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FORkWORD

fI The completion of the Miniature Flat Panel Display program was the result
of an interdisciplinary team effort by individuals from three separate areas

- of Hughes Aircraft Company. The Liquid Crystal Section of the Industrial
Products Division was responsible for the overall program management, and the
design, fabrication, and testing of the Liquid Crystal Matrix Display and its
custom ISI drivers. The Display System Laboratory, Radar Systems Group, provided

I project and system engineering, and design staff for the electronic and mechanical
tasks. The Electro-Chemistry section of the Hughes Corporate Research Labor-
atories formulated the liquid crystal material.

* 3 The team of individuals whose conscientious efforts contributed to the
completion of the MFPD program included: Richart Bernstein, Bruce Fletcher,
John Gunther, William C. Hoffman, Anna Lackner, Lew Lipton, J. David Margerum,
Dave Murillo, Wilson Quan, Jim Rill, Warren Schnibbe, Craig Stephens and Andy

II Toth. The program was monitored and directed for the Army by James Brindle and
David Bosserman. This report was typed by Eve Gonzales.
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il.

S 1.0 INTRODUCTION

i 1.1 The LC/MCS Matrix Display Program

The purpose of this final technical report is to summarize the efforts
and results on the high density (23.1 pixels per millimeter) display with
integrated driver circuits (which is fully documented by the interim
technical report); and to document the complete development effort on the
medium pixel density active-matrix flat panel display (12.25 pixels per
millimeter) which resulted from the redirection of this program. .The
medium density display, designated the H4080, has an array size of 240x320

i pixels.

1.1.1 Scope

The scope of this effort involved the design, fabrication, demonstration,
and delivery of a liquid crystal active-matrix flat panel display. The
scope also included the development of mounting the metal-oxide-

S cornd utors _ ) atrix display onto a suitable -c r tboarfand--the -
developmentIof-Leling techniques to achieve the required display operating
performance. The initial program scope involved the development of the
high pixel density liquid crystal matrix display; the program scope was
redirected after twelve nonths of developmental effort to implementing the
medium pixel density liquid crystal matrix display. A completed medium
density display showing video imagery in the central 175x175 pixel area3 is shown in Figure 1-1.

1.1.2 Objective

The initial objective of this program was to demonstrate the feasibility

for a high pixel density miniature flat panel display through the design,
fabrication, and evaluation of a proof-of-progress breadboard and four
feasibility models. The redirection of the program efforts changed theI objective to demonstrating the feasibility for a medium pixel density
miniature flat panel display. These latter displays were fabricated with
the basic seven mask, MCS p-channel process sequence used to fabricateI previous lower density displays.

1.1.3 Background

i Hughes has demonstrated several active-matrix flat panel displays that
have been made with low to high pixel densities, from a 3.94 to 23.1
pixels per millimeter (p/mm). Recent improvements in both the active-
matrix display and the display-driver technologies have set the stage for
this program to extend proven techniques and to fabricate a 240 by 312 pixel
display matrix at a density of 23.1 pixels per millimeter (p/mm). This
program progressed from the technology development achieved by fabricating

a 23.1 p/mm Miniature Active Matrix liquid crystal video display, for the
U.S. Army Mobil ity Equipment and Development Command under Contract Number3" LVAK7T-77-0225. That program resulted in the demonstration of a defect-

-1-

Ui



C)

c,. a)

.- -
CDC

Ln0

V, 4J 5
C

E pJ
a

cop

LLp



free 100 by 100 pixel matrix (H4030 display) which allowed presentation
of live video with full gray scale capability. This display met or exceeded
all program requirements. A photograph of video on the H4030 display is
shown in Figure 1-2.

A miniature CR1 is presently used in magnified display systems used for
Helmet Mounted Displays (hMD), Head-Up Displays (HUD), and Tank FLIRs.
The major disadvantages of the CRT' for these applications range from low
life, low brightness, high voltage, and difficult maintenance actions in
the HUD application to lack of ruggedness in the tank application. The
development of a higher density matrix display would eliminate these
disadvantages. The development of a higher density flat panel display
would also provide the opportunity to develop much needed portable weapon
mounted displays and hand-held target acquisition devices.

In order to extend the earlier development of the 23.1 p/mm high density
display, it became evident that the most significant problem in the flat
panel matrix display technology was the ability to interconnect the display
to its drivers. After an evaluation of the technical problems and risks
associated with various interconnect schemes, we concluded that the most
desirable and least risky approach was to integrate the drivers directly
with the display by using the same nine mask silicon processing techniques
that were used in fabricating the 23.1 pixel per millimeter (p/mm) display
(H4030).

Additional key technical challenges on the high density display program
were the development of: (1) a stable high value resistor for assuring
linear operation of the on-chip drive circuits; (2) a suitable light
blocking layer for protection of the underlying transistors in the active
display area; and (3) a compatible intermediate dielectric material for
isolating the light block layer and smoothing the active display surface.
Successful achievements in the first area were obtained by controlling
the resistivity of a doped polysilicon layer to the tolerances required
for the linear drive circuitry. However, after twelve months on this
program, no acceptable solutions had been found for the light blocking
and intermediate dielectric layers. As a result of these problems,
an alternate technical direction for this program was established. The
approach taken was to increase the pixel density to the maximm consistent
with the well-established technology previously developed. This was
determined to be a pixel density of 12.3 p/mm instead of 23.1 p/mm.
In addition a display size of 240 x 320 pixels was chosen, similar to
the high density display goal. This allowed for 4 displays to be
placed on one three-inch-diameter wafer to improve display yield.
Finally the existing drivers, interfacing to the display with flexible
cables, would be utilized in the electronic demonstration models.

-3-
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Further development of this display would result in a hybrid package
with drivers mounted on the periphery of the active area. This
package would then serve as a common optical module for displays
requiring higher pixel counts. For example, four modules could be
optically combined, yielding a 480 x 640 pixel image source for the
projection Heads Up Display (HUD) unit.

The remainder of this report is organized into four sections. Section 2
summarizes the work performed on the high density (23.1 pixel/mm) display
including the problems which led to the redirection of effort. Section
3 covers the display system which was designed and fabricated during
that redirected effort. Section 4 discusses the specific tasks under-
taken during this program. It includes a discussion of the hardware
which was delivered. The final section summarizes the status of
current technology and the implications of results obtained
for future work in this area.

2.0 The High Density Display With Integrated Drivers

The initial baseline approach for this program was a display with 23.1
pixels/mm which had been designed as an IRD task. This display was
based on one developed for a previous Night Vision Labs program.
However to minimize interconnection difficulties at that high density
it was decided to integrate the display drivers adjacent to the display
in the same piece of silicon. The resulting circuit requires only
twenty three independent signals to generate a full 240 x 312 pixel
television image. Those signals were generated by interface boards
which utilized ccnmercial VHF and UHF tuners feeding into a CA3068
integrated IF detector. Horizontal and vertical sync signals were
separated fran the video by discrete circuitry. A 6.25 MHz clock was
generated and fed into an 8 bit shift register thus generating an 8
phase clock for distributing the video signal onto 8 video bus lines.
Video from the tuner was processed on the circuit board using an HA 2535
and a U1002. The processed video was then distributed into the 8 video
bus lines through a bank of 04CS transmission gates (CD4016A) controlled
by the 8 phase clock previously mentioned. The video was buffered with
an L4002 in each of the 8 video bus lines, and together with the vertical

horizontal syncs, were used in driving the assembled high density
,, in its hybrid package configuration. A picture of the electronics

ur. was to be used in driving the packaged high density display is
shown ii, Figure 2-1.

2.1 Develooment of the Integrated Drive Circuits

The drive electronics interface to the high density display consisted
of on-chip integrated drive circuits ad off-chip circuit boards for
processing the standard 525 line TV composite video. The on-chip inte-
grated driver circuits provided an interlaced video

-5-
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Experimental results with chrane metal indicated that the metal migrated
through the silicon dioxide insulating layers which caused major poly-
silicon interconnect shorting problems. Similar experiments performed
with aluminum metal did not exhibit this problem; however, after
subsequent processing of the buried metal wafers through final metal
electrode definition, the polysilicon interconnect layer was shorted to
the light block layer.

Next, tests were run to develop an intermediate insulator layer between
the polysilicon interconnect-buried metal and reflective electrode-buried
metal layers, as shown in Figure 2-8. Several intermediate insulator
layers were investigated, such as:

Chemical vapor deposited (4500) silox
Polyimide firlms
Low temperature plasma deposited silicon nitride
Sputter deposited silicon nitride and silicon dioxide

None of these films proved to have adequate integrity in the extremely
thiin layers (3000A) required by the design. Additionally, the capability
of achieving an optically flat display surface was not within the
existing technological techniques available in the semiconductor
industry. Previous experimental results had confirmed that this
"smoothing" operation in which a near optical flatness was achieved
over the active-display surface was necessary to attain the desired
reflectance and contrast performance parameters. For instance, Figure
2-9 illustrates the reflectance for a smoothed and non-smoothed display
surface (about 2:1 reflectance improvement). Further development efforts
would be required either to develop the mechanical polishing of an
insulator layer or to achieve a "self leveling" insulator film upon
which the top chrane reflector electrodes would be patterned.

Therefore, the combined processing difficulties of preventing pinhole
shorts and achieving a smoothed surface with the intermediate insulator
layers has hindered the final development, faorication, and assently of
the high density flat panel matrix displays (i.e., the four feasibility
modules).

2.3 Testing of the High Density Display

Due to the complexity of the high density display, partitioning of the
high density array and integrated driver circuits provided for the
indiependent evaluation of each circuit's principal functions. Through-
out the successive stages in the gate and drain driver circuits, test
points were provided. Each line in the high density array has a test
point provided at either end. In addition, several process and device m
monitor test circuits were positioned about the display device which
provided for continuous process evaluation of device characteristics
throughout the process cycle, and for improving the display yield in
processing. The various test points incorporated into the processing
of tne high density display were shown in Figure 2-10.

M iniccmputer controlled testing was used to collect the information on

disolay line defects. This information analysis quickly confirmed that

-13-



There were several processes which required further development in

order to fabricate a high density display which would completely satisfy
all performance requirements. These developmental process steps are il-
lustrated as darkened boxes in Figure 2-7. For instance, the integrated
driver circuits require a high-value resistance layer to provide a
low-current load device for stand-by operation during different intervals
in the TV frame period. Development of the processing technique.s to
repeatably reproduce the high-value resistors within the desired resist-
ance range was actively pursued during the wafer processing phase on
this contract.

IThe high density array also requires a buried metal layer to to eliminate
photo-generated leakage current to the pixel transistor from the sub-
strate regions exposed by the gaps in the pixel reflective electrode,
between each pixel in the array. The 100 x 100 elemental array supplied
on the previously mentioned contract was sensitive to the red end of
the visible spectrum since the metal light blocking (LB) layer and the
reflective electrode were of polysilicon material. Hughes actively
pursued on this contract the development of a non-light sensitive
light blocking layer which did not "short out" the display interconnect
lines and pixel reflective electrodes. Concurrently with the light
block layer development, Hughes pursued the development of intermediate
insulating layers which "sandwich" the metal light block layer, thus
insulating the light block metal from both underlying interconnect layers
and the final metal layer which served as the pixel reflective electrode.

In addition to its electrical properties, at least one of the inter-
mediate insulating layers must provide a "self-leveling" film, or be
capable of being mechanically polished. This requirement stems from
the reflectance and contrast comparisons performed on low density
displays between "smoothed" and "non-smoothed" surfaces. A smoothed
(i.e., optically flat surface) display provides a reflectance and con-
trast ratio approximately double that from a nonsmoothed display.
Therefore, the active surface area of the high density array must be
smoothed to enable the display performance to meet the requirementsset forth in this program. Further discussions on display smoothing -

are provided in a later section of this report.

2.2.2 Optimization of Processing

IIn developing the high density display process tests of individual
process steps were carried out, especially with the high value resistor,
light blocking layer, and insulating dielectric layer. For instance, a
major accomplishment was demonstrated by varying the boron implant dose
of the undoped polysilicon for the high value resistor layer to bracket
the desired resistivity needed by the integrated drivers.

Next, tests were conducted to develop the light blocking layer material
(buried metal layer) which was deposited between the polysilicon inter-
connection layer and the top reflective metal electrode. The two primary
candidates for light blocking were chromium and aluminz-silicon metals.

I -17-
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TABLE 1-2

ABBREVIATIONS AND TERAS E4PLOYED

IN DESIGN4 AND PROCESSING

SIOX A term frcm silane (Sill4 ) and oxygen (02), which designates
the reactive deposition that accurs when these gases are combined
at high temperature (450 0C to 1000 0C) to form silicon dioxide
(SiO2 ) on the silicon substrates.

TEDS An abbreviation for another source gas, tetraethylorthrosilicate
(Si(OC2H5 )4), which when reacted with oxygen at even higher
temperatures (600 0C to 1000 0C) deposits silicon dioxide on the
silicon substrates.

CVD An abbreviation for chemical-vapor-deposition which is a descriptive
term for the type of reaction that occurs with silox and TEOS
depositions. V-CVD indicates the process is done in a vacuum
except for the partial pressures of the source gases.

SI A standard layout abbreviation for the mask defining the poly-
silicon gates, interconnects, or other shapes.

CCNT The mask defining contact holes prior to the SI layer

TO The mask defining the thin oxide region over the gate, capacitor
and the regions where contacts are to be made.

DIF The mask defining the regions to be doped by diffusion of acceptor
or donor atoms from a source gas in a furnace tube.

CS The mask which defines the areas to be implanted around the trans-
istor to form a barrier or channel stop for carriers which might
otherwise cause current leakage.

VIA The mask forming the deep contact or via through the thick deposited
TEOS layer.

CR The mask defining the chraium matrix on the miniature active
matrix device.

LB The mask defining the holes in the light block or ground plane
layer on the miniature active matrix device.

SA The mask defining the self-aligned source and drain regions which
use the gate as the mask for the edge of the implant.

-16-
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3 pulse width, is to allow the continued loading of the pixel capacitors
with the video sample provided fran the drain driver circuits. The
gate circuits on both sides of the high density display are powered-
down during the video sampling period in a TV frame in order to reduce
power dissipation. The schematic for the gate driver circuits, located
on either side of the high density pixel array, is shown in Figure 2.5.

3 2.1.3 Drain Driver Circuit Design

The integrated drain driver circuit consists of several elements, whichl are described in the following discussion and whose relative position
in the high density display is shown in Figure 2-2. There are 78 shift
register circuits which control the video sampling from the 8 video
buses brought onto the chip fran drive electronics interface boards.
The 8 video bus lines sample the composite video and amplify it by a
factor of 4 at a 12.6 MHz rate. The on-chip shift register string samples
the 8 video bus lines at 1.56 MHz. This reduces the power dissipation
and required speed of these shift registers to acceptable levels for
integration with a high density display. When the shift registers are
not used for video sampling, they are powered down, to further reduce
their power dissipation. The sampled video signal is stored on a MCB
capacitor, and held for a maximum of 53 microseconds, before being read
out to the video amplifier circuits. These linear differential amplifi-
ers receive the sampled video signal fran four capacitors, in a sequent-
ial manner. The video signal is amplified by a factor of five and
driven to the corresponding drain line on the high density display.
Process compensation circuits, current sources, and alterable bias
control circuits are available on chip for the video amplifiers to be
compensated across the driver circuit area for uniform video amplific-
ation. The schematic for the drain driver circuits, located at the top
of the high density pixel array, is shown in Figure 2-6.

2.2 Processing of the High Density Display

I 2.2.1 High Density Display Processing Requirements

Under a prior contract with the Night Vision Labsr Ft. Belvoir, VA.,F'I Hughes produced a line defect-free 100 x 100 element array of 23.1 p/m
resolution. The conservative design rules that were used to achieve
this elemental density were also utilized in the new design of the 240F : by 312 high pixel density display with integrated drivers. The principle
design rules are sxinarized in Table 2-1. In addition, the same processes

V and fabrication controls developed for the 100 x 100 elemental array
were directly applicable to the high density display and integrated
drivers. A description of the high density display process is provided

0 in Figure 2-7.
A description of the semiconductor abbreviations aid terms employed in

the display and driver designs and in wafer processing is listed in
Table 2-2.

-11-
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. image to the horizontal 240 gate lines and vertical 312 drain lines in
the high density array. The resultant high density display layout
schematic is shown in Figure 2-2. The integrated driver circuits were
implemented with the same 9 photomask p-channel MOS process used toJ." fabricate the high density array, aLu.r-ented by the addition of four
photamask layers for elements of the driver circuits.

iDesigns of the integrated driver circuits utilized on the high pixel
density display have evolved from a series of designs and concepts,
some of which have been used on previous driver circuit designs.

> 1 2.1.1 Integrated Display and Driver Circuit Design

The integrated driver circuits for the high density display contain
essentially two different design types. The gate driver circuit controls
the sequential activation of the horizontal gate lines. The inter-
connections between the gate driver circuits and the display gate lines
provide the display with interlaced video signals at the frane rate of
30fps. The drain driver circuits select the video signal samples which
are then placed on the display. These circuits provide the high density
display with a line of video information at the same time the gate
driver circuits activate the corresponding horizontal gate line on the
display. A timing diagram is shown in Figure 2-3 for the integrated
gate and drain driver circuits that were used on the high density display.
Each of these designs will be discussed in greater detail below.

An evaluation of the high density cell concepts and integrated driver confi-
guration resulted in the design and layout of the high density display
circuit shown in Figure 2-4. Several of the significant layout character-
istics are described as follows: The gate driver circuits were positioned
on both sides of the display whereas the drain driver circuits were posi-
tioned at the top of the display. Process monitor devices and critical
driver circuit elements (i.e. video amplifier circuit) were positioned in
an area approximately .15 cm wide around the display's active image-area.
The high density display design, layout, and photomasks were previously
developed on an Internal Research and Development (IR&D) task which
undertook the implementation of a MCS matrix display with a high pixel
density configuration. The resulting high der,.ity display layout was

.13 positioned as two arrays on a 3 inch silicon wafer by Utilizing a" thirteen
photomask sequence.

- 2.1.2 Gate Driver Circuit Design

The integrated gate driver circuit consists of two strings of 2 phase
registers located on either side of the high density display. The line
drivers on the left side of the display are connected to the odd numberedShorizontal gate lines. Likewise, the gate drivers on the right side
are connected to the even numbered horizontal gate lines. Each gate
driver shift register string contains its own on-chip, 2 phase, clock
generator which is activated by horizontal sync pulses in the video
field that is being displayed. The increased time duration, shown in

_ 3 Figure 2-3, for the gate line driver output, beyond the horizontal sync

a-7-
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the display photcnask set was free of any defects that would adversely
affect the display or driver circuit operation. The analysis of the
driver circuits and process monitor circuits was performed on the Elect-
roglas test station shown in Figure 2-11.

2.3.1 Integrated Driver Circuit Tests

Test points were provided in the drain and gate driver circuits, at
every twelveth shift register bit, for sampling the correct propagation
of the activation pulse. In the drain driver circuits, test points

*were placed on every video amplifier output to monitor the uniformity
of the amplified video signals fran all 78 amplifiers across the' top
of the display circuit.

Test points were also placed in each on-chip clock circuit used by
the gate driver circuit.

2.3.2 High Density Displa.ests

Test points were provided on each end of every line in the high density
array. The electrical tests detected the number of shorted or open
lines in the pixel array. Independent of the driver circuit performance,
a test circuit of the display pixel elements, a 4 x 4 matrix, was used
to evaluate the high density display characteristics. This test matrix

.- allowed for the evaluation of the pixel cells without the gate and
j drain lines of the large display affecting its performance.

2.3.3 Process Monitor Tests

Test circuits were provided to monitor the process parameters of the high
density display as it was being processed. For instance, these circuits
provided for the monitoring of device thresholds, interconnect line
resistance and continuity, contact resistance between interconnect lines,
reverse biased breakdown voltage, and leakage currents of implanted and
diffused regions in the silicon substrate. In addition, these circuits
allowed for the evaluation of the insulating qualities of the various

" dsilicon dioxide and silicon nitride layers used throughout the processm cycles.

2.3.4 Wafer Production And Evaluation

For the high density display, there were twelve wafer lots (each con-
sisting of. 20 three inch wafers) processed through the various steps of
the semiconductor processing flow charts shown in Figure 2-7. Typically,.5'  tiwo wafer lots per month were started into processing. The average
tiroughput of a wafer lot to the aluminum functional test point was
sixteen weeks.

-22-
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Processing parameters and transistor operational characteristics were
obtained fran most every wafer processed. The evaluation of wafer
lots at intermediate test points (illustrated in Figure 2-10) provided
the necessary feedback in optimizing the performance of the high density
displays for the feasibility modules. For instance, the evaluation of
test wafer lots and display characterization provided the necessary

*information to direct the process modifications for achieving the speci-
fied resistance values in the high value resistors. The silicon nitride
and sputtered silicon dioxide test lots provided the necessary feedback
for evaluating these materials as intermediate insulator layers.

The high density display characterization demonstrated functional gate

and drain driver circuits. The characterization of the gate driver
circuit indicated the design was satisfactory and provided the necessary
signals and timing for the video displays, as shown in Figure 2-3. The
wafer characterization did suggest that the photanask set was free of
defects which might otherwise inhibit the fabrication of a totally func-
tional display. The gate driver outputs supplied 30 volt pulses to the
display gate lines, and dissipated 0.3 watts. The characterization of
the drain driver circuits indicated that there was a design error in a
part of the shift register section. However, the majority of the drain
driver circuit design was characterized by micro-probing and generating
shift register signals to canpensate for the design error. All of the
other major circuit elements in the drain driver design functioned as
anticipated. For instance, the video on-chip amplifiers provided a
uniform 0-20 volt output waveform with an acceptable variation of +/-0.25
volts. The characteristics of the video amplifier, video storage
elements, and on-chip multiplexing circuits were demonstrated satisfact-
orily, as to the expected waveforms shown in Figure 2-3.

A design correction in the drain shift register section was made and
implemented on several display wafer lots. However, the wafer lots
and further evaluation efforts have been placed on hold, after the
redirection of the program's efforts by the Tri Service conmittee.A 2.4 High Density Display Assembly and Packaging

After the wafer processing and final electrical tests were .completed,
finished high density displays were sawed to the proper dimensions
and then mounted to thermally conductive circuit plates with a suit-

* able epoxy. A diagram of the assembly and packaging operations is
provided in Figure 2-12. The previous interconnection techniques for
interfacing the driver circuits to large area liquid crystal displays
were not viable for high density displays because of the extremely
larqe number of connections and leads that would be required. In order
that the final package size be minimized and meet the program volume
requirements, the video and gate driver circuits were integrated with
the array. Thus, the electronics interface encompassed only the clock
plses, video signal buses, and power supplies, wtich were provided to

-24-
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: the display's circuit plate connectors. This packaging configuration

required just 23 signal lines between the electronics interface and the
display package. The package cross-section is illustrated in Figure
2-13 and shown with the electronics interface box, in Figure 2-14.

Several of the high density display's packaging concepts required addit-
ional development, in order that the assembly techniques were repeatableU and provided high yields. For instance, we had to establish the approp-

S-riate sequence for assembling the thermally conductive package, evaluate
epoxies that were compatible with the thermal expansion between the
display and circuit plate, and devise the interconnect mechanism for
interfacing the electronics board to the display's circuit plate connec-
tors.

In addition, the mylar spacer placed between the top glass plate and the
silicon display was chosen as 6 microns thick instead of the previous
standard 12 microns in order to minimize the liquid crystal speed of
response. The definition of the display assembly technique incorporated
the results of a thermal analysis study. The significant conclusions of
this thermal analysis are shown in Appendix B.

4 Two high density displays were assembled and wire bonded on the alumina
circuit plate. However, inter-layer shorting on these displays prevented
them fran functionally operating. The application of a dc bias from top4 plate to display substrate did activate the liquid crystal uniformly
across the active area in each of the displays. The development of cell
assembly techniques has progressed as far as possible on non-functional
displays. Further work on cell assembly development was awaiting the.4 development of operational high density displays which did not contain
inter-layer shorting problems.

42.5 Redirection of the Program

At a project review meeting held July 31, 1979 it was decided that several
technological problems had developed with the high density display for
which no easy solutions were readily apparent. These problem areas
included the integrity of the thin (3000A) insulating layers used to
form the vertical capacitor structure as well as the difficulty in
obtaining improved image contrast and brightness through smoothing of the
display. At a series of meetings in the following week a redirection of

O remaining efforts on the program was decided on. This involved the
design and fabrication of a new display which had medium pixel density
(12.25 pixel/mm). This density was chosen as being the highest one
compatible with the device structure currently in use for low density
(3.91 pixel/mm) displays. Details of that proposed redirection are
included in Appendix C.

The remainder of this report will concern, for the most part, results
obtained on this redirected effort.
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3.0 THE MEDIM DENSITY LIQUID CRYSTAL DISPLAY

The medium density display system was conceived as a display only (with
no integrated drivers) which would be interfaced in a straightforward
manner to existing electronics designed for the low density (3.94
pixel/mm) display. This restricted the activated display area to only
175 x 175 pixels, since that was the total number of pixels drivable
from those electronics. Those electronics presuppose driving a display
on a pyrex circuit plate with leads connected at a 3.94/mm density.
Since the patterns on the display device are much denser than that, a
study was undertaken to test interconnection capabilities at higher
densities, using wirebonding. Wirebonding was chosen because of its
straightforward nature and also because of experience obtained onp other displays at lower density.

As illustrated in Figure 3-1, the interface to the medium density display
consist of four power forms plus the following signals: analog video,
element clock, horizontal drive, vertical drive, and field sync. This
interface was chosen of necessity; power supplies and sync and clock
generation circuitry would not fit into the feasibility display module
without using costly, high risk, hybrid circuit packaging for the display
drivers and interface circuits.

A new circuit plate was designed to allow driving the medium density
display lines with the existing set of interconnect cables and driver
boards. However, the cables would only allow the center display sector
of 175 by 175 pixels to be activated. As described in the following
section, the electronics demonstration boxes utilize copies of the
IHUD driverboards, driver circuits, and kapton interconnect cables.
The package cross-section and electronics interface box is illustrated5 in Figure 3-2, for the medium density display.

3.1 Evaluation of Bonding Capability

The purpose of this task was to establish the upper limit of bondingdensity between two adjacent MCS circuits. The bonds were evaluated on
the basis of their ability to meet MIL-STD-883 requirements.

The attached Figure 3-3 summarizes the results from the bonding density
study performed by the presently available personnel and equipment.
Samples of the bond study test vehicles are shown in Figure 3-4. Evalu-
ation of the individual bonds from one :4CS chip to another MCS chip
included both electrical continuity and visual inspection of quality
coitrol using MIL-3TD-883 for setting the acceptance criteria. The
second test vehicle method utilized .001 inch aluminum bonds from the

-
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Medium Density Bond Study Results

Using Al Wire, .001 Inch Diameter, Ultrasonic Method

.OS Die/Au StriJe MOS Die/MOS Die

76 78
Continuity Results

i tiois Metal Bad Bonds
Bond Pad Die/Stripe Die/Die

41 CrNiAg 9% 16%

34 3,r 2 Al 8% 30%

I A 1 13 0.002 Inch Bond Spacing' 6 i , , A. ,

0 0
. C 0

Position quality Position Quality Continuity Results
pIr ML Spe( RP3 per MIL Spec PCty3

Metal Bad Bonds
Bond Pad Die/Stripe Die/Die

of 42 CrNiAg 11% 20%
o30 Al 18% 14%,J 30

It I Ons .. F 2

[ I 14 14 22 0.004 Inch Bond Spacing

~752 .324

eU 0 0 (

Position Quality Position Quality
per .IL Spec 383 per MIL Spec 883 Continuity Results

Metal- Bad Bonds
Bond Pad Die/Stripe

of A CrNiAy 2 5,
I A1 28%

S8 8 0.006 Inch Bond Spacing

Figure 3.3 Summary of Bonding Study Results
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.004 INCH BOND CENTERS
MOS CHIP TO MOS CHIP

.002 INCH BOND CENTERS
GLASS PLATE TO MOS CHIP

Figure 3-4. Bonding Study Samples



--W f,- --'--

hi -. ug
on* '=_

.73-

Drain driver circuit layout

2 PHASE

CLOCKS 22 BIT SHIFT

ENABLEIN REGISTER ENABLE OUT

- - --DUAL SAMPLEiHOLD

VIDEO - A 22 DUAL ZENABLE FROM SR-
V SYNC SAMPCEiHOLD1  /

CIRCUITS ' /VIDOo
CLR 0

22 AMPLIFIERS

HSYNCQ

22 DRAIN OUTPUTS \ -

TO AMP

Drain driver circuit block diagram.

Fi-ure 3-13. H4022 Custon rnteirated LC/MOS Driver



On successive lines, a double clock pulse is applied. Since the spacing
between these pulses is short compared to the response time of the driver
buffer amplifiers, alternate outputs are skipped over. Similar timing is
used during field two, except that a double clock is also applied on the
first line. When all 35 outputs fron a given circuit have been enabled,
the Enable-Out signal propagates to the Enable-In input of the next
c ircu it.

Five sweep driver LSI circuits are mounted on a single pc-board having
provisions for attaching two flat cables to drive both the left and
right sides of the display. Since each circuit can drive thirty-five
display rows, one pc-board can drive 175 rows.

3.4.4 Discrete Drain Driver Design

The discrete drain driver circuit, shown in Figure 3-13, consists of
three functional areas, the shift register, the data storage, and the
line drivers. The shift register serves to propagate an enable signal
such that the video samples for each column of tne display are taken at
sequential time intervals. The sampled data is stored in two banks of
data bins; one accumulates the new line wil the other one outputs the
samples accumulated for the prior line. Switcninj between the two
banks is controlled by a single flii-flcp wrhicn is toggled by the
horizontal sync signal. The line drivers provcse imj*ance matching;
their high input impedance prevents the voltage on the data storage
capacitor from changing significantly wni tneir low output impedance
assures that the column electrode busses n iines) cesiond rapidly
to new signals.

A key design feature of these chips is the 1 . icedJ sampiing sequence.
The chips are grouped together in sets of fu , and they are driven fran
a four phase clock such that the first chip ta kes tne first sample, the
second chip the second sample, etc., until the fifth sample which is
again taken by the first chip. A timing diagran for a given chip is
shown in Figure 3-14 and the output interlacing required for placing all
the outputs in sequential order is shown in Figure 3-15. This approach
cuts the required shift register clocking rate oy a factor of four.

Four video driver circuits are mounted on a pc-board alom] with two high
speed sanpling clock drivers. Two such pc-ocards are paired to drive a
single 176 conductor Kapton cable which is split to allow 88 conductors to
be soldered to each pc-board.

3.5 Wafer Processing of the Medium Density Display

Initially, the seven-mask process sequence for the medium density display
',as thought to be fully developed, fran previous LC/MQS display
processing witch a low density displdy (3.94 p/mm). Unfortunately,
there developed several processing difficulties that occurred as a
result froxl scaling the low density display layout, in Figure 3-10, to
achieve the medium density display layout, in Figure 3-8. For instance,
the etcning of the "via" contacts for top reflector metal to contact
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I Gate driver circuit block diagram
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I Table 3-1. Liquid Crystal Display

II I I I

H4020 H 14030 I H4035 I H4080 I
I I 1.75" x 1.75" I .17"x .17" I .40" x .54" I .99"x.74" I

array array I array I array I
Parameter 3.91 p/am I 23.1 p/nm I 23.1 p/nm I 12.25 p/mI

IDisplay Size 4.44 x 4.44 an .43 x .43 an 1 1.01 x 1.37 an 12.91x2.27 an I

INo. of pixels 30,625 (175x175) I10,000 1 74,880 (240x312)1 76,800 1
I (100 x 100) 1(240 x 320) 1

IPixel storage I 7.64pf 190ff 91.9ff I 447ff I
I capacitance I I II tI I I I
lAverage stored 1 l5.lV .2  15.6V. 2  13.9V *1  15.24 *1 i
Ivoltage (VO = 20 1
Ivolts) I

IVertical drain 38 us 8 us 2 us 3.55 us
Iline RC I
Iconstant3  I

III I
IHorizontal gate 1 48 us 28 us 7 us 10.2 us
Iline RC
Iconstant3 I I I I

I Display operated at std 525 line TV rate, over write fields onto display in 16.7
msec.

2 Display operated at std 525 line TV rate, interlaced fields onto display in 33.4
msec.

3 Line RC constant is time of signal propagation to 95 percent level;

I
I
I
I
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.5-  The medium density pixel design is shown in Figure 3-8. Earlier density
pixel designs are shown in Figure 3-9 and 3-10. The lower density pixel
designs operate on the sane principles as described above. However, a
significant difference between the high density pixel design and lower
density pixel designs is the elimination of the phosphorous implant
regions (known as field channel stop (CS)) in the high density pixel
cell. Another significant difference is the vertical capacitor configu-
ration, which incorporates its ground electrode as a light blocking
layer (the buried metal layer) in each high density pixel cell. This
light blocking layer prevents photons fran generating electron-hole
pairs which would interact with the video signals propagating on the
drain lines and stored on the transistor source regions. The chara-
cteristics of these various pixel designs are shown in Table 3-1.

1 3.4.2 Drive Electronics Design

The drive electronics interface to the medium density display consisted
of previously designed discrete driver circuits, established on th-
Air Force Integrated dead-Up Program for the low density matrix display.
This first set of discrete driver circuits estaolished the basic logic

. impl nentations and circuit concepts used in the subsequent integrated
driver designs of the high density display. These discrete driver

*circuits were used to provide the appropriate signals to the center 175
by 175 pixel section on the medium density display, by using existing

iKE interconnect cables between the pc-boards and display carrier.

The discrete driver circuits consist of similar design types to those
used in the high density display-gate driver circuits and drain driver.circuits. The interconnection between these driver circuits and the
medium density display are made with miniature cables utilizing 100:3 lines per inch densities. The timing characteristics are discussed in
the following section for the discrete gate and drain driver circuits
that were used with the medium density display.

5 3.4.3 Discrete Gate Driver Design

The discrete gate driver circuit, shown in Figure 3-11, consists of a
thirty-five bit serial input shift register with thirty-five buffered
parallel outputs. A delayed vertical sync pulse, shortened to one
horizontal period in width, is applied to the Enable-In input. The
circuit is clocked by horizontal sync, and successive lines on the.3 display are enabled as the Enable-In pulse propagates from stage to
stage in the shift register. The interlace required for conpatibility
with standard television inputs is accanplished using the timing shwn
in Figure 3-12. On the first line of field one, a single clock pulse
is applied to enable the first output.

.-
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3 line interconnect, labeled in Figure 3-6, runs through the display
mounting area in order that the display drain lines are driven fran
both ends. The gate line interconnect is positioned on both sides of

i the display in order that the display gates are driven from both ends.

Notice in Figure 3-6 that both types of circuit plates (H4020 and H4080)
have their interconnect terminating at the plate edges with .010 inch line
center spacings. Thus, the H4080 plate configuration interfaces to
existing cables and drive electronics boards. In addition, the center
175 by 175 pixel area of the medium density display is wire bonded to£m the interconnect lines on the pyrex circuit plate.

" 3.4 Display and Driver Design

This subsection will cover the design of the medium density array and
also the design of the discrete driver circuits used with it. A liquid
crystal matrix display is not directly compatible with a standard tele-Se vision signal source any more than a CRr without its associated syncron-
ization pulse detectors, deflection generators, and video amplifier.
To drive a liquid crystal matrix display, additional components are.5 needed in the form of display drivers, interface circuits, and high• density connectors.

3.4.1 Design and Operation of the Array

The circuit schematic for the matrix array is shown in Figure -3-7,
without drivers. The display is arranged with 320 horizontal pixels
and 240 vertical pixels, and with a pixel density of 12.25 p/mm. The
horizontal display lines address 320 pixel rows of MCS p-channel trans-
istors. These transistors are activated by their gate electrode connec-
tion to the horizontal lines, when the operating voltage of -30 volts
is applied, as referenced to the silicon substrate biased at ground.
These horizontal lines are referred to as the gate display lines. The
discrete driver circuits which provide the operating signals are called
gate driver circuits. Each pixel transistor is used as a switch to charge
a capacitor to a voltage determined by the video input signal. The
vertical display lines are connected to the drain p+ diffusions of the
transistors in a column 240 transistors high. These lines provide the

.0 sampled video signal fran the discrete driver circuits-called drain
driver circuits. The video signal levels are typically between -20
volts to 0.0 volts on these lines. The video signals fran the vertical
drain lines provide the charge to the pixel storage capacitor in those.- lelements selected by a horizontal gate line activating the transistor.

* The capacitor holds the voltage on the liquid crys' which controls the
amount of light scattered by the liquid crystal. The storage capacitor
charge provides the voltage potential and supplies the direct current
across the liquid crystal material to the conductive layer on the top
plate glass, also biased at ground.
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5 MCS chip to a jold pattern on a glass plate.

Results of the bonding study can be summarized by these observations:
the Al to Al bonds between MCS chips have highest bond continuity yield;
the CrNiAg to Au bonds between MCS chip and glass plate have highest
bond position yield; the average bond pull strengths were slightly
higher for CrNiAg (10.3 grams) than for Al (9.5 grams) bond pads. By5 canparison to our 1.75" liquid crystal display, the higher density
bonding will reduce, approximately by 10%, the present yield typically
encountered at the .010 inch center to center bond pad spacing. However,3 the yield of the higher density bonding is expected to improve with
experienced personnel and automatic techniques.

The results of the bonding study were incorporated into the medium
density display as .0035 inch bonding pad center spacings. This spacing
will allow for the redundant drive of all interconnect lines. By merely
extending existing low density (3.94 p/mm) bonding techniques to the
medium density display, we are able to interconnect the center 175 by
175 pixel area with existing interconnect cables and drivers. We used
.001 inch aluminum wire to bond between CrNiAg on the LC/MCS displayI and CrAu on the glass circuit plates.

3.2 Evaluation of the Mediun Density Display Design

After an evaluation of the wire bonding capabilities from presently
available bonding equipment, the mediun density display cell and bonding
pad concepts were defined and the display configuration was finalized.
Several of the significant layout characteristics are described and
illustrated in Figure 3-5. All the interconnect lines are brought out
to pads, to provide for redundantly driving each line with wire bonds
to the glass circuit plate. The actual display area is 13.96 mm by
25.28 mm. The pixel dimensions have all been scaled down from an earlier

- 1 3.94 p/mm liquid crystal display. The medium density display (12.25
p/mm) utilizes the fully-developed seven-mask MCS process for our
3.94 p/mm display. The medium density display design, layout, and
photomasks were developed on this program. The resulting display layout
provided for the positioning of four die on one 3 inch silicon wafer.

AIt is recognized that a 240 by 320 display does not provide a full TV
standard raster; the resultant being 1/4 of such a display. Neverthe-

* less, the medium density display implemented in this contract does<A represent a significant milestone on the road to an integrated full
525 line TV cc ability.

3.3 Design and Fabrication of the Circuit Plate

* In this task a pyrex circuit plate was designed and fabricated that
allowed the interfacing of the medium density display to the existing
set of interconnect cables. The interconnect line layout provides for
the redundant drive of the display lines by the existing cables. For
instance, the drain
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the polysil icon capacitor shapes caused a metal step coverage problem.
The patterning of the smoothing material over the medium density display
resulted in "unsmoothed" display surfaces. The surface area of the
pixel edges and via side-walls resulted in more randcm surface reflec-
tions than occurred frcm a "smoothed" low density display. In addition,
the medium density display exhibited a light sensitivity to illuninations
above 300 foot-candles.

In developing the solutions to the medium density display process, tests
of individual process steps were carried out, especially with the light
blocking layer and insulating dielectric/smoothing layer. For instance,
tests were conducted to develop the light blocking layer material (buried
metal layer) which was deposited between the polysilicon interconnect
layer and the top reflective metal electrode. This light blocking
layer prevents photons from generating electron-hole pairs which would
interact with the video signals propogating on the drain lines and
stored on the transistor source regions. The smaller, scaled distances
in the medium density display cause the source-drain regions to be more
susceptible to photon generation, than in the low density display with
larger (XIO) separations between the source drain regions. The primary
metal utilized was an aluminum-silicon alloy. This alloy minimized
hillock projections which protruded upward, possibly shorting to the top
reflector electrode. Next, tests were run to develop an intermediate
insulator layer between the polysilicon interconnect-buried metal and
reflective electrode buried metal layers, as shown in Figure 2-3. This
intermediate insulator was to also serve as the smoothing material
that would enable the display surface to achieve the necessary optical
flatness quality, without the objectionable pixel surface edges. The
basic material used in these experiments was a polyimide film, PIQ-13,
from Hitachi Corporation. A large development effort was expended on
this program, and on Hughes IR&D, to determine the processing techniques
for achieving a non-light-sensitive, "smoothed" medium density display.

There were six wafer lots processed through the various steps of the
semi-conductor processing flow chart shown in Figure 3-16. The average
throughput of a wafer lot to the polysilicon test point was thirteen
weeks. The evaluation of the wafer lots at intermediate test points
provided the necessary feedback in optimizing the performahce of the
medium density displays for the feasibility modules. For instance, the
evaluation of test wafer lots and display characterization provided the
necessary information to direct the process modifications for achieving
the desired properties in the insulating dielectric layer which also
served to smooth the display surface.

i[gj A line defect-free medium density display was demonstrated frm a wafer
processed in the second wafer lot. However, this display exhibited

0O light sensitivity, as did all the display wafers processed for this
program. The feasibility modules were processed up to the polysilicon
test point on this program. Then, these display wafers were processed
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on Hughes IR&D funds through the newly developed polyimide smoothing
process and top reflective electrode metalization. These subsequent
process steps past the polysilicon layer incorporate a light block
layer over the display area to prohibit the generation of photons which
degrade the video signals on the drain lines and pixel storage capacitors.

A certain degree of success was achieved in developing solutions to the
initial process difficulties with the medium density display. The demon-
strated performance of the four feasibility modules alludes to the
accanplishments in processing development. Several recommendations
concerning additional application and process refinements are made in
the conclusions portion of this report.

3.6 Description of the Liquid Crystal Material

The liquid crystal material that was used in this program is a Hughes
proprietary mixture (2N40 mixture) which consists of six ester-based
canponents with a negative dielectric anisotropy. A general description
of liquid crystal materials is given in Appendix A. The nematic range
of 2N40 mixture is between 140 C and 59 0 C. For long life in a DC dynamic
scattering operational mode the 2N40 mixture is doped with a non-conduc-

. tive redox pair Dibutylferrocene (DBF) and Trinitro-9 Fluorenylidene
Malononitrile (TFM) as the donor and the acceptor pair, respectively.
These redox pairs in highly purified 2N40 mixture can readily undergo
reversible reduction and oxidation reactions at much lower potentials
than the liquid crystal material itself. The addition of these dopants
therefore determines the conductivity and controls the electrochemical
reversibility of the system. The percentage added is adjusted to provide
optimum dynamic scattering contrast with an applied D.C. potential.
Such dopants provide the basis for long lifetime DC dynamic scattering

:i[ I effects.

Figure 3-17 shows the scattering data for the 2N40 mixture. Full scatt-
ering is obtained at an 18v bias. A gentle slope at voltages less than

21 12 volts is desirable for obtaining the optimum numbers of gray shades.
The maximum contrast ratio of a TV display with a silver reflector has
been measured at 20:1. This is based on the measurement set up with a
point light source at the angle appropriate for maximum contrast. This
contrast will easily provide the desired number of 2 luminance steps.
Life test data of a DC operated dynamic scattering display is shown in
Figure 3-18.

3.7 Testing of the Medium Density Display and Drivers

Several device monitor structures were incorporated on the same wafer
* around the medium density display for in-process evaluations (i.e.,

transistor threshold). In addition, process parameters were monitoredN by the insertion of blank test wafers at such process steps as furnace
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diffusions, implantations, gate oxide growth, and deposition of interco-
nnect layers. These process-paraluetric test wafers provided for the
conplete characterization of the medium density display processing

Test points were included at the ends of each display line. This
permitted automatic conputer testing to be used to collect information
on the medium density display line defects. This information anaLysis
quickly confirmed that the medium density display photomask set was
relatively free of line defects in the center 175 oy 175 pixel area
used to demonstrate feasibility for this program. However, there were
found to be two mask related line defects on two of the four die. Both
these line defects were located outside the center 175 by 175 pixel area
activated in the feasibility models.

The tests which were run on each line of each display check continuity
of the line as well as whether the line is shorted to substrate at an
applied potential of -20 volts relative to substrate. These tests,
developed for use originally on lower density (3.94p/mm) displays and
adapted for use on the higher density display developed during this
program, have been proven to do an effective job of identifying most
line defects which affect final display performance.

The discrete driver circuits are functionally tested following processing
using the electroglas probe station, various signal generators and
power supplies to generate inputs to the die under test, and an oscillo-
scope to check the die outputs for proper performance. Each device is
retested after it has been sawed out of the wafer, mounted into a
package, and wirebonded to the package leads. A final test is perfonned
after the package is sealed.

The drain driver packages undergo further testing to determine their
output drive voltage vs input video voltage characteristics. Only devices
with very similar characteristics are used in any one system. This is
necessary to avoid striping of the display image due to uneven device
performance. It is noteworthy that the integrated drain devices devel-
oped for the high density display had this problem designed out of
them, and in fact did give very uniform performance.

3.8 Packaging of the Medium Density Display and Drivers

The medium density display utilized the same cell assembly techniques as
j developed earlier for previous low density displays. For instance, the

mylar spacer placed between the top glass plate and the silicon display
was 12 microns thick. Six medium density displays were fabricated for
this program. However, additional display fabrication was placed on.ju hold until the development of nonlight sensitive display wafers. The

*recent achievement of the medium density displays, which are not light
sensitive, provided several display wafers which were fabricated into3 feasibility modules. An assembly process flow chart that illustrates
each step through the assembly process is shown in Appendix D.
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The devices used to drive the medium density display were processed
separately from that display. The devices are tested and then packaged
into standard ceranic 40 or 48 pin packages using standard semiconductor
processes. Specifically each die is mounted in the package cavity
with conductive epoxy and wirebonded to the package leads using aluminum
wire. After testing the packages are sealed by affixing lids, again
using conductive epoxy.

4.0 THE PFOGRAM - TASK BY TASK

This section summarizes the work performed as it relates to the nine
tasks detailed in the proposal. It is not meant as a detailed list of
accamplishments; rather it is hoped that it will serve as a review of
the previous sections. It al.- contains information on the hardware
(the proof-of-progress breadboard and the feasibility modules with
their associated electronics) which was delivered during the course of
the program.

4.1 Optimization of Processing

A great deal of process optimization was required during the course of
this program. The high density display integrated drivers were success-
fully fabricated and the designs proven. This included the development
and implementation of a high value resistor structure. Problems developed
due primarily to the low integrity obtained in the thin (3000A) insulating5 layers used to separate the light blocking layer from other metal layers.

The medium density display required optimization as well, despite its

design being similar to the one used most successfully in the past.

Fabricated devices proved light sensitive and required the developnent
of a light blocking layer, done on subsequent IRD, to yield light insen-
sitive devices. This effort proved successful, and several light insen-.5 sitive displays were delivered as feasibility modules.

4.2 Wafer Production

3 iTwelve lots of high density displays with integrated drivers were started.
Two of these lots are presently unfinished as they were in process when
the program was redirected.

Six lots of medium density displays were processed. These lots provided
all of the devices used in the delivered displays.

4.3 Cell Assemblv Techniques Development

Cell assembly techniques for the high density display were developed on
this program. These provide for mounting of the display on a molybdynun
heat sink which is then mounted onto the ceramic card used for the
leadout and pins. The card plugs into zero insertion force sockets on
the front of the display interface electronics box. The package handles
the display heat load without allowing the liquid crystal temperature
to rise above its clearpoint.

3 Cell assembly techniques developed for the medium density display relate
to the wirebonding of the display to the circuit plate at .0035 inch
wireoond spacing. The other assembly procedures used on this display3were developed previously.
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4.4 The Proof-of-Progress Breadboard

The object of this breadboard was to demonstrate and deliver a LC/MCS
matrix display feasibility model showing the viability of the higher
density design (greater than 3.94 p/mm) and the anticipated appearance of
the feasibility module.

Fabrication of the high density display as a proof-of-progress bread-
board was never accomplished as a result of the inter-layer shorting in
the matrix array between top reflector electrodes and the under lying
light block layr. After the Tri Service canmittee redirected the
program efforts, the proof-of-progress breadboard was successfully
demonstrated and delivered.p The proof-of-progress breadboard was demonstrated to the Tri Service
cepresentatives on October 27, 1980. This medium density display was
line-defect free, but exhibited a light sensitivity problem. Another
display, fabricated in the same manner, uas delivered as the proof-of-
progress breadboard for this program. The demonstration of the proof-
of-progress breadboard was performed on one of the electronics boxes
that were delivered on this program. Each box included the driver
circuits, boards, and cables for interfacing with the medium density

* display.

4.5 Interface and Display System Techniques Development

The object of this task consisted of defining the interconnection scheme
between the high density display and the peripheral electronics, the
design and fabrication of the peripheral electronics, and the fabrication
and packaging of the display system. A major part of this task was to
be the incorporation of lighting in'- the electronics system in accordance
with the program goals for luminance uniformity.

3 Two electronics boxes designed to drive the high density display with
integrated drivers have been built and checked out as operational
with functional integrated driver circuts. An electronics box is shown
in Figure 4-1. The interfacing of the peripheral electronics (including
incaning signal stripping and video multiplexing) to the high density
display packaging scheme is via feed-thru pins located on the alumina

substrate, shown in Figure 4-2. These feed-thru pins connect to zero-

insertion sockets located on the front panel of the electronics boxes.

The application of a wedge lighting scheme was evaluated at the Hughes
El Segundo facility, for implementation in this program. However,
further development of a wedge illumination scheme was placed on hold
after the redirection of this program's efforts by the Tri Service
Committee.

Three electronics boxes were built to provide the video signals to
the medium density display package. An additional set of spare drain
driver circuits, boards and cables were supplied as backup to the elec-
tronics boxes. The electronics box, shown in Figure 4-3, accepts
525-line composite TV and provides the video signal to the Lt/MOS display
via the kapton cables that were designed for the IHUD, low density
LC/McS display. Both the electronics box design and driver circuit
boards are extensions of a demonstration display unit that Hughes has
been using for several years.

-56-

... . .. .- ... . -' ." -.. .. . . - -../ . . .[. .. . . "..



Iv

to



-r C

vx_6f _3 Aw

~,-5.S 15?cu

4 - 5cm

- - I

5557 1?

/5t*?- 
u~** -~

-~ v.. K-d~'
5

S5 ®r< ~ ~

- I,)

f, i5. i 4A 
d

. LU_



4.55

00

1.10 ZE8R5 wS~ 1.4 .5

TOP PL[E

I.....tIO DISLA 1.0420

WO 0WMI"A TOB5 SCALE0

T~R INP L^T O-

-*--OOP^T.JCTp .550

___ ____ ___ ____ ____ ___ PC CAPL.D

CN.DSS £E.CrTIOt.JL- VU1.o

Figure 4-2 High Density Display Assembly Configuration



- -. ~--.--' --

(13

C-
A(

)1' 10 . 4-j

Rijn'~ A,,-,

100



4.6 Test Equipment Developrent, Evaluation of Wafer Lots

The object of these tasks consisted of testing the liquid crystal displays
with a ccmputer-controlled automatic probe station and custan designed
wafer probe card. Extensive engineering evaluation in a manual mode, on
the Electroglas probe station, was a large portion of this task during
the initial wafer lot evaluations.

The implementation of a ccmputer-controlled signal switching system was
acccmplished by programming the proper timing sequences into our Hewlett-
Packard ccmputer (MCodel No. 21 MX, Series E) and Matrix-switch (custom
built switching relay system). Thus, the Matrix-switch enabled rapid
variation of the input signals and the output signal analysis by computer-
controlling the signal switching. This test sequence provided for the
electrical characterization of the high density display interconnect
lines (both gate and drain lines) for detecting any photamask-related
line defects (either opens or shorts). The necessary wafer probe cards,
engineering probe stations, electronics boxes, and ccmputer-controlled
switching capabilities were established for testing the high density lots
on this program, and this sequence in the fabrication cycle is illustrated
in Figure 2-7 and Figure 2-12. Step-by-step testing provided confirmation
of the display's integrity prior to cammitment to final package mounting
and the application of the liquid crystal.

The existing computer controlled switching system and Electroglas probe
station were readily adaptable to testing the medium density display at
the various test points shown in Figure 3-16. For instance, the electrical
tests provided information on gate and drain line resistances, interconnect
line to substrate breakdown voltages, drain line contact resistance between
polysilicon to boron diffused under passes, top reflector metal contact to
the pixel storage capacitor, adjacent pixel to pixel leakage currents,
and isolation of the conding pads for the top cover glass from the silicon
substrate.

4.7 Assen ly of Four Feasibility Modules

The objects of this task were to apply the assembly techniques developed
for the proof-of-progress breadboard to the construction of deliverable
displays, interface the display with separately evaluated signal processing
electronics, and to fabricate the feasibility module display system.

Unfortunately, the development of a functional high density display was
not realized on this program. Consequently, the Tri Service committee
redirected this program effort to the development of a medium density
display.

The assmnbly techniques which were used to demonstrate a line-defect free
display, were also used to assenle the four feasibility modules for this
program. The assembly run sheet, shown in Appendix D, was adhered to in
the assermly of the four feasibility modules. Three feasibility modules
were mounted into the three electronics boxes. Next, the operating
voltages were adjusted in the drive electronics to optimize the video
picture on the display module. The electronics boxes rely on dmnient
roam lighting to illuminate the display mxiule; no internal light source
was included.
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In general, when AC is positive, the molecular axis aligns roughly in the
direction of an electric or magnetic field, wnereas when Ae is negative, the
rolecules orient themselves at an angle roughly perpendicular to the field.
For the molecules of the LX substances used for airborne displays, only the
electric field strength is of interest. The dielectric anisotropy is a
function of the vector sum of the dipolar groups in the molecule. To pre-
-are an LX with a strongly positive aE , for example, it is conventional to
to introduce the strongly dipolar nitrile group at the end of the long
atxis of the molecule, as in:

CH 3 - (CH 2 ) 3  _ C - 0 C N

individual properties of each of the types of LXs have been utilized in
i iing displays. The properties associated with each type of LX material
are listed below.

NEMATICS: Dynamic scattering field effects
(1) Twisted Nematic
(2) Birefringent color switch
(3) Nematic dichroic dye interaction

HOLESTERICS: Reflective color displays
(1) Temperature sensitive
(2) Pressure sensitive
(3) Chemical vapor sensitive
(4) Electric field sensitive

SMECTICS: Thermo-optic storage display

HYBRIES: Thermo-optic Cholesteric-nematic phase
change

AI.1 Dynamic Scattering Mode ([1M)

Briefly D4M may be characterized by electrical current-field induced
hydrodynamic motion. Nematic LXs are optically anisotropic (i.e.,
they have different refractive indices for directions parallel to
and perpendicular to the long axes of the molecules.) The effect
of applying a voltaje to and passing a current through a typical
LX cell (see Figure A-2) is to disrupt the normally uniform molecular
orientation in favor of a large number of small regions (danains)
whose molecular orientation is different from those of their neigh-
boring domains. The effect on light passing through the cell is
that of closely spaced refractive index boundaries. These index
boundries refract the light at various angles (i.e., scatter it).
The result is a system that is optically homogeneous and transparent
,,tun no voltage is applied and highly diffusing or scattering when
volg-,(y! is applied.
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,i id Crystals (LXs) are organic substances which act like liquids over
a secific range of temperature, while retaining some properties of
cz'stals. Below the liquid crystal temperature range, the material becomes
solLid; above this range, it loses its crystalline properties and behaves
Iiie a true liquid. In the intermediate LX range, however, it passes
through a turbid liquid state, which is termed the mesororphic or "liquid
c:ystal" state. The molecular arrangement in the liquid crystal state is
:-are orderly than in the liquid state but less orderly than in the solid

u temperature range for the liquid crystal state varies with liquid
:;ystal materials, and considerable effort has been devoted to developing
.:terials which have liquid crystal properties over a wide range of temper-
3tures, including normal room temperature.

Liquid crystals have been classified in three basic categories: neatic,
smectic, and cholesteric. The terms denote characteristic spatial con-
figurations assumed by the molecules of these materials. While the
;iolecules of cholesteric LXs are optically active, those of nematic and
smectic LXs are generally optically inactive, (i.e., they do not rotate
polarized light).

,Nematic LXs consist of rod-like molecules aligned in parallel, similar to
-atches in a box; it is this type of material that is presently used in
the Hughes LX display. Each molecule can rotate only around its long axis
and has limited freedom of movement from side to side or up and down
(Figure A-la). The smectic LXs have a layered arrangment. The layers can
slide over one another, because the molecules in each layer can move fram
side to side or forward and backward but not up and down. Within each
layer, molecules may be ordered in ranks (Figure A-lb) or randcmly
distributed. The cholesteric, like the smectice, LXs consists of layers.
Within each layer, however, the molecules are parallel, as are the nematic
molecules. Molecules in one layer influence the layers above and below,
so that the long axes of the molecules in these layers are displaced
slightly and a helical pattern forms from layer to layer (Figure A-ic).

A very important property of liquid crystals is the dielectric anisotropy,
d: , a quantity used to describe the orientation of liquid crystal mole-
cules in the presence of electric fields.
eq. A-1 AE , - .

where:

= dielectric permittivity in a direction parallel to the
long axis of the LX molecule

6, = dielectric ermittivity in a direction perpendicular to
the long axis of the molecule

W A-I descrwes the static dielectric $ehavior and is most useful in evalu-
ating the molecular behavior of figure of merit for LX materials utilized
tor display purposes.
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5.5 S umarv

This section presents a summary of the significant accomplishments in the
design, fabrication, test, and assembly capabilities for the liquid crystal
displays developed on this program:

o Interconnect techniques for high density display

and integrated drivers.
o Low power, integrated drivers implemented which

incorporate on-chip clocks, power-down cir-
cuitry, and few external signal connections.

o Development of the high value resistor processing
technique.

o Fabrication of low-defect integrated drivers and

defect-free active matrix arrays, with defect-free
large area photomasks.

o Full characterization of high density displays and
integrated drivers with automatic, computer-controlled
equipment.

o Assembly and packaging techniques for high density
displays (non functional) in an inexpensive, reliable
package.

o Assembly of several defect-free 6 micron thick liquid
crystal cells using nonfunctional, high density displays.

0 Fabrication of a line defect-free medium density display,
which was light sensitive.

o Implementation of a light block layer and intermediate
dielectric material to solve the light sensitivity
problem on the medium density displays.

o Full characterization of the medium density display
and photomasks with automatic, ccmputer-controlled
equipment. I

o Assembly and packaging techniques for medium density

displays in an inexpensive, reliable package.
o Assembly of several non light sensitive, low-defect

medium density displays.

The principal problems which remain on this program, and currently hinder
the efforts to fabricate a high-contrast medium density display, are asfollows :

0 Further development of the smoothing techniques

with polyimide films. These films require the
appropriate application technique to becacne
self-leveling; thus eliminating the mechanical
polishing technique previously used on low
density displays.

The current program funding had been exhausted before the smoothing techn-

iques could be satisfactorily implaiented.
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driver circuits that are used in the demo-unit boards. Several functional,
medium density displays were fabricated; unfortunately they exhibited the
light sensitivity problem which was characteristic to all the other display
assemblies and %afer lots fabricated on this program. After further process
development the feasibility modules were finished through processing,
asseiTbly, and test on Hughes IR & D funds. These modules did not exhibit
a light sensitivity, or "video wash out" problem.

In conclusion, the test and assembly capabilities were successfully demon-
strated for both high and medium density displays. The implication for
higher density displays with integrated drivers is that no significant
prcoblems are foreseen at this time for high density displays up to 50 p/mm.
The testing and asserrbly techniques developed in this program would satis-
factorily meet the requirements of these higher density displays. The
medium density display assembly techniques for mounting the top pyrex
plate and filling with liquid crystal, successfully demonstrated the
extension of the similiar assenbly techniques which were used on low
density, large area LC/tACS displays.

5.4 Implications For Higher Density Arrays

The significant design and process accomplishments on this program have
been previously discussed. In addition, the principal problems still to
be overcane include:

0 process development techniques for smoothing the

display active area in order to improve its
specularity and thus its brightness and contrast.

Once the above processing techniques were understood, the next anticipated
set of hurdles for higher density display (50 p/mm), which incorporate
integrated driver circuits, would include:

o development of processing techniques for silicon p-n
junction with tighter gecnetries and higher break-
down voltages;

o development of optical lithography for large area
displays with tighter geometries and intra-layer align-
nent restrictions.

These two areas would require significant technological advances to facil-
itate the design and fabrication of higher density active matrix displays
with full 525 line TV resolution.
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5.3 Status of Liquid Crystal Display Test and Assembly

A conputer - controlled, automatic testing capability was developed and
utilized on this program, for the complete characterization of the high
and medium density displays and integrated drivers. In addition, the
manual, microprobing capabilities of our test equipment were frequently
utilized by engineering tc: diagnose and characterize the performance of
the integrated driver circuits.

The Electroglas wafer probe station and the Matrix-switch module were
utilized for photcmask-related defect detection on the liquid crystal
displays. Fortunately, the test results indicated there were no repeat-
able photcmask-related defects which caused operational failures of either
the display or driver circuits. The required system timing signals,
shown in Figure 2-3, were generated by an Interface Technology Pattern
Generator, and these signals were brought to the display through MCS/CCD
driver modules. The relative ease of adjusting the signal timing and
voltage levels provided the necessary flexibility for fully characterizing
the integrated driver performance, despite the drain shift register design
error.

Several nonfunctional, high density displays were assembled, which success-
fully demonstrated several new assembly and packaging techniques. For
instance, each display was mounted first onto a molybdenum plate with an
acceptable thermally-conductive epoxy. Next, the display assembly was
mounted with epoxy coated mylar to the alumina substrate. This sub-
strate provided easily accessible feed-thru pins on 0.10 inch centers for
standard socket interconnection. The final package was rigid, inexpensive,
compact, and easily manipulated during testing and final assembly. As a
result of the integration of driver circuits, the alumina substrate requi-
red only 46 pins (actually 23 unique signals) to interface between the
electronic boxes and the high density display. Unfortunately, the alumina
substrate was larger than the volume specifications stated for this program.
The assembly techniques for mounting the top pyrex plate and filling with
liquid crystal demonstrated the integrity of a high density assembly with
a 6 micron thick display cavity. The resulting uniform liquid crystal
activation in the two assemrled displays, demonstrated the extended assembly
capability in the following areas:

O Tighter geometry registration in assenbly;
0 Concern for smaller particles in assembly; and
O Liquid crystal assembly over integrated driver

circuitry

The thermal analysis study, reviewed in Appendix B, indicated that the
integrated drivers would not adversely affect the liquid crystal as a
result of their power dissipation.

The same ccmputer-controlled testing equipment and Electroglas wafer
probe station, previously described, were also used in testing the medium
density display wafer lots. The devices, after wafer probing, are then
assembled into displays and mounted onto the pyrex back plate which contairs
the gold interconnect lines. Next, the displays are wire-bonded and then
activated by the demo-unit electronics boards. The electronics boxes
built for this program were modelled after the hardware and discrete
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0 Chrane metal
o Aluminum
o Aluminum-sil icon alloy
o Tapered metal etching
o Polysilicon-aluminm for step coverage

In general, these efforts did not produce consistently successful results.
To pursue these approaches, or to develop new ones, significantly larger
amounts of development efforts would be required.

Next, the intermediate dielectric material requires a low temperature
deposition process so as not to cause metal migration through to the
integrated driver circuits. This dielectric material should be compatible
with semiconductor processing techniques, our liquid crystal material, andprovide an optically flat surface over the active display area. The follo-
wing process techniques and materials wre investigated on this program

for solving the intermediate dielectric problem:

o Chemical vapor deposited (450 0 C) silox
0 Thin polyimide films (<.5 micron)
o Low temperature plasma deposited silicon nitride
0 Sputtered deposited silicon nitride and silicon dioxide

In general, these efforts did not produce consistently successful results
and significant continued developmental effort was called for.

In conclusion, the processing capability for fabricating high density dis-
plays which are not light sensitive was not developed on this program.
The processing capability for fabricating integrated driver circuits was
demonstrated on this program. To extend our processing capabilities for
fabricating higher density displays, the aforementioned processing problems
must first be solved (i.e., light blocking layer, intermediate dielectric
layer, and display active area smoothing). Once these problems are resol-
ved, the next higher density displays could approach 50 p/mm before litho-
graphic limitations would become the critical problem. Processing capabi-
lities currently exist at the Hughes Research Center in Carlsbad to fabri-
cate CCS devices with high density configurations and high p-n breakdown
voltages. These characteristics are required in higher density displays.

The demonstration of a non light sensitive, functional medium density
display illustrated our processing capabilities in fabricating LC/MCS
displays. The development of a light blocking layer and intermediate
dielectric material facilitated the solution of the light sensitivity
problen initially exhibited by these displays. In addition, the approach
to the dielectric material (a polyimide film several microns thick) lends
itself to the implementation of "smoothing" on the medium density displays.
The developmental efforts to implement a smoothing technique on the medium
density displays, which is as optically flat as polishing the polysilicon
layer on low density displays, is presently funded as a Hughes IR & D task.
Further application of the accomplishnents developed on this program, and
in regards to smoothing the medium density displays, will be discussed in
the summary section 5.5.
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l tIn conclusion, the interconnection of the high density display to its driver
circuits was successfully demonstrated by integrating these drivers with
the display on the same silicon wafer. The design fix to the drain driver
shift register string was implemented on the last two wafer lots processed

before the program redirection. These two wafer lots were not completed
due to the redirection of the program. The principal reason for failing
to demonstrate functional high density displays was attributed to the
lack of an adequate insulator material between the light block material
and top reflector electrodes in the display.

5.1.2 Medium Density Display

The interconnection of the medium density display with its discrete drivers
was successfully demonstrated on this program. The present bonding equip-
ment capabilities were used in wire bonding the .001 inch aluminum wire
to the 100 micron square pads on the display interconnect lines.

One of the first medium density display assemblies, which was light sensi-
tive, demonstrated a line defect-free display.

In conclusion, the operation of a medium density display (12.25 p/mm) was
successfully demonstrated on this program. The incorporation of "smoothing"
in the display active area to reduce random reflections from the underlying
integrating circuit geometries was not fully implemented on this program,
likewise the solution to the display light sensitivity problem was not
achieved. These two activities were further supported and finally implem-
ented on the medium density displays, with Hughes IR&D funding.

- Although most of the medium density displays used in the four feasibility
modules were not defect-free or "smoothed", these displays demonstrated
Hughes' capability to design, fabricate and assemble a LC/MC display
with 12.25 pixel per millimeter pixel density for applications in projector
and direct-view systeas. Three of these feasibility modules were non-
light sensitive over the active display array.

5.2 Status of Processing Capabilities

3 The demonstration of functional integrated driver circuits illustrated our
processing capability to simultaneously fabricate these circuits with a
high density display. The development of the high value resistors was
successfully accomplished by altering the implant dose to compensate for
the aluminum auto-doping effects.

Howejer, there are several process techni *es which require further devel-
opnent efforts in order to successfully fabricate a functional high density
di5play with integrated drivers. For instance, the light blocking layer
requires an opaque material to prevent Iight from generating electron-hole
pairs in the silicon substrate, adjacent to the boron diffused drain
lines. This light block material must be conductive for use as the grourd
electrode :f the vertical storage capacitor in each pixel. The following
pr-css techniques and materials were investigated on this program for
sE)IVIM the light blocking layer problem:

1 "-66-

.!



jI•

First, this section summarizes the high density display status just prior
to the redirection of the program's objectives (and remaining resources)
by the Tri Service Canmittee. The redirection options were outlined in a
proposal by Hughes, which is described in Appendix C. Next, a summary is
presented for the medium display status as to the present capabilities in
fabrication and assembly. Finally, the present liquid crystal display
design, fabrication, and assembly capabilities are extended to higher
density displays and modular display packaging.

5.1 Status of the Liquid Crystal Display

5.1.1 High Density Display

The interconnection of the high density display with its integrated gate
and drain drivers was successfully demonstrated on this program. Although

program, a successful miniature active matrix display was previously

demonstrated for the Night Vision Labs, Ft. Belvoir, VA., using the same
pixel cell design, without integrated drivers or the light blocking layer.
Howeer, the high density display developed for this program exhibited
satisfactory electrical characteristics and low line defects in the active
matrix array during characterization at the polysilicon layer test point.
In fact, several active arrays were line defect-free at this test point.

The -rinciple problems with the high density pixel display occurred with
inter-layer shorting between the polysil icon interconnect to 1 ight blocking
layer and to the top reflective electrode. In addition, the high den-
sity display design and photcmask sequences prevented the implementation
of smoothing the active array without significant efforts toward implemen-
ting a "self-leveling" film which would be compatible with current semi-
conductor processing techniques and our liquid crystal material.

The major circuit elements comprising the integrated drivers on the high
density display were successfully denonstrated, as mentioned earlier.
Several significant driver circuit concepts were demonstrated by the
success with these integrated driver circuits. For instance, the drain
driver video amplifiers demostrated a uniform output waveform over their
0.-20. volt range with only a +/- .25 volt variation. This amplifier
performance is acceptable for uniformly driving the liquid crystal over
the active array without incurring a striped or uneven video pattern,
which might result from unmatched drain video amplifiers. Next, the gate
driver circuits were powered-down during the video sampling period in a
TV frame. This technique enabled the 240 gate driver shift registers to
consume only 300 milliwatts of power, as predicted. Also, the drain driver
circuits were powered-down during different portions of the TV frame
time. For instance, when the 78 shift registers were not used for video
sampling, they were powered-down. The 78 video amlifier circuits were
likewise powered-down during the video sampling period, but were powered-
up during the horizontal retrace period. Finally, the on-chip clocking
circuits reduced the external timing circuits, external signal connections
to the alumina substrate, and provided the display with functional opt-
ions: full TV line interlace with a four display configuration, and
alternate TV line sampling with non-interlace when using one display.
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4.8.1 Discussion:

Several characteristics of dynamic scattering liquid crystal displays
are pointed up by the data on three of the feasibility modules. In
particular the angular dependence of the contrast is well understood in
terms of liquid crystal properties. For any dynamic scattering liquid
crystal display there will be an angle at which the contrast reverses.
If the detector is aligned with the principle reflection of the lighting
source then unactivated elements appear to be bright, since activated
elements scatter some large fraction of the illumination away from the
detector. If the detector is moved away from the principle reflection by
an angle of about 300, then the light reaching the detector is light
scattered by the activated elements; unactivated elements appear dark,
since they reflect (ideally) no light in the direction of the detector.
At angles run 10-150 the amount of light scattered into the detector
by activated elements is comparable to that reflected into the detector
and thus the contrast is very poor.

The dependence of display contrast on wavelength is not due to the liquid
crystal. Instead, it is due to the reflectivity of the IndiLm -Tin Oxide
on the top plate electrode. Coatings which are uniformly reflective
for a wide band of wavelengths are presently under evaluation, and if

applicable will be incorporated into future displays.

The refresh rate dependence of the display's contrast is affected by
both the liquid crystal conductivity and the storage capacity of each
individual elemental capacitor. The liquid crystal is driven by a current
flow which discharges the capacitor; the lower the refresh rate the lower
the voltage on the capacitor (and hence on the metal electrode) drops
before it is refreshed. The present material has been formulated for
optimum performance with lower density displays which have a higher cell
area ratio. It is adequate at 60 Hz rate; display of interlaced video
would probably require that the dopant level in the liquid crystal be
reduced, thus increasing the liquid crystal resistivity somewhat.

The variation of contrast with applied voltage is the effect which
allows the display to render grey shades. It is noteworthy that the
three displays evaluated agree so well as to grey shade rendition. This
property is important to the performance of an optical quad consisting of
four displays driven from a camon video source, each providing one
quarter of the displayed video image.

5.0 SULAMARY AND CONCLLSIOS

This section summarizes the significant accomplishments attained on this
4 program, and reiterates the capabilities established for the design,

faurication, test and assembly of liquid crystal displays. In addition,
the implications of the program accomplishments are discussed with respect
to their application to optically-cnbined flat panel matrix displays and
portable, direct-view flat panel display modules.
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4-4 CONTRAST RATIO OF FEASIBILITY MODULES-REFRESH RATE DEPENDENCE

I Contrast Ratio Refresh Rate DependenceF
I I I

I Rate (Hz)j 20/81-1 I 21/81-1 I 21/81-21
" II i II

I 200 I 7.5 I 6.0 I 7.0 1
I 120 1 7.1 I 5.7 I 6.7
I 60 i 6.2 I 5.1 I 6.1
" 30 I 4.9 I 4.1 I 4.7

Measured in specular mode - 150 incident angle (Q)

4-5 CONrRAST RATIO OF FEAS IBILITY MODULES-APPLIED VOLTAGE CEPENDENCE

IContrast Ratio Applied Voltage Dependencel

IVdrain(V) 1 20/81-1 1 21/81-1 1 21/81-2 1

I 25 9.6 8.8 9.1
I 20 8.6 8.3 8.3
I 15 7.5 7.2 7.0
i10 5.0 4.9 4.8

I 5 1.6 2.0 2.0

Measured in specular mode - 150 incident angle

4-6 SPEED OF FEASIBILITY MODULES

I __Display Speed (msec)i I [i 1i
120/81-1 I 21/81-1 I 21/81-2 1

IRisetime i 42 I 70 I 55 1

IFalltime 1 260 I 520 I 390 1

* . Measured in specular mode - 150 incident angle

-
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4-2 CONTRAST RATIO OF FEASIBILITY MODULES-WAVELENU'H DEPENDENCE

IContrast Ratio Wavelength DependenceII I II
inc(nm)( 20/81-1 21/81-il 21/82-21
II I I
450 I 2.2 1 1.7 1 1.7 I
500 I 3.8 3.3 1 3.3 I
550 I 7.3 8.3 8.2 I

I 600 I 8.4 12.0 11.3 I
650 I 8.3 8.0 1 8.1 1
700 I 6.3 6.9 1 6.4 1

Measured in specular mode - 15' incident angle (Q)

4-3 CONTRAST RATIO OF FEASIBILITY MODULES-LIGHTING ANGLE DEPENDENCE

IContrast Ratio Lighting Angle Dependence
I 1
JAngle with 1 20/81-1 1 21/81-1 21/81-2 1
Inormal, Q J

i100 I1.I 1.0
I 150 2.0 1.5

20- 2.6 2.1i
250 4.3 4.5
300 6.8 6.1i
350 7.4 6.0
400 6.1 6.1

450 5.5 7.2
I 500 5.2 8.8

Measured in scattering mode

0 To Detector (Scattering mode)

To Detector Incaning light
(Specular mode)

* I

0
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4.8 Evaluate and Deliver Feasibility Modules

Four displays were delivered as "Feasibility Modules" (R]s). Three of
these units were not light sensitive but contained line defects; the fourth
unit was light sensitive but line defect-free. All were filled with
stardard 2N-40 liquid crystal.. Other information on these displays is
summarized in Table 4-1.

lDisplaV Number I D'Lvd to I Light Sens. I Approx. No. Line DefectsI
I *

43/80-1 AFAL Yes 0

21/81-2 NALC No 3

20/81-1 NVEOL No 14

4

S" I 21/81-1 (Spare) No None before packaging;
I I quite a few after
I j packaging

* IN ".

More detailed measurements were made on three of the four modxules. These
include measurements of contrast ratio (as a function of either wavelength,
lighting angle, refresh rate, or applied voltage), rise time, and fall

* time. These data are summarized in Tables 4-2 - 4-6.
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[EM can be activated by either AC or DC signals. When AC is used,
the frequencies are typically less than 1 KHz. The voltage value
is dependent upon the material constituency and classification
and ranges from

NOMMAL.Y HYOf4OOYHAMiC TIJFBaULENC1 SPFCULAALY GLASS

ALIGNEO ISCATTERED LIGHT) AEFLECTED LIOHT CVER

MOLECULES TMANSPAPENTCCOUNTER
[ ELECTROOE

L.X FI1LMI

(12 MICROMITE RSi THtCK)

- MIRRORSUFC
,. ,ANO ELE CTROOE

SEMICONOUCTO

SUSSTRATE

Figure A-2 Nematic LX shown in dynamic scattering mode ([M)

0.5 volt to 60 volts. In the Hughes LX matrix display, the excit-
ation is unicolar and of varying amplitude (22 volts or less)
depending upon video scene content. An AC bias of 60 volts peak
to peak amplitude and appropriate frequency (depending upon material
consitiuency) can be used to help return the molecules to their
normally aligned state after the excitation is removed.

A.1.2 Field Effects

Another way to take advantage of the sympathetic alignirent and the
optical anisotropy of nenatics is the twisted nematic configuration
shown in Figure A-3. The design of the twisted nematic cell is the
same as for the ES4, except that the cell walls are treated to make
long axes of the LXs parallel to the plane of the cell wall. As a
result, on each cell wall the long axes of the LX molecules are
parallel to each other as well as to the plane of the cell wall.

I The cell is assembied to form an angle of 90' between the direction
on the other wail. Calculations show that the orientation of the
long axes of the molecules varies smoothly across the cell thickness

* fron one orientation to the other. Hence, the name twisted nematic.

It light incident on the cell is plaie polarized either along the

direction parallel to the long molecular axis or perpendicular to
it, the plane of polarization of the light emerging from the other
side of the LX cell is rotatcxJ 990 .
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* MOLECULES ROTATED REFLECTED POLARt EM
AFFLECTED tTO PERPENOCULAR LGHY ARCUER

LIGHT ALIGNMENT ELECTRODE

-01 ELICALOLY

* Figure A-3. Twisted Nenatic LX shown in field effect rnode.

When viewed through a polarizer oriented normal to the analyzer,
this emerging light is observed to pass through the polarizer.
However, if a field of sufficient strength (typically a few volts)

* is applied to the cell, light is blocked by the analyzer. The
reason is that the molecules in the bulk change their alignment
with the cell wall from parallel to perpendicular. As a result,
no rotation of the plane of polarization of the light occurs when
the field is applied. Since the analyzer is aligned normal to the
polarizer, light is now blocked. Thus, by using a linear polarizer
aig analyer in conjunction with a twisted nematic configuration,
the intesity of the transmitted (polarized) light can be naxulated
with an electric field; hence the term "field effect", as opposed
to app lhich is a current induced effect.

In their present state of development, nenatic materials operated
r in the dynamic scattering ooe, offer the most promising applicatin

to the matrix display technique described in this report. However
field effect oeration wuld be equally desirable if there were a
practical metthed of applying a polarizer to the reflective surface

. of the matrix display substrate.
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APPENDIX C

1-D APPROACH CHANGE ON THE LC/MCS HIGH-DEISITY PROGRAM
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* 'Ti..i submittal is a proposal change to the Liquid Crystal Metal-Oxide Semi-
C c r (bCSMa) High-Density Program under development for the Amny

vision and Electro-Optical LaLworatories, Ft. Belvoir, VA. This
r ! rn.e is recomrended to achieve a deiiverable higher density (greater
t:'3fl 100 ppi) display unit within the allocated budget.

The LC,,MCS High Density Program was o(jun in October 1978 with the
::%nitious goal of developing a 240 oy 312 picture element (pixel) liquid
cr.std. matrix display with fully integrated drive circuitry. The pro-
!_;'sod design called for a single 0.75 by 0.87-inch silicon chip containing
!::,e 588-pixel/inch display surface and the 10,000 additional transistors
t: drive the display with an input frun a standard serial television
signal source. The design deviated from that used for the previous
d'2 rsity (100-pixel/inch) liquid crystal matrix displays in that a vertical
:-d mutiple-plate capacitor structure as substitued for the simple hori-
zontal two-plate capacitor structure used in the previous designs. The
vertical structure makes it possible to provide the required storage
capacitance within a very small area without pushing the guidelines for
pho tolithographically controlled masking and etching. Unfortunately, it
requires that a capacitor plate or one of the dielectric layers also be
a lightblocking layer so as to prevent photon-excited carriers from
interfering with the operation of the underlyinng transistors that
form the addressing circuits.

The key technical challenges on the high-density display program have been
the developrnent of: (1) a stable horizontal resistor for assuring linear
operation of the on-chip drive circuits; (2) a suitable light-blocking
layer for protection of the addressing circuits underlying the active
display area; and (3) a compatible processing procedure for display
surface and display driver fabrication. Success in the first area was
achieved by controlling the resistivity of a doped polysilicon layer to
the tolerances required for the linear drive circuitry. However, no
acceptable solution has yet been found for the light-blocking layer.
The original plan called for using aluminum as the light-blocking layer
and for using a dielectric material deposited at a low temperature as
the overcoating insulator. Unfortunately, attemps to use the low-temper-
ature dielectric have not been successful. Moreover, prelinimary.. work
on developing a smoothing technique for existing displays has recetly
shown that the best smoothing technique also requires compatibility with
high temperature processing. As a result of the problem with the light-
blocking layer, Hughes is proposing the following changes in the program.
These changes are predicated on anticipated future applications as well
as existing capabilities. They utilize existing techniques to fulfill
future requirements.

The majority of future applications are expected to require a medium-
density display. Interfacing to the display with miniature cabling will
no longer be possible. Drive circuitry will have to move onto a canmon
carrier with the display to achieve interconnection. One can integrate
display and drivers, as is the case now, or leave them separate, con-
necting them by use of existing wire-bonding technology. Integration,
as indicated, requires significant process developnent. Wire-bonding
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of the display and drivers (that use existing processing) is therefore
the remaining choice. It will be compatible with optical combination or
-nodular concepts to meet display requirements. The approach will canience
with a bonding study to determine the upper limit on bonding density
fran presently available bonding equipment. The results of this study
will be discussed in a design review on the proposed medium-density
12.55 p/rm (312 pixels per inch) in a 200 by 288 pixel configuration.
The bonding study results will confirm our present design rule assumptions
on bond pad spacing limitations. These results will be incorporated
into this display layout.

The medium-density display will be fabricated with a fully developed
severnmas. MCS process. There will be four displays on a three-inch
wafer. Wafer processing will include six wafer lots, containing twenty
wafers, with additional two wafer lots for driver circuits. These wafer
lots will provide the program with four deliverable displays that exhibit
the state-of-the-art in display quality and three sets of driver circuits
to drive 175 by 175 display lines. Our existing smoothing process
sequence will be incorporated on the six display wafer lots.

A new circuit p±ate design will be generated to allow driving the display
lines with the existing set of interconnect cables and driver boards.
However, the cables will only allow a display sector of 175 by 175 pixels
to be activated. The definition of which 175 display lines are to be
bonded on the medium-density display and how redundant drive will be
implemented will be discussed in the design review involving the Hughes
design group and the Tri-Service program monitor.

At present, an electronics demonstration box is utilizing copies of the
IHUD driver boards, driver circuits, and kapton interconnect cables.
This electronics box design will be duplicated for delivery of two drive
boxes and one set of spare drive boards and cables.

1. Description of the Deliverables-(Reference Paragraph 3.0 of Attach-
ment 1) Hughes proposes to deliver four feasiblity modules (EM), two
electronics boxes, and one set of spare interface cables, driver
circuits and boards. The feasiblity modules will accept starndard
525-line, 30-fps canposite TV. The displays will be fabricated with
the present seven-mask MCS process on three-inch wafers, allowing
four displays per wafer. It is anticipated that the rectangluar
display layout will have 200 gate lines and 288 drain lines and will
provide for driving both ends of the same display line. The MYCS fab-
rication of these meium-density-displays will incorporate smoothing
techniques to reduce reflections from the circuit irregularities.
our purpose is to provide a means of assessing the importance of
smoothing relative to high-density displays.

Smoothing enhances liquid crystal display contrast and image quality
by reducing random reflections caused by surface irregualrities. At
its present level of development, smoothing techniques reduce these
reflections from between the underlying '4CS capacitor and the top
reflective electrode. VIA elimination is the subject of future work
and will not be part of this task.
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2. Feasibility Module Design Requirements and Goals (Reference Paragraph
3.2 of Attachment)

2.1 (Reference 3.1.1) Pixel Density (p/mm) 12.25
_ 2.2 (Reference 3.1.2) Format

(1) Vertical Pixels (#) 200
(2) Horizontal Pixels (#) 288

2.3 (Reference 3.1.4) Electronics
Two electronics boxes will be delivered on this program. They
will include the driver circuits, boards, and kapton cables for
interfacing with the medium-density display. An additional
set of spare driver circuits, boards and cables will also be
supplied as backup to the electronics boxes. The electronics
boxes will accept 525 line composite TV and provide the video
signal to the liquid crystal display module via the kapton
cables. Both electronics boxes are extensions of a demonstration
display unit Hughes presently uses and require duplicating the
boards and electronics units.

3. Bonding Study

An additional task is proposed in this program to implement the medium
density display concept with the existing set of driver boards and
kapton caoles. Thp purpose is to establish the upper limit of bonding
density between two adjacent metal-oxide semiconductor (MoS) circuits.
The approach will be to evaluate the maximum bond density of avail-
able equipment in terms of: accuracy of bond placement; lead dress;
compatibility with display assembly procedures; and bond reliability.
After preliminary tests on simple metalized surfaces, masks will be
generated and staggered metal stripes patterned on MCS circuits to
simulate actual bonding conditions. Once an upper limit for bonding
density has been established, the bonds themselves will oe evaluated
on the basis of their ability to meet MIL-STD-883 requirements. With
the results of this bonding study in hand, future plans are possible
regarding peripheral drivers that interface with the display on a
canmon carrier. However, the reality of the present is to design a
circuit plate to interface existing cables and driver electronics
with the medium-density display.

4. Statement of Work

Task 1. Bonding Study

The purpose is to establish the upper limit of bonding density between
two adjacent MCS circuits. The bonds will be evaluated on the basis
of their ability to meet MIL-STD-883 requirements. The bonding study
will be concluded within the first two months of the program. A
report of the findings will be submitted in the Task 3 Design Review.
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Task 2. Display Design

re arcose is to establish a medium-density liquid crystal display
2U0 oy 288 pixels. The display will be fabricated with our fully

deveioped seven-mask MOS process. There will oe four display pat-
terns p-r three-inch wafer. The availability of redundantly driving
t.e display lines will be provided for, pending the incorporation
-)f the bonding study results of Task 1.

'Task 3. Design Review

This reiiew will include the Tri Service monitor and the Hughes design
team in liquid crystal displays. Results of the bonding study will
.e cresented in a report, along with the implications to peripheral
driver circuit techniques. The design of the medium-density liquid
crystal display will be discussed. A decision on the go-ahead to
order the display photomasks will be jointly made. Also, it will be
decided which area in the display a 175 by 175 pixel sector shall be
bonded out to the existing interconnect cables. This design review
will occur at the end of the second program month.

Task 4. Circuit Plate Design

The purpose is to establish a pyrex circuit plate design that allows
interfacing the medium-density liquid crystal display to the existing
set of interconnect cables. The design and fabrication of twenty
circuits plates will be completed by the fourth month in the program.

Task 5. Redesign (Option)

In the event of a design error or defect in the photomask procedure,
a redesign of a few photomasks may be required to develop working
displays of high quality and adequate yield. This task will be decided
after evaluation of the first few wafer lots upon completion of the
MCS processing procedure.

Task 6. Wafer Production

After the initial runs of wafers have been thoroughly evaluated and
process limits determined, wafers will be processed and tested to
obtain display circuits to be used in the feasibility modules. Lots
of 20 wafers will be run approximately once a ionth for 8 months.

Task 7. Assembly of Four Feasibility Modules

The assembly techniques developed previously will be applied to the
construction of deliverable displays, to interfacing the display with
the separately evaluated signal processing electronics, and to fabri-
cating module display systans. The four feasibility modules will be
delivered in the tenth month of the program, or sooner as availability
dictates.
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-, . .. v and Del iverv of Two Electronics Boxes

-=. consist of the design and fabrication of the peripheral
...... 'saves (including incoming signal stripping and multi-

rJ the faiorication and packaging of the display system.
,.i ill be assemaoled with a flat pyrex top plate. No
of 1ighting into the system will be introduced other

r- om lighting. The display will be mounted for direct
t trapped. The assembly and delivery of the two elec-
wilI occur in the tenth month of the program, or sooner

:n ...: ' i l t/ dictates.

Aslz of One Set of Suare Drive Electronics Boards

Tis task will be the assembly of spare driver boards and interconnect
,:_)i.2s -s oackups to the two electronics boxes in Task 8. These spare

_,- wil be delivered in the tenth month.

T~ak 10. Submittal of Final Report

Thiis rzmrt will summarize the MBS processing and assembly techniques
aJ r'2sults on this program. Implications for future applications of
tis medium-density display will oe entertained with peripheral driver
citrcuitry techniques for driving the display. A review of new insights
i-.L) :urther extensions of the present technology will also be dis-
ciss u. This report will be submitted in the tenth month of the

Prouram Milestones

An extension in the present program milestones is requested based on
the incorporation of the smoothing of the liquid crystal displays,
tie bonding study and necessity to design a medium-density display
and circuit plate and acquire photographic masks for fabrication in
the MO3 processing facility. The necessity of concluding the bonding
study before the liquid crystal display photomasks are finalized
re-quires these operations to be done serially. The wafer lot pro-
cessing will require five months to process eight wafer lots'. The
first display available for assembly and testing will occur in the
sixth month of the program go ahead. Included in this processing
cycle will be the smoothing sequences to reduce the reflections and
enhance the display contrast and image quality. Because these
processes and assEnoi' steos must be done in a sequence, a ten-month
extension on the ,rose:nt urcyrm milestones is required. Hughes
will perform the tasi.s in tis pr9jram change within the remaining
budget allocation. itn thi.s t t: xtLnsion, Hughes will be able
to dei ver t!ie r, tt -' , -rir , vi ries with smoothing performed
on the iquid cr' ; ' "



APPENDIX D

ASSEMBLY FLOW CHART FOR THE MEDILM DEIITY DISPLAY



Start Start
Trop Cover Electrode Tested Silicon Display

7740 Pyrex

Apply ITO Coating Saw Wafer

Drill Fill Holes Mount Display To 7740
Pyrex Circuit Plate

Spin-On and Rub Polymer Spin-On and Rub Polymer
Coating for LC Alignment Coating for LC Aligrmnent

IV
Mount Top Plate to Silicon Display

With Mylar Spaceri
Fill With Liquid Crystal and

Plug Holes with Indiun

Test and Evaluate

Wire Bond

Test and Evaluate Finished Lishlai
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