
Switching, logic, & storage 
OPTICS 
vs. the 

COMPETITION 
This article is based on a panel discussion on Issues in Optical Technologies: Switching, Logic, and Storage, held in Anaheim 
on May 22 as part of the 1990 Conference on Lasers and Electro-Optics (CLEO®). The five panelists, representing both 
optical and competing technologies, were: Lynn Hutcheson, Raynet Corp.; Robert Keys, I B M Thomas J. Watson Research 
Center; John Malinson, Center for Magnetic Recording Research, University of California at Sari Diego; Masud 
Mansuripur, Optical Sciences Center, University of Arizona; and David A .B . Mil ler, A T & T Bell Laboratories. A n audience 
of more than 400 people attended and participated in the discussion, chaired by the author, which examined both the 
positive features of and the challenges facing optical technologies. One literature reference associated with the material 
discussed by each panelist appears at the end of this article. 

By Dennis G. Hall 
"In my 30 years in magnetic record
ing, optical recording has always been, 
is today, and will always remain the 
recording technology of the future," 
John Malinson, a champion of mag
netic data storage, proclaimed to 
much laughter. 

"I feel like the policeman at the 
party, or the fireman at a fire," he said, 
making his opinion clear from the very 
start. " I 'm here basically to quench 
some of your ardor for lasers and 
optical things ...I'm trying to convince 
you in 10 minutes flat that magnetic 
recording is here to stay and nothing 
is going to displace it." 1 

Malinson went on to emphasize 
three important features of magnetic 
recording: density, capacity, and data 
rate. He noted that the areal density 
in magnetic recording doubles every 
two to two and one-half years. While 
current products make use of a density 
of approximately 100 megabits per 
square inch (Mbi ts / in 2 ) , I B M has 
already demonstrated (1989) in the 
research laboratory, magnetic disk 
recording at the density 1.2 gigabits 
per square inch (Gbi ts / in 2 ) . 

The fact that magnetic tape is very 
thin makes high volume densities of 
information possible. Densities of 
1011 b i ts / in 3 are regularly achieved in 
rotary digital audio transport (RDAT) 
cassettes. "The volume density in 
magnetic recording will not be sur

passed by anything this century," 
Malinson predicted. 

By way of example, Malinson re
viewed the characteristics of a specific 
magnetic tape (cassette) system, the 
A M P E X VPR300 Digital Composite 
Videotape Recorder, which records 
data onto a cassette at the rate of 148 
Mbits/second for up to three and 
one-half hours, for a cassette capacity 
of 2 x 1 0 1 2 bits (2 terabits). A data 
rate of 148 Mbits/second exceeds 
that for a Cray computer by a factor 
of three, and 2 terabits of data will fill 
40 14-inch optical disks recording on 
both sides, he claimed. Data rates of 
300 Mbits/second through a single 
head are expected soon. 

The case for optics 
Examining the case to be made for 

optical data storage,2 Masud Man
suripur divided the field into three 
areas: read-only memories ( R O M ) , 
currently used in compact disk and 
C D R O M technologies; archival stor
age, the so-called write-once, read-

many ( W O R M ) applications; and 
erasable drives and media, which use 
either the magneto-optic or phase 
change mechanism. A l l products in 
the erasable category available today 
make use of magneto-optics, Man
suripur claimed. 

A n areal density of 10 8 b i ts /cm 2 (or 
645 Mb i ts / in 2 ) is now available using 
optical data storage, a density 10 times 
greater than that in the best magnetic 
recording product available today, 
according to Mansuripur. Thus, he 
notes, the entry-level optical data 
storage product has a higher areal 
density than products that are the 
result of 35 years of R & D in magnetic 
recording. 

In contrast to magnetic data stor
age, the read/write head is not in close 
proximity to the disk in optical stor
age. Mansuripur views this as an 
advantage for optical recording, since 
disks can be inserted and removed 
easily. A portable 5.25 inch optical 
disk, therefore, acts like a floppy disk, 
but has a capacity of 600 Mbytes, and 
can be used at the same data rate and 
with nearly the same access times as a 
Winchester magnetic disk system, he 
explained. 

Important elements in optical re
cording heads include an aluminum 
gallium arsenide semiconductor laser, 
an objective lens, a beam-splitter, a 
photodetector, and an actuator sys
tem. The actuator moves the objective 
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lens up-and-down and side-to-side for 
tracking and to keep the surface of the 
optical disk in focus. The objective 
lens must be aberration-free, of high 
numerical aperture (NA) , typically 
0.5-06, and work in collimated light. 
The diameter of the focused beam on 
the disk is given by the ratio of the 
optical wavelength to the N A , sug
gesting the use of short wavelengths 
and high N A . 

Mansuripur pointed that there is a 
compromise required since the depth 
of focus decreases with the wave-
length / (NA) 2 , making it more diffi
cult to keep the laser spot focused on 
the disk during operation when, say 
a shorter wavelength source is used 
According to Mansuripur, the mass or 
the optical head, typically 100 grams 
or so, is the "Achilles' heel" of optical 
data storage, since it serves to limit the 
access time. The average access time 
for optical recording is in the 60-70 
millisecond range, while that for mag
netic recording is in the 10-20 milli
second range. 

He described a commercial "Juke 
Box" W O R M system sold by Eastman 
Kodak that stores up to one terabyte 
of information on 14-inch disks. Any 
piece of information in this system can 
be accessed in 6.5 seconds. Another 
product, available from a small Cana
dian company, is called the "Sixty 
Second Terabyte," and consists of a 
single reel of write-once optical tape 
that can store one 
terabyte of infor
mation. Any bit of 
information on 
the tape can be 
accessed in 60 sec
onds or less. 
There are eras
able, removable 
5.25 inch mag
neto-optic disks 
commercially 
available with a capacity of 600 
Mbytes, Mansuripur noted. 

New storage materials and shorter 
wavelength sources, such as frequency-
doubled semiconductor lasers, offer 
directions for future improvements in 
optical recording. Mansuripur 
pointed out that the capacity of an 

optical disk is not limited by the 
wavelength of light, an interesting 
observation. Adequate noise reduc
tion and "clever" modulation tech
niques would allow the capacity of the 
optical disks and tapes to be " in
creased indefinitely." 

Enter the computer 
Robert Keyes, turning to the area of 

computing, 3 observed that "There are 
so many exciting and interesting 
things going on in optics these 
days...that I think anyone who is in 
almost any branch of technology 
should take a hard look at what optics 
can do for that technology." 

Keyes considers a complex comput
ing system to be "special," making it 
difficult to extrapolate from current 
optical components to such systems. 
Keyes said that computers can have 
more than ten million transistors, a 
number so large that the component 
lifetimes of 100,000 hours and the 
difficult alignment procedures he sees 

to be typical of 
optical compo
nents are unsatis
factory and 
cannot be af
forded in such 
large systems. 

He noted, too, 
that the computer 
is a rather "hostile 
environment for a 
device," since the 

devices "are packed very closely to
gether to minimize travel times be
tween them." Strong energy fluxes, 
severe temperature gradients, heat 
dissipation in the devices, and the 
influence a given device exerts on its 
neighbors makes for an environment 
in which each device must be very 

"tolerant," able to perform properly 
under variable conditions. Keyes ar
gued that transistors and vacuum 
tubes have been successful in comput
ing because each is a high-gain device 
that can be manufactured at a low 
cost. 

Keyes believes that "great depth" 
distinguishes computing from the 
other applications to which optics is 
more traditionally applied. "Informa
tion might be handled a thousand 
times between the input and output 
in a computer," he observed. " T o 
preserve that information and prevent 
degradation, it is necessary to contin
ually amplify it and standardize it so 
that each device puts out a pulse that 
is acceptable as information to any 
other device in the whole system," he 
emphasized. 

Communication is the most natural 
application of optics in computing, 
Keyes believes. The only question is 
" H o w far in will it penetrate?" He 
notes that optics is currently used 
where there is heavy traffic between 
two points, and where there is a "lack 
of immediacy"one can afford to wait 
several nanoseconds after a request for 
the information to arrive. This allows 
time for such things as "multiplexing 
and electro-optic, conversion." Far
ther into the C P U (central processing 
unit), where communication is be
tween devices or chips, Keyes noted 
that, "Every picosecond is very care
fully scrutinized," allowing no time 
for "electro-optic conversion." 

He described present-day electrical 
interconnections as having "enor
mous flexibility," in that any two of 
the 30,000 logic terminals on a 
single substrate can be connected 
together. Holographic interconnects 
seem to Keyes to be the nearest optical 
approach to this interconnection 
problem, but the space required to 
accommodate it and difficulties with 
large deflection angles are serious 
issues that "interfere with the com
pactness of the computer." He re
marked that, "In a C R A Y computer, 
one layer of chips has another layer of 
chips just an eighth of an inch above 
it, and there isn't any room for any
thing else to be put in there." 
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Making the interconnection 
Lynn Hutcheson assured the audi

ence that he was not there to "...try 
to oversell the optical interconnect in 
the sense that it is going to solve all 
problems. However, there are some 
very interesting applications where it 
looks like optical interconnects can 
play an important ro le." 4 Hutcheson 
conceded that on-chip optical inter
connections are 
perhaps "far
fetched" for the 
immediate future, 
but he believes 
that there are real 
possibilities for 
optics in board-
to-board and 
chip-to-chip 
interconnects. 

Hutcheson 
went on to discuss 
several demon
strations of opti
cal interconnec
tion schemes that 
make use of either 
guided-wave interconnects, which 
use fibers or other types of optical 
waveguides, or free-space intercon
nects. He described a demonstration 
by researchers at the M I T Lincoln 
Laboratory of a free-space chip-to-
chip, one Gbit /second optical inter
connection. He noted that the GaAs 
laser transmitter was driven directly by 
the code generator on the first chip, 
and that the overall electrical-to-elec
trical differential efficiency for the link 
exceeded 18%, a value Hutcheson 
argued is high for an optical intercon
nection. 

When optical fibers replace free-
space as the connecting medium, 
positioning the fibers and attaching 
them are important issues. One tech
nique used in several demonstrations 
places fibers into V-grooves etched 
into silicon. The fiber ends are pol
ished at an angle that permits (total 
internal) reflection of the light down
ward to a photodetector. Another 
technique has the core of the fiber 
inserted into a hole etched into a 
semiconductor chip, where a detector 
has been formed at the bottom of the 

etched hole. Hutcheson pointed out 
that optical waveguides made of poly
mer materials, similar to those used in 
current electronic packaging, depos
ited onto the substrate have shown 
superb performance in recent efforts. 

Hutcheson discussed one particu
larly interesting effort involving the 
Connection Machine under develop
ment by Thinking Machines Corp. 

The Connection 
Machine is a 
highly parallel 
computer in 
which approxi
mately one mil
l ion, one-bit 
processors are to 
be connected. In
vestigators at 
Honeywell are de
veloping board-
to-board optical 
transceivers for 
insertion into the 
Connection Ma
chine. H e cited a 
recent one G b i t / 

second demonstration in which sig
nificant improvements in power con
sumption were achieved. 

Hutcheson observed that packag
ing is always an important issue, and 
matters such as optical alignment and 
the presence of both GaAs and silicon 
in the same package must be taken 
seriously. He stressed that in consid
ering the use of optics in interconnec

tions, one must ask, "What is the 
function that is to be performed? You 
might have to redesign chips and 
boards to accommodate that func
tion. It is going to be very difficult to 
take the exact chips that are being 
designed for computers today and just 

replace electronic wires with optical 
wires." 

This is an important point that 
argues that optics has to be planned 
for from the beginning, not added on 
at the end. 

Optics vs. electronics 
David A .B . Miller took a more 

fundamental view of the interconnec
tion issue by observing that, "You 
can't engineer past the physics." He 
illustrated this point with an amusing 
speculation on tachyon communica
tion and retroactive patenting. (The 
term "tachyon" refers to a hypothet
ical particle that travels faster than the 
speed of light.) Mil ler feels that the 
interesting question to ask is, "Where 
is it that optics, because of its different 
physical nature, excels." 

The power of optics lies, he believes, 
"not in fighting electronic systems, 
but rather in trying to complement 
them where the strengths of optics 
l ie." Many of the difficulties facing 
large electronic systems today are 
interconnection problems, he as
serted. Problems such as clock skew, 
ground-loop isolation, cross-talk, 
loss, and impedance-matching are all 
associated with interconnection. 
Miller argued that, "The whole busi
ness of backplanes, for example, in 
electronic machines is totally domi
nated by three simple pieces of phys
ics, one of which is the issue of 
frequency-dependent loss, one is the 
issue of cross-talk which gets worse at 
high frequencies, and the other is the 
issue of impedance-matching." None 
of these applies to optical intercon
nections, in Miller's view. 

Mil ler noted that interconnections 
on a chip are relatively cheap, but 
off-chip interconnections are costly, 
both in terms of the space they occupy 
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and in dollars. Applications such as 
telecommunications switching requi
re these off-chip connections, how
ever, so we must confront the issue. 
He added that the clock-cycle of the 
large, fast electronic machines is not 
dominated by the logic time of the 
devices, but by the interconnections. 

In the past, those in optics have 
devoted considerable attention to the 
development of ultrafast logic devices, 
and real progress has been made. 
However, Mil ler does not believe we 
will see those in large systems in the 
foreseeable future since there remains 
a great deal of technology yet to 
develop. Optics does offer distinct 
advantages in interconnection, 
though, since it allows global topolo
gies, avoids ground-loop problems 
through optical isolation, and elimi
nates clock-skew when imaging con
figurations are used, according to 
Miller. 

Commenting on the energy re
quired for communication, 5 Mil ler 
observed that, "Even without extreme 
speed,optics can help us make large 
digital processing systems." H e added 
that, "It is very challenging to do so 
from the technology point of view, 
but the fundamentals are there for 
optics." H e pointed out that two 
high-impedance logic devices we 
might want to interconnect are sepa
rated by a very low impedance me
dium—space—with an intrinsic 
impedance of 377 ohms. H e noted 
that it is difficult in practice to con
struct a high-impedance transmission 
line without incurring high losses, so 
we cannot do a great deal about this 
impedance-matching problem. 

Optics gets around this, according 
to Mil ler, "...because optical devices 
are quantum devices." He offered the 
example of a photodiode, "a very 
marvelous impedance transformer" 
he termed a " D C to daylight imped
ance transformer." His argument i l
lustrated that the photodiode acts "to 
match a low voltage in a low imped
ance medium into a higher voltage in 
a higher impedance device." 

Miller drew a distinction between 
classical detection, in which one tries 
to measure a voltage, and quantum 

detection, in which one tries to count 
quanta. The consequence of his argu
ment is that energy considerations 
favor optical over electrical communi
cations when the interconnection dis
tance exceeds a 
certain value, an 
advantage rooted 
in the quantum 
nature of optical 
detection. He 
noted further that 
if one really can 
develop a good 
integrated optical 
technology, op
tics retains its en
ergy advantage up 
to frequencies of 
one T H z . 

One needs "ex
tremely well inte
grated devices" 
that operate at 
very low powers 
to take advantage 
of Quantum Impedance Conversion 
(QuIC), Mil ler emphasized. Devel
oping better devices, he believes, is the 
challenge to technology. Optics 
should address the fundamental weak
nesses in electronic systems: the inter
connections. "The strengths of 
electronic systems undoubtedly lie in 
the complexity and reliability with 
which we can make complex systems, 
and we're not going to beat that in 
optics in the foreseeable future as far 
as I can see," Mil ler concluded. 

Magnetic vs. optical 
Asked why it is that i f magnetic data 

storage is so superior, it is optical disk 
technology that brings music and 
entertainment into the home, Mal in
son responded that the read-only 
optical disks can be mass-replicated 

cheaply. Discussing the "flying heads" 
used in a magnetic recording, 
Mansuripur stated that the head-to-
disk distance in magnetic recording is 
approximately 0.1 µm at present, and 

will need to be 
even smaller to ex
ploit higher areal 
densities. Mal in
son noted that 
head crashes in 
magnetic record
ings are not nearly 
as common as 
they once were: 
the mean time to 
failure is in the vi
cinity of 100,000 
hours for a rigid 
disk. It is more 
likely that an 
electronic com
ponent in the 
power supply will 
fail than that a 
head will crash, 

according to Malinson. 
Mansuripur fielded a question 

about the relationship between the 
optical wavelength and the ultimate 
information capacity of an optical disk 
by pointing out that spots of different 
sizes can be made, with each spot no 
smaller than the diffraction limit per
mits. The spot size provides another 
means for encoding information, with 
the end result that the disk capacity is, 
in a sense, not limited by the wave
length of light. 

Addressing the issue of the long-
term stability of magnetically vs. opti
cally stored information for archival 
purposes, Malinson stated that for 
properly stored magnetic tapes or 
disks, "The physical lifetime of the 
recording medium will exceed the 
lifetime of the system on which you 
are going to play back the recorded 
information." H e noted that he had 
recently listened to an E M I recording 
made by A M P E X 32 years ago on 
0.25-inch tape and found it to be 
"perfect." The issue of the availability 
of systems that are capable of playing 
back tapes recorded decades ago, for 
example, was acknowledged to be an 
important one. Malinson posed the 

OPTICS & PHOTONICS NEWS • OCTOBER 1990 21 

New storage 
materials and 

shorter 
wavelength 

sources, such as 
frequency-doubled 

semiconductor 
lasers, offer 
directions for 

future 
improvements in 
optical recording. 



question: " H o w long will there be an 
V H S recorder available to you, or a 
A M P E X recorder, or...?" He believes 
that such systems will be hard to find 
30 years from now. 

Mansuripur pointed out that both 
the Department of Defense and 
N A S A re-record their magnetically 
stored data every two or three years to 
preserve the integrity of the data. But 
he acknowledged that optical disk 
technology is sufficiently new that 
only projected lifetimes are available. 
Accelerated life tests indicate a 10-
year lifetime for data on a write-once 
optical disk. 

Computing and interconnection 
A great many questions and com

ments dealt with the related subjects 
of computing and interconnection. 
One member of the audience asked 
the panel who will make the move to 
redesign chips, boards, and systems to 
take advantage of the special features 
optics has to offer. Mil ler replied 
succinctly: " H e who needs it." 

Asked if the trend toward distrib
uted computing (the use of personal 
computers and work-stations) instead 
of mainframes 
might create a 
greater role for 
optics, Keyes af
firmed that the 
manufacturers of 
mainframe com
puters certainly 
expect to be in 
business for quite 
some time to come. He agreed, 
though, that processor-to-processor 
communication is a good opportunity 
for optics. Mil ler concurred and 
pointed out that there is a great 

similarity between the type, of com
munication that takes place between 
processors in a highly parallel com
puter, and "packet-switching" in tele
communications . 

One questioner addressed the hope 
that optics can do more than just 
interconnect electronic devices: 
Might it be that neural networks, 
artificial intelligence, parallel process
ing and other advances will change 
our perceptions of optics' role in 
computing? Keyes responded first by 
saying that there are too many unan
swered questions at this point to make 
a prediction. Mil ler elaborated by 
observing that such questions cannot 
be answered at the device level; they 
must be considered at the system level. 
He views new devices and concepts as 
presenting options, some of which 
will be pursued. Mil ler observed that, 
"The history of technology is that we 
are very seldom able to predict what 
the actual usefulness of some new 
thing that we come along with is; 
we're nearly totally wrong, and that 
should make us all much more confi
dent." 

A question of cost 
The issue of the high cost of optical 

devices compared with electronic de
vices was discussed briefly. One audi
ence member wondered if optical 
devices would only be used in systems 
for which the hardware is a small 
fraction of the overall system cost. 
Keyes, Mansuripur, and Hutcheson 
all felt that functionality was the more 
important issue: the need to perform 

a given task will be 
the driving factor 
in the choice to 
make use of op
tics. 

Offering an ex
ample to support 
his view of the pri
macy of magnetic 
storage, Malinson 

asserted that the intelligence commu
nity used data rates in excess of 3 
Gbits/second in satellite surveillance 
systems. The recorder on the ground 
is certain to be a small fraction of the 

cost of the total satellite system, he 
argues, "yet the recording is done 
magnetically because that is the only 
way to do 3 Gbits/second." 

The final question of the evening 
focused on the compatibility of silicon 
and GaAs technologies. The panel 
generally felt that it wil l soon be 
possible to make good quality GaAs 
devices on a silicon substrate. "I think 
the day when we will see commercial 
GaAs and silicon devices on the same 
chip is not far off," Keyes predicted. 
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