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SECTION I

INTRODUCTION AND SUMM AR Y

The liquid crystal  reticle (LCR) is an electronically-operated dig ital

moving reticle mounted directly into the optical t rain of a s ight. The LCR

has many important advantages over s ta te -of - the-ar t  servo-driven opto-

mechanical projected reticle: These are

1. Digital design and simple computer interface

2. Much smaller size and weight

3. Stable boresight and excellent linearity

4. No moving parts and much better reliability

5. Lowe r aquisition and maintenance costs, both for the device
itself and for the system of which it is a part

6. Improved light transmission as beamsplit ters are eliminated.

In all , the LCR is a much more attractive device.

Several feasibility models of a LCR have been demon strated success-

fully. Results from the previous NV&EOL contract proved that a LCR can

be made to withstand the armored vehicle environment. The results of th at

contract are summarized below:

1. Demonstrated operation of a LCR from -40 to +125°F with the
aid of a t ransparent  thin film heater on the reticle itself

2. Resistance to b Og, 2 ms shock and 4g. 9 to 500 Hz vibration ,
while maintaining accurate bores ight

Since these results were obtained, two new Hughes developments

hav e occurred that greatly improve the LCR performance:

1. A new electronic driver scheme that improves flexibility and
simplifies computer inte rface incorporated into the prototype
LCR delivered to NV&EOL under this contract.

2. Development of a Hughe s proprietary liquid crystal material
that operates at +158°F.
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The prototype LCR delivered under thi s contract was de signed

successfully to incorporate most of these technological developme nts, with

49 line s for elevation and 299 line s for azimuth. (Not enough new liquid

crystal material was available to use in the delivered prototype reticle , so

an older , similar material was used). Other developments that were

demonstrated successfully are:

1. A productized liquid crystal re t ic le—only one reticle line, out
of 348, was not functional This problem may have been caused
by either the drive r chip or the substrate.

2. Installation on the Magnavox TIRE thermal ni ght sig ht . using
essentially the same volume as the existing fixed reticle

3. A new, Hug hes-develope d, electronic driver scheme with
simple to operate electronic controller

The scope of this contract was increased on a bes t -ef for t  basis to

include edgeli ghting and enhancing the reticle image on a dark back ground.

The resul ts  of this f i r s t  attempt were partially successful  and point to

fur ther  inve stigations. A recommendation is presented in Section VI.

This technical report documents the prototype LCR from design and

assembly to installation and operation with a thermal nightsig ht . This

report is organized into four sections. Section 1 describe s the mechanical

desi gn task.  Section II describe s the prototype LCR fabrication and test-

ing . Section III describes the electronic controller built to operate the

prototype LCR , while Section IV describe s installation and operation of

the prototype LCR with a Magnavox TIRE the r mal night sight .

2
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SECTION II

MECHANICAL DESIGN TASK

• 2. 1 AIMS AND OBJECTIVES

An optimized desi gn for the prototype LCR and housing was

required to in terface  with the Magnovox TIRE . The completed assembly

was also desi gne d to fit in essent ial l y the same space as that of the fixed

re t i c le .

2 . 2  MECHANICAL DESIGN

The LCR housing is comoosed of th ree  sections:

1. A basic housing to support the LCR substrate  assembly and the
eyepiece

2. An adapter plate to provide sealing interfaces to the TIRE u n i t

3. A connecto r housing to terminate  in terconnect ion output  w i r e s .

The LCR housing was developed to retain the basic mounting hole pat terns
of the exist ing si g ht for attaching the eyep iece and adapting onto the TIR E
unit,  it provides the mounting features to accurately locate and retain the
LCR substrate  assembly to the optical axi s of the si ght.

Basic in terfac e adjustments were required to the housing and the
in ter fac e adapte r plate to provide optical correct ions because of the added

glass path of the LCR substrate . These corrections were initially calculated
but had to be trimmed at the time of installation.

Hug hes ini t ial  proposal defin ed an electr ical  cable te rminat ing
inte rnally from the LCR assembly into the TIRE sig ht.  When the actual
si ght unit was inspected , this approac h was abandoned because of the many
new interfac e problems in coordinating changes  to the existing si ght.  The
basic unit was modified to adapt a sealed header housing to terminate the
wir ing connections externally. The internal  plan , however , would be pre-
ferred on future development programs for reduced cost and improved uni t
appearance.

3
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Technique s developed from the previous NV &EOL cont r ac t were

used to fabricate the LCR substrate assembly. The integrated LCR

assembly was s t ruc tura l ly bonded to form a monolithic type unit proven

capable of retaining ali gnment during hi gh shock , vibration, and thermal
exposures.  The basic LCR substrate consists  of two g lass plates on which

the reticle and interconnect ing line s were depo sited and etched. The pl ates

were s t ruc tu ra l ly bonded togethe r with a thin adhesive f i lm act ing as a

spacer and bar r ie r  around the cen t ra l  active li quid c rys ta l  reg ion. A f t e r

sealing th i s  act ive area , a thin f i lm heater  was incorporated.  La te r , a

number of s ta in less  steel brackets  and pads were accura te ly bonded in

place to provide the in te r faces  necessary  for mounting the completed LCR
assembly into the unit housing with mounting connectors and covers .  These
stainless  steel par ts  closely match the thermal  c h a r a c t e r i s t i c s  of the g l a s s

subs t ra te .  This technique was used to avoid put t ing holes into the g lass

subs t ra tes  that mi ght cause s t ress  propagating cracks.

Af t e r  these bonding operations, the substrate chi ps are instal led and
interconnected.  All the interconnection s from the substrate are te rmina ted
to a printed c i rcui t  type elastomate connector (Ampliflex) and a w i r ing  boa rd

and are then routed to an exte rnal connector housing. Two glass mul t i - te rmina l
headers are bonded in place inside this connector housing. The assembly
is wired and mounted onto the LCR housing,  providing a sealed cable
junction for the terminating electrical  cable.

The base LCR substrate was designed to provide a compact confi gura-
tion that could be integrated into the TIRE sight.  Tradeoff ~ udies were made
to determine the be st possible form factor of the substrate and the most effi-
cient arrangement of the log ic chips and connectors. The result ing desi gn
of the substrate was simple to fabricate .  The thickness of the glass could
be reduced from 0. 25 to 0. 125 inch , making an even more compact module;
howeve r , past tests and analyses were based on the thicker substrate , so
there was no change at this time without addition al backu p data.

The etched log ic pad c lusters  on the substrate were confi gured to

permit the easy removal and replacement of defective electronic driver

chips without damaging the interconnecting c i rcui t ry.  This provision

4
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proved hel pful  because some electronic drive chips were defective when

the completed assembly was te s ted.  E lec t ron ic  dr iver  chips were protected ,

af ter  die at tachment  on the substrate  by plastic covers .

Initially, plast ic  protective cove rs we re designed to provide electronic

dr ive r  chi p protection b y simple at tachment to metal frame s which were s ide

bonded on the glass subst ra tes .  During this  period , the scope of this

cont rac t  was increased on a best-effor t  basis to include ed ge li ght ing and

to enhance the ret ic le  image on a dark back ground.  Laboratory t e s t s

proved th a t  the ret ic le  image against  dark back ground is enhanced by

small li ght bulbs around the g lass subs t r a t e s.  Since no space was avai lable

around the g lass  subst r ate per iphery  in the newl y desi gned housing,  eac h

plas t ic  cover for  e lec t ronic  dr iver  chip protect ion was modified to inc l ude

t wo sma l l li ght bulbs.  The covers  and potted a reas  containing li ght bulbs

are shown in Fi gure  1. The four li gh t bu lbs (wired in se ri es ) tra n sm it

li ght t h roug h a substrate  ed ge. This method of ed ge li ghting,  althou gh

ext remely compact , did not provide the degree of re t ic le  image enhancement

desired.  R e s ul t s  are discussed in Section V. Additional image enhance-

ment scheme s are being considered.

2 . 3 CONCLUSiONS

A prototype LCR with housing has been success fu l ly desi gned ,

fabr icated and installed on the Magnavox TIRE thermal  ni g hts i g ht in the

exist ing space provided for a fixed reticle. This reticle incorporates

resu l t s  of shock , vibration and thin f i lm heate r developments f rom the

previous  N V &E O L  contract.  Edge lig hting to enhance the reticle image on a

dark back ground was also included.

5
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SECTION III

PROTOTYPE LIQUID CRYSTAL RETICLE TAS K

3. 1 AIMS AND OBJECTIVES

A working prototype model of a sing le-axis  LCR which can be

installed on the Magnavox TIRE thermal  nig hts ig ht was designed , fabr ic at e~~,

assembled and tested. This reticle required approxim atel y 300 line s in

az imuth  and 50 line s in elevation. The prototype LCR was also to incor-

porate both the thin film heater and the shock and vibration mounting

sche me developed on the previous NV &EOL contract.  In othe r respects ,

the ret ic le  was to resemble the cur ren t  Hug hes confi gura tion .  At tempt s

were made to incorporate the latest  technology available f rom other c u r re n t

programs , such as a new Hug hes-developed e lec t ronic  dr iver  c i r c u i t .

3. 2 DESIGN, FABRICATION, AND ASSEMBLY

A Hug hes prototype LCR built  for laser/daysi ght in 1977 used 1. 2 mi l

wide l ines  with 0 . 5 32  mu spacing for a 1.732  mu center- to-cente r line

spacing.  This system used an objective lens with an ef fec t ive  focal length

(EF ~) of 8 .66 inches .  Therefore , to ob tain a 0. 2 angular  mu resolution

with  0. 1 angular mu accuracy , the cen te r - to-center  line spacing was

1. 732 mi ls .  This same spac ing was used for the prototype LCR , as accurate

TIR E optical data were  not available dur ing  layout desi gn.

TIRE optical data were eventually received , and an estimate of mrad

angular  increment between lines was determined as follows. An Army

standard eyepiece is used on the TIRE with an EFL of 1.33 inches.  From

the TIR E manual , it was assumed that the magnification is 8X in the narrow

f ie ld -o f -v i ew;  therefore , the objective len s has an EFL of 10. 64 inches.  It

was also assumed that the EFL for  the objective lens includes the IR optics.

Therefore , using these two assumptions , the angular increment for each l ine

was calculated at 0. 163 mrads.

6
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Afte r  the LCR housing was defined , the size and shape of both

- 
elevation and azimuth plates were determined. Both new elevation and

azimuth plate layout s were roughly 50 percent smaller than previously
manufactured plates. This reduction was realized with the use of a new

electronic driving scheme. This scheme was developed as part  of a Hug hes
IR&D program.

Layout for the elevation plate was s trai ghtforward.  The elevation

plate contained 49 line s (with bore si ght at line 24) and alphanumeric s were
the same as those used on an earl ier  Hug hes prototype ; four numerical

dig its , three  indicators  and four discrete me ssages. (It should be noted

that fu ture  al phanumeric format  possibili t ies are vi r tual ly unlimited).
Three CMOS driver  chips were desi gned to mo unt on the elevation plate to

address ret icle line s and al phanumerics, using ei ght input /output  (I /O)

control l ines.  Reliable e lec t r ica l  connection to the ei ght I/O control line s

was made via an Ampliflex connector to a small printed wir ing board. Two

permanent concentric boresight c i rcles  were also de signed into the elevation

plate in case power is lost to the LCR. The overall size of the elevation

plate , less covers , is 3.45 x 1 . 7 3  x 0 . 2 5  inches.

Layout space for the azimuth plate required more care and innova-

tion. The azimuth plate contained 299 line s (with boresight at line 149) and

the back plane for the al phanumerics.  Ten CMOS driver  chips were designed
to mount on the azimuth plate to address reticle line s, again using ei ght
I/O control l ines. Most of the azimuth and elevation control line s are

shared, which great l y reduces the total number of I/ O control l ines.  The
connector confi gura t ion  is the same as for the elevation plate. The overall

size of the azimuth plate , less covers , is 2. 20 x 2. 01 x 0 .25 inches.

The overall LCR size is 3 .45 x 2. 01 x 0. 50 inche s, less covers ,
connectors, thin f i lm heater and mounting feet.  Three point shock and

vibration mounting feet were designed to attach on the azimuth plate and not
interfere with placement of the thin fi lm heater .  A thin fi lm heater of

approximately 1. 35 x 1. 30 inche s was de posited ove r the LC cell; 22 ohms

7
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per square indium tin oxide (ITO) was used. A Minco Sl026 , Ni-Fe ribbon
thermocouple with self-st ick adhesive was mo unted on the azimuth plate in
close proximity to the thin fi lm heater.

Each layout was di gitized on a Calma interactive graphics system

This system allowed the operator and mechanical desi gne r to interact for
changes and error correction.  A Gerber photo-plotter supplied with Kodak
hi gh resolution f i lm was used to generate lOX photopbots for each layout.

Hughes selected the same vendo r used in the past to produce the
chrome masks for etching reticle plates. Three attempts were necessary

to produce usable chrome masks from the lOX photoplots. The f i r s t  attempt
pointed out a deficiency in the exposure control mechanism on the Gerbe r
photoplot ter ;  this problem was corrected rapidly and new photoplots
generated.  A second attempt produced ragged, uneven line s and g lass chips
opposite the chrome emulsion. A third attempt produced usable chrome

photo masks still  with uneven and ragged line s, but withou. g lass chi ps.
These were the masks used for the prototype reticle.

Several sets of glass substrates were cut to shape and processed.
Elevation plate s had higher line yield , as expected , because of fewer l ines.
At f i rs t , none of the azimuth plate s approached hi gh line yield. Line y ield
was vastl y improved on two sets of reticle plates using a pulsed xenon laser
station to open l ine-to-l ine shorts. After  the repair , visual inspection with
a coaxial illumination microscope iiLdicated that one set of plates had hi gh
line y ield. At this point the two repaired azimuth plates were sent to
Serriacin for deposition of the ITO thin fi lm heater and were returned with

22 ohms per square of ITO.

Two LCRs were assembled using Ablefilm 539-Il and LC filled with
the DC material.  No new liquid crystal  mater ial  was available so the older

material was used. (Both the sealant and LC material are the same used on
the previous NV&EOL contract). LC fill holes were sealed with epoxy . A
60°C temperature curing conductive epoxy was used for die attachment ;

aluminum wire was used for ultrasonic bonding. Aluminum wire provide s

8 
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two important advantages’ mechanically ri gid interconnects,  and

repairability.

Connector posts were bonded on each reticle to attach the connectors

for electr ical  test ing A mask error  was fo und on the azimuth plate s dur ing

initial electrical testing and was corrected by cutting the metallization and

reconnecting with conductive epoxy. Ret i :le No. 1 was found to have 10

defective line s which stoppe d functioning approximately halfway across the

LC cell. Microscopic examination indicated that these line s appeared to be

cut by a fine scratch.  Reticle No. 2 had one defective drive r chip but no

defective LCR line s in the cell area. This reticle was completed by bonding

the metal frame s on the edge of each plate . The defective chip was repl aced

and the ret icle  was retested. Only azimuth line 3 was not working.  This

reticle is shown in Figure 1.

Two wires were attached to the thin f i lm heater with conductive

epoxy . The reticle was installed in the housing and the wiring completed

(see Figure 2).  The thermocouple is shown near the thin f i lm heater.

3. 3 CONCLUSIONS

A prototype LCR was designed , manufactured, tested and installed

in a housing, suitable for mounting it onto the Magnavox TIRE thermal

ni ghtsight. Of the 49 line s in elevation and 299 line s in azimuth , both with

0. 163 angular mrad spacing, only one line was not functional. This proto-

type reticle successfully integrated prior resul ts  for shock’ and vibration

mounting plus a transparent thin fi lm heater to allow operation from -40

to +125°F. In addition, this prototype LCR successfully incorporated a

new Hughes developed electronic drive r scheme th at gre atl y reduces overall

reticle size . In other respects, the reticle resembled the current  Hughes

configuration, such as alphanu meric display in the field-of-view.

9
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Figure 1. Prototype Liquid Crystal
Reticle.

10

--- .-

~

_ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



4)

0 

.4
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Reticle in housing.
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SECTION IV

ELECTRONIC CONTROLLER TASK

4. 1 AIMS AND OBJECTIVES

An electronics unit was required to drive the prototype LCR and

activate the t ransparent  thin film heater  to control the li quid c ry s ta l  tempe r-

ature . It was also important that the electronics be simple to operate.

4 . 2  RESULTS

A new Hug hes-developed electronic c i rcu i t  that individual l y addresses

and drives ret icle lines was incorporated into the prototype LCR. This elec-

tronic dr iv ing scheme was developed to simplif y the electronic in terface

and add presentation format flexibility to a LCR. The prototype ret icle

includes independent selection of az imuth lin e, elevat ion line , and al pha-

numerics, plus a simple electronic dr iver  chip self- test  featu re.

A stand-alone multifunction electronic controller based on a working

Hughes desi gn was modified, packaged and tested to drive the prototype LCR .

This electronic controller was built for keyboard entry of command and

data; hence , no provisions were made for alternate di gital inputs .  Althoug h

the main purpose of the electronic controller was to demonstrate the proto-

type LCR , two additional functions were al so provided; a te st mode and a

diagnostic mode . The test mode was used during LCR assembly to deter-

mine defective driver chips and nonworking lines. Thi s function was

part icularly important as semiconductor manufacturers  did not guarantee

100 percent yield on chip-only deliveries.  The diagnostic mode was

intended to detect and indicate functional fa i lures  during LCR operation ,

such as data fail, power fail, backplane fail and heate r fa i l .

An Intel single chip reprogrammable microprocessor was selected

and used to provide the functions necessary to realize the controller. This

microprocessor was programmed to scan the keyboards for command and

data, monitor power supply functions, drive the LCR, drive status indicators,
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control the heater , and perform maintenance functions such as a command

display, data display, and a self test feature . An ability to change or

modify electronic functions in software without hardware changes is t rul y

unique. Characteristics of the electronic controller are summarized below:

1. Keyboard entry of command and data

2. Displays for command and data entered

3. Status indicators

4. Independent data entry of azimuth, elevation, alphanumerics,
and heater control

5. Fast (10 lines/step) and slow (1 line/step) auto-step of reticle
lines (up, down , left, right)

6. Selectable internal or external power source

7. 18-30 volt external input with rransorb protection (power con-
verter needed for raw +24 volt from armored vehicles)

8. 22 volt battery for internal power

9. Bri ghtness control for edge li ghting

Figure 3 shows the electronic controller to drive the prototype LCR.
The electronics drove an LCR the first time without any problems.

Figure 3. Electronic Controller
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Soon after testing of the electronic controller , the microprocessor was

programmed to bypass defective azimuth line 3. Depending on the last

input of the au to-s tep  azimuth function (that is, left or ri ght) the micro-

processor adds or subtracts one line. Thu s, when azimuth line 3 is selected,

either azimuth line 2 or 4 is actually used.

Since the prototype LCR and electronic controller were intended for

demonstration, no attempt was made to miniaturize the electronic controller .

Electronics layout was patterned af ter  the working microprocessor  bread-

board. Liberal space was allowed for a DC-to-DC converter , +22 volt

battery , wire  wrap components , connectors and cables.  Costs were  mini-

mized using commercially available components. It has been estimated that

a LCR printed wiring board inte r fac e (includin g electronics to a di gital

computer would be no larger  than 3 inches square.

4 . 3  CONCLUSIONS

A mult ifunction electronic controller based on a working Hughes

desi gn was modified, packaged and tested to demonstrate the prototype

LCR with unique ability to change or modif y electronic functions in software

without chang ing the hardware. In addition to demonstrating the LCR , the

electronic controller was designed to provide status and to diagnose faul t s .

Keyboard entries provided a simple method to control the prototype LCR.
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SECTION V

PROTOTYPE LI~~JID CRYSTAL RETICLE INSTALLATION

5.1 AIMS AND OBJECTIVES

The completed prototype LCR in housing was to be installed and

operated with the Magnavox TIRE.  It was also important that the reticle

not interfere with mechanical or electrical operation of the Magnavox TIRE.

5.2 RESULTS

The fixed reticle with housing removed from the TIRE and the LCR

with housing and electrical cable before installation are shown in Figure 4.

Overall sizes between the two reticles were comparable. The TIR E eyepiece

mounted on the LCR housing before installation on the TIRE is shown in

Figure 5. The LCR housing, electrical cable , and eyepiece mounted on the

TIRE are shown in Figure 6. The prototype LCR did not interfere with TIRE

operation; the TIRE controls are clearly visible in the photograph.

“-54595

Figure 4. Comparison of fixed reticle
and liquid crystal reticle
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Figure 5. TIRE eyepiece mounted
on LCR housing

Initially when the LCR was installed and operated with the TIRE,
the reticle and IR image focal planes were not coincident. Parallax was
also observed. From these observations , it appeared tha t the reticle focal
plane was outside the IR image focal plane. By using shims, the LCR was

moved closer to the TIRE so that both image focal planes were coincident and
parallax was significantly reduced. Shims were removed, and the TIRE
mounting flange was machined accordingly. Both IR and reticle images were
observed to be coincident with virtually no parallax.

The TIRE, as with most thermal ni ght si ... ’ ts , can p roduce a “white ”
hot target  on a dark back ground or a “black” hot t a rge t  on a li ght back ground.
Since an LCR line appears black to an operator , some difficulty may be
momentarily encountered locating the reticle with a “white” hot ta rget and
black background. Similarly, an operator may momenta rily encounter dif-
ficulty accurately positioning the reticle onto a “black” hot target. Although
not part of this contract, NV&EOL requested on a best effort basis that edge
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Figure  6. LCR housing,  electrical cable , and
eyep iece mounted on Magnavox TIR E.

li g ht ing  be in corpo ra ted  to e n h a n c e  the LCR image .  The goal was to produce

whi te  r e t i c le  l ines  r e g a r d l e s s  of image  po la r i ty .  Edgel ig h t ing  proved mar-

g inally succes s fu l . Al p h anumer i cs , even  thoug h d i s t ingu i shab le , we r e

obse rved a lmost  out  of the eyep iece f i e l d - o f - v i e w  (cor rec tab le  by LCR layout

c h a n g e s) .  Thus , s imul taneous  v i e w in g  of the IR image and alphanumer ics

~~as d i f f i cu l t .  In addi t ion , i n s u f f i c i e n t  i l lumina t ion  f rom the edge lig hts  did

not apprec iab l y enhance  the r e t icle  image.  Hug hes has s tudied this  problem

f u r t h e r  and is c u r r e n t l y p u r s u i n g  a solut ion .

A complete test of the LCR installed on a working TIRE was per-

formed with the electronic controller .  Operation of the controller proved

sim ple , and no problems were encountered.
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5. 3 CONCLUSIONS

A prototype LCR was successful ly installed and tested on the TIRE

using the electronic controller. The mounting flange was adjusted so that

both the IR image and reticle focal planes were coincident. Althoug h edge

li ghting was not part of thi s contract , the concept was tested and imple-

mented with some success. Operation o~. the prototype LCR did not in ter fe re

with mechanical or electrical operation of the Magnavox TIRE.
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SECTION VI

CONCLUSIONS AND RECOMMENDATIONS

6. 1 CONCLUSIONS

The delivered prototype Liquid Cry stal Reticle , with 49 lines for

elevation and 299 lines for azimuth has successful ly demonstrated:

1. A t ransparent  thin film heater that allows operation from
-40 to t lZ S°F

2. Shock and vibration mounting scheme for armored vehicle
environments

3. A new Hug hes developed electronic dr iver  scheme with simp le
electronic controller

4. Installation on the TIRE thermal  ni g hsi ght using essen t ia l ly the
same volume as the existing fixed re t ic le

5. Operation wi th  the TIRE thermal nights i ght wi th  only one re t ic le
line not functional .

The success fu l completion of this contract proves that a LCR ,

designed to withstand the armored vehicle environment , can be installed and

operated with a TIRE thermal nig htsig ht.

6. 2 RECOMMENDATIONS

It is recommended that additional tasks be fu nded for the LCR to prove

reliability and ope r ational feasibility . Specifically ,  the following tasks arc

important:

1. Shock , vibration and temperature test s

2. Field tes ts  in an armored vehicle with simple compute r interface
to prove operational feasibility

3. Fur ther  investigations of edge lighting.

It is recommended that an advanced development model be procured to

demonstrate improved operational capability of an armored vehicle with a

the rmal nightsight. finally, it is believed that the successful  completion of

thi s and concurrent effor ts  bring the concept of the liquid crystal reticle to

the point where full-scale engineering development should be pursued.
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