ELECTRODEPGCSI TI ON OF DI ELECTRI C COATI NGS ON

SEM CONDUCTI VE SUBSTRATES CROSS- REFERENCE TO A RELATED
WRRPBRILGATI ON [ 0001] This application clains theChesmshe/e37719

of United States Provisional Patent Application Seri al

No. 61/037,814, filed March 19, 2008, and titled

"El ectrodeposition O D electric Coatings On

Sem conductive Material s", which is hereby

i ncorporated by reference. FIELD OF THE | NVENTI ON

[0002] The present invention relates to nethods and

conpositions for coating sem conductive nmaterials.

BACKGROUND OF THE | NVENTI ON [ 0003] Various el ectronic

devi ces are constructed of sem conductive materials.

In the fabrication of such devices, insulating

materials, such as dielectric materials, may be forned

on surfaces of the sem conductive materials. [0004]

o oot s bbnos; TURARASS Gion BREIRSNERANBLIFIER

el ectrodeposi tion ( . rrng agueous

el ectrodeposition, electricity flows through the

mat er i alediwmioayFieltht ed (el ectrode) and attracts charged

@ap}y C'fﬁ? ﬁ%s‘éﬂt £Godllr SPALE @% %oﬁ@aagée@gyaﬂan@ghgém high

sur ace o er a coat
povestappligaiopsof wat er occurs. If t he rmterlal bei ng
coat ed E § !s 53‘“ ﬁ w(f anode, protons are formed at
t he sur roufd icihat hen react with negatively
[ooeepedribentnd gerpigohdwdterdagers add did@B)punhfed $udidretate (DRES)

Biee Rt o o T BR hnds SCiavRra Nuae o Jene G WaRS are
st iprietayilycih aé@eduaoatach@.r@an thecfi€s of elatiradt deddd . | f

electricity OWs eas hrou h the e

renaGlt oS MigbBrer ARCHRE deies hES euBETerstiior
(réqu?éncy‘(ihRFF cbﬁef,ﬁh’rﬂlr@e@%sldr edistidumations randgihy #omseinoséconds
coating conditi ons%ﬁd%han for sem conductive

(ReRikIspoRRR GEiayen ‘@P?%ﬂ”ds[ PPl 1RRR QUi velepgihs range

6% |Hl9§rb8 ity BhravioRRr IRE pBAbMtareaIdf 'tr@Bﬂ@né’rfs@hdl@ta&é Risb#&adat rely
by the hydroxide ions at the surface, causin

y
Qraatsllreplesn@&seruee@dlﬁ@r|'&hf§81|ng egindrihaverall aage eg'ﬁﬁ%fc?tysw
fet&ﬁnéngy F@\?elé’gmérne %ahz@@ca&%fﬁﬂﬁkﬂ %Uséquélﬁbh'rﬁﬂe%?nd power
hen cbal esce into a continuous filmon the surface
sealiny by 2esinglaogtidatrhg | ayer. As the insul ation
as B
[drybnf( eg\g ' %W%\Mg?)g%éé% 8@6 c?'B%Qect o%gggﬁ 'ﬁg hasrgFg‘Ing ofa
#BMo taget mode hp$ beeh imiedby Hid fornalin effaberaiedribermnal lenses
[ I
HEREE B Rihg modfimyr BQHER iR i BRARY bajéttby o tgmperature
gmaiyerrﬂnrf & &zsentrygebaml resglis inna Histhirtign fahe mdm(toiﬁ reicasvtlen of the

, 11 .h d sh
SRRl PP e G PP PP Ry BEP BRag NE o ZiRa. Pdifer
sealirigy Hadé-Pairped tavivOl, absers) IBEEQuafihus Eaetwpp/cedgelsss

n ve a higher, "wet filnd build than
NGt Gt Al mersro i o sl e et 8RR i coring
ebhaptratide rmhdttatabé buhb&)owmind?@s@w ofly i WHer s b&ﬁ%) doped
eq(éiig dur i n fl og{ogure. I n add 8-‘_? face enskr um
et USBe PPACE e PumBatavaleaot gndd b pR st bump
Ebét(‘éfiéesﬁng Is'a §pd sh@wlhgl rﬁaﬁmah‘f @m@abwéh@s adgmowof tloping
mal ntaln sone covera

thl ess
spRgeptaligeoran %)érﬂm%twsd tIra% @%fg?aﬁfﬁ“agmma%“ the
aRbEhavadn s pﬁﬁif'B’&fv&‘éraé rsRictpby !h@ﬁnéillf%dlﬁetolﬂﬁ\e laser crystal.
efficient flow of electricity with these substrates.
The result is sufficient edge coverage. However, since
sem conductive and weakly condulctlve substrates have
greater difficulty building thicker filns, these
substrates may not obtain sufficient edge coverage
with standard E-coats. [0007] There is a need for a
conformal dielectric coating that can form an
i nsul at| ng I ayer that adequat ely insul at es.

L . T IR B AR ™S\ 7 /== =gy gge= g R IR =1 /7~ 1



assenbly. The nmethod includes: inmersing a
sem conducti ve substrate in an el ectrodeposition
W@ 09p0siori on, wherein at | east 20 percent by weCTO$2009/037719
resin solids in the conposition is a highly
cross-|linked m crogel conponent, and applying a
vol tage between the substrate and the conposition to

f@&éfbath@'rﬁg%r%i 6ut§u§;§lﬂ@ér%h%@eé R STOALS rﬂ@)@e n& P& BhndWigith and

sem cond ive material can be, for exanp a Goup
lingady palarized beamigeneratast ran an@émﬁeqi vaeaq?é%msr s Teds than

AW opnd 'é:‘#oWevr Ief® uMh o WE‘d‘e@Wé’MQt @furreﬁtl n%HBsecond

I11-V ter sem conduct or al

up
mmrm&%egewdm@dd@ generatiog peak m\wrﬁmﬁedm ddﬁW} Aith a

| t
B Sl B 8B sl ST SEEYUE Bl s
[96041c onne way fo meat thepdarvand fos e mighoprivartaser saur@acmf@ use a

b o B S0 SAAUErn ERUPaelors  pe tvt pove

asputaoaybe easily, scaleddo ngget aapecifio dequirement fonebcldiffgrent

SRR S RO RS BRI e
douacasnd A(I6),fleSbllityciarseedilgser dasigiandard nufactuEa). F(vavpr

T§n%|ﬁﬁ &dgsﬁ%lgmg%%ﬁ :e?aals&ag)rl]d det) |§Iag%%%&ol(\:/\1aelrr aqlp?fler remains

& theleandllenge. i ncl ude Al umi ni um anti noni de (Al Sb),

Al uni ni ni de um n nitride \ .
(RPUIE] i At e Gev i mpiiclSed SIOle s BRI UTalom meaning
thBPHRYed8 Iés%?bearﬁ%’a@@e@bﬁ@ﬂh&ﬁj hBAS b alnGﬁédmmmOne example is
ant i noni de @Gl Li um ar seni de

presentad in M@&)Fre@pr fhint prrement glén?q%ls)nglq ?{@gqﬁﬁcy laser amplifier

1%\"‘ deQﬂld(i"%rI]QNv)b?@Eéteddﬂnﬂ: oRtied E@Mﬁ?ﬁe\)(ozl Pﬁ%gv-o !CZ;%%OW}Al lsm{g/e

mwnwsmwaabd@scnaw tfyt@euM@k fErdegt aki nﬁpeﬁe@%mag[ﬁwmed
@fﬁgﬁ %?tr% @ﬁ@ 3 \N Pfé?ﬁ' Xa%wam.e.l \Wﬁ'h e} waééeuugeé\raﬁealsow of

| um gal I tum ph oig
pumEapyver, Ayhieh welqmaunmmngahtamé@ﬁl@é‘lqwcv Y %. AEVﬁﬁ piatenef the

RS P R A5 LAty Cahl UTOBAEBL ffbehclor a high

@a%-B0%) opticdl denyetsiGaRte framiadiderassalplmpingolighs pwre@

LA A 5 B e o

ansttcanunomima(d:mﬁe&x)n ¢fiGiébdy. G oup 111-V quaternary

BR3P P o

RisenbaEm Bagathrougn taé@em rdetepiblospltipléeinel, Geobst3) commjmdmg the

al | | ar seni AI m
GRoeni e RS ol rsagi S REhRvAg- Ay rtR-paSS Sibirier
Qfot‘éiQB%éjﬁlulah Hdrd@aMhﬁZéléé%a sln@dﬂl M@sgﬁhﬂﬂlflém summnu dplications
nitride n n ndj um al unj nj um ars
For UG- R AP RGP0 Tsfucta SAFC TS G R Tk Processing (IR,
§RENGHIAYG tlored] VS, 1aBEH Mt&@orﬁ‘@émmﬂ mwbe@ampmee dﬁhpnfucat.on)
ar seni de anti noni ded%lGaI nNAs Sb) dl:s( oup

gedvieshilinet(Bigs-noner | egr@ﬁ’&irﬁ’\gﬂﬁj\é@séﬁr easay N° 3546222, of

%M%ﬁ Bk b @8sdribESseveratEmbiRitehis Wi 'adﬁul(u-@@?@)ught@ ifier, four

oxide (ZnO, Zinc sel enide (ZnSe) Zinc sulfide

ahwhizh eebogiments aee preagrtpd i big18] G@&&?SPFBVP ef &r ﬁavey
L;llnBMst%wé %WN@W@LF‘ felvddss @%@WBIMQP zZt' TekHE kA S8 of energy

Mercury cadmumtelluride
Wes @mghﬂ@q‘i m:45 gy with M%V\( Plgrimegnergn Paveed mkg\emf&lﬂer gain
sel enide (HgZnSe). [0019] Goup I-VIl sem conductors
i ncl ude Cuprous chloride (CuC b [0020] Goup V-V
sem conductors include Lead sel'enide (PbSe), Lead
sulfide (PbS), Lead telluride (PbTe), Tin sulfide
(SnS), and Tin telluride (SnTe). [0021] G oup IV-VI
ternary sem conductors include lead tin telluride
(PbSnTe) ThaI I | um t| n teI I ur| de (TI ZSnTes) and



Application Publication No. 2006/0141 143 A, which is
hereby incorporated by reference. [0030] A wi de

we 2000243970f filmform ng pol yners are known anPCT/HS2008037719
used in the curabl e coating conpositions, provided
they conprise active hydrogen groups, as determ ned by
the Zerewitinoff test, described in the JOURNAL OF THE
SRR | i t%@@loﬁg\(mul\(%ass%%nﬂ@ﬂgﬁaorélg%r@é%gl?l) in this

In one enbo I ment, the active hydrogens are defived

qase niweni-teid; lis g%wgi atthhe exrefse@hheaprauatity ani ne
@b@gps /@'ﬂﬂ(rf%r BMQ&Q%S&YBJI%UM ﬁgggwﬁlﬁ%lﬂwt%ﬂ of ghem share

neant the resins stanti al
tbé pmbiemqu iasenge@rndhﬂmﬂ@rrmt withinithe gainvhnediosi wylmplacement

A e B AR AT S e o

s'[lﬁﬁx:iemlyrlangmtc cuntaincall thg lasfer troeles dradifferemt pammthe&wlaﬁn the

P b sy o SR ol tlre v St BERG; fona 2

mcnf-umlfdrml punip distritotiere inl tae gwen rgbdiumysldh asathe sm:alled 'super

t
GRS odd 605k BB B B URE e BRIy praooss.
@flmﬁfegsr@sumhg nodedradstioh dftaser beaditdualityp r’l’(héttffbret bmuaha:sa laser

Sy St Rl ol scular el b, [ g5, SeLr L 0Rd: o

\Mﬂ@ﬁ@h@pgearﬁ QU8IR). M yditic, Yherk magitiipees amplifiers generally require a
hydr 6gen- contai ning resin nmaterial s are sui

able fo
@y GONRIRBISIARFRI SEBP. PRgsibly e¥emePe iRl RhABRC optical elements.

ré frih rtta'nf‘gmﬁ'?ﬁ-%ﬁPé R8eOheahtd H@Héﬂ rsﬁéﬂeﬁﬁelsﬁﬁlbltdﬁ ‘or three optical
yepoxi d ymers, acrylic polyners, yest er

pierrmter snakmget mﬂyed "iﬁléwyt@eﬁi@tmhﬁhﬁl'@M%%?E@‘%BW%?‘%Q This

%} npg Pé)% pr8Bleths |Rﬂ'%\%c§/@er%lpﬁé%bﬁs b¥tdlEe dehYEBS fodifies
e pol'yners, i'mde polymers, mxtures

tHﬂadamﬁbeandparep@tqrﬁers t hereof. As used herein, by

(g} COU- 09558008 X175 51 WTERfe Ao RObKTRmERGRENE LRI

apparatus-foaselt- pwlsy'aser amptifiers rh)gt deks mfladdesdingrmat gepolarization

h h ' ' .
KOs 3o P EEReF M, P ARIoRD: i AR BB facsgrhiy the Gain
rmiteyrrm rthé gey gempandnt oaavmpewesmaphﬁebl affects performance of the

bRt B e, e iy st

s&te lakersphighpeivee pompingtiadutesisignifcahtihetralridefringengs, causing

t@pglg&%g t80|gﬂgég)%téér\ég%@c{éﬁp%éhlgﬂ g(‘f%éerﬂm @1( |fngs1rf1f:ﬁﬁ s%?.h) Thermally
PRI E® biréRg@hdesn YNNG Ritisunglat str@igpoisal plsnieihg yhas been observed,

i Rl G DL R gn

EhRpBRsHIFRof 'bﬁeﬁ'lhgerﬁ‘csél’iﬁ%?ﬂﬂdn@ﬁl Nd: IYAIQ‘ﬁlfoHBCl@;ﬂkaﬂ Quantum
ani oni c el ectrodeposi table coating conp

iBfRAteaEsH¥ele 38| A Y 169e 4990 SPBYRY M2t 23¢4 %‘S optical power was lost
HrBldh GRBF S‘ézﬂh Ggp&ﬁhi’ﬂ%h%aﬁé'é‘d‘b)a&ehhﬁl BiRAGgePBe. IOOOQU‘élt al.

or adduct rying oil or sem-drying fatty a

eenast that @ I@a@fldiymsl%%i |CP@paa$%1'06rm%thﬁ<§/ qu&@d ﬂéﬁqaowréoss to just

58ACTH QN lt% S ELeRin cBﬁt'%&lN Of‘gﬁdjc&ﬁf;é{satll#?'ﬁﬂtth'érﬁ{a@‘ﬁlrefrmgence

aci'd or 'anhydride an ditional unsaturated

mn@ﬁég/amgllflﬁﬁs @rﬂe&BSSam%%"BlP@%rt her reacted with

E Lﬁéspa h{ N8b¢ 884666 BP@Kr’?\gtt a@@%ssﬁ@ﬂ'ﬁé Gover Ioss problem
allzed erpol'ynmers o r 0X esters of

mysaamraglregjommabmmrmnémofoaspreu@yatlaﬁeaamh&%rrd@@wltpc

acid and at | east one other ethylenically unsaturated

nmonomer. Still another suitabl e el ectrodepositable

resin conprises an al kyd-am no& ast vehicle, i.e., a

vehicl e containing an al kyd resin and an

am ne- al dehyde resin. Another suitable anionic

el ectrodepositable resin conposition conprises m xed

esters of a reS| nous poI on These conp03|t| ons are.

N -—A PN PN — o




resins are described in U S Pat. Nos. 3,663, 389;

3,947,339; and 4,116,900. In U S. Pat. No. 3,947, 339,
w@2@ohydeet i m ne derivative of a pol yam ne suchrp@sus2009/037719

di ethyl enetriam ne or triethylenetetraam ne is reacted

with a pol yepoxide. Wen the reaction product is

neutral ized with acid and dispersed in water, free

E¥ted8? tﬂ@rrﬂél@d’%ﬁ W%Eﬁceg e«ﬂﬁé Ma88ing ﬁ*eslﬁser%é'rrY Aluftile times
nme en a tg@BOXI de is reacted with
1Bt

cts are
t&wegéh;mlymm Eqchramspia) gmettmatantrRaeaiter-wave plate
id ?faﬁ&@l% hahé QiW rﬂ@dn%dantdhaeﬁ@f(r‘eﬂéétmg;orhﬁf%m 'T‘ﬁe atent

on1t e reaction mxture roduct ar e
s@esnﬁes ﬁedthawquartsr-mae platebe cBe6&d,sgel tfzaﬁdjnqartv pagargred beam
f
48R0 8 i ARG e LS gy
Unide rgmiregs amit phaseeratarcdm;ont rowsyky; MDalhﬁfsofdhenrrmﬂy indsged

ey dohhet ity hRBh sy Thisdl GeBeRfpocomes

almtlﬁallygpicﬂalrﬁmd( din tae dab@e@trm@ghrthquaa@mva)e platk, e rotation

h d d/ .
e 6088 47T 00 Chul) €1 o 3 e
tﬁl@‘ﬁlr@%hbe Mh@rga&nhewnﬁeuetcoafpehbaepr esent invention,
mer has cati Enl C.Sa

(DRE0EncHe Luat patans Apecroar g PheisSons Petd fompenents in the

dedigrest the opfdal BblveZamplifleh & a@SEss Yihbhisales. rmgaaampleqra 45°
organi c acid such as those conventi onal |

ralerization aapws: arabir@day ister.t isgirededin thih '@p'éfs‘éé}ﬁ)?%%af%tﬁ
Su‘)l?*éﬁlllgﬁi ﬁ’&n%@a‘-‘nt 5864 liglR, BRMthear faddf v rokétHﬂst Rdlerdeice

acetic, lactic, and form c acids. In an
rifBRIEIST 2afar1dn'éB invignti-2e thedwerttpatentd |af@P'ae<?Q1'n aregion
\ﬁﬁgFBrthé ﬁa%eﬁﬂeérﬁ 8t @d d'i’fﬂ 1Pl doRrbl, Bohtislly &aQn@ﬁ"@]daHbge in
a particular enb di nent e coating conpositions
theehae of hnghmera@temmer@ndmw ReaksRAWeriappeeatiops. Another
BT MR bEa BRFBERTTRSe ERTEONTIIALCR O B bice o
mu‘rﬂaseas:rgn‘talttheopsteman unstablet dagity taoglinioaieaindasirgd lasing
b%nded hal ogen atont' is nmeant a hal ogen atomthat is
Iently bonded as opposed to a hal ogen ion, for
[oanpl eln additiino thedstrangrihémmah tane ou Bighepawer appli@tidng adthes a

i s i S amplist. certibulBY fa ReBBIR Sihe Lol %fts yet-nown,
{reafergré?e vethgimal wefsogruaneewmtpmemmsg tem g tupee racd UM p

or |l east 10 wei ent d on total wei ,
B MHCEE? aeweA?@B"f Sxshed T esnpuel baten! Safbbrcatec
h%m&vfe;/@hg%&tﬁou ﬁfédhuarh 0geR slﬁlbiﬁoefd%eﬁoldriasﬁom bffects. The
or equal to wei ercent, or le r.e
Dmat AN RO TR, gaﬁ’n mpEelsgRey ety SACAEG

RENYAEor TPEadpRRE td B&Hp@rﬂsa@élfdﬁ'thdrﬁ]aﬁﬁ)ln\dﬁt@blréfﬂﬁ@&mb by

The coating conposition can have a coval ently bonded
He$iden content which can range between any

conbi nakh,@fn Om\e}slgls(\ﬂagd@s i ncl usi ve of the recited

val ues. ‘i:tmz% N enbodi ment of the presen

[QP42ht i dhe Qm@tbmﬁentﬁg"%t@rfpwwaedhai %m%ropm 93'” materials,
o, éﬂqg RRR), L 160 YPAL &¥HibiCATRAHsld %eﬁﬂﬂ'ﬁﬁét&hﬁ&gth%mselves

resin hase di spersed in an aqueous medi um
arsvaatarally hnrbﬁmnqem ﬁcaa@@e@ aconPERENIIP conwensatpdeitsermal
Bngf?‘lﬁg&gpe @%nﬁef&gé&qﬁ B%bﬁé@bﬁlbeeﬂ{énﬁdlggml Iferarﬂ(a{nple if a

m~hal ogen atons coval ently bonded
shed fassi bedm polarined alohg |tmec@neﬁ a Nch&V@@\saa{séahpayses through an
bonded hal ogen content can be attributed to a reactant
used to formany of the filn}fﬁéning resins descri bed
above. For exanple, the resin nay be the reaction
product of a hal ogenated phenol, for exanple a
hal ogenat ed pol yhydri c phenol such as chlorinated or
brom nat ed bi sphenol A with an epoxy group-containing
naterlal such as those descrlbed above mnth reference

N a S o




and curing times of up to 90 mnutes. It should be
under st ood that acceptable cure tenperatures and cure
wo poved43a7i | be dependent upon the substrates tBCDES2009/037719

coated and their end uses. [0046] Conpounds generally
suitable as the polyester curing agent (ii) are

pol yesters of pol ycar boxyl ic acids. Non-limting

I b I

S BBy B Rl R R o] e inearl
rereizad égetnsl nbglsq lﬂehﬁddm)ﬁ@tma)qomr@phﬂhaladl@ pewer laser

agﬁﬁ@(r%gﬂé?egg%%( éal %{&F%M {r%trrgskocﬁ'agtrcal damﬁlg]e,fwhrle it deterlorates the

quabityanf ¢tk Amplified iacar Moreplvet caofighratidngdhiode lrathxb @ymott patent

R RS NS5 Ry 15 N o

emshoawfawelehgmeme hotrtak istsnedh afidirectidnan ERnissiorealong the a-axis

e ex Ie i nc ud est er
3 B} 1097 GnciiReg snsaariaiong RGeS i ot Rs3R SPaiismass and
qedelpraLpasy ampliflerohawx mbfere sffecive ampmh;rtitrn fdectons equal to
ht hal i ¢ anh drlg % a P or. tetrahydric
BRI paLs 288 SPYREaES ol Pl B HEFRT Shane. oy

[peNser Moy bftak abdle-hrfR6HdaT Mt@ﬁts%rt@imnbﬁ@ |&ser podet Bewlifiers
reacting the acidic polyester with at

%‘@!ﬂfvﬁﬂl@rﬂs%ﬂrf@rﬁ‘ﬁptref"%@?eé §amﬁq"ﬂaﬁbthe§q?éh}e&éde°ades
éln s’otﬁ)%%/ryaarsagaeh a8INBYVROS N OB, arftf NOGHUO &t e DecORe

pol yeSter curing agent (ii) can conprise an
mfwmdugw matrsialsclor BNy sasee ap@royéem%be@aﬁﬁrhey&avs high
%rg‘ré’glgﬂt %@é . e%‘?/ O%Kigltﬁé?é%'ré‘%trﬁ?rr gﬁb)g; ﬁheﬁmg%:a%ﬁ.tweh These
peleyiaistare atsorqapablesaf @ener@aem aéﬁearésm@ar'?@ddrﬁﬁﬂpwrthout

.ﬁ{%{ﬁ&&ﬂ.ﬁ%%g@r oxy fzgﬁar{;@tgrﬁ ‘!f’he%i' ydr oxy gtr Bﬁfgaﬁ'%@rof 5 9ain
mleerurnscart raé)lnaalemenﬂee witdt suithblesiptiontol cqsescy therraal lensing and
r e 3 [ i8R %,-fi’g%t? Wil ﬁtc‘ ér‘?&l dée Eg%ggrqéﬁbﬁetﬁre‘?ﬁﬁfeetﬂemls less

fr P i'can and' propyl ene glyco
degriamndnadﬂlasezm)deswren passiogitimgugin thel gaimmedidinat e wit h

ﬁrgﬁgﬁ PO s BB Bl oV Ut Bl oRIRRE Blwer
07:]¢ mmﬁncdﬂﬁtﬁa?stdn%erlop& gayrdnmgein:] CMH@IGNG’]@)W@'§CBIIng
g Bavee 1 e e cump et 8PP mobBanaphid Bifiteey the laser

PRSP EuintedthasRB! THePeEdant tiblosing rpHstizasteifiidney of
free of aC|d nEnt h ,inglessthar] O.%meq/g’ inq light
g@.%ﬂplwsra%a%u&otﬁ oq Bparg A REPETY BiATIiTh B HEPING lig
Fﬂo@@tahe%eé&%' IhsdH rfodet qabfé?ﬂadcé?ﬁ&ﬁﬁmbht@%e Céplatﬂ@bf ®aintaining a

yester curi ng/ agents can i ncl ude n%n acid
r

B@aryegrhes@srﬁnw 20 IsBIRCAMBBI WEBR9Y [odrsaipgefficiency, and
Rﬁ)ﬁ‘erérﬂgcongprﬁcé?rre%@ s8ILY&GPIRat adhiSRRHigh é&}vé(rCTEMoo output to
no et hers, polyols, and/or nonoepoxides. [00
meiet this! derpasidgcd migregiachiniighyiardriing. %%h@rrrmrd%onver sion
ghﬂﬂﬁ lic acid anhydrides, such as succinic
ride, phthalic anhydride, tetrahydro ht hal i c
mmy?rrr i Wéert canstseting alagergraplifiee inclusiisHydrY ¥ Skt Prapther
h |
e
andleqmryeddm}lhg ista madh comegay, agléndicdted Dy the macemm@nmregﬁguratlon

0

B AP SfBmect O Thy e KR SrRUfaRe Doy RO e perments
hﬁ/oaringodnassotm,prcalasemgalm: mediadughénpdwpppd this cordliugien. Psta for
used herein, the terns glycols and nono epoxi des are
i ntended to include conmpounds gpntaining not nore than
two al cohol groups per nol ecul € which can be reacted
W th carboxylic acid or anhydride functions bel ow t he
tenperature of 150 C. [0052] Suitable nono-epoxides
can include glycidyl esters of branched nonocarboxylic
aci ds. Further alkylene oxrdes such as et hyl ene



di sperse in water typically in the presence of resins
conprising cationic or anionic salt groups such as any
wo@Roovhewel descri bed previously. [0057] A PCT/US2009/037719

transesterification catalyst (iii) may optionally be
present in the conpositions. The catalyst (iii) can be
any suitable catalyst known for catalysis of the

Nid: 2085 SLEGA St tctd %n@es%ea ua%r bbamam ﬁ@h@mﬂm%lé&mbr&e

present Thvention the catalyst (iii nprises a netal
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aguepasyisgdiawiogs.of a sul foni c acid. [0059] SUI tabl e

salts 2§Xefit5_ml Pﬁ!ﬁ C& rﬁ)ggéﬁgs salts (for exanple,

oct oat ead, zinc, calcium

poetTum Flgr big a Qrapmdohmpandg talnulatedcénﬂjmagsmedwalybs phmaximum
di b f |t

AN T R I S R S e
surhpabatsosenpl e of a netal conplex is titaniumacetyl

acet onate. Sui ta e sa e.Jg.. .
QOT80: 56 i Hibrm ShapHe! S fou misan L3 ek pegpribed by
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cadm u chrom um acet acetonatgﬁg | exes of

ead
Poadl chign? ime cellactionP! &gquﬁﬁnsg{, dipgnts of 5 BAor art

Al afé@@n@dh@i@h@éﬁ#rﬁées%ﬁge&b PAcdBinafth BRAISOPT OpOXi de.
of any of the salts, oxides and/or

M Xt ures
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%@(cf@%égfruélgﬁa‘éeﬁmmﬁ’e . 48001188 ated tRMaw R R cHBH A relation to

s or conpl exes, or solutions thereof, the
atasenbean irafad@tyagtanﬁayﬂmed biip supved reflective sydacs.
(oR2F 7" RSG5 S5,50, Bnlis SIBAS of LRt BheH oGt ot
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P e BB 2 e RN o ST b sl BB
Bs P@‘seﬂA ahNg . 68?ar6%ot566memm retl sesed bewebgrnd output power
t er ence
LR AT Cr T

QP pR@si tions can be el ectrophoretically applied to an
ect

roconductlve strate. The a i ed voltage for
00231 r 0fEhE<S iRt O?rﬁ@n%%te@&fl R} Pawgfp Q%"ﬁeii?@ ap éq“”ct'o" of pump
Féﬂmo?a 1d-pHsPEMPIifee bhd bQyuadriplPagisarBgiifier @ith parameters
housand volts, but typlcally bet ween 50 and 500
gaualdo those used ihig- Bensity is usual |y between 0.5
mq%lﬁp e Rl BASBESESSnRD 8RURGE of SPhul4tdd %o@v@r 5utput as a function

anperes per square centineter) and tend

gbtime afler elrA' wceqsse\‘ﬁ p@ﬁéﬁ@ssqeﬁd@ﬁqr@G?@éﬁf%@hﬁ@adfup'e pass
EB%QPE%B”@Q Llr%':df\| Wlth ¥eed %fepb%ﬁné‘téﬂs ePht A \W power, a 40 ns

osed surfac core. used herein and
Dh@eyﬁ@t@ an¢ 8o W)me@ﬁureﬂﬁo&ah@bsgr@ﬁ%umwovvébnf or rral
filmor coating is neant a filmor coating having a
substantially uniformthickness which confornms to the
substrate topography, including the surfaces within
(but not occluding) any holes that nay be present.
[ 0065] After the coating has been applied by an
appropriate nethod, such as those nentioned above, it
is cured. The coating can be cured at anbi ent
tenperatures or thermally cured at el evated
tenperatures ranging from90 to 300 C for a period of
5 to 90 mnutes to forn1a dlelectrlc coatlng over t he
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1A plasticizer, comrercially avail able from BASF

Corporation. 2An epoxy resin available from Hexion
wEep@eitedory Chemical s. 3A surfactant, comerci aP¢TUS2009/037719

avai | abl e from BASF Cor poration. 4A pol yester prepared

according to Exanple V of EP 0 012 463, and diluted to

90% solids in 2-butoxyethanol.[0072] The MAZON 1651,
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e a tenperature of 135 C
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Qg QB?ﬁ%PWerﬁ{Bpg'&g%ngé' Pde of EPON 880 and the
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ma{\ﬁ(dd@toblmIiIdwa@em@asbf 808 mas8 9 hmw\B&IO o, éﬁ&nheemith 5 nm.

0, C. During.the exothermwhen the re
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continujng the hold, After the eac
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at 130 Cto an extrapol ated e ox6 (gw val ent Lﬁt} Each
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df #R5E Bt dARshtNERIVY for tAIpN padsee onarseeatkded beam 1oo along a

succession and the m xture was allowed to exot herm

appren bmp?thl‘lj)d through anARISKRRICSRH mediym éo%wgl!; ﬁBlgﬁtantlally
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Arter the one hour resin was di spersed
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uced W 1 e second, third, and fourt
86, steshiaser beash dAP 2wbemiaciéent arha cuedineai HE reiser 691‘5 ds
soap was vacuum stripped until the nethylisobutyl
ket one | evel was | ess than O. 0§96 Exanpl e 3 [0075]
Thi s exanpl e shows the synthesi's of a cationic
m crogel fromthe cationic epoxy soap descri bed above
in Exanple 2. The microgel was prepared fromthe
foll owi ng ingredients:[0076] The dei oni zed water was
added to the cationic soap of Exanple 2 and t he
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and stirred for 30 m nutes. The dei oni zed water was

then added to this m xture. Exanple B [0082] This
wex@ops®7shows the preparation of a second bl epdr/usSm®»ao/ 037719

to prepare the coating bath described bel ow i n Exanpl e

C. The bl end was prepared by adding the follow ng

catalyst to the blend of Exanple A: Catal yst paste,
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medium A thermal lens is mainly caused by a
therRRticah arPRIfigr 8YA'¥At in a | aser crystal and results in
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In response to non-uniform pu ower .
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2, denonstr hat maxi mum pu power varies
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polaribed light eimenging monmalo mneohum 1ﬁax iTHE PUIINSE @& Auafelmyave plate
power is restricted by thermal fracture of the |aser
crystal . To date, the highest og put power achieved for
a TEMpO node narrow bandw dth and Iinearly polarized
beam generated by an end-punped vanadate | aser is |ess
than 30 W while a power |evel of about 100 Wis
desirable. Currently, nanosecond pul sed fiber |asers
are I|n1ted to generatlng peak power exceedlng 1 kVV
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in Fig. 2, extracted only 3 Wfroman anplifier with a

1Wseed | aser and 45 Wof punp power, which yields an
W@piovaed97t o- opti cal efficiency of 6. 7% Even sp@r/esmwh9/ 037719

the art single-pass power anplifiers typically exhibit

a low extraction efficiency or a high (40% 60%

optical conversion rate froma diode | aser punping
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This especially causes problens in
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Int re des bes a net hod an apparatus
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[gtoEan FRELAS| Ay Bind ST SpAVE JA7LEN Bl R dser be
ﬁﬁﬁ@rlal t he key conponent of a |aser power
anplifier, affects performance of the | aser anplifier
when punped by a high power |ight source. In the case
of YAG solid state |asers, high power punping induces
significant thermal birefringence, causing orthogona
pol arization directions to exhibit different gain in
such a setup. Thermally induced birefringence in YAG
rods under strong optlcal punplng has been observed
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design of the optical power anplifier to address other
i ssues. For exanple, a 45 polarization rotator, or

wO Bawadayirotator,” is needed in this anplifi ePCT/0S2009/037719
separate anplified light fromincident seed |ight. But
the Faraday rotators (reference nunerals 2, 4, 23, and
73 in Figs. 1-5 of the Dynott patent) are placed in a
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cause t ave high em ssion cross sections and

thad regfresents ae(m @ﬁerr pAwerves a PRNSAiealintayal i54n Comrasison of

'E!H]R/%E 48bs a@& 953 é\%%aé”g‘mh% ;SJJ sQEAGE pasb\ier JUASAMISE of 1.4 kW

arized tro uci ng separate

poﬁraspozutngdn acmqhae@dﬂas@n powar $%fiet 1.d kW .t hlee average power over a

ani sotropi ¢ gain nediumcan be inplenmented with

suitable optics to correct thermal |ensing and reduce

thermal lens effects, wthout i@Cillary conpensati on,

to ensure there is | ess degradation of |aser nodes

when passing through the gain nedium [0014] Wth

these advantages, preferred embodi nents of an optica

power anplifier that incorporates an anisotropic gain

nedlun1can achleve pover scallng mnth nultlple passes




acconpanyi ng drawi ngs. Brief Description of the
Drawi ngs [0017] Fig. 1 is a graph conparing cal cul ated
wa@eaomesur ed val ues of maxi mum punp power as BCT/US2009/037719
function of doping concentration for a prior art
vanadat e | aser punped at 808 nm [0018] Fig. 2is a
diagram of a prior art four-stage anplifier design
fdﬁé@ 'kh%‘éya¥ E&?éﬂ?o 6 ugbr 16 @@é%b) |E'oalcuf’atéc§a§2 86 W and
'ectioh of ray diagranms of four enbodi nents of
rspre@enférthe gimote- Pﬁﬁééfsaﬁﬁﬁﬂﬁ"ﬂv @mlféﬁkw@mn alaeswweart@Q ns time
H %nﬁl %Baého%n,[s%O&Ne ES@aSrepé’e%enﬂﬁ% r%"&r gf)@ﬁcﬁng time
erren at ons o respecti vel ,
wwwtquauﬂ slmpleepw%auapbwm eytput emdgcurvmi 5_2 pv¢rdb@ patnedime
0
A 8 o 0 PP A T e h B R S0 pocs o
3Us pawer. oJtP@21bR2 d¥i1g'35kWEmnd BBradgeGinglegasPamaxis mﬂwn@umut of
Lyl at ed see n . t. of
bR BsPesRERind SHEoLRR SRS SRSt n AR e,
stingdtiopaseeedpthiaf inghe eatrectim by alout adaetodoitbles- pass

Basief gurid Piskressiin B8R0 safyy ok B Sulifrett afaRe dadrupie-pass
;ﬁtﬁ/g&gﬂiﬁﬁmgraﬁ@ga? seldentidty hicfRer e2tgaz(n®n mﬁﬂdeawcvuscﬁrig céd;wspondlng
an absor pe u 0 r. n

GAYS HURW pewewéagﬁwgn%e\véﬁu‘b% "2;1180% ﬁﬂs’ts Ser
Eﬁv;ﬁio“ﬁatmgmowm UBL NGl géwém@nb@bﬁ@m@y @lomgsse c-axis
anplifier wt power applied 0023

eATEsPeRding ﬁ@pl&g@cp%ta‘m&hﬁ%br\%ylts( infig.ods the gg\%éatlon prec? cts an
HnubRp s TP PIEIo Kl 85, 5% REtrctRmSSHiasmdyl drice3.0 #ndverage
a quadrupl e-pass anplifier with paraneters equal to
eutauepqrssdFion5€) gorrespopding 49 1iﬁ15d§/V pgak ogiput pewerglfif. gpd a c-a-
re%féldﬁfp?e BgssS lifR 940 RO WBVe @yb%%xtl%%n&u Efﬁﬁi%hb)%‘nd)é 2W

ter eac UCCGSSIVG pass of a seed | aser beam
amrag@huf@uqmrmr@spmngam\bﬁ k¥rpeals putput power 165 (Fig. 5D).

o w
(R0} 95thiyAtkn el RESE, RTE DoBERAETE Bralrefid
eksrintadal pesgitspd wanglg- p)mfﬁmmmgatlcm alengthel @axipshown in Fig. 6A
I
JROFULES, PO By AR e e S
pmmmtem weing & 266 W awmageapaxerssestl |asev ah 408¢ emqrwssidadt 100 kHz

IR RS LR e TP b PO g s

s @50 pao wndahe pamproeseT spotslzefat ere neamh waist atais @80 um. The

pS arlovimseyice st BBeaf P iosRs BB SHE ORI Bt anc o

AOMElEs ko (MAQ@?G]22FI"IQ16 ekPefident @salga“camab%o@tlon of 3W of
preferred enbodi

Bl ReHeE 2GS N NARI O 855 dnsing d sidfesRass BBRgET
Eb&figutationaed 'oﬂgﬁ@ﬁo%r anﬁriﬁﬁr@xbéﬂnéﬁlbgtﬂ WedVierdde output power
c-c-c-c-a-a and a-a-a-ac- SI X- {)assgﬁower aggllf

weRmreHcaeivath. thexassr P@'&ﬂ%%@@rq'f&t? IQhAlSepE S, and 2.6 W
BEVBRdE TR HuE pbWERRAs Mi‘id%é@h/ﬁh i 638 oldredaties ArécionUfigned with
as ani sotro gain dia in multi-pass configurations
thecaouii d\ &P eusTABRPHT PHtPSLEAVRICaNR exRoeied (an édlougle-pass
te materi al
B o o e e e T S0,
IEQMmh YLLrsm%OVrNqul lagqs pwﬁeq;@vm kHzpwith & 20y15: Ry laser
k. I e;
R S e
@tmcpjamcm Was rm#or botoa an@ie@@mmﬁ@@naap shasadsuplepesapmplifier,
sem conductors may al so be used as gain nedia, and
optical or electrical punping nﬁy al so be enpl oyed.
Each of the materials |isted aﬁ ve has the ability to
support |ight beamanplification at one or nore
wavel engt hs. Various punp |aser wavel engths may be
chosen to inprove the conversion efficiency of a gain
nedlun1 for exanple hU YVO4 ‘at punp mavelengths of
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according to the law of reflection, in general, the

angl e of incidence 108 of an incident beam 110,
wore@ss®di Wit h respect to a surface normal 112PCEUSZENS037719

the angle of reflection 114 of a reflected beam 116.

The angl e between reflected beam 116 and i nci dent beam

110 defines angul ar beam di spl acenent 104. For nor nal

é%WlﬁBG&ﬁSut pdWeMdngyafNed & fHctibR et ﬂﬂ’ﬂﬁ%o&d@g ré§pe@tlvely Results

| ected_beam 116 Te-traces beam path i nci dent
Mé&?ﬁtQQG‘ FigedindiGatga |r@P9§Lbb'§te§ﬁff?'%thn;$hPe1rQ§ fﬁh@@!h&P"%ﬁﬁﬁ'Of‘s

' ek Idf th -
T B bre s R PLRT PRI e the guadruple
%Ss@mlﬁer of beanms 110 and 116 facilitates control of

OR e RT AT s PR el SRiohe TR R Sm@Sfhents

cpf(m@]MThB dndiiCere atspispitable ferritighrnawenanpiicatinsns on the order of
tio I n

t%ﬁg ’r%tt é‘ese ﬁff.ssé; tbr%%lm ﬁ&g\gﬁrﬁzo N Qvé‘r 8@8&?[984 dfﬁ%ﬁ(z PRF

ambsnamﬂs|PcWIpﬁszﬁthrcmgguhagabeam|dnnswha:batnemtbsr0t¢tabbf 50 W of

b th f d |
ARRPre 207 Gof b iy ArgendBa e il bharapRgEs i Sbo um.
éricﬁt\hehﬂmqﬂdearrﬁkpm ist5S0pmh.hSinnulatzpoestles t10 fec theomigh-power

%wﬁ*?%t?%rt oS- BaT B e e, ik BRrdcEn PRy or a

gglé-’lp%@s chnﬁgLﬂatlcﬁCéld)tﬁthh@&f PAs R zm@%r piioducipg i3d .42 Sverage
In each confi | aser beam 100 first

t
sl Do RorS adut STiishar Bsing 56 aAd: GLACPURIF FaRe

Fﬁle‘?ﬂk@l&bﬁﬂgﬁh%tbﬁamosmm léiagd ddtpubpewer 22N, 4ﬂ)e mgh-
13% that either allow seed | aser beam 1

P@N?faaégp tf'ﬁ‘F @L@as gt 88 3Cngne 8RAregHGesReak Pﬁwebke‘/i'éﬁéﬁ 176b,
ﬁ& %9851738%%t|aﬁ‘§% pr%ﬁ@rﬁ’ﬁtél?@ -P¥mBO grefi&ahah B d<xdtiBger peak

arization |rec I on of beam and the orientation

@@wem‘eno(pbpw WV HT kW rrsogdscgh o abeudd.5 K4 ous
|
@R’?EE? ngdm%gﬁlm 53188@'%%%? &Y Sist @@héwm#lgr@ Ju%h.cn a

eam hrough gal n nedi um 102
dqutQth@tWEﬂm@ﬁX@fanﬁdlﬁS@th13269"}918(83)93 apwiitieation Jt8§u$ apparent

L3P PRSP Seree e R L fo RE A Bl

é%aﬂilwmthemdée@f azmladnxplla:lplw @onfjgianatien, amiv@ppclatlsewmer@s seed

HR
?arﬂgéwess@' %:?%J‘al bea %238?@%13\%%% SEr%‘ll’:ar aday
[Oml4at oWHe20t isi rfe&bsmys&esomwmmagﬁopmeana&y mQutmbbnefnngence,

Sfibin el OlRRy s sl B S dh bl Pendtgid S mtes toan even
aumBer biRAtesimh mhrdhcthe bﬁﬁrlzait@m-smtpb iof thedightiseam raaeting back

10 ck throu uar er ve plate 126, .
aoar i Bl Gy gt S peaOUaT Ao oDSERIY con the frs
éﬁs@'\‘gh@ behm4s Fbl@h@éd éﬂ@ng thd haxipot ﬁfustzlaé polarigéd achg te a-axis

of linearly polarized lig

oM g

S0 1S THOng peBs Db & G st avE TS e et oS & pube-
EE@S Bobfdrzaid @rﬂy did @ﬁtdr@[b 8fc doheg@amdnd Wedld Beeflovas &sr a

eam by a total of 90 for the two passes. The rotated
AHAdHPleyPass| aamRHigt W?‘@%\teft‘ﬁ'éfha’bQE,@@EOQ'ﬁmﬁ%H“é'é?'has vanadate,
BREIAND %eﬂs&%%ﬂth%hﬁ?llyﬁﬂ&hde% siRRHRhes ighot needed, allowing
polarizing beamsplitter 122 before exiting the
dptmerglfrepgomemtbe amatiinidesig8er beam 119a. Doubl e- pass
j&tﬂf guf é 96 242 §nd9s a\'é'@llaﬁ% & ietidtve eﬁﬂfo@ﬁﬁé’nts of multi-

otator a erefore, differs fromprior art designs
Phas ampbﬂermsbmw FFigs. i aad dCrand intrigmenteq Wit @mssifopic
bi refringence. Such conpensation i s unnecessary in
doubl e- pass configuration 124 g?cause it is

i npl enmented with ani sotropic garn nedium 102. [0034] A
triple-pass configuration 130 shown in Fig. 4B

i ncludes a hal f-waveplate 132 as a substitute for
quarter-wave plate 126 used i n doubl e-pass
conflguratlon 124 a polar|2|ng bean1splltter 133 as a

1 . " 4 a - . A NS



travel s back and forth between curvilinear HR mrrors
106 and 134 and thereby passes four tines through gain
wore@pam9o102 and quarter-wave plate 126. After PEEUS2009/037719
fourth pass through gain medi um 102, | aser beam 100
passes in reverse direction through polarizing beam
splitter 133, through hal f-wave plate 132 and Faraday
da% #edla, IR alBWihd f%V\@ér%tlBﬁh@fHezerQr &%@bé@élbhé e déds and
and exits as output |aser anf 0036] A good nbde match
pexige Optiselc@mrosentsdm &q@a@@m@aﬁ%ntbéfearr@neﬂdl P aF odakR
[
%dqv%m%g;%%ff?{éc;lbrrgﬁeﬂltes BF HeHidMroBic AT R, 1 dectRai, Y e fist

t extraction tion, gal n di um
cuRlecefpasees dng Berst lader heaam p@lﬁdij@mﬂlrﬁgtm ISua«Hg@ed to the crystal

A e S e

(E3kis) vefore it isligoeditathe pakmsee ijlmﬂeuwemss tonfigurations such

AL BRI A ToH 1RSSBS rtqrotn

fuschtdses-amreor ¢-ber-e (fig. No. ElgjeﬁlsheWSIaamubge pags comfiguration

f d
A S R R B P AP e
pi[éfeC‘erntﬂrﬁld first dagpedlinee bowpl 844 el etlasem agidet ivipgtredrd @B dhin

Pl e 390 e parpelts, WiEndtt &0 priates 7 iHETbe Mg 4

e dri r%fnovéht trey @EnMwMVﬁydlf@ﬁloﬁ@w&ﬁd mapé to thai quadrdple-pass
can still be used for th because

seniigyeatian showp i) Eigat te éfﬁabtfﬂe Cef‘flsp%ﬁ'%mﬁ% 1Tt he

RRuUB] | Zakd Qﬁacﬂ'hbl%cﬂds@,réoﬁf guras®r sHR@h 1Y 12Ss ahsgneslthe
Wth either the a-axis or the c-axis. len t he

@@Jt&e-p@&ft Fofigdratientn big- 38, witfsaddesapticalrpmprongnisgiioyn in a

8h&d firkd B Box i@ﬁ) gﬁ'sgcdn% Ghe Hediumh €85 id NSt l@éﬁv@én

ant egaln he pol arization direction of |ase
b@amnnmea@ wllitcgn‘e?a aick hseqead gupsingar Hirynirar 4 3¢glong with a
r &
AR Lo Bl Ty PELR MO Bpeiitu o gon o
gaie neediamd 02-adegairmmediuen 189, Ifove totdlef foLyprREs&fopi ng
nt gat L,Qn; 1 SSi

ERAET oL B PP 38T 5 g e R g s
hAPBRr, Which nethiecsaimenaxitsle qmdr%p@se@r@gdradew ef bigedi? that

E\i_cmuglegtsgc éénfm Ig?erngngB |8§ 8@?1})?% géd |%r¥aﬁ tb?dckQJf e 'obﬁcal

aompohéntathewn ehaoged |hea third dasheat Imeetmxaﬁ&ﬁ s'lﬁmmddltmnal optical

Fi gs. 5A an res ive for si gl e-
SrTPRTY oS D PR DB IrE ORI (S 2R Ser e aroday rotator
90 s EchhGH@W)waveC%%néel gzhﬁse‘rteldllgmmlgpma‘amgu%t after Faraday
ar amet_er settin 1 Hz PRF ns PW an W
298?69%15?19 Bithse ?Jg\/éﬂ“ar?ééﬂ@vﬁcﬂ;%? 1l3§ VeMe¥ette in the kw
im? \me.ﬁf bé\b@m@ggt@m@gé hu@hy SRill aF BreQitt mbemh;zlehanges may be
urve 150c that rep

YRsetp fie Sl BR 2BPVe B Bop SEORTERtS BRI eaL pgrrom the

aﬁele@y.rwﬁﬁ{rﬁnplé@oithatm\reﬁnéresené ScopRest th@?@seﬁﬂﬂ@ént@ﬁ &hould,
ns tine interval npari son of curves 150c

éhﬂ!efi’% beedpiemined @”'V]QV@%%QW'@QQ@I'@Speak power out put
156 of 1.4 kWcorresponding to a peak seed | aser power
158 of 1.1 kW The average power over afull 100 kHz
cycle (equal to 10 ms or 10,000 ns) is calculated as
2.86 Wand represents the single-pass c-axis energy
emtted within the very short 50 ns tine interval 154.
Fig. 5B shows a curve 150a representing the
corresponding tine evolution of single-pass a-axis
power output and curve 152 over,the 50 ns tine

i nterval 154. Conparison of cuﬂ%es 150a and 150c
reveal s a peak singl e-pass aaxis power output 162 of
1.3 kWand average singl e-pass a-axi s power output of
2.6 W Corresponding extraction efficiencies show that
anpllflcatlon |n the c-direction exceeds t hat |n the
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nunerical aperture (NA) of 0.22. The experinment

resulted in absorption of 3 Wof punp power at 808 nm
wh oo/ 1M9yYVO crystal . Using a singl e-pass anpl PET/882009/037719

configuration based on this power anmplifier

experinment, 2.8 Waverage output power was produced

wWth the | aser polarization direction aligned with the

c-axis, and 2.6 Waverage ogigpé power was produced

with the |aser pol ari zation direction aligned with the

a- axils.A methogyef\contigieinga putti-prsRartied poper arpliterdg perform

%{I%a@g@&%ﬁ%ﬁdﬁﬁg ﬁﬁé{tlgﬁ%ﬁogéf&? f-‘be o%gclgéa ig%@gr outgut with

redecked beam distartient camptislgkHz, with a 20 ns PW a | aser

beam i -f

e pafling G Bk RO BIAY A PHIPaRe P noconaty
related gaipaxes ahqriacterized lawmharmadﬁecgntlel @aslsgam and associated

ampl i fler | ) r and gain as a function
nﬁgr U{‘r%'ﬁﬁ'gxﬁg%%?@aggkwlbggﬁwResuI ts presented in Fig.
7 i ndjuihit@a potaviagihbyed laseabeane fatmuwtigappssesahfoughibiog h

ARG 8 A0 e G A L AAR Mkl

m‘phgéur@ralod@@éaﬂnm:jamaomhpathmﬁmrﬂewngasnﬁstafmleny nAo 45
designs i nted in the e

draedenen e B Canman peT GEth g (o see aami e faHes s

SdlalifRioR e EticH trarNersefto Was &d?mmén peanm paseindbeam 100

with 20 Waverageggomer at 100 kHz PRF

pass &9OfHpNgHNe REIYREH Ahilf RRIGTZANPL lrgﬁ@@ﬁ@éﬁ'}f rt’(g?réﬂed seed
REefbat Qith RYETrsPANESedind aﬁQ&é&rﬁfWﬁaMﬂ'{éﬂuﬁﬁ% BstaEh#\ a

| aser beam spot size is 5 mm and beam sg
@umber o tsmiiple ERSHES APBaN HIEAT GIeingh el PROGUCe a laser output

%h power application are gl ven in Figs. 8A, 8B, 8C,

8D. The extraction efficiency of a single-pas
conf i Wheraby the seedrasear hea npdesaqirg sybstantialy e atﬁpl?ge@enf from
t]r“edbe\élrr? ﬁﬁqg&&gﬁer%ﬁfﬂbeah'&sﬁgﬁéh Rfq e el differential
|C|e Cy using a c-a-a-c quadrupl e-pass anplifier
triekmaldorefiinpenae eoharices lasgir ohtral energy estiegion gimgncyof
42 2 [ :
38 nehgb ey SR e "i%%?fcf%@wﬁ%%g‘é%mpﬂses a

aarnd-eia?tﬁabrt-uamecmrestauxpe sriichstet ma@+idl.t i nes greater than

e i Pl AL 8 A el S e s

Brancinatetiadincieiesl NAOWED 4, NG Sli6,vind: GdV94ng9(LH A VO, a

R A ENT Y T

pover 4 158e niwlictpsfasaimPhWe whizhttheanis60opio gaimanedium comprises

dramatlcall especially in the case of a

&tk & Lb%ég -ﬁ' pglﬁ‘?é%ﬁ%"fﬁa EWE’ especi al | y when seed
| aser 5 bgAEIIRbd 6f dhiretlie Whathang ahilaetr@pnagam raéditifds a
vanadat e cryst al 0044 When |£j ecess

to
DG HUY FIAS AR e HaRR 81 By G Fa iR RLaIc s cfPss
@8ctigh. prior art systens, a nulti-pass anplifier
configuration is limted to an even nunber of passes,

i n whb.chheneether &f ci2ie iloin Whigh the A¥SAUIRI0 gayh Megiups @
Eg%Ya‘ﬂHe%hQ afdfe Aot elshapaigha Eﬁﬁ\daé‘élﬁo%ﬂb&%dﬁ& Eross
be orthogonal. Consequently, on the first pass, th
lseetidn. s pol ari zed along the c-axis, it nust be

pol aryz ?ﬂe%&ﬂ?’d bGaift 6%h %thfl‘\ th@%o@@ﬁﬁél@rc%%ss%ctlg‘bﬁ’the
a-c or c-a configurations would be’allowed for a
aylinsrieplaed imsqlare.i er, and onIy a-c-c-a or c-a-a-c
configurations would be all owed for a quadrupl e-pass
anplifier. However, with an ani %ot ropi ¢ medi um such as
vanadate, ancillary conpensatl for thermally induced
bi refringence is not needed, allow ng for nore freedom
in the anplifier design. [0045] Figs. 10, 11, 12, and
13 are diagrans of alternative enbodi nents of nulti
pass anplifi ers. shovvn |n F| gs. 4A, 4Bland 4C and
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gai n nmedi um 102 and gai n nedium 185, for a total of

four passes. [0047] Fig. 13 represents a configuration
wo evovassdeven nore efficient, six-pass anplifi ePCTNK20091037719

is the sane as the quadrupl e-pass configuration of

Fig. 12 that includes second gain nmedi um 185, except

for an additional block of three optical conponents

showg | ReREdion lc%irﬁ Bl mdwilas Htbdiygimab&ssd 8&ctioh tf the

addi tional optical conponents include a second

pngtidaz rasgs besdaansl-i t ter 122, a second Faraday rotator

190, Aneh Ansfica ciaﬁhfr,Wﬁ.cmr?et{b&&@atsr{gﬁﬁétaﬁgwm@nttdm
I SO 0, wth

beam path just after Faraday ator 1 seconof3
rRianzagion diediops af thelBbanizedweed lagepbad) ingludgy passiag the

i i ]l , :
X e 1000 BEa e s picboh 2t bRk aftfusing exi of
thb daser detpat béard frombthei beam splittiet.hout departing fromthe
underlying principles of the invention. The scope of
the present invention should, therefore, be determ ned
only by the following clains.Cains 1. A nethod of
configuring a nulti-pass optical power anplifier to
perform pol ari zati on- dependent anplification of |aser
energy to produce |aser output wth reduced beam
di stortion, conprising: providing an anisotropic gain
medi um having first and second orthogonal ly rel ated
gai n axes characterized by inherent differential axia
gai n and associ ated i nherent differential thernal
bi refringence; guiding a polarized seed | aser beam for
nmul ti pl e passes through the ani sotropic gain nedi um
the seed | aser beam for each of the mutliple passes
propagati ng al ong a conmon beam pat h and under goi ng
substantially no di splacenent fromthe conmon beam
pat h, and the seed | aser beam having a pol arization
direction transverse to the comon beam path; and
coordi nating the alignment of the polarization
directions of the polarized seed | aser beamw th the
first and second gain axes of the gain nediumto
establish a nunber of the multiple passes through the
gai n nedi um and produce a | aser output beam whereby
the seed | aser beam undergoi ng substantially no
di spl acenent fromthe beam path reduces | aser output
beam di stortion and the inherent differential therma
bi refri ngence enhances | aser output energy extraction
efficiency. 2. The nethod of claim1l1, in which the
ani sotropi c gain medium conprises a rare-earth
i on-doped crystalline solid state material. 3 . The
met hod of claim2, in which the rare-earth ion-doped
crystalline solid state material includes Nd: YWO4 >
Nd: YLF, Nd: GdVO4, Tm YLF, Tm YVO 4, Ho: Tm YLF,
Ho: Tm YVO4, Ho: Tm GdVOQ4, Yb: YLF, Yb: YVO4, or Yb: GdVO4.
4 . The nethod of claim1, in which the anisotropic
gai n nmedi um conprises CrLi SAF, CnLi CAF, Ti: Sapphire,
or alexandrite. 5. The nethod of claim1l, in which the
ani sotropic gain nediumis a crystalline solid state
material in the shape of a cylindrical rod of circular
cross section. 6. The nmethod of claim1l1, in which the
ani sotropic gain nmediumis a crystalline solid state
material in the shape of a cylindrical rod of
pol ygonal cross section. 7. The nmethod of claim®6, in
whi ch the pol ygonal cross section of the cylindrica
rod is square. 8. The nmethod of claim®6, in which the
pol ygonal cross section of the gylindrical rod is
hexagonal . 9. The nethod of cI3|n11, in which the
coordinating the alignnent of the polarization
directions of the polarized seed | aser beam i ncl udes
passing the polarized seed | aser beamnultiple tines
t hrough a beam splitter and causing exit of the |aser
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