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• ABSTRACT

The planning of the effort and initial work on the batch fabrication

of Nd:YAG laser rods were accomplished. The primary objectives of the work

were to complete design of the polishing fixture and select an initial

manufacturing process. The polishing fixture designed is capable of hold-

ing sixteen laser rods within the required tolerances during the grinding

and polishing process. The polishing process selected, based upon prior

work, consists of three separate grinding steps and two polishing steps.

All work is to be accomplished at a single work station.
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PURPOSE

The purpose of this production engineering program is to develop the
mechanical and optical processes for multiple rod fabrication of neodymium
doped YAG laser material. Control of quality Is to be obtained through test
procedures designed to meet the specifications of a typical system rod.
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1.0 INTRODUCTION

The Nd :YAG solid state crysta l laser is the most widely used and

studied device for present and future military applications. Since Its

discovery in 19641, Nd :YAG has proved to be a nearly Idea l engineering

material and increased rod requirements are a certainty for all service

branches. Two persistent production problems have slowed the more exten-

sive use of Nd :YAG in the form of low cost rods. The first of these was

the availability of high purity and optically perfect rough boules capable

of good rod yields. In 1970 the Army addressed itself to this area and a

successful program was completed .2 The second problem involves the fab-

rication of laser rods using techniques of batch processing In place of

unit operations.

During the period 1970—1975, Nd :YAG laser devi ces experienced a

period of advanced engineering development. At this stage the norma l rod

usage atta ined a maximum of 1-5 rods/month. Laboratory procedures for

fabrication were developed and all operations were done by hand on each

rod. At the present time the Army laser programs Include i tems such as

the AN-VVG- 1 laser rangefinder, the GILD locator designator, the AN/VAS-8

designator tracker, proposed laser tank rangefinders, and the AN-GVS-5

hand held rangefincier. Similar programs and expanded plans are forecast

for the Navy and Air Force during the period 1976-1981. Thus the production

requirements of Nd :YAG are rapidly approaching 100-300/month and by 1979

could easily reach 300-500/month. Thus it becomes imperative to develop

procedures for laser rod fabrication which are more amenable for increased

production yields per man hour.

The purpose of this production engineering program is to devise the

mechanical and optical processes for mul tipl e rod fabricati on of Nd :YAG

— 1—
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laser material. A secondary objective is the control of quality throug~-
:

test procedures designed to meet the specifications of a typica l system

rod. The program builds upon currentl y existing techniques for single

rod fabrication to attain the design goal of twel ve rods per eight hour

day. During this process particu lar attention must be given to rod para-

meters such as flatness, parallelism , perpendicularity and surface finish.

Control to within the required tolerances can be achieved by directing

efforts at proper tooling and process design .

2.0 DEVICE

The input material to ‘he program is sing le crystal neodymium doped

yttrium aluminum garnet (YAG). The dopant level is to be in the range of

1.0 to 1.3 atomic weight percent neodymium . From the sing le crystal boule,

areas are selected which are of high optical quality . These areas are

used to core drill rough rods which are subsequently centerless ground and

sized in preparation for the final polishing operation .

The laser rod to be produced is a 4.27 millimeter diameter by 43 milli-

meter long rod. The outside diameter is to be of a rough ground finish.

Starting with rods of material having rough ground end faces, finished

laser rods having a flatness wi thin 0.2 wavelength of sodium light and a

surface finish better than 20-5 per MIL-O-13830 are to be produced . The

end faces are to be parallel to wi thin 20 seconds of arc and perpendicular

to the rod axis within 5 minutes of arc . (See Appendix for complete rod

specifications)

The process to be used in polishing the end faces will utilize block

mounted rods. These blocks of rods will be handworked using rotating laps

and a free abrasive slurry . Grit sizes are successively reduced in pro-

cessing to achieve the final finish required . During these operations the

- 2 -
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critical parameters of flatness, parallel i sm, perpendiculari ty and surface

finish will be continual ly monitored .

3.0 FIXTURI NG AND TOOLING

One critical aspect of this program is the design of the necessary

fixturing and tooling for batch fabrication of rods. The design chosen

must be capable of producing rods to within the required tolerances at a

minimum rate of twelve per eight hour day. The following sections discuss

the fixturing and tooling associated with the fabrication operation as well

as some of the special i tems associated with the testing required.

3.1 Polishing Fixture

The polishing fixture designed for this program (Figure 1) has

evolved from other fixtures of similar design. The fixture is designed to

hold sixteen rods and is toleranced such that the rod axes are held to within

one minute of perpendicularity to the block end face and parallel to one

another within one minute . The quantity of sixteen rods was chosen to

provide for syn~netry of design as well as to allow for the possibility of

some losses during the polishing operation.

An aluminum cover was incorporated in the design to protect the

finished first ends, while grinding and polishing the second end . The cover

is desi gned to mask the finished rods, while leaving the polishin g feet

exposed to be used as a reference plane while working on the second side.

3.2 Work Station

The work table (Figure 2) is of a very basic design and has

been used extensively for single rod fabrication. it consists of a vertical

mounted shaft, tapered at the top end to accept the different types of

polishing and grinding tools. A pully is attached at the bottom end, which

is connected to a variable drive motor by a belt. The use of a variable
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drive motor allows the operator to select the proper rotation rate for

the particular lap and grit being used and thus maintain the flatness of

the lap. The table top dimensions are two feet deep by three feet wide.

This size table permits the operator some workable counter space for this

polishing or grinding powders when the eight inch tool is mounted on the

spindle.

A clear plastic shield two feet high covers three sides of the

table. This helps to eliminate cross contamination from other tables and

lets the front open for access to the spindle. A clear top is also used

to help stop air borne debris from falling directly onto the tool.

3.3 Grinding and Polishing Tools

During the course of this program several different polishing

and grinding tools will be evaluated . Materials such as glass, cast i ron

and a lumi num wi ll be tr ied . Both plane surfaces an d surfaces with a cross

hatched pattern will be evaluated to determine their effect on material

removal rate and surface damage. In this evaluation different grinding

and polishing powders will be used with each tool .

3.4 Testing

Parallel ism of the rod end faces is frequently monitored dur-

ing fabrication. This is accomplished through the use of a Fizeau inter-

ferometer. The equipment used for single rod processing is shown in

Figure 3. For working, multiple rod blocks the positioning stage will be

modified to handle the larger block. The stage provides pitch and yaw

and vertical adjustment. These, plus rotation of the block and ~.orizontal

movement, allow for proper positioning of any rod within the block and

null ing of the resulting fringe pattern.

-6-
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4 The only other test equipment which wil l require modification

is the laser system for damage tests on coatings. Testing to the l evel

of 350 megawatts per square centimeter over the full rod aperture is

required . This requires a laser system capable of an energy output of

0.660 Joules per pu1se. To attain this level of operation it will be

necessary to use an oscillator-amplifier system.

4.0 MANU FACTURIN G PROCESS

The steps of the proposed manufacturin g process are shown in the

Flow Chart of Figure 4. This process is based upon previous work on

single and multiple rod fabrication that has been successful in producing

rods meeting the required specifications. The major portion of this

program is directed at the grinding and polishing steps of the operation.

These steps are the ones limiting the overall rate which can be attained .

Boule growth, selection of high quality material and the preliminar y

fabrication steps follow wel l established procedures. The overall rate of

these preliminary fabrication steps far exceeds the required rate and do

not limi t the process in any way. The application of coatings similarly

will not effect the overall process rate.

It was decided that work in the grinding operation would start using

A12O3 grits on cast iron or glass laps. In this operation gri t size is

success 1vely reduced from 2c~m to 1~im to 5pm. In each step material

removal rates will be evaluated . In previous experiments on multiple rod

fabrication the overall grinding process has taken approximately 1.5 hours .

The design goal of this program is to reduce this by 30-50%. If this 4
cannot be readily accomplished using the above process, then other grit

types such as silicon carbide and boron nitride , and other grit sizes will 
~~~~~~~ 
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be evaluated .

The polishing approach chosen will use the basic system in operation

for polishing single rods. The rod ends will be polished using a 1~m

aluminum oxide (typically Linde C). This process normally takes approximately

1.5-2 hours. During this operation the surface flatness and finish are

constantly monitored. When an essentially dig free surface is obtained

and a few light scratches may remain, the grit size is reduced to 0.3

micron aluminum oxide . This final polishing has normally taken approximately

one half hour to attain a scratch free surface.

Throughout the polishing operation removal rates will be evaluated .

The purpose of these experiments will be to develop an understanding of

the process such that the overall polishing rate can be increased. It is

the design goal to attain approximately a 30% increase in rate of produc-

tion.

5~O DATA AND ANALYSIS

Although no polishing experiments were initiated during this quarter ,

the results of prior runs were analyzed in determing the process design.

Table I lists the results obtained with respect to critical specifications

on four blocks of twelve rods each. These blocks were processed using the

process described above.

From the table It can be seen that the required flatness and perpen-

dicularity specifications , AIs and 5 mm . respectively, produced no

problem. However, some attrition of rods was experienced with respect to

rod end face parallel ism and surface finish. The lowest yield was

approximately 70 percent with respect to a scratch and dig free surface

finish. Considering the program specification of a 20-5 surface finish

-10-
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and increased familiarity with the block polishing process , the 75 percent

yield required by our polishing block (16 rods) should be readily attain-

able.

6.0 CONCL USIONS

The design of a polishing fixture was chosen such that a syninetric

surface wil l be presented for finishing. The fixture will hold the rods

well within the required perpendicularity tolerance.

The polishing process chosen has successfully produced rods meeting

the required tolerances. With the selected block design , yield problems

should be minimized .

Rate requirements should be attainable with the process proposed.

The rate increases required are moderate and should be realized through

polishing rate experiments. New grit types and sizes can be eva ’uated

if required.

7.0 PROGRAM FOR NEXT QUARTER

During this quarter , June 1, 1977 through August 30, 1977, initial

experiments using the new polishing fixture will begin. Grinding and

polishing rates will be analyzed as a function of type and size of

polishing material used. Lap material and configuration will also be

analyzed and its effect on rate determined. Work will continue on con-

structing the apparatus for the testing program.

i
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8.0 IDENTIFICATION OF PERSONNEL

The followinq personnel contributed effort to the program this quarter.

DAVID J . DE NTZ, Chief Engineer , is a 1963 graduate of Union College . Follow-
ing graduation he worked for Pratt and Wh i tney Aircraft as an experimental
engineer in a fuel cell development group. From 1964 to 1966 Mr. Dentz
attended Lowell Technological Institute , receiving an M.S. degree in 1967.
From 1966 to 1972 he attended New York University . Mr. Dentz .joinedAirtron
in 1968 as a staff scientist specializing in measurement of optical proper-
ties of laser and electro optic ma terials. His work was particularly direc ted
toward the establishment of quality assurance testing methods for laser mater-
ials. In 1974, Mr . Dentz was appointed Manager of the Czochralski Crystal
Growth Facility. In that capacity he had the responsibility for production
and development activities in that area . Work has included the development
of growth and processing methods of garnet materials for high quality sub-
strates. In 1976 he was appointed Chief Engineer of the Crystal Group
directing all engineering efforts within that facility .

ROGER F. BELT , Research Director , is a 1950 graduate of Ohio State University .
He received his M.S. in 1952 from Duquesne University and the Ph.D. in Physical
Chemistry from the State University of Iowa in 1956. During 1950-1951 Dr.
Belt was employed by Cities Service Oil Company as a petroleum chemist. In
1953 he worked for E.I. duPont, Nylon Division , on melt properties of polyester
fibers . From 1956-1961, he was associated wi th the Physics Department of the
B.F. Goodrich Research Center. During this interva l he was in charge of struc-
tural programs on all types of high polymers. From 1961-1964 he was employed
with the Crystal Solid State Division of Harshaw Chemical Company . Initial
research efforts were on crystal growth and perfection of optical crystals. In
1964, Dr. Belt joined the Materials Laboratory of the Airtron Division of
Litton Industries. His initial responsibilities included crysta l growth, pro-
cessing , structure and analysis. He developed new x-ray procedures for quality
control in magnetic , laser and piezoelectric materials. During 1967 he was
appointed Research Director of the Advanced Materials Laboratory. In that
capacity he has directed major company and government sponsored research pro-
grams on ferrite materials , laser crystals, substrates, bubble domain garnets,
flux growth, hydrothermal and Czochralski techniques, and crystal perfection
studies.

IRVING J. LOWE, Manufacturing Manager, was graduated from Marist Col lege in
1968 and received an M.B.A. in Industrial Administration from Fairleigh Dickin-
son University in 1973. From 1967 to 1970 Mr. Lowe was a project leader at
the Ferroxcube Division of North American Philips . His work there included
development of single crystal and polycrystalline magnetic material. In 1970
Mr. Lowe joined Airtron ’s Environmental Testing Laboratory, superv i s i ng all
qualification , acceptance and process control testing. Mr. Lowe then became
supervisor of Qual ity Assurance , ass1sting the manager of that department and
was subsequently promoted to the position of Manager of Quality Assurance. He
was responsible for all quality assurance activities at Airtron . Mr. Lowe then
became Manager of Magnetic Products, with full administrative responsibility
for production of a variety of solid state materials and devices. During 1976
Mr. Lowe was appointed Manufacturing Manager of Crystal Products, directing all
manufacturing efforts within the crystal products group. 
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STEVEN TURNER , Supervisor, Rod and Crystal Fabrication , graduated from
Middlesex County Vocationa l School as a Journeyman Machinist in 1969. He
attended Rutgers State Univers ity from 1969 to 1970 and from 1975 to 1976
was enrolled in the Bell ~ Howell Electronics Program. From 1961 to 1963
Mr. Turner was employed by Grant Tool as a shop foreman for the production
of the third stage of the Minute Man Missile. From 1968 to 1974 Mr. Turner
was lead man in the polishing and fabrication of laser crystals at Lambda
Optics. During 1974 he was transferred to Lambda/Airtron and became super-
visor in the rod and crystal fabrication department, developing procedures
for the polishing of laser and electro optical crystals. Mr. Turner was
instrumental in the design of the first fixture to house 12 laser rods for
single surface polishing and the fixtures now in use at Lambda/Airtron for
the fabrication of laser crystals.

JOHN A. O’NEILL , Senior Technician , was graduated from Monmouth College ,
West Long Branch , New Jersey, with an A .A. in Electronic Eng i neering in
1972 and a B.S. in Physics in 1974. During the suniner of 1972 he was empl oyed
as an engineering aide at the U.S. Coast Guard Electronic Engineering Center,
Wildwood , New Jersey. From 1974 to 1975 Mr. O’Neill was employed at Kay
Elemetrics Corp., Pine Brook , New Jersey as an electronic technician. Mr.
O’Neill has been employed at Lambda/Airtron since 1975, polishing and testing
la ser crystals.

Their contributions to the program this quarte’~ were:

Engineers and Technicians Hours

Dentz, D. 120

Turner , 5. 40

Belt, R. 15

Lowe, I. 10

O’Neill , J. 10

Total Hours 195
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APPENDIX

ELECTRONICS C~~1MA ND SCS—507
TECHN ICAL REQUIREMENTS

NEWYMIUI4 DOI~D YTTRIUM ALUMINUM GARNET lASER RODS

1. SCOFE

1,1 Scope.— This specification covers the detail requirements for
single crystal <111) orientation, fine grind, neodymium doped yttrium aluminum
garnet laser rods (Nd:YAG).

2. APPLICABLE DOC UMENTS

2.1 The following document s, of the issue in effect on the date of the
invitation for bids , form a part of this specificat ion to the extent specified
herein:

S ~ C IFICATIONS

MILITARY

MI L-.C-675 Coating of Glass Optical Elements (Anti—Reflection).
NIL-O—13830 Optical Components for ~‘ire Control Inst ruments;

General Specifications Governing the Manufacture ,
- Asse4 ly and Inspection of.

(Copies of - spee.ifications, standards, drawings, and publications required by
cont ractors in connection with specific procurement functions should be
obtained from the procuring activity or as directed by the contracting officer.
Both title and number or symbol should be stipulated when requesting copies.)

• 2.2 In the event of conflict between this document and the referenced
ones, the detail requirements of this specification shall take precedence.

3. REQUIREMENTS

3.1 Neodymium doping level.— The laser rod material shall consist of
• single crystal, neodyn*.Lum doped yttrium aluminum garnet . Doping of the

neodymium shall be 1.0 to 1.3 atomic percent substituted for yttria in ~he
crystal. (flopant density ritnge: 1.38 X 1020 to 1.8 X 1(520 ions per cm.’).
(See 4.5.1).

— - i i T T T iI~~



SCS—507

3.2 Dimensions.— The laser rod shall have the finished dimensions and
tolerances as specified in figure 1. (See 4.5.2).

AR coating

43.O~~~~~~uin ~~~~-

4.00 ± 0.02 = ~~~
j J

~~27 ± 0.02 flu

Orientation Dot~..../” “(See Note 2)
Ichamfer A

60% reflectivity both ends
dielectric coating (See Note 1)

Notes: 1. Chamfer surface to be rough finish, 20 to 30 microinches.
Chamfer angle A = ~i5° ± 5° .

2. The anti—reflection (AR ) coated end of each rod shall be identified
with a dot or slmj~*r mark located within 3 imn or rod end .

Figure 1

3.3 0pticai propert j e~ .—

3.3.1 End_ sur faces .—

3.3.1.1 Surfac e quality .— End surfaces (figure 1) shall be polished to
a surface quality of 2O—5 T~~L-O—13830, Table 1). (See 4.5.3.1).

• 3.3.1.2 Surface f1atne~s.— The ends shall be flat to within 0.2 wave-
length of sodium light (589~A).  (See 4.5.3.2).

3.3.1.3 Pai ]lelisrn.— The ends ~hal1 be optically parallel to within
20 arc seconds. (See 4.5.3.3).

3.3.1.4 Perpendicularity .— The ends shall be perpendicular to the rod
axis within 5 minutes of arc. (See 4.5.3.4 )

.2



505-507

P 3.3.2 End surface coatj~~s.—

3.3.2.1 Cleaning of surface coat inRs .— The coatings shall be capable of
withstanding repeated cleaning and inuersion in polar organic solvents without
peeling, separating or changing in optical properties. Refer to MIL-C -675.
(See 4.5.4.1).

3.3.2.2 So1ubilit~.— There shall be no visible evidence of film
destruction after the coated rods are imnersed for 24 hours in a sodi~~chloride solution. (See 4.5.4.2).

3.3.2.3 Humidity.— There shall be no visible evidence of film det.eriora—
tion after the coated rods are exposed for 24 hours to relative h’~ 4~ Ity of
95 to 100% at 120° ± 4F .  (See 4.5.4.3).

3.3.2.4 Abrasion resistance.— There shall be no visible damage to the
rubbed area of a coated surface after the ends of the coated rods are abraded .
(See 4.5.4.4).

3.3.2.5 Power handlin~ .— The coatings shall cover the entire clear
aperture area of the surfaces and shall be capable of withstanding a iinim~~of 350 megawatts per square centimeter of laser power without degradation or
change in optical characteristics. (See 4.5.3.6).

3.3.2.6 Reflectivity .—

3.3.2.6.1 As shown in figure 1, one end surface shall be dielectric
coated to have 60% ± 3% reflectivity for 1.0644 micron radiation. (See 4.5.3.5).

3.3.2.6.2 The opposite end shall be anti—reflection coated with a low
loss hard coating in accordance with MIL-C—675. This coating shall have a
reflection loss i~~ greater than 0.25% for 1.0644 micron radiation when in a
medium with a refractive index of 1.0. (See 4.5.3.5).

3.3.3 Sti~4p.— No n~ re than one half (1/2) strain free fringes per
25.4 of rod length are aUo~*ble when analyzed by double—pass Ti~man Green
intorferometry. (See 4.5.5).

3.4 MaiId~g.— Each rod shall have a serial number such that individual
rods can be identified. The AR coated end of each rod shall also be identified
with a dot or simil*r mark in accordance with note 2, figure 1. (See 4.5.2).
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p 4. QUA LITY ASS(fl~AZE FR~~I~IO1~
4.1 ~~~~~ sj iliti f~~ inaj~~~pn.- Unless otherwise specified in tb.

contract , the contractor is responsible for the p.rfornance & all inap.ction
requirements as spscified herein. Except as otherwise .p.ctfisd in th. con-
tract, the contractor m~~ use his oia~ or ai~ other facilitie, suitable for the
performancs of the inspection requir~~ente specified h.r.in, unless disappruied
by the Gov.riimsnt . The Government rssarwes the right to psrfora a~~’ of the
inspections set forth in tb. sp.cificatiou ith.r. such inspection. ax, d s d
necessary to assure supplies and services confor, to pr.scribsd r.quiz~~~ ts.

4.2 ~1a.eific.at~pn of insD.CUon.— Insp.ctioo shall be classified as
fo].lows:

(a) First article inspection.

(b) Quality conforainc. inspection.

4.3 Teat nln~... The contractor prepared Gov.rnms~t ..pprovsd t. .t plan,
as cited in the contract, shall contain :

(a) Tins schedule and seq~~nce of ,,r. inaticna and tests.

(b) A description of th. method of teat and procedure..

(c) Progra.., if automatic test .quipmsnt is u.sd, including flow
chart. and block diagrams.

(d) Identification and bri.f description of each Inspection
in.tr~asnt with date of ~~.t recent calibration.

4.4 ~nap.ction remd nment~ .—

4.4.1 P~irat~ ar~icl. insveotion.— Prior to first article in.p.ctioe, the
following tests shall be p.rforaed~ Tb. Iec4~mi~a doping 1.zsl (3.1 aM 4.5.1)
shall be performed on waf.r saspi.. from tb. heu]a. ?ai1~nm Of wafer .~~~1..is a failur, of th. entire boul.. T.st hl iks prepared from vsf.r sa~ irl.s

• shall be coated with the rods in the costing batch. Tb. test b1sp~~ ~~ -fl be
tested in th. following s.qnmnce: Solubtlity (3.3.2.2 and 4.5.4.2), Wwat44ty

and 
~~~~~~ 

Abrasion resistance (3.3.2.4 aM 4.5.4.4), R~f2astivit7
• (3.3.2.6 and 4.5.3.5;, aM Pomer handling (3.3.2.5 and 4.5.3.6). ~.41iw of

t..t blank in ~~ test is a failure of all rods in that coating batch. Firstarticl, tests on 10 rods shall consist of the t•sts .p.cifi.d in Table I and no
failure, shall be peiwitted.

4
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Table I.— at article inspection

Inspection Reqt Pars Test Pars

Dimensions 3.2 4.5.2
Surface quality 3.3.1.1 4.5.3.1
Surface flatness 3.3.1.2 4.5.3.2
Parallelism 3.3.]..3 4.5.3.3
Perpendicularity 3.3.1.4 4.5.3.4
Cleaning of surface coatings 3.3.2.1 4.5.4.1
Strain 3.3.3 4.5.5

4.4.2 Quality conformance thsp~ction .— Quality conformance inspection
shall consist of tests specified for Group A inspection (Table II) and Group B
inspection (Table III). The following shall apply:

(a) Prior to performing Group A inspection , the following inspec-
tions shall be done . The Neod~initmi doping level (3.1 and 4.5.1) shall be per-
formed on wafer samples from each boule • Failure of wafer samples is a failure
of the entire boule. Test blanks prepared from wafer samples shall be coated
with the rods in the coating batch . The test blanks shall be tested in the
following sequence : Solubility (3.3.2.2 and 4.5.4.2), Humidity (3.3.2.3 and
4.5.4.3), Abrasion resistance (3.3.2.4 and 4.5.4.4), Reflectivity (3.3.2.6 and
4.5.3.5), and Power handling (3.3.2.5 and 4.5.3.6). Failure of ar~ test blank
in a~~ test is a failure of a].]. rode in that coating batch.

Table II.— Group A inspection

Inspection Reqt Pars Test Para AQL

Dimensions 3.2 4.5.2 )
Surface quality 3.3.1.1 4.5.3.1 ?Surface flatness 3.3.1.2 4.5.3.2 ) 1%
Parallelism 3.3.1.3 4.5.3.3 )
Cleaning of surface coatings 3.3.2.1 4.5.4.1 )

5

- 
- - -

~~~~~~~~



SCS— 50’7

Table III.— Group_B inspection

Inspection Reqt Pars Test Pare

Perpendicularity 3.3.1.4 4.5.3.4
Strain 3.3.3 4.5.5

4.4.2.1 Group B sampling .—

(a) Perpendicularity test — Ti~ rods are randomly selected from
each polishing batch. If both rods pass, all rods in the polishing batch are
accepted. If both rods fail, all rods of the boule section will be rejected.
If one rod fails, a. second sample of two rods from the same boule section are
selected. If both rods of second sample pass, all other rode of boule section
are accepted. If one rod of second sample fails, all rods of boule section
are rejected.

(b) Strain test — Two rods randomly selected from each boule
section shall be examined for strain. If both rods pass, all rods of the boule
section will be accepted. If both rods fail, a].]. rods of the boule section
will be rejected. If one rod fails, a second sample of two rods from the same
boule section are selected. If bOth rods of second sample pass, all other rods
of boule section are accepted;- If one rod of second sample fails, all rode of
boule section are rejected.

6
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11.5 Test methods.—

4.5.1 Neodynziunt doPin& level.— Concentrations of neodymium in the
laser rods shall be determin~d using x—ray emission spectroscopy. Wafer
samples taken from regions ot the boule immediately above and below the
region where rods are to be fabricated, see figure 2, shall be subjected to
analysis and comparison with standards. Equipment utilized shall include
Picker X-Ray Corp., GE—XRD—5 or equivalent spectrogoniometers with LiP
crystal analyzers and appropriate scintillation counters having pulse height
discrimation capabilities. Neodymium densities shall be measured using
Nd LcC line. Rod doping densities will be assigned based on the average of
the values determined for the sample immediately above the rod and immediately
below the rod , figure 2. If not already available to the contractor, he shall
prepare appropriate standards for accomplishing measurements. If prepared by
the contractor, the standards shall be formed in accordance with established
laboratory procedures which serve to insure hom geneity of the standards and
densities approaching that of a single crystal. High density powder pellets
or po].ycrystall I ne standards may be considered with the above boundaries.
In determining the Nd concentrations of the calibration samples, comparison
to all methods will be made : wet chemistry analysis, x-ray analysis and/or
optical density measurements. The standards shall be maintained during the
course of the contract and secondary standards utilized if desired or
necessary.

Wafer samples of boule (approx. 10 mm apart )
immediately above and below the regions from
which rode are to be fabricated.

Regions from which rods are to be
fabricated.

Figure 2

7
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4.5.2 flj mensions.— Rod dimensions shall be measured using suitable
mechanical, electrical or optical devices with appropriate care being
exercised as to not damage the face surfaces. The rod shall be inspected
for presence of required serial number a~d orientation dot .

4.5.3 End surfaces.—

4.5.3.1 Surface quali~~.— Surface quality of each rod end shall be
determined in accordance with MIL-O—]3830.

4.5.3.2 Surface flatness.— Surface flatness of each rod end shall be
established using a master optical flat of at least 1.0 inch in diameter and
certified flat over that diameter to 0.1 wavelength for 5898k radiation.

4.5.3.3 Parallelism.— End face parallelism of each rod shall be
established using a Fizeay interferometric device with a HeNe (6328X) source.
Conversion from fringe count to arc seconds wilJ. be accomplished. Final
parallelism will. be determined on unstressed rods.

4.5.3.4 Perpendicularity— End face — rod axis perpendicularity of
each rod will be established using a suitably calibrated auto—collimator in
conjunction with a mechanical u~unting apparatus for rotating the rods through
360°. Since parallelism has been established, one end face is aligned with
the auto~collimator and zeroed • The rod run-out is established by rotating
the rod through 3600 about its axis and using the reticle of the coi ~i m~torto determine the magnitude. Final perpendicularity will be determined on
unstressed rods.

4.5.3.5 Reflectivity .— During rod end—face coating, suitable test blanks
prepared from wafer samples shall be simultaneously coated for use in deter-
mining the reflectivity values of the rod coatings. Measurements will be
performed on a Cary 14 Spectrometer or equivalent.

4.5.3.6 Power handling.— Prior to the power handling test , the end
surface coatings shall meet all refle ctivity specifications. The test blanks
prepared from wafer samples will be utilized to ascertain the power handling
capabilities of the coatings for 1.06 micron radiation. The anti—reflection
coating shall meet MIL-C—675. The coatings shall be tested to determine if
they can withstand a minimum of 350 megawatt s per square centimeter of laser
power without degradation or change in optical characteristics. The appro—
priate coating under teat will be inserted into the beam path of a “Q” switched
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laser operating at a wavelength of 1.06 microns, at a position such that a
power density of 350 megawatts per square cent imeter is incident on the
coating . The area under test shall be equivalent to the rod polished aperture
and be fully illuminated with the “Q” switched pulse. The laser pulse width
shall be 15 ± 5 nanoseconds full width at half maximum which places an average
ener~ ’ per pulse of 0.660 jou lee on the test laser. The samples after
irradiation shall meet the ipe cifications for reflectivit7 cited in 3.3.2.6
and exhibit no burn spots or crazing or signs of the surface coating lifting
from the substrate.

4.5.4 End surface ~~~~~~~~~
4.5.4.1 Cleanin~g of surface coatin~~.— Each rod shall be immersed in

ethyl alcohol , methyl alcohol and acetone . Once the rod is reux ved and allowed
to dry it shall be re—immersed. Each rod shall receive a minimum of 6 imnaer—
sions and dehydratione in each of the three solvents. Upon analysis, there
should be no evidence of peeling, separating or changing in optical properties.

4.5.4.2 So1ubilij~ .— Each blank shall be subjected to the solubility test
specified in 4.6.8 of l{IL-C-675.

4.5.4.3 Humidity.— Each blank shall be subjected to the humidity test
specified in 4.6.9 of )&IL-C—675.

4.5.4.4 Abrasion resistance .— Each blank shall be subjected to the
abrasion resistance test specified in 4.6.ll of MIL-C—675.

4.5.4 Strain.— Each rod will be examined in a double pass Twyinan Green
interferometer using a HeN e ,~6328X ) laser source. The rods shall be unstressed
in ncunt . The fringe per inch value shall be determined neglecting edge
fringing effects.

5. PREPARATION FCR DELIVERT

5.1 The contractor shall package the rods in a suitable container to
preserve the end face conditions and the general integrity of the rods during
shipment and stor age.

6. NOTES

6.1 A fine grind outside surface roughness is defined as being in a range
of 20 to 30 aicroinchee finish.

9
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