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Forword

This collection of papers does not constitute a formal
reporting of the activities of the DARPA Materials Research
Council Summer Conference, £ach report, memoranda or technical
note is a draft of the author or authors and is their work
alone. The Steering Committee, in conjunction with the authors,
will decide how this material can best be presented as a formal
report to DARPA.
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FACTORS GOVERNING YIELD OF GaAs INTEGRATED CIRCUITS

T. C., McGill, D, K. Ferry and H. Ehrenreich

INTRODUCTION

Integrated circuits fabricated in III-V semiconductors
have a number of advantages over Si based integrated circuits.
These include increased speed for the same characteristic device
dimensionsl!, lower power consumption, and enhanced radiation
hardness2. The most advanced of the III-V technologies are
those based on GaAs. These include technologies based on the
metal-electrode-field-effect transistor (MESFET)3 and junction-
field~effect-transistor (JFET)3 as well as the newer hetero-
junction-bipolar transistor3 and high-electron-mobility-
transistor (HEMT)".

DARPA is playing the leading role in pursuing the tech-
nology in this country involving levels of integration beyond
small scale integrated circuits (SSI) and medium scale inte-
grated circuits (MSI). Companies such as Hewlett-Packard and
Tektronix have programs aimed at medium scale integrated cir-
cuits (MSI) which can be used in special purpose, high-speed
instruments, and data acquisition and transmission systems.
Discrete and very small levels of integration have been applied
in the microwave region by a number of companies. Companies
such as Bell Laboratories and IBM also have programs in this
field. The program at IBM is reported to be increasing sub-

stantially in size.
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Ef Foreign competition in the area of GaAs integrated cir-

 § cuits comes most notably from efforts in Japan and France. The -
?% Japanese have announced some impressive successes including the R
fﬁ development of a 1K bit random—access memory chip.?®

) Recently DARPA has embarked upon an ambitious and unique .
: program to establish a single GaAs pilot production line. This "
‘ pilot line will not only supply specific parts such as static .i
. random—access memories and gate arrays, but will also act as a -
S% GaAs foundry. This will allow groups in this country to take iz
45? advantage of a facility that will be unique.

}i Until now all GaAs IC production in this country has s
;Z been carried out in a research laboratory environment. In this oy
é} environment the process is not defined uniquely enough to allow ™
(% for a true test of yield and hence answer the basic question if
Eg. about manufacturability of GaAs LSI and VLSI.

?: Yield is a complicated, function of a number of inter-
g) acting parameters, Some of the factors which play an important .
.EZ role are: b
éf 1. Complexity of integrated circuit design and tolerance g
‘;j of design to variation in performance of the elements. »
é; 2. Basic feature sizes.

;a 3. Uniformity of basic materials used in the fabrication v
ié: process, o
ii 4, Process control and uniformity. “s
- R
:;Z Experience in the silicon industry indicates that attention to
.é; all these factors is required to produce a specific part with :
% z ;
o

‘

o

AR




a high yield in a given production facility. The GaAs pilot

facility will allow the first meaningful test of the manufactur-
ability of GaAs LSI under conditions in which attention has been
paid to controlling item 4 above.

In this context the Materials Research Council organized
a workshop to discuss what is currently known about GaAs IC
yields and to attempt to identify future directions that may be
important in developing circuits and fabrication processes which

could increase yield.

MEETINGS

Presentations

The agenda for the meeting is given in the appendix
along with a list of participants., In this section we will com-
ment on some of the highlights of the meeting and note comments
that are particularly relevant to our overall conclusion,

The first speaker at the meeting, R. E. Conklin, ad-
dressed the question of what we could learn from the VSHIC ex-
perience in producing new, high-performance chips. Conklin
identified some key aspects of the Si manufacturing methodology
that seem appropriate to GaAs IC production. These include the
following guidelines: (1) "Document everything; (2) Measure,
measure and measure; (3) Achieve a fixed process then change it
only to resolve verified problems; (4) Allow time for initial
equipment bugs and learning by people; (5) Run enough volume;

(6) Force conservative designs; (7) Do systematic process and

yield analysis."
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R. 2Zuleeg from McDonnell-Douglas presented that

company's yield analysis. He divided the yield loss into wafer
losses, gross losses, and losses due to random defects. Wafer
losses are due to wafer breakage. This factor should be rela-
tively easy to eliminate. Gross losses are defined as disquali-
fication of the wafer due to poor parameters, mask misalignment,
etc., and losses due to random defects include sources such as
conductor failures, vias, and material defects. As noted above
yield is dependent upon sensitivity of a given circuit design to
changes in the produced device parameters. At McDonnell-
Douglas, calculations of the circuit sensitivity to variations
in device parameters have been made using computer simulations
of circuit performance. These simulations have provided infor-
mation on the acceptable range of device parameters and provide
a good quantative mechanism of gauging the levels of process
control that must be obtained to reach a certain level of yield.
Sub-threshold leakayge currents in devices and visible surface
wafer defects (10 to 10,000 cm~2), which could be due to wafer
preparation, were identified as important areas of concern,
Surface preparation could be very important, since unlike Si
where oxidation and material removal are an integral part of the
process, the devices are fabricated directly in the surface
layer of the GaAs wafer.

The presentation from Rockwell was given by C. G.
Kirkpatrick. Rockwell is also pursuing a program that is as-

sessing the factors governing yield. Materials uniformity ques-
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tions and the formulation of an adequate qualification procedure

tor substrates are being addressed., The sensitivity of some
circuits requires considerable attention to the role played by
these factors in device performance. For example, the standard
Rockwell logic requires leakage currents to be as low as 1-10 uA
at a few volts for 5-10 pm device spacing. However, the random-
access-memory (RAM) devices require leakage to be held to 5-10
nA at a few volts for 3-4 um device spacing. Hence, the leak-
age current demands for RAM's are three orders of magnitude
smaller than for logic. Since the electrical parameters are de-
pendent upon the uniformity of the ion-implantation and anneal-
ing process, the capping and implantation process is receiving
considerable attention. The uniformity of deposited films and
processes for pattern definition was also identified as an im-
portant ingredient in determining yield. Kirkpatrick also indi-
cated the need for a disciplined pilot facility to determine
what yield could be reached.

The Hewlett-Packard program, as presented by R. A,
Burmeister, is a quite different program. The major aims of the
program is to fabricate SSI and MSI parts for commercial appli-
cation in digital data acquisition and transmission. Acceptable
yields (10-100%) have been obtained for these parts. The yields
are consistent with a defect density of 100-400 defects per cm?2
of active area on the chip’. One of the major points was the
fact that the liquid encapsulated Czochralski (LEC) method re-

sults in a large number of dislocations (~10* cm~2). This dis-
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location density should be compared with dislocation free Si
that is currently used. The presence of dislocations in the LEC
substrates could be very detrimental, particularly if lasers

are to be fabricated on the substrate. Dark line defects as-
sociated with dislocations are a major mechanism for degradation
in laser performance. New technologies such as heterojunction
bipolar transistors and HEMT require epitaxial layers. The de-
fect structures in these materials are not well understood at
present.

R. Lee of Hughes Research Laboratories presented data on
their experience with yield. At Hughes, the major concern is to
develop high speed devices. Further, they are developing a
technology that combines enhancement and depletion modes in a
self-aligned gate technology. They consider the critical yield
issues to be: Substrate materials uniformity, defects and sur-
face preparation, lithography, pattern transfer, the properties
of the transistor (including uniformity in threshold voltage and
source~drain current), and control of proximity effects from
nearby transitors.

J. Yuan of Texas Instruments presented their results on
heterojunction bipolar transistors for gate arrays. Unlike the
discussions by the previous speakers, the TI program requires
the use of epitaxial layers since it involves not only GaAs but
also GaAlAs. At TI, these epitaxial layers are prepared by mo-
lecular beam epitaxy (MBE). The unique yield issues associated

with this program are connected with the need to control both
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the layer fabrication and its properties in both GaAs and GaAlAs
layers.

Bell Laboratories (R, Dingle) is concentrating on a num-
ber of different device technologies and applications. Most of
their interests are in either SSI or MSI circuits which can be
used in special purpose applications. They are using epitaxial
processes to prepare material for the active device layer. The
halide process for chemical vapor deposition of GaAs is used
with a recessed gate device structure to fabricate standard
microwave and SSI devices. Selectively-doped-hetero-structure
transistors (SDHT or HEMT) are being fabricated in MBE layers.
One major development at Bell Laboratories has been the success-

ful growth of dislocation free GaAs (no further details are

available). Their experience with yield is limited to SSI cir- )
cuits and microwave devices where their yields are acceptable.

The Tektronix program, presented by A. Rode, includes

the development of technologies for analog and MSI digital cir- i;
cuits, The emphasis is on high speed. The technology employs a
depletion mode FETS built in semi-insulating GaAs substrates by §
a recessed gate technology. Air bridge interconnections are i

R

used., Parts are available for prototyping with yields that are

oo

acceptable. A new process that will provide LSI digital cir- .

o
o

cuits and precision analog circuits is under current develop-

ment., Both enhancement and depletion mode FET's will be avail-

able. Parts such as 1K RAM's and 1K gate arrays are projected
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for the 1985 time frame.

In their opinion the major factors

limiting yield are:

1. Materials - defects, substrate abnormalities, traps

2. Processing - passivation, lift-off, multi-levels of

metallization, dielectrics in MIM structures,

Material/Process - backgating, isolation, in-process
checks.

Device/circuit - design rules, circuit technology, non-
uniformity of device parameters, -
A major part of any yield analysis program is the test-

ing of arrays of structures for defects and an analysis of the -
failure modes. M.

Buehler (JPL) has designed test chips for

silicon fabrication technologies. He is making similar designs
for GaAs. The results of such studies should provide us with a L
mechanism to quantify various failure modes in GaAs integrated

circuits. e

DISCUSSION
Following the formal presentations, a number of brief
informal presentations were made and a round table discussion to
identify the key issues was organized.
Jim Gibbons (Avantek and Stanford) said that experience
at Avantek indicated that the implementation of Si processing g_
and manufacturing discipline could produce major improvements in
GaAs yields for discrete devices and SSI fabricated on epitaxial e
layers. Gibbons is concerned abhout ion implantation as a basis -

for GaAs IC production since the implantation and anneal process =
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is likely to produce non-stoichiometric layers because ot the
.‘ compound nature of GaAs.

P. Solomon (IBM) made a number of points including the
fact that for certain applications in military systems very
small yields could be useful if the part is sufficiently unique.
He indicated a concern that ohmic contacts could limit yield.
All the yield analyses have made the assumption that device
characteristics are distributed according to some simple distri-

bution, typically taken to be Gaussian. However, Solomon noted

that the actual distribution might be quite different, particu-
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larly for devices with large deviations in the values of their
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SO parameters, Since it is just these devices with large devia-
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tions in parameters that produce chip failures, it is important
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[1 to have accurate values of the distribution for these more
atypical devices.

- R. Bauer (Xerox) indicated a need to continue to pursué

\ epitaxial technologies, particularly MOCVD, both because of pos-
sible device advantages but also because of the fact that they

0 are compatible with opto-electronics.,

During the round-table discussion, a number of different
subjects were identified for further study. The discussion cen-
. tered about identifying areas where there may be unique problems

in GaAs IC's as contrasted with Si. In the area of materials,
. the problems that were identified included:

e The role of dislocations®, defects®, and impurities!? in

. determining device performance and yield.
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e The properties of dislocation-free GaAs recently prepared

at Bell Laboratories, Does it have the requisite ma-
terials parameters--high resistivity, resistance to
thermal conversion, etc.?

e The usefulness of epilayers for device fabrication and
the particular defect structure of the epilayer.

e The origin of wafer defects.

e The passivation of the surfaces and interfaces in GaAs.

In the area of device design, the major point was the
close connection between yield and the design rules allowed in
circuit design.

In the area of process development, the entire question
of manufacturing process definition interacts heavily with
yield. The techniques for ion-implantation, lift-off, ohmic
contacts and requisite level of cleanliness were all identified
as being important. The orientational effects of process in-
duced stresses on device performance is an important issue,

The development of test chips was considered essential
to identify clearly the source of yield loss.

Perspectives and Issues

The program to produce significant GaAs IC's is of na-
tional importance and implications transcending DOD's immediate
needs. However, unlike the case of Si where the evolution of
the complexity and performance of circuits has been gradual over
a lonyg period (approximately twenty years), the aim of the pre-
sent program is to reach very complex circuits with small

10
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fj?f o dimensions very quickly in GaAs. In addition, GaAs design rules
iﬁ .} are beginning at a 1 um level, a level which Si will reach only
FE{ - within a few years, The success in manufacturing such chips de-
£$E %f pends in part on exploiting the knowledge of manufacturing tech-
Sy . niques attained in the Si IC business and to identify which, if
C;E ﬁ any, unique problems III-V semiconductors present,
ééé :1 The current successes in producing discrete devices,
':, - and small and medium scale integrated circuits at a number of
individual organizations demonstrates that GaAs can in fact be

" manufactured with reasonable yields. However, the questions of
v‘; ;. whether chips with LSI and VLSI levels of integration can be
iif - manufactured have not been adequately explored. The current
éf’ - DARPA pilot program will test the question of manufacturability
e i} for one particular device technology for chips which have very
:; . demanding requirements. A failure to obtain high yield for
:é& 22 these particular devices (16K SRAM's and 6K gate arrays) is
g’:' X only a test for one technology, one manufacturing process, and
;25 - one set of structures. DARPA should consider the question as to
?:i :g whether the goals that have been set are attainable in the re-
1:} i gquired time frame. Intermediate goals and other applications
fig 'i should be explored to evaluate the progress of the technology.
.?; For example, MSI circuits for high speed application could pro-
?i‘ o vide an intermediate target. Even today in the Si business the

f@; . manufacturability of a given chip desiygn is dependent on a num-
ber of factors that are neither fully understood nor predictable

\ in a scientific sense. The successes of the pilot production

11
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facility could well be attributable to the clear identification

of some of the pitfalls of GaAs production.

Based on this meeting and our preceptions, we would

recommend that DARPA emphasize a number of issues:

(1)

(2)

(3)

(4)

(5)

(6)

Encourage the development of pilot line experience with a
number of different technologies (JFET, heterojunction bi-
polar, and HEMT.)

Allow a mix of chip designs and functions for GaAs chips to
be pursued.

Adequately characterize yield failures to identify the
mechanism responsible for difficulties.

Encourage imaginative, basic materials studies which will
lead to a better understanding of the properties of GaAs
(such as dislocations, EL2, carbon, etc.) and their con-
nection with device performance.

Attempt to identify unique characteristics of GaAs such as
surface passivation that could limit yield and initiate
fundamental programs to address these guestions,

In preparation for future technologies in this area, re-
search on epitaxial systems and device structures should
be pursued. These should include: molecular beam epi-
taxy, and chemical vapor deposition for preparation of

layers, and novel device-relevant concepts.
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THREE DIMENSIONAL INTEGRATED CIRCUITS

D, K, Ferry, T. C. McGill, and H. Ehrenreich

INTRODUCTION

The continued push to ever smaller semiconductor devices
and the concomitant increase in density in integrated circuits
has pushed lithographic line definition down toward the 1.0 pm
design rule range for NMOS Si, Other technologies, such
as CMOS are utilizing design rﬁles only slightly larger. As
device dimensions are reduced, it becomes possible to pack more
devices on a chip, thus achieving higher integration levels,
and to operate the devices at a higher speed. However, this has
pushed the actual devices to dimensions that are sufficiently
small that their operation has begun to deviate from the
performance associated with simple long-channel devices. T..
onset of second-order effects, such as gate-drain charge sharing
or interconnection stray coupling, are sufficiently significnt
that they are presently conjectured to limit MOS technology to
design rules larger than 0,5 um.

Because of the above problems, attention has turned to
three-dimensional integration (3DIC). In this approach 3DIC
devices are produced in multi-layers on a single wafer. For ex-
ample, a second Si layer is grown over the field oxide and used
for the second level of devices. This layer is typically either
epitaxial silicon or recrystallized polysilicon. By use of such
techniques, it is conceivable that the packing density can be
increased for an additional one to two generations of chips
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without exceeding any currently anticipated design rule limita-
tions,

In view of the possible future importance of 3DIC chip
designs, the MRC organized a meeting on July 7-8, 1983, devoted
to a general discussion of materials, devices, and architectures
that might be used as the technology develops. The considera-
tions of this meeting are intended to form a basis for assessing
the promises and problems of this technology and to focus on
some of the key development issues,

The following summary presents a synopsis of the various
presentations and discussions. This is followed by general ob-
servations about the status and recommendations about the future
of the field., A program and list of attendees concludes the
report,

MEETING HIGHLIGHTS

The session began with a discussion by J. Gibbons
(Stanford) of the general principles of folding and rotation of
the planar device layout that is used to achieve the stacked
configuration in CMOS. Many of the ideas used to design CMOS de-
vices are extensions of silicon-on-insulator technology. Among
the types of folding, one that is generally used involves plac-
ing the p-channel pull-up device above the n-channel device in
such a manner that a common gate is utilized. This is called
stacked CMOS, One point, well illustrated in his talk is that

device and circuit design remains in the "custom" layout mode

since no circuit standardization has yet been achieved. He

17
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emphasized that 3DIC has the greatest likelihood of success in
applications where (1) only a small number of masks or addition-
al masking steps are required, (2) the device density is of
great importance and (3) device properties not obtainable in
bulk or SOI are important. Another general conclusion is that
the three dimension structure does not produce any great in-

crease in speed. He has proposed a general figure-of-merit,

given as
FOM = (yield)Mask Count/¢2 x delay x area>,

which indicates quantitatively that care must be taken not to
introduce a significant increase in the number of mask levels.
Thus, 3DIC's may be limited to dense memory, or possibly bipolar
applictions.

J. Grinberg (Hughes) gave a presentation on system con-
siderations underlying the "ultimate" multi-level 3DIC. Such
structures are most useful in fully parallel configurations in-
volved, for example, in array or image processing. Since digi-
tal technology offers the possibility of programmable interac-
tions between image planes (layers), 3DIC's might be promising
in this area. The CMOS RAM was regarded as the major near-term
opportunity for 3DIC.

E. Maby (MIT) discussed the two level integration being
studied in his laboratory. Again, the investigation centers on
stacked CMOS, but utilizing a fully self-aligned approach. This

approach, however, may require more masking levels. In the MIT

18
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studies this need is partly accounted for by their study of
qguite larger devices.

P. Sullivan (NCR) discussed the programs being pursued
by NCR in the areas of 3DIC and arrays of processors. Using a 4
um CMOS process, they have produced a 3x6 array of elemental,
bit-serial binary processors. Each processor contains a 1 bit
ALU, 4 registers, and 128 bits of memory. The array is pro-
grammed by 13 control lines and seven address lines. It is,
therefore, capable of full cellular computation within this
limited size., Thus, this array forms a basis for some of the
systems discussed earlier by Grinberg. Future plans call for a
72 element array.

NCR has also fabricated a stacked CMOS implementation of
3DIC which required 8 masking levels, although the devices had
7-10 um channel lengths., He also reported on collaborative work
with G. Collins (Colorado State University) in which pulsed
lasers and e-beams are being used for laser enhanced CVD and an-
nealing. However, the pulsed sources remain a serious drawback
for applicaion to processing in 3DIC's,

B. Hoeflinger (Univerisity of Minnesota) discussed col-
laborative work with Honeywell. This work emphasizes low tem-
perature epitaxy as an alternative to laser/thermal recrystal-
lization. Their stacked CMOS process utilizes only 7 masking
levels.

H. W. Lan (Texas Instruments) gave an overview of TI's

efforts at 3DIC., Again, this involved the implementation of a
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stacked CMOS static RAM. Here, 4 and 8 um channel lengths were

being used for the n-channel and p-channel devices, respective-

ly. In addition to laser recrystalization, TI has also utilized

hydrogenation to passivate grain boundaries in the imperfectly

recrystallized second layer. Lan also raised a question about

.- PR

the compatibility of laser processing with current Si processing

technology.

|

G. Cellar (Bell Labs) discussed their efforts on re-
crystallization from a local melt, in which the entire upper
polysilicon layer is heated at one time using rapid thermal an-

nealing with tungsten lamps. In this way, epitaxial regrowth of

»
Sadodoh co B cheibededhndnchudh

the upper layers, rather than recrystallization from the poly-

crystalline form is achieved. He has found that if the film is
thick (length/thickness = L/d<100), then grain sub~-boundaries
are not a problem,

M. Geiss (Lincoln Labs) summarized that group's efforts -

on recrystallization using a strip heater and low temperature

epitaxy.
. Finally, R. Osgood (Columbia) discussed the use of o
; laser~-driven etching. This process provides high anisotropy due
SR8
N to the preferred direction of the light beam combined with high
.-, :
ﬁf resolution, He demonstrated the application of via hole drill-
b -
k‘ ing, The process itself has a weak threshold effect. 1In the
{ low power regime, photo dissociation of the HCl etchant is ]
predominant, while thermal dissociation dominates the high 1
$
l o power region. - J
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HIGHLIGHTS OF THE DISCUSSION

An informal group discussion followed the presentations.
The general consensus seems to be that the short term applica-
bility of 3DIC is limited to increasing the packing density in
static RAM, particularly CMOS. On the longer time scale, this
technology should become more useful, particularly as desrign
rule limits begin to halt further reductions of feature size in
conventional technology. However, almost all investigations
have been limited -o stacked CMOS, where the circuit is obvious;
little effort has been expended in NMOS, or other technologies.
Neither have there been any attempts to incorporate such devices
in new computer architectures., (This leads to a curious "Catch
22" situation: a designer of a new IC component will not perfect
the device until it is needed in a computer architecture; con-
versely, an architect will rarely use a hypothetical device in a
design.)

There is a significant problem vis-a-vis the second lev-
el of device material. The quality of the recrystallized semi-
conductor material is not particularly good. This appears not
to be critical in stacked CMOS, where speed has not been a major
consideration to date. There is also concern as to whether

multi-level circuitry can withstand the high temperature pro-

cessing inherent in recrystallization, While a low temperature
:; e epitaxial regrowth of the upper layers would appear to be more

advantageous, current efforts in this direction are limited,

v
LN NN

The possibility of using materials other than silicon, such as
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GaAs, in the upper layers was also discussed.
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Problems connected with the interlayer capacitance and
lithographic alignment suggest that technology relying on self-
alignment would be preferable. This becomes particularly impor-
tant as design rules are reduced toward 1.0 um. Planarization
required by photolithography is also a problem. There was con-
siderable discussion as to whether non-planar approaches could
be found and to whether alternative upper layer mat .rials would

prove useful,

!

s
J .

Finally, there were some questions as to whether the use ii

of larger die size in normal two-dimensional IC's (requiring im-

'25 provement in defect control or redundancy in design) would in- =
Ei‘ crease the integration and reduce the need of success for 3DIC. e
;: While there was no consensus, there was a feeling that although -
this was true in the near term, constraints on the design rules ;:
; would require both two-and three-dimensional approaches in the
Eé long term. -
i; SUMMARY -
ﬁ; The area of 3DIC's requires continuing attention, in 2
.;E' part because it holds promise for continuing the increase in <
';H packing density. However, the current approaches toward this
a; developing technology appear to have uncovered as many problems E{
;i as they have answered. Outside of NCR's modest effort, it -
3‘: appears that the entire program is supported by DOD and the :
E& Semiconductor Research Cooperative. This is probably appropri- ﬁ
§§ ate and befitting the speculative nature of the research. N
;P Unfortunately, the various programs seem to be concentrating too K
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much on the intuitively obvious stacked CMOS, rather than on

D creative approaches that could take advantage of the more di-
verse structure made possible by 3DIC's.

- The presentations and discussion highlighted several im-
portant questions which should be addressed in future research

programs,

-
hndebuniieilblnbedotntudabier. A

° Can recrystallization ever provide the reproducibility
necessary in a production environment? This is particu-
larly pertinent in laser and pulsed source modes of re-
crystallization. Moreover, can the lower levels of al-

;k ready deliniated devices withstand the high temperatures

required for recrystallization?

'Y
L

° Is the material quality of upper levels adequate to pro-

vide performance levels sufficient to make 3DIC's worth

-

pursuing? The development of device concepts beyond
stacked CMOs, in particular, would require gquality well

beyond that currently being achieved.

Are current efforts limiting the quest for novel system

2: N\ structures, e.g., digital/optical interface devices, be-
IR

-;' N cause of insufficient input from computer architects?
i: t; o What thermal limitations in 3DIC can be expected from
S

j: the multiple interfaces introduced in this structure?
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MONOLAYER AND MULTILAYER THIN FILM MATERIALS

M. S. Wrighton

The techniques of Langmuir and Blodgett can be used to
prepare monolayers and multilayers of organic materials on a
variety of substrates.1 The films of organic materials formed
by the LB technigues can be quite thin (<30A&). The molecules in
such films can be oriented. In principle, uniform monolayer and

multilayer films can be deposited over very large areas. Thin,

highly organized, and large areas are characteristics of LB

films that have been known for 50 years, but there is presently
renewed interest in these materials. The interest stems from
the possibhility that significant applications unique to LB films
are possible.¥'2 Some of the possible applications noted in re-
cent years are given in Table I. Many of the applications are
of direct interest to the DARPA/DSO and a program in the area of
LB films is to be undertaken. A workshop on LB films was held
at the MRC meeting on July 13 and 14, 1983 to bring together ex-
perts in the field, to learn about new results first hand, and

to air research problems, results, and opportunities.

MEETING SUMMARY
The meeting agenda and participants list are given at

the end of this report. M. Wrighton of the MRC organized the

meeting in consultation with R, Reynolds of DARPA,

The first speaker, G, Roberts, University of Durham,
gave an overview of his research of LB films with an emphasis on
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TABLE I. Tantalizing Possible Applications of LB Films

TR
L't Y

4
L

- MISFET Devices with InP, GaAs
- Large Area Displays !}

. Chemical Sensors

< Josephson Junctions

” Photovoltaic Devices
Waveguides
IR Detectbrs

’ Electron Beam Resists
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applications in electronic devices, including electroluminescent L
de