare the cost effectiveness 
of similar calculations performed 
on mainframes. 

In many cases, this sort of com
parison is completely misleading 
because the C P U time is not the 

The cost of providing 
user-friendly software 
far exceeds the cost of 
providing something 

that merely computes a 
table of numbers. 

total time to solve a particular opti
cal problem! Frequently, programs 
running on desktops are far faster 
than programs running on the most 
powerful mainframes—such soft
ware is " I /O bound" rather than 
" C P U bound. " Gett ing on-line, en
tering/editing data, and interpret
ing results can make a day's work 
out of a five-second calculation. 

As an example, cons ider the 
same task performed in two ex
tremely different computing envi
ronments. Nearly everyone is fa
m i l i a r w i t h w o r d - p r o c e s s i n g 
software running on desktop com
puters: The user can jump any
where in the text, change a mis

spe l led wo rd , delete an ent ire 
phrase, move a paragraph, etc. In 
addition, there is no set order: First 
move a paragraph and then correct 
the wrong word or vice versa. 

Compare this to a typical main
frame text editor accessed from a 
remote (dumb) terminal. First lo
cate the line to be edited by count
ing from the top of the text file or 
using a " f i n d " or " se t " command. 
Then the " rep lace" command is 
called upon: Key in the old phrase 
(exactly as in the existing text) and 
its replacement. If a command is 
executed incorrectly or out of se
quence, unpredictable results may 
occur. The process is slow and 
clumsy. After years of practice, it is 
still slow and clumsy. 

If desktops are " f r iendl ier" than 
mainframes, what would happen if 
we downloaded the mainframe text 
editor and re-compiled it on our 
new desktop? As nothing has really 
been improved except access time, 
the resulting system wi l l be essen
tially as slow and clumsy as before. 
Indeed, with old software, even 
new computers can be "user-hos
t i le ." 

Is the above example extreme? 
Consider what happens when a 15-
year-old F O R T R A N optics pro
gram is re-compiled on an I B M P C . 
The " n e w " program wi l l be as dif
ficult (or easy) to use as before—it 
wi l l look and feel the same. There 
may be a sense of disappointment 
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FIGURE 1. A R spectra for various substrate indices. 

—especially i f the user has grown 
accustomed to in teract ive pro
grams which take advantage of 
graphics, menus, function keys, 
etc. An optics program whose out
put consists of one line at a time 
(scrolling off the top of the screen 
into oblivion) could be quite a let
down. 

In some cases, such as software 
intended for one's own research, 
an unmodified F O R T R A N program 
wi l l be sufficient, and program
ming costs can be kept to a mini
mum. This approach, however, 
cannot meet the intrinsic potential 
of today's desktop computers to 
put more technology in the hands 
of more opt ical personnel than 
ever before. 

Assuming that wider dissemina
tion of technical power is a desir
able goal, how does one design or 
select use r - f r i end l y so f tware? 
What are desirable attributes? As
suming that competing commercial 
packages calculate the same quan
tities, how can one judge the dif
ferences? 

In our view, answers to such 
questions are found through fa
miliarity with other software run
ning on desktops: spreadsheets, 
graphics, word processors, etc. In a 
spreadsheet (Visicalc and deriva
tives) there is no difference be
tween entering and editing; data 
can be input in any order. In a use
ful graphics program, it is possible 
to interact with the screen. (Imag
ine playing Space Invaders by re
peatedly key ing in X , Y coord i 
nates.) 

On- l ine ' ' h e l p " faci l i t ies and 
context-sensitive menu selection 
through function keys or pointing 
devices are increasingly supple
menting or replacing traditional re
liance on printed manuals. Finally, 
the marketing o f today's software 
often involves demonstration disks. 
A hands-on trial wi l l reveal the dif
ferences between competing pro
grams with similar claims. 

In our own experience, all of the 
above considerations can be ap
plied to software used to design 
and analyze opt ica l th in f i lms. 
Spectra can be displayed on the 

screen and interactively analyzed 
with a movable cursor, using a rota
ry wheel or "mouse. " The user can 
change any parameter (angle, po
larization, design, etc.) in any or
der and overlay the new spectrum 
(see F ig . 1). The result is a system 
accessible to an entire range of op
tical thin film personnel—senior 
scientists to coating technicians. 

Friendly means more code 
Whi le each area of optics has its 

own specific requirements, nearly 
all programs wi l l benefit from ease 
in data entry, computer graphics, 
on-line help, etc. Unfortunately, 
the number of lines of code de
voted to such features wi l l far ex
ceed the amount of code actually 
used to solve Maxwell 's Equations 
or Snell's Law. Consequently, the 
cost of providing user-friendly soft
ware far exceeds the cost of provid
ing something that merely com
putes a tab le o f numbers . As 
commercial ly available software 
spreads costs over a number of us
ers, in-house software develop
ment should be undertaken only 
when no other alternatives are 
available. 

In cases where in-house efforts 
are justified, software costs can far 
exceed the price of the computer. 
In such cases great care should be 
exercised in choosing compatible 
hardware and language systems. 

Software developers should con
sider whether programming aids 
such as s c r e e n managers and 
graphics drivers are available. Why 
spend days writ ing software for l in
ear graph axes when a different 
language choice wou ld have in
cluded the " A X E S " command? As 
discussed below, language support 
becomes even more critical when 
computers are used to control in
struments. 

There are many optical applica
tions for computers connected to 
instruments. Turnkey hardware/ 
software systems are available for 
commercially available optical in
struments such as ell ipsometers, 
i n t e r f e r o m e t e r s , and su r face 
profilometers. In other cases, such 
as spectrophotometers, the optical 
engineer can connect nearly any 
desktop via a standard interface. 

In our own area of interest, opti
cal thin films, it is now possible to 
util ize the same computer for de
sign and manufacture. Quartz crys
tal deposition controllers including 
serial or parallel interfaces (such as 
those manufactured by Inficon) are 
uti l ized in conjunction with optical 
monitors based on computer com
patible lock-in amplifiers (such as 
the Stanford Research Systems 
SR510). 

Hardware and software consid
erations are more critical than in 
compute-only appl icat ions. The 
choice of a compiled ( F O R T R A N , 
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Pascal) or interpreted (BASIC) lan
guage can result in vast differences 
in development cost. Does the in
terface match the data transfer re
quirements? If there is a choice, in
struments should be equipped with 
IEEE-488 rather than RS-232 in
terfaces. The latter is slower, less 
standard, and does not support 
multiple devices. Those involved 
in instrumentation projects for the 
first time might do well to seek the 
advice of exper ienced I/O pro
grammers or consultants. 

A program example 
As an instructive example, we in

clude an actual H P 9000 Series 
200 BASIC subroutine for sending 
a message to an Inficon IC 6000 
quartz crystal moni tor . Th is is 
taken from a much larger program, 
"F ILM°COAT," for automatic op
tical thin film deposition. 

Note that this version of BASIC 
supports separate subroutines with 
local variables, C O M m o n blocks, 
and the R E P E A T . . . U N T I L con
struction. These powerful features 
are not found in the variation of 
Microsoft BASIC used on most per
sonal computers. " O N T I M E O U T " 
provides an exit should a hang-up 
occur. As the IC 6000 RS-232 in
terface deviates from the "stan
dard," the programmer must pro-

Continued on page 43 • 

On-line "help" facilities and context-sensitive menu 
selection... are increasingly supplementing or 

replacing traditional reliance on printed manuals. 

8250 SUB Ic_send_ok(Mess$) 
8255 ! 
8260 ! Send message to Inficon IC 6000, exit when '>OK' 
8265 ! prompt received without communication errors: 
8270 ! '? ' overrun, '!' command '$' parity 
8275 ! 
8280 C O M /Ic_6000/ INTEGER Rs232 ! interface address 
8285 ALLOCATE R$l80] 
8290 INTEGER E,I 
8295 ON TIMEOUT Rs232,. 1 GOTO Chk ! allow for hang-up 
8300 Snd: E=0 ! Error 
8305 C A L L Ic_control("CTS",0) ! set CTS line low 
8310 C A L L Ic_send(Mess$&CHR$(13)) ! send message 
8315 C A L L Ic control("CTS",l) ! enable IC 6000 reply 
8320 REPEAT 
8325 ENTER Rs232 USING "#,K";R$ ! read reply 
8330 IF POS(R$,"!") OR POS(R$,"?") OR POS(R$ ,"$") THEN E= 
8335 UNTIL POS(R$,">OK") 
8340 IF E= l THEN GOTO Snd 
8345 SUBEXIT 
8350 ! 
8355 Chk: C A L L Ic_status("DTR",I) ! check IC 6000 DTR line 
8360 IF I=0 THEN ! IC 6000 off 
8365 DISP " IC 6000 RS 232 FAILURE — PROGRAM PAUSE." 
8370 C A L L Alarm 
8375 PAUSE 
8380 END IF 
8385 GOTO Snd 
8390 SUBEND 
8395 ! 
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American Physical Society, 335 East 
45th St., New York, N.Y. 10017; 
(212) 682-7341. Technical meeting. 

Nov. 3-6: AVS 34th National Vacuum 
Symposium, Anaheim, Calif. Spon
sored by: American Vacuum Society, 
335 East 45th St., New York, N.Y. 
10017; (212) 661-9404. Technical 
meeting. 

Nov. 9-13: OSA Annual Meeting, 
Philadelphia. Sponsored by OSA*. 
Technical meeting, exhibit. 

J A N U A R Y 1 9 8 8 

Jan. 4-7: Conference on Optical F i 
ber Communication (OFC '88), San 
Antonio, Texas. Sponsored by OSA*. 
Technical meeting, exhibit. 

A P R I L 1 9 8 8 

April 25-29: Conference on Lasers 
and Electro-Optics (CLEO '88), Ana
heim, Calif. Sponsored by L E O S / 
IEEE and OSA. Meetings Depart
ment, OSA*. Technical meeting, ex
hibit. 

O C T O B E R 1 9 8 8 

Oct. 2-7: AVS 35th National Vacuum 
Symposium, Atlanta, Ga. Sponsored 
by: American Vacuum Society, 335 
East 45th St., New York, N.Y. 10017; 
(212) 661-9404. Technical meeting. 

* This calendar is prepared by the 
Optical Society of America (OSA), 
1816 Jefferson Place, N.W., Washing
ton, D.C. 20036, (202) 223-0920, in 
cooperation with: 

The Laser Institute of America 
(L1A), 5151 Monroe St., Suite 118W, 
Toledo, Ohio 43623, (419) 882-8706; 

The Lasers and Electro-Optics Soci
ety of the Institute of Electrical and 
Electronics Engineers (LEOS/IEEE), 
345 E. 47th St., New York, N.Y. 
10017, (212) 705-7890; and 

The Society of Photo-Optical In
strumentation Engineers—The Inter
national Society for Optical Engineer
ing (SPIE), P.O. Box 10, Bellingham, 
Wash. 98827, (206) 676-3290. 

G O L D S T E I N , Continued from page 16 

vide "handshaking" through CTS 
(clear to send) and D T R (data ter
minal ready) lines. 

In our view, Series 200 comput
ers are ideal for controll ing thin 
f i lm deposit ion instrumentation. 
They include versions of BASIC 
(and Pascal l ibraries) wi th com
plete support for multiple external 
interfaces through such statements 
as " O N D E L A Y , " " R E Q U E S T , " 
" A B O R T I O , " " D I S A B L E I N T R , " 
etc. 

Whi le this support is useful in 
controlling single instruments, it is 
absolutely crucial in areas such as 
high vacuum deposition where sev
eral devices must be control led 
simultaneously. As events such as 
vacuum gauge failure can occur at 
random times, the ability to handle 
" interrupts" is essential. 

In conclusion, hardware/soft
ware systems must be matched to 
particular optical requirements. A 
computer ut i l ized in ray-tracing 
calculations may be quite inade
quate for controlling thin film de
position. Assuming that commer

cially available packages are not 
suitable, the cost of in-house soft
ware development wi l l depend on 
languages and utilities as wel l as 
the r e q u i r e d d e g r e e o f user -
friendliness.• 

F R E D G O L D S T E I N is president of 
F T G Software Associates of 
Chatham, N.J. 

S I N C L A I R , 
Continued from page 18 

starting system is setting down cor
rect specifications. Typically, one 
encounters systems where some of 
the spec i f icat ions are obv ious: 
magnification, field of view, me
chanical constraints, etc. If one sets 
up a starting system that has just 
enough degrees of freedom to sat
isfy the obvious specifications, the 
chances are pretty good that some 
of the other implicit specifications, 
such as image quality, tolerances, 
and cost, may not be satisfactory. 

At this point, the buyer (i.e., the 
system specifier) and the seller (the 

optical designer) part company. 
The buyer is l ikely to put down 
some "can't lose" numbers for the 
implicit specifications, whi le the 
designer is l ikely to add some extra 
degrees of freedom to the system, 
hoping that they wi l l be enough to 
produce a good design. Both are 
working on the basis of intuition. It 
would be very helpful for each of 
them to have access to a computer 
that would look at their input and 
produce a response l ike, " D o you 
realize that this probably means 
t h a t . . . " 

We aren't even close to develop
ing a system of this type today, but 
there doesn't seem to be any fun
damental reason why one couldn't 
be developed. In fact, it is not what 
the purists wou ld cal l art i f ic ial 
intelligence, but rather an expert 
system, which isn't really intelli
gent at all. 

One thing seems certain about 
the impact of artificial intelligence 
on optical design: It wi l l not dimin
ish the role of real intelligence in 
getting a job done. Just as the nu
merically-oriented computers used 
today haven' t removed peop le 
from the design process, non-nu
merical computers that we might 
use tomorrow won't either. 

In fact, something that new com
puter technology wi l l certainly do 
for optical design is to make more 
people aware of it. Optical design 
is fun, and it has suffered too much 
from its image as an arcane craft 
practiced only by raybenders. As 
more peop le become invo lved 
with optical design, they wil l start 
to think of opt ica l solut ions to 
problems. 

O f course, a newcomer is not 
l ikely to keep up with an experi
enced lens designer. Richard Alt-
man, a well-known optical design 
consultant, was asked if the wide
spread use of optical design pro
grams was hurt ing his business. 
"No t at a l l , " he said. "There are 
many more people who get into 
trouble now than there used to 
be ! " 4 

D O U G L A S C. S INCLAIR is president 
of Sinclair Optics in Fairport, N.Y. 
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