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POLYURETHANES FI ELD OF THE | NVENTI ON The present
invention relates in general to pol yurethane pol yners.
WO poopasa3pEul ar, the invention relates to pol yuP€r/AEN®9I/ 000547
pol ynmers conprising ester, ether, am de and/or urea
I i nkages and to a nethod of preparing the sane.
BACKGROUND OF THE | NVENTI O\Iﬁ characteristic feature
of pol yurethane polyners is ‘that they conprise
uret hane |inkages (i.e. -NHC(O O ) that are coupled so
as to forma polynmer backbone. The pol yner backbone
mayIIEHODfeANS} SKSAHARS FOR TREQUENG STARKAJEATAON OF

typically fornmed thr an i socyanate
group (-N=C=0O) with §Hﬁgﬁ'§§§ ‘ﬁ§%@§ and the
polymers are typically produced by a polyaddition
reaction of a polyisocyanate (i.e. a conpound
—IE—%Brrprl sing two or nore isocyanat e functional groups)
with a polyal cohol (i.e. a conpound conprising two or
nore hydroxyl groups - commonly referred to as a
Theplesoyibed embedinyemtratebitd omo¢thodsindgysteams far feedorneystatlisation of
1 ?t wi th nost conpounds that contain an active
‘ﬂ“ﬁﬁﬁ BG€n atom Thus, the reaction of an isocyanate
group with a carboxylic acid group (-COOH) can provide
for an _amide |inkage (i.e. -C(ONH) with the
BACKGRIINDBn of CC2. Corrpounds conprising both a
carboxylic acid group and a hydroxyl group (i.e. a
hydr oxy-acid) may therefore give rise to both an am de
In sdrh& ked@estabilisatiot s pdthran dluctuakiagein tRORisé@aehirgiopbitaldfequency are
i socyanate group with an_am ne can provide for a urea
deterrpm@é@g eq)u eracqqﬂ.@@@ Nprp@erenp\e g}t@rﬁerpmt@aé@hmyc@aggfrequency
I
refefe%géé V\tg%}fa({)lg &rqgc&xtet}@fe;e?or i @%ngﬁegrggﬁ%ér ’ng'g alé‘mg%hwavedé)y tuning the
interjemnmer's Inabranne fraqmnndy;cwrrﬂe) tasisfadequatgfor arshgibe kisemodnee
and an anlq roup.. The am ne t hen re
m“‘RP King DRy lARers ﬁostgw Snat @qa?wg ft%EPnﬁF \% d poncarieh SEPFé’Vldmg
indeefRnl iRkBGEy ofBENIRBCHIROVELiSRlRNIhYR! 1socyanate
uncti onal d¢roups enabl es pol yurethane "pol yners to be
manuf actured with a varlety of conp05|t|ons Thus, the

It is ﬁémegg&; 8§g1)ég§s(§rlea{na glgrsié c}{l ptagﬁ ctrﬂxénltahons associated

with@istinadtddfuen&f stﬂﬁh%%bﬁ tsi?saa% fd?Qz!ts\éféE bStoMt I1éasglbrwlde laSBeful
to ester, ether, anmide and urea |inkages al so being

alteygpéd®ent in the polyner backbone. Dependi ng upon the

type and anount and reagents used during manufacture,

pol yur et hane pol ynmers nay be prepared with a diverse
SuMMARYof physical and chem cal properties. For

exanpl e, pol yurethanes may vary widely in their

stiffness, har dness elasticity, tensile strength and
In a@@REkY w1§1ntﬂe %%OHQBGIQQ ﬁllé%ﬁﬁeg &%ﬁocﬁ for stablh ing a

I odegr adat 1 on. In V|em10 suc vari ed physi cal and

plurelhtemf oaipup fr@gmles of a patrgspoeding pésalitryofeseubechsi havilgdifferent

tm?gu acturer‘%&{(&ft and rigid foam materi al s,
ContEt: SSOBHRE T §als, flexible and rigid noul ded
Pr eghe6tisy the QbR AGH6da%ns 1§%adrﬁéﬁt§a?ﬂ?éh@ﬁ&ﬁ‘§)' H@S-frequency

Despite the varieéty oddpolyurethanes presentl|y
phammqltﬁr dhattde@nes 3 ereddizequanaypiséirenasi ty to devel op new

PO SAIENE By TR o LSRR ol bbb

to th'Ehﬂurrah@&ﬁﬁhsdr begns hahrepReshtpreco fifF Qb aBswttuations between the
yur et hape polyner conprising as part of its polyner

respsa&@tf@ﬁaa eqwgﬂew?cbféﬁyharﬁ%fréwnsy refersaesl  f or nul a
(1): where A and B represent the remai nder of the
pol ymer backbone and are the sane or different, and R
is an optionally substituted aliphatic hydrocarbon
having three or nore carbon atons.|ln one enbodi ment of
the invention, the a-oxy carbonyl noiety is present in
a portion of the polyner backbone represented by
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group of the -oxy carbonyl noiety can advantageously

i ntroduce pendent hydrophobic character to the
w@oiogassdhane pol ynmer that is believed to gi veP€T/882@00/000547

new and/ or inproved properties to this class of

pol ymer. The -hydroxy fatty acids also present as an

al ternative building block i the manufacture of

pol yur et hane pol yners, and T1h" particular, are a

renewabl e resource that can be derived from plants and

animal s. Further aspects of the invention are _
de 2ERFBIRRE DREAlIBPT eleciDeslcutpitisgnalsf carteepanding toghe plurality of

| f the invention will
lase| B e FENRR TR b ey of “exampl o onl y wi th

r efdeteemiring oplukeditpnof iR fygugicd haxdes goﬂrdEFkMiﬁiﬁ@ thefpl@uli® of
| ustrat eg@a 1H NMR spectrum of a pol yuret hane

1.1
elecH&ﬂai/ﬁ‘ngi 88 or dance with the invention (Exanpl e
3| f i ' ; . 2 .
T
plurg ity afji¢edback) signalls gdicati@e of the sespedins feeqhéhcyNiVRhshiond; mndn

of ol yur et han ol ymer in accofrdance with th
nolibRigie BeliniciastR « cofydrape it St enaty
contf6INes bethk &RerShRAs th 8&duct BteAfrddueit PHi@hichdbeihe WseRbeams.
pol yur et hane pol ynmer in accordance with the invention
as an adhesive between al um nium strips (Exanple 31).
Figure 5 illustrates Tensile-Lap Shear test data (high
Thegrgsantrinventioh absb paoydesausystnafe spoilisiey a plaraity of cldapae

freqlts o G BRI BB G G PFTES PP B8 RGP
freqofiRads, fneRildindat @ (1 ow strain rate) of a pol yurethane

pol ymer, i n accordance with the invention as an
adteasipiieal feguensy tp stdietieghenss phesd qavenstdhasidefigas)a shared

L gur i1 Tensil.e- e t da i gh
ool rfgbl WERIAI AR TG RSl SR 30 R
the putdlity bitlasenbemrhs and aprasntaivest Vayubet WERtufdny BEtneteaR

strips (Exanpl e 31). DETAI LED DESCRI PTI ON OF THE
respefiENFIIEN fIdugacies Hwhthe pharghBequengy *$eYeH et hane” or

o2 U TG, g £ O P PSRt

corrPxpoyding td tregdurabtypofi lser beard, eding et plaredity ofigageksignalse.

- ®) at formparf of the polyner's ) )
TR B A arectoRss & ey st b eeRrtite fve peslitgof rdio-
freqll}iiéﬂncé%&seg 3¢ kRanect8 8 Suipue §iBRALs, Q%ﬁ&ﬁ@ﬁ‘tﬂﬁg Eo_hﬁ'éri]lﬁ? olf fegdback

_ kages. In that case, the polyurethanes might”als
signpls inditaiiveed theorespective fequaney Hlaowatiorss et , - et her ,

packsnid BEGEE ot sbr e e RalRbe R ok o « comesponding

plurglityWEtnaf leffthichatrpidry BB the Ubek Beattl 1©lteitbshd fre@RhSy fMdtuations
be attached. The main structure of the polynmer may be

of the lagaeasns. br anched. By the pol yur et hane pol yner
conprising the a-oxy carbonyl noiety as "part of its
pol ynmer backbone" is neant that the a-oxy carbonyl
noi ety functions a divalent noiety within the nain
Thegresantinventiof aldoeprpoldyse systdmaifor. frdquemtyrseabilisatids of aplurdiy of
1 t he F roup of the a-oxy noiety, the a-oxy carbonyl
aseiin MEt4MMear  se is not pendant fromthe pol ymer
bagkRefesl- vy -aiadiot i guenty-pMisk lco PR rRBRNATAR&D shared
that the a-oxy carbonyl noiety may form part of branch
frequenpyaeferanae fof seneeating apteralibaciiadivefreqriancaRdRsignals
I | e ' es ed by.general fornmula (1):
reprSERETK o ARy ERGy SRR ERE IR oPEsPEESRE (he' Termi naer
of the polynmer backbone and may be the sane or
different. A and B may therefore conprise conventiona
pol yur et hane structures. The a-oxy carbonyl noiety in
general formula (1), and also that in related genera
formul ae descri bed herein, may therefore nore
sinmplistically be represented as general formula
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Provi di ng the hydrocarbon group Rwith one or nore
reactive functional groups can advantageously enabl e
W@e@anss9®r i norgani c noieties to be tethered POI/ALNZ009/000547
pol ymer backbone through reaction of the noieties with
such groups. Li one enbodinent, the R group of genera
formula (I) is an aliphatic hydrocarbon conprising
conj ugat ed doubl e and/ or tr1%re bonds. Preferably,
such conjugation is in the formof an yne-yne,
ene-ene, yne-yne-yne, yne-yne-ene-, ene-yne-yne or
y nex eamssyareingyiletality Kphasetsperseienievidee foegametadihg phise signals
use ither al.one or in conpound words denotes
fhmga}gugﬁgnﬁﬁépﬁ branched or cyclic alkyl, for exanple
Cl- %r@b;b’dﬂdmg%luﬁl]lty?& f@édb@ck 1ddps Mh@ﬁm@ﬁh&%ﬁt’cg{?&
chai n and branched al k i ncl ude nethyl, ethyl,
freqRexgﬂd@pgﬂ the } asgpruspgl the péasg gtappals, @g@@l@qeyhe freqmgapyy fluctuations.
wpentyl, 1, 2-dinethyl propyl, 1,1-dinethyl-propyl,
hexyl , 4-net hyl pentyl, 1- nethylpentyl,
2-nmet hyl pentyl, 3-nethylpentyl, 1,1-dinethyl butyl,
The@r@edi mme¢rtiontalkoyirovide8a methvatfby frbguteyty stabilisation of a plurality of
1 é%ugethylbutyl 1, 3-di net hyl but yl ,
zwe§ Mcqng net hyl propyl, 1,1,2- trinethylpropyl, heptyl,
rg%h@%hﬂgé)ﬂbvres%oﬁ@hél }Sld?ﬁﬁyflof ré’dl@fﬂh{f&fcy ka)eﬁéﬁ{dls re%re%Entatlve
di met hyl pentyl, "4, 4-di met hyl pe
of fqugerd:mfthtchynpwyhe reip@hde ﬂmﬂsyuspgm yzlared]fre@xency reference;

di net e 1,2, 3:tr.i
TSR E R spatyfe Bhidi S B E aels i tedkl ggnaly and
”Etd?o)ﬁjrrbﬂiﬁ@ﬂ'le redpadBV OIS MEPEIek of the lasers, using the phase signals, to
1,1 3-tetranet hyl butyl, nonyl, 1-, 2-, 3-, A, 5-
redigie thﬁfrvquw Ayetwatiops, 1-. 2-, 3., 4. or 5-ethyl heptyl,
1- 2- or 3-propyl hexyl, decyl 1-, 2-, 3-, 4-, 5-,
7- and 8- nethylnonyl 1-, 2- 3-, 4-, 5- or
, propylheptyl undecyl ,
BRI%F%EK&RE?‘I‘ON 6}? TI%EDQA%H&C@ P b eyt
2- 3- A— 5- 6- or 7-ethyl nonyl 1-, 2-, 3-, 4- or
roryloctyl 1-, 2- or 3- butylheptyl 1- pentylhexyl
Emh@g@@ms arqhere@afterglescrybcd Ty wap of examplg onlygwfcb geferencé to the

accé‘?g{fﬁ{l/{%%rgy ﬁleg%y\klhlc% ate 1§Ot 1o gcale é\/he(r)e?n é p; E)pyl- nSLyI 1

2- ,Figuredris 4-Sbhﬁnydtm¢t1g/grambf 2-1pentydtdne m@ddmg & stdbl(tlydtt;on system;
tetradec 1, pentadeg xadec

oct HAWE s asphsaadis %/grargl @ggqltegjﬁ@rq ip ﬁ?gabﬁkséﬁﬁ’i‘ gstem; and
of Iﬁig |3CIS %lglfés/ﬂh dﬂ@féﬂdﬂ@m fe aPJn %M@f@ﬁé iftedfetOtheter;

groups such cyclopropyl, cyclo cycl opentyl,

cyck 1gtme>4y1k 2 photeif o megasyied nchhxﬂacbmtsggn,al oyl waouydd, modulated
cycl cyl. an he |.ike. VMere an al kyl group IS

r ef%?@d}f#&? Iagﬁéfoéﬁl?tv as "propyl", butyl"” etc, it will

be ripgRrskeRkkididlarh b shelgser s9digh, helvamyg Ofbe HACRIFUBE of the
branched and cyclic isoners ere appropriate. An
alwywﬁbﬁ@apsﬂﬁynbe optionally substituted by one or

nor t rel e d
norgpRR 4 St ke R MR PO E OB iy

st rEiggket7 ©hgilds, ofknm@m’e& ﬁioﬂé spemlauﬁ theylddep e@stdanshowing a

resi dues containing at | east one carbon to carbon
douisAEcton iR npise fusIfoRpesatinn o ihe Hrbilsaionsysteni - or

pol §

D DR Wb ke ol SR n bRl REet. showing o

C2 é&ﬁhubﬁana@ﬁs fd@uctiothmsioisl ik@rphirality dfiidsersctaut to openat:dmu diethe
§§H but Ien I pent enyl, hexaenyl, heptaenyl,

oct éft decenyl, undecenyl, dodecenyl,

tridecenyl, tetradecenyl, pent adecenyl, hexadecenyl,

heptadecenyl, oct adecenyl , nondecenyl, eicosenyl

hydr ocarbon groups with one or nore carbon to carbon

doubl e bonds. Exanpl es of al kenyl include vinyl,

allyl, 1-methylvinyl, butenyl, iso-butenyl,

3-nethy| 2 butenyl 1-penteny|, cycl opent enyl ,

o
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sel ected from alkyl, alkenyl, alkynyl, carbocyclyl,
aryl, heterocyclyl, heteroaryl, acyl, aralkyl,
w@kwarngdgs al khet erocycl yl, al kheteroaryl, PCT/AU2009/000547
al kcar bocycl yl, hal o, hal oal kyl, hal oal kenyl ,
hal oal kynyl , hal oaryl, hal ocarbocyclyl,
hal ohet erocycl yl, hal oheteroaryl, hal oacyl,
hal oaryal kyl , hydroxy, hydroxyal kyl, hydroxyal kenyl ,
hydr oxyal kynyl , hydroxycarbocyclyl, hydroxyaryl,
hydr oxyhet erocycl yl, hydroxyheteroaryl, hydroxyacyl,
hy diigg Qria b kghemadic kigagyarh oy & sensbk epsyean mi-gdl)l/r,lg the stabilisation
alko§¥alkynyl, al koxycar bocycl yl, al koxyaryl,
al Ko VREterocyclyl, al koxyhet eroaryl, al koxyacyl,
al koxyaral |l cyl, al koxy, al kenyl oxy, al kynyl oxy,

aryl oxy, carbocyclyl oxy, aral kyl oxy, heteroaryl oxy,
Dﬁﬁéﬁéﬂbﬁ¥ﬁﬁﬁﬂgiyﬁﬂacyloxy, hal oal koxy, hal oal kenyl oxy,

hal oal kynyl oxy, hal oaryl oxy, hal ocarbocycl yl oxy,

hal oar al kyl oxy, hal ohet er oaryl oxy,
A sthbilisdtelaseragyteinyl 00x shovmaih dag Vi, meyydeniatphwralityicof iaseds KPR each

ni t.roal ken L nittgalk¥nylh nitroaLgl, b
gensfpiRgHRPRIGL heany Mithg gkt ishc egntrahPRLdpsagt (g wavelength),
a wileldn@arithing HnksRBIALKM syl 104 fNdBhcurRlly] #BHAQaneously,

di al Kyl am no, al kenyl am’no, al kynyl am no, " aryl am no,
stablisarg/(oa fisuppressingDidctuatioes indheehdrkgierigticreentral digquericias, of the

di acyl amin het erocyecl am no teroa 1.N0,.
asefy, A2 BT 360 pRGUELE B ERRRS! o feH SRkt ARy Sstss. The
stab@ignti 6hl bivedey lag¥ductioh kyihs Wephatty! noirofltisdllagdie nyd dowhiocdinfra-

al kyl thi o, al kenylthio, alkynylthio, arylthio,
sonigfEORgNGies: 6.8 daWbEripes ippn At 1H%er ocycl yl t hi o,

heteroaryltliio, acylthio, sulfoxide, sulfonyl,

sul fonam de, am noal kyl, am noal kenyl, am noal kynyl
Sysef Gom@okatycl yl, am noaryl, am noheterocyclyl,

am nohet eroaryl, am noacyl, am noaral kyl, thioalkyl,

t hi oal kenyl, thioal kynyl, thiocarbocyclyl, thioaryl,

[

I R o LD LV RS A2kt crgR e laser array 106, and cach
lasec 40D xgomblegdny kthe gtabilxokiye sysboo | 04 yking esirgbocyady bptical fibre 108.

Theﬁ%{e@%ﬁﬁ%‘% %%T‘xlf%ﬂl%’dﬁ %g{%)é%}?r}g |rtc? & %lsér 1%35&?%)5%81%%3, laser
102€2EROXMNBSH Bl the B¥ér arfR 106X YRShR dbdidth, the numeral '102' may
car boxyest er car bocyc car boxyesteraryl,

lyl, e
refeg &r Desxgras owsr dhelesary ég%/in, the arrpowheseasrthetlphaampgric indices 102A,
ar hox t er,acyl ar box |, ' ; ‘
o RIS A0S o BRI NSRRI, suO AP 108 om
lase@ AP A0 hre cdfthetadiloanapyicalyhyltiplekeloMEURD) @ a0 Which multiplexes the
am doacyl , am doaral kyl, faornyl al kyl forn§$?lkeq¥

compeng optirglrRerms fipnpihedeseroldie F3ah tﬁ%@gffm mpkiplexer ¢ alm’lel, into a
s SHIMLIBLETENGtky 7 WSS RL Geil VAR cp o s

to canyspoad bo theahylkipleaeydhanydls, vaugh aretseleoiey ¢d ¢ as close as possible
Wh@%%hggﬁog@gq?gr%@gﬁ&% %ﬁ?t?%l(ﬁbragsg%b@a%aﬁwlé& thescﬂlar{n%i(sl a%%as%ﬁ/cliént
chagt{‘%lf Xbdee Arhag ¥edshhs asSodidt@xivitB @/ thannels, e.g. based on frequency

oxi dehet erocycl yl, sul f oxi dehet eroaryl _ o
sidedebpes o iFdbryeRdrot igidrferometensua¢cdksd sensarb froanydradykeghsing application
GRS SR, PG B U0 K o LT BEPRSN G ore
intesfekdrootyt f64RhOABYed of ehiigsitharyll ohaﬁ%ﬂsf(@tib}/tb&érﬁb&yﬂure).

sul f onam doal kyl , sul f onam doal kenyl ,

sul f onam doal kynyl , sul f onam docar bocycl yl ,

sul f onam doaryl, sul fonam dohet erocyclyl,

sul f onam dohet eroaryl, sul fonam doacyl,

sul f onam doar al kyl, nitroal kyl, nitroal kenyl,

nitroal kynyl, nitrocarbocyclyl, nitroaryl,
nitroheterocyclyl, nitroheteroaryl, nitroacyl,
nitroaral kyl, cyano, sulfate and phosphate groups. In

.
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CONH2, CONHphenyl (wherein phenyl itself may be

further substituted e.g., by Cl-6 al kyl, hal o, hydroxy,
whyaposshs C1- 6 al kyl, Cl-6 al koxy, hal o Cl-6 aP&yAp2009/000547

cyano, nitro OC(O Cl-6 al kyl, and am no), CONHbenzyl

(wherein benzyl itself may be further substituted

e.g., by Cl-6 al kyl, halo, q%droxy hydr oxyl Cl-6

al kyl, Cl1-6 al koxy, halo CI-6 al kyl, cyano, nitro

OC(O C1-6 al kyl, and am no), CONHal kyl (e.g. C -6

al kyl such as nethyl ester, ethyl ester, propyl ester,
Mosyaf the l@ht Qtfet}le Conbittied | blegrns (secogple@pusb)aark y]pt)cahmqufm 1Ik§ ifor laser

wpoli @iy, sib s anecEnl Goiial Ty (rER R Oo Log e SR e tigh
of 11 i¥lkiplexed BEROXi¥ Qﬂlﬂéb‘ﬂed 69 18 1ngi’d@§@lif§ ir@th &)lérrg)ih-lmbalanced (or

car boxyesteral kyl (e.g

oy al kyl @2CC1-6 a &
“arnalﬁpgjbﬁmlﬁlgaptcb@i" 1nte4fgm(1@)e@@ thedomm Q’gp hete);q@@gc%l\/ﬂ/lch ehnder

AT N AR o c .«

al kyl -), nltroalkyl (e.g., 2NC1-6 al kyl-),
| deal kyl 6 al , h Cl-
Thejigl f?@%@ﬂe%aramw? iqupls ?1 P SRRy i 5 one gy 2Ge.ogm 115,
a sh@hlb}é h- leﬁ@ﬁt&rﬁsl Z@J\Nlﬁcﬁ‘lﬂémd@@@%usﬁ cfi‘)'tl'é)hllod)ulator (|/_}OM) 122, and an
ona .g., 2HRN(O) SC 1- al
outrait kgupled(1QpSox liea@a edcbmibn)atlom n (I;mi@rmmtyo @m’cedtrmnta, thEnr%@M 122
efe | et hat,the.al atic droc bon
L R T e
the in%ﬁmibrjé 61'1%1@ afaté&iﬂ)}ﬂth): i 6b@ser 116ahionElong ke Ipbftﬁm and a
brom ne or i odine | uoro, chloro, bronp or_iod

shoporagh @oFtEd, WRIGYERS wkéta@wl@r paval OpficshPeEeTy rTheéBPfﬁ'@fm portion
r.ho f1-R0

ofe rhnoc >popentcbae 91 %Bffeg%/ll:ncy us e&gﬂp@%ﬁul 9} ggﬂl&%‘ﬁ'\@

embddifangrioaOongy Qﬁ tﬂ’ﬁﬁuer&& elﬁc&iuwémh%r@éhr(repcgﬁomf &0h beam.)

ThehOMM2258 5?@%% Cine ToMer it B bae FedfenSar dunprive o
clo%gifc{q‘&c gr} %%gtﬂérgcr El%@lg $44 @%@%M&Y nbd as a component

ocycl ieties are
of aFiebd- pmgmanmdbkargafb a1rfhyr(€ﬂﬂér) @h1pn11mtgde§1yls$ e fimdaBentablolop rate that

exanpl es ingc cl obut ent
is ugssldp GRESTYE, dlwg Ret ?}fi |Slgnéi}at Sfaﬁt‘wmé{?é |t%ﬁ%ﬁ§>?p° K, Yoo
sm&sxfa'apﬁgx@{ |be1n%ché|ﬁﬁE’@ Bas%a Yha OYielIneNRPHase @ BRGIENYhusoidal

opent adi enyl, cycl ohexadi enyl, cyclooctatetraenyl
look-m;i&rWﬁb withicthk lepr). and i ndenyl . The term
"het erocyclyl" when used al one or in conpound words

i ncl udes any of nonocyclic, polycyclic, fused or

Thecl@ﬁgJdﬁﬁé%@ﬂldﬁyﬁlﬂQH@frbdﬁlafeﬂ%hdﬁ%&n portedresfatatly béadn 2@ recombined in

(e 10 _or 8) wherein one or nore_carbon atons
the Qu@u‘p epirke dd4apd dimeedront sRgleonase eWpHiLrgd2, to an optlcal de-

muﬁf}ﬁg@[ @E;\r;{gﬁg £ gU;& hd?f‘x'dé k%ﬂiﬁﬁﬁg@%&x@%er&g el er beam

portiodsantwaptysicaky mraaedabaraﬁpsl tmse&tion tlh1rs~ava$cngﬁlsb§l" ht mmpcpnent
nore of the sane het roatom
beapstast RABIRS mﬁﬁaeveﬂ%%gwe%m eﬁrﬁg? fEnath grhigh.gprrespond

to tHé cdd@al W@bélé’né%ﬂ§@1f fHE 348, 100 %aclp.%i)'ﬁ%?é“‘d ¢ RIdiBe& by an optical
doubl e bonds.” Particularly preferred heterocyclyl are

ﬁbrié 160 &nd pBetodetaetiob 61121l 3et. ereadyEDyll32 CSmctS@ob@Heﬁemwl es

h@t eroc %&I()% (8%31 ﬁlu F@Pz 2@% fl g%}) Xgeéé‘:q%l grﬁ){atllﬁ' geepgrﬁtﬁd by the

1ase%H09w ﬂfé'RD 1378 rdetébtsdhméam @&gmgmy Botleratdti Pettieddber 102B; etc).
plpera2|nyl holinyl, indolinyl, imdazolidinyl,

Fromihg aig@pted)heampytgg PEIS| 1@,2 BgRETate|s) p&ﬁ@}lw RIpgignals that are directed,
di oxanyl, tetrahydrofuranyl, tetrahydropyranyl,
tetrahydropyrrolyl, tetrahydrothiophenyl, pyrazolinyl,

di oxal anyl, thiazolidinyl, isoxazolidinyl,

di hydr opyranyl, oxazinyl, thiazinyl, thionorpholinyl,
oxat hi anyl, dithianyl, trioxanyl, thiadiazinyl,
di t hiazinyl, trithianyl, azepinyl, oxepinyl,
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aryl sul fonyl such as phenyl sul fonyl and
napt hyl sul fonyl ; heterocycliccarbonyl;
whedoensasyl i cal kanoyl such as thienylacetyl, PCT/AU2009/000547
t hi enyl propanoyl, thienyl butanoyl, thienyl pentanoyl,
t hi enyl hexanoyl, thiazolylacetyl, thiadiazolylacetyl
and tetrazol yl acetyl; hetergcyclicalkenoyl such as
het er ocycl i cpropenoyl, hetéracycli cbutenoyl,
het er ocycl i cpent enoyl and heterocyclichexenoyl; and
het er ocycl i cgl yoxyl oyl such as thlazolyglyoxyloyl and
via elagirenigloghyeasioys 634, to %rlqerrﬁaponémg @d,laalmvay)f serresponding iphyse-

scribed h sul f oxi
resp IR VS s RS PR el o A F b Plegtne 2 G
(mdwiﬂ(:@)ﬂéf%i‘kﬁft@ 713 Fﬁé’se inSet&ie] 3BAA, %ﬁb )fds@mtbtyﬁﬁ @Q@ébpoﬂdhhg local
al kenyl , . al kyn heteroaryl het erocycly

oscilfaien, élgFPl atg ‘acaép@ﬂlllé,tpr frequenpies BLaf, Hopefcls i Ipgal oscillator
freqd,eﬂf#{ ?QoeA,@Lo %gﬁ] %@él e%ﬁqlagt%g }Sg raﬂ :ig) gﬁgeg)ilm Lgér ge f?le g%pgpgnt that
receives the g}ocokl pfgﬁélg))aﬁd Rplurmhgroéloffsﬁynmcmlselléléc(b gdﬁﬁ1henFPGA

| k |k
I T LT TN
genePft€h Bhdse d @1 1&1&&5&'@@01@%@ ﬁhé‘sﬁld’lffﬁ@ma\@% e ?By&gnﬁl &nd the

term "sul am de", either alone or Iin a conpound
corragperdling bOeignal. ol'ke Ig@csugjlas(scb)amwhmMé isignelbictmye ¢lsctronic
docipf pendently sel ected from hydrogen, al kyl, al kenyl,

]% zgnyl, aryl, heteroaryl, heterocyclyl, carbocyclyl,

and aral kyl . Exanples of preferred Ry i ncl ude

G - 20al kyl, phenyl and benzyl. In a preferred
Changgp Heihg® eseétgmaksafgqm GAeh PRAsE @efﬁ;dﬁ%@mropwgﬁ%m ghanges in the

h I

centrg 0 ffcahelic 20 PYUREARRIN MR THTHAR bt Feceived
by a ahdlalitn of sbes cgrimiless DI (rdferrédtonas! sarviiRARBoMTEld8IAD efel) which
and RB be any |ndependentl sel ected f
gener% Hhe ¢ dgjoeppmed phesssy ¢ coraqsreg?%fwg PRI O‘Eéqe%@%mﬂals ie.
one ﬁ?%@dhqgsrey ho2 A ef(ﬁZ‘Bo qlﬁ@t}’é‘cc r@ﬁl@kéﬁﬂtwe%@ ‘f’lu@i%)ﬁlons% & ntral

RB, together Wth the nitrogen t hey are
frequentias heeich walyesﬂosdmgdasm aomm@aﬁc IIOZC edxr Hn:d ﬁeeglflmck signals are

direc{ge!dgt% A Sglg\r/nef%lg?r% ﬁ(grgfcgérss&?tgb rﬁssgrs é)QgE% g tg%slﬁtraﬁg}]ﬁnﬁ%xmtrollers
corrds @ﬂd;lﬁgeto"ﬂhelasé‘k'qbﬂ)/{/la(a%lﬁkallglof&@&ib'ﬁm élrcd\{ﬁﬁﬁm e. é%s‘ihg digital

phen

NHar al . NHbenz NHacyl (e.qg.
or arwhg(l@)eéctxorzwmpywnwéqr@}qm@mlmgtg peritroliezs) k¥ his(ggtivi n
reaGRE R o] B ARt e PP Ren 0630 (2

contai ning one or nore sane or different heteroatons

e.g. O Nand S). The term"am do" is used here in
The fosél %mﬁa@éﬁeq%w@ fgach phiss §13EFéd3§ is effst Hpm the é\OM frequency

o LG8, 0483 D100 IR B BT
caus¢stbe ndeesGOYihgRytpG{s@ Mdraphagt meterg 1380 cﬂﬁagekgdll@wmg the lasers

C(,O.N henyl ), C(O NHaral kyl (e.g.
102 aﬁf}ﬁﬁﬁ%ﬁwr@ﬂ%mﬁgﬁ' (e.g. C{O NHC(O) Cl- 20al kyl ,
C( O NHC( O phenyl ), C(O Nal kyl al kyl (wherein each
al kyl, for exanple C1-20, may be the sane or
different) and 5 or 6 nenbered rings, optionally
cont ai ni ng one or nore sane or different heteroatons
(e.g. O Nand S). The term "carboxy ester" is used
here in its broadest sense as understood in the art
and i ncludes groups having the fornula CO2R , wherein
Rz may be sel ected from groups including al kyl,
al kenyl , al kynyl, aryl, carbocyclyl, heteroaryl,
heterocyclyl, aral kyl, and acyl. Exanples of carboxy
ester include CO2C1-20al kyl, CQRaryl (e.qg.
CIEphenyI), CIEaraIkyI (e.g. C2 benzyl).The term
"heteroatom or "hetero" as used herein inits
broadest sense refers to any aton1other than a carbon

. I
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integer ranging from1l to 100, for exanple 1 to 50, or
1 to 25, wherein for each repeat unit y when y >2, R2
WO goovhae3gsane or different, and z is 0 or an i NREEYAD2009/000547

ranging from1 to 20, for exanple 1 to 10, or 1 to 5..

In sone enbodi nents of the invention, y ranges froml

to 5 and z is 0. Generally, is a z+2 valent noiety

sel ected fromoptionally substituted Cl-Cl2 al kyl ene,
optionally substituted C2-Cl al kenyl ene, optionally
substituted C -Cl18 arylene, and optionally substituted
C2-Cl12 al kyl ene- C6-Cl1 aryl ene- C2-Cl12 al kyl ene. Those

S}{S‘L’%Ell d){geﬁ-gtiérp F&é@e@#ﬁywﬁé b};%aﬁr%sechg{ ate that the -[-R2-O]-
represents an et her
chai n extender or polyether polyol within the polymer
backbgone, This nobiety may itself conprise a branch
Las?ﬂ”dm‘(fﬁo"\ﬁﬂ{’?ﬁkrpopﬁe pol ymer backbone represented by -
(OC(ONHE) , where z may be O (i.e. no branch point
present) or an integer ranging from1 to 20 (i.e.
In operatich) epdi laterdi02henity central cwptir sjuentst b,y cohtrelddrityegiaser
.z is therefore not.intended to represeng a repeat unit
drivg sienalde-gothe qugendniestsd irdpladaser dipdey Bpmrihg lager's wayelepsth

o . . LSl vy
confNS! o SRR MGl g ot .
outphNHEGEINCY [V1,R. -t aEYNHE) the€d frequent e flyctumtiapsnes Jalown as the
we formula, (J11) na%,,fqr gxa |l e, be represented by

frequsingy pofeg)y or FRhaseneiet's Aegpchsasar 10D Thy BRIsupsReatsOf frequency
noise SkERLEIwith LR RRLd Br@ngo\f a8 de F feRhKY &R Rncies Fr, defined by

optionally substituted al kenylene, optionally

the witdyEtromeierd.caMaldné), tindodweiooGiad. the A0b6123)and dhe demodulators

. al.kyl - | - T is 0, i S .

G- it FeCRE el Pl R il Ot el fishlertiasidg msngde o

com@iin, 8P gHakod, Slehsdncy Wifektnad koM S0RitPHt @Rl 0 A negative
substituted arylene, and optionally substituted

feedhpedyloendomragh daser 12k pachrieith veeef the servamontrllsgel4s, corrects the
lase{ﬁrq% ﬂgna{lg %?mlth% Qa g?lﬁ%ﬁ %oiﬁ%%ol[fe? o g%q(hgas%\rl hge gy %ﬁ rg?ng%tr o

ranch=polr nt W thin pol ymet one"an
comprehdating f@ttht @agienty hoidél thértby Kabiliekanid eutpiidrdghendsi cfteyich
(a% above (where z is %% may be described as a .
lase 192, phleasttWighip pn eneraersh pancrridiheandranys pighe stahidisgtignesystem 104,
' f @ " ' 'RAVE .
it Rl Eh Eh b RREMZR T EEENE ROM 2 LAY inveriant
so i\Nhentaser frequency of egbiaseah@fl withfir thengdintand 28ndwidthwefl the Beedback
appreci ated that E represents a branch pol yner chain
RPand forns together with and B the remainder of the
pol ymer backbone. In sone enbodinents, z is 0. The
portion of the polynmer backbone represented by genera
Disqrémimgtax (111) in the polyurethanes in accordance with
the invention can be seen to provide for at |east two
uret hane | i nkages. The pol yurethanes i n accordance
TheWIZD114R & foue BF I'dBcriBinatodn @r Bi 6pEEaR Bleyudtcllto- Iﬁ@lm&iil@ncy
mul tiple portions represented by general formulae (I1)
(RE}pbprss copyarsipn deien. g eqevalendy gmepticsshwriiensth-ThBE ehase
. | 1
confifiph B 010y it o SBHASH AFaind®l o BRkE oot 188G ve of
the @ptin’abfrbap,llehb?gﬁﬁsil@?ﬂ Iligiln deaanA chhetedhyptical igfe:gueltﬂw generates a
ractj cal effect relocating an -oxy carbonyl noiety
co ﬁﬁwﬂwgﬂh@n%ﬁ%&%ﬁﬁ O cxagpBle, e MaAIdps RF gutput signdl
flucklafdd Yot Eish AGuARO id fhb LB ffe?gl(lgﬂ ofthd 1 bl 1h2 HEAR AR o
of the present 1 nvention. For e angle, general fornul a
corrgspondingyladee 102 dilmvireqasnayetoeR Biphbseroonbersiohian the MZI 114 is an
Simlarly, general formula (I11) maybe redrawn as
general formula (lIlia): hi addition to the chain
ext ender and pol yol noieties discussed above in the
context of general formulae (Il) and (111), the
remai nder of the polyurethane in accordance with the
invention (i.e. represented by A and B (and optionally

loo

o o o o,



at least two ester noieties that formpart of its

cycle. Those skilled in the art will appreciate that
wWeowh/182888 i c esters are conmonly referred to aBCT/AU2009/000547

macrocyclic oligoesters. As used herein the term

"polyol"™ is a reference to a conmpound conpri sing two

or nore hydroxyl (-0OH) grougf Exanpl es of such

compounds include those haveethe fornula H|-

OR(OH)z-]y-OH, where R2, y and z are as herei nbefore

defined. Mre specific exanples of polyols include
effegttqqu;eglﬁ:é/ rgpfilﬂdeﬂlon Qﬁ the AWIN 182 ghg baving ko Ay @rmgthgl(g/pamd Ly)of

unecbu[ay 8% caE] Yenggﬂ, 8% te’d {%Dac?/ma?tnﬁrslg ﬁ% ?a ﬁrérg rglp gg\}én% an optical

pathbiiffaxféﬁéb AL, Whibh n r@}b’tﬁﬁibﬁ&l to BERRBNENEctFE Y&Rctive index (1) of the
1, 6- hexanedlol - cycl ohexanedi net hano

wavggae,anbbs i Re (mﬁJ@@ﬁ;}g the AOM AL himtithe MZI 1 14, and the difference
l2 t hyl ol
bﬂd¥%§%%iﬂg§%ﬁgﬁ?{onlﬁtr|e?%an&? nfneln?d|¥ O(fﬁfgane

pentaerythritol, and

tetrakis ydr ropyl ) et hy| enedi am
It thrﬁeggew.smfb&eqerr‘frcfﬁv BeAGR Pk gswa(&frt@%p*apeset Hxcplgnation
only§ é’@ﬂie%‘hcﬁ%ﬂh@iﬁ%&n%@ WHE chiRel ﬂfe%ﬁgfef%eé !ugneﬁsc& BeDutphit of

condensati on reaction of hydroxycarboxylic
the M&Idé tcAbe pansoiddllytdependeot orcthesipical femuenay cfebobatarsc &his

nve tion, - OX carb n ener a
sinof R RERAPYS Rt iR ar o B0 COy h ERE) BeServiigis
— h
rolaR8 1 uERRAEAN ety 80100 RPN PELANERLD R ency of the
laseb eheserpluti af t%mrmmetewwﬂhb& h&nevﬂh@aﬂ betm%xlﬂ asglagkianddmbt fringe,

two ester ieties th t fo art its cle, Those
L. QSPIE oRIASR OF The Sipboial gu ;9.5“ igeafe ercwafftert %@gb%myr laser

ST R 1 I (W

the crpwitdfelse intortbroeteatiud waké lenpih mishexchasfitey intfeedetes is|

be provided by at | east one_other condensed noiety of
prop.%w? txine afresesewr skifheiger atthinyersely raRertigpd to theriplpferometer

d xycar boxylic acid residue may be the
pen882 §% o4 ‘%?Rﬁfﬁgdw%he -oxy carbonyl noiety of
general fornula (VI), and will conplete the cycle of
cyclic ester as represented by the dashed lines in

If thsé%ﬁarueﬂer phiftof tha 2OM KA is nencaeed.ithe plase changedgpy wanslated (or
" n t

cal 0 HIRPSGOLISIEN AL N 0 TG S e e
modwnt@hloé sheooAOM 122rasliowing thdiudirpheye mfdrenayibh ¢o Beeximctetl during

nmu or one r nore -hydroxycar boxylic
dem%grgla&%f &Eﬂt& r%&%&rﬂ%\ew Hhéeohd %S%raﬁém@ﬁrremm where
the ﬁlm ey ORI ANN i %eﬁﬁ bgﬁ%uaﬁ%mQQHﬁfrﬁlau@ﬁ [sU6dt Lél;i/l@ tPfighl fading at

cyclic ester of ty may conveni ent
turnraspurskenniedn the lg@nfer(mhetérwmut,ean(d\lhdl)vzdual:mmr@m" theni8sers 102 (via

- +EFn1llcl. -(N' 1) wh E i ti
e S5 B8 ot e b 3 el RO enant s o
structure (V), Gis the condensation residue of a

hydr oxycar boxyl i ¢ aci d, each F and each G may be the
sane or different, each n or a positive

Thejappn dgiematchrienath 1 (alsp sleed, 0 ds ﬁh%be@gthdfnba}r@c@éieﬁ@@s the
s e IBE UL b APl TR UGL 5 50T v

followeipgegeaitona macr ocyclic ollgoester Those skilled in
the art will appreciate that the cyclic ester of
general formula (VIl1) serves nerely to illustrate the
variety of cyclic structures that may be fornmed in the
preparation of cyclic esters. In other words, the
cycle size of a cyclic ester may vary dependi ng upon
howt he cyclic ester is made and. from what
hydroxycarboxylic acid it is made from A cyclic ester
m ght also conprlse a nrxture of dlfferent cycle

o " o s o o o o s o A o o o o, s " " o
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hi anot her enbodi nent, the cyclic ester used conprises
a dilactone fornmed through the condensati on of an
WO bopdnaesygar boxyli ¢ acid of general formula (\VCEHAU20H000547

ahydr oxycarboxylic acid of general formula (VII1). In

that case, the cyclic ester used will conprises a

di l actone of general formula (1X): (I X)where R and R1

are the sanme or different and are as herei nbefore

defined. Where the cyclic ester used conprises an
optionally substituted aIiphatlc hydrocarbon R, R1

will generally be an q@ %q% rrgcarbon having 1 to

40, for exanple 1 to”™20 caf at@ RL may be |inear

or branched, saturated or unsgtu ated Wer e t e (1)
hydrocarbon is unsaturated, it

pol y-unsaturated, and incl & 260dﬁ“&#§+F' 6+¢
trans-isomers. The hydrocarbor gréfip Rl may bel|la

i near or branched al kyl, al kenyl, or al kynyl group.

whe!?g’ mhﬂe%f)ﬁggec?&n %‘ag: WE %E%?Jc&?caﬁ%w 0 ééfhearm, vis tthﬁe

non roca cor

instBRARe0R ﬁeqxiefne¥ @Mhefugtpm }FirOMThﬂleh)édlﬁ&ﬁ@fdf@lﬁb B@mmdaalatmn and ¢
substitut ed or exanple with a hetero aton1conta|n|ng

is arvmitiel or stanchase aﬁtharﬁdhfalt 122. SFheggut kdLirowbery nAlrs $emptical path

RO WARE et oERTRTEPO R § O RETUTAI g (S rF det

intr@&ic8d By tHY [0 enbhieinfatdnic6. condensation of _
hydroxycarboxyllc acids are generally well known in

the art. Cyclic esters suitable for use in accordance

Thevgrﬁl%fsﬁl%tchqg e%&l lﬁzngaﬁ&qﬂm%qﬁ\{adgtﬁgﬁ)aﬁ Lﬁf‘fe &CQ %Eﬁ[sb%nélgllﬁlchosen

ar mann IC €es

so tRAtGRAINESH Y StePh&edd Mo, Ale Ah }ziéiﬁd'&idiﬁy%ﬂ“ﬁ?éqtlbh@ atiatdodfis
general fornula ( g) opt | onal gether wi th one or
submmallm grgaderahan re@xrga@am@ émywidéh aEanysiasard Ohetag. af raatrfour

im0 R e BP0 LSS o
aboal MHY, aVeldiieni§¥ich EsafR0n ip¢hoSén, 6hictPalyyeevalue for

Preprlnts 2005, 46 (2), 1040, Polymer Preprints 2005
intetfemorgelyr, pexlod@vaz@ﬁ ebow 183 HE s Ins goricxhy the fismeisl lqngth 4L between

ccord I
the RS i G i i B ST AR BTN, s e
mte@fékﬂﬁetafp@i%a%ajz if @Hléeﬂécato(b\é)betv@@armab@tsza@fMHz and 10 MHz.

a- hydr oxycar boxylic acids of general fornula (V)

i ncl ude a-hydroxy valeric acid, a-hydroxy caproic
[of a- hydroxy caprylic acid, a-hydroxy pel argonic
&mgw?%W a- hydroxy capric acid, a-hydroxy lauric acid
a-hydroxy mytistic acid a- hydroxy palmtic acid

a- hydroxy margaric _acid, a-hydroxy ric acjd
Th%@@#%&gr%daé mrefiudation; that 1auseﬁ>rd Fzswtg% ‘dpieEmizg|uadrature
B b e 1 e P e Ak ont of the
outputtieduency afehcls kiser H2i dEhea&@WIZﬁaylodhd@iceﬂm posteeroiof the beam that

o e S A LS S B B, 5 es

opuclay dfe@t%t@‘a(ﬁf DV6dat fraghdheyCEr MYHERNE fhatiieRdy®) o BiCofned at the
| i nderic acid, -hydroxy nyristoleic acid,

outpwd ﬂl@fbd%z{é Hy4 deregach laset H02. HWI@WOE tha pptienl dedtdiote depends on

ST I OB e O SRR AR b

114. 'OHREOXAnBL LSS r@fihih) of The Henbty A6 GRedEtiG! Hue to laser frequency
- hydroxy gadol ei ¢ aci d, -hydroxy gondoic acid,

chanbgsdfoxy (el b6.05 dercPidviae-Ayids, exshomuisi Kigaeid where the
- hydroxy nervonic acid, -hydroxy linoleic acid,
-hydroxy g-linolenic acid, - hydr oxy di hono- g-
l'inolenic acid, -hydroxy arachidonic acid, -hydroxy
-linolenic acid, ce-hydroxy steridonic acid, -hydroxy
nisinic acid, and -hydroxy Mead Acid. Exanples of
hydroxycarboxyllc aC|ds that may undergo cycllc

oy o



10

15

20

25

30

10, for exanple 1 to 5 or 1 to 3. In one enbodi ment x

is 1. In a further enbodinent, x is 1, y ranges from1
w0 2009/132308 z i s 0. Conpounds of general fornul aPCT/YY208/000547

be prepared by condensati on and/or ring opening

reactions either carried out neat, in the nelt, or

with the addition of an apprgpriate solvent. Such

reacti ons mght al so be enh&%ced t hrough the addition

of a condensation/transesterification catalyst (e.g.

di butyl tindil aurate, p-tolunene sul phonic acid etc).
sintFhiglal amplitude Higmals oftidie dirst arm mtiéhqg@nemcharnf Q3P4 are shown

na g R UL el o R RRRED o €5 gl e SR frgrepe of o
ThePsytichICalt@lt slgnhl dfahé Mzmmq@f 8icRJadeh €07 MbBEePin RFYﬂdelYatlon of
fatty acids fromwhich the ce oxy carbaonyl noiet

the prpljde verd Ipgersity eqf auitt opHeal Regroesiliaging At Hpm bﬂtuoy
ot ut l a e

frotRRl it SRS A LT AR T DA, b Wiidh L e
chafgdsd% z*ephebdmﬂa@we o thedlagere (ﬁteqhemﬂytcemgte@ Svhydr oxyval eri c

aci d, a-hydroxy caproic acid, a-hydroxy caprylic acid,

a- hydroxy pelargonic acid, a-hydroxy capric acid,

- Fac - r

Thegr_nﬁéf\g%@&;fy ﬁéc&léfl!)}f (ijl %‘Q Ag?ﬁﬂ lg?ga;(ﬂ)?’thgs?%ngﬁegﬁ P/ é)f the beat note,
is tﬁnhﬂ@l’ saieyteﬂttehdi irctha@arcge &eésyﬂ’biecbgyA@ﬂ\m he.di Mtz td 208 MHz. In an

behenlc aci d, 0X nocer| aci
exaami@ ligetionsutir 1961 the I%Ofﬁ@a&w éMagP&WHZ because
the ‘?as@%qf/é}é RFWBH\Q‘HE@ a@ﬁilﬂhgﬁeﬁ%@;ﬁ%esr@} hﬁ%h G 18} Hpplication of

a- hydroxy | accerolc acid, a-hydroxy ceronelissic acid,
mteardgy‘dng)x yengexdutay (s the opti¢a) douplglf ldéb oﬁsBl@fﬁmeut diffetencg between

s MBS, L B AR5 Gy on
app%c &D%Mefﬂhreﬂ% Qil&iv%el%@ﬂlcﬁ) of&m'l&/ﬁfe her F,g‘oMaintHe phase
hyd

foxy tsuzuic acid, roxy palmtoleic acid
memmgﬂ:& (@xyotb@rpn@dul@ncatfrmueaclmmndaaip saed i @nd Hius haws peeligible
a- hydroxy el aidic acid,
ﬂﬁgtﬁyﬁg °§%8§§f%§3§% Cld a- hydr oxy gadol ei c acid,
a- hydroxy gondoi ¢ acid, a-hydroxy cetoleic acid,
a- hydroxy erucic acid, a-hydroxy nervonic acid,
Deﬁﬂﬁ%@Fﬁxy l'inoleic aC|d a- hydroxy g-1inol enic acid,
a- hydr oxy di hono-g - i nol eni ¢ aci d, a-hydroxy
arachi doni ¢ aci d, a-hydroxy a- Ilnolenlc aci d,
Thaeptychl boay nstee nésdoiated with the c’affhydtramgralria&eir fnequmlea argagegparated

o TSR 50 Il DR L B o et

phdse 3¢ Lhchehnfl iR be A QBRI GHRe AHUA M AGRRYSINI BBl scillator
organi c or |norgan|c nol eties to be tethered to the

sigpalliy ther copmetdnditg mineoudh reacti on of the noieties with
such groups. The organic or inorganic noieties nmay be
conveniently tethered to the R and/or R group of a

Ea&PﬂMﬂdO Qi iBiRBR 120 Af, 0408 dAc)(dpatddrat @Ifrefqﬁermyebans bagsed on
t he ur et hane, or tethered to the gnd/or

sigagls érronp «h e shgradiroTisepapging Ha M verT Aang i goreesporling Bifset
o} n i

EELYAETRINR S BRSPEAORR My LA MR e s o

diféoeque) ofthe ﬁj&nﬁemlas g)f alre 1.6 akivan bt 2(vihictcisiappraikinyatolyeqanido the

ﬁegﬁ&ggﬁg}% cggcgugﬁ Sﬁr h&;%p%éplé% )rﬁng eltcsog‘?e\égoncfing offset 141A.

pol yi socyanate (i.e. a conpound having two or nore

i socyanate functional groups). Polyisocyanates used in
t he manufacture of conventional pol yurethanes are well
known in the art. Such polyi socyanates can

advant ageously be used in preparing pol yurethanes in
accordance with the present invention. Suitable

pol yi socyanates include aliphatic, aromatic and

cycl oal i phati c pol yi socyanates and conbi nati ons
thereof UBefuI |socyanates |nclude but are not

L 1

o o . s
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i ncluding batch kettles, static m xers, reactive

i njection noulders or extruders. It also may be
wa@ewansageous to heat the reagents prior to orPAUADRZYI/000547

the reaction process to inprove their solubility or to

enhance their reactivity. The reaction process nmay

al so be conducted in solven When sel ecting a

conpound of general formula EFV) for use in preparing

t he pol yurethanes in accordance with the invention,

those skilled in the art will appreciate that the

The samg clocksigaal drayes bpih the MM dF saank Lged (Psoildator (Femawhish
' ' i ial to react
ensifEs £ RRBHAGAE phibe Mgl Sk BRI el
pol yi socyanate. For illustrative purposes only, a
po] yur et hane in accordance with the invention may )

For sighiisingeaghylaserddeiat 8 somvad estprup freguenslpeenthesprrginsading local
_ Lo e ( R . > '
s BEPY A 109 MSEE e o STRnHge)  N efy iom
at FEXNZE orMGBg el lase? 1025 elﬁﬁﬂibﬁd bhew, &[mdo;]mféeponldfngtlbﬁarl] oscillator

. _di-isocyanate conmpound, In_that case, t pol yur et hane
signfls 3R PunE (5 CCORTIPORE RETRBR AT o gGiRaEyFither Hgher or
lowd3h : e [ ore
O A R e B Bl e Rt

the invention may conprise the reaction product of

eneral fornul a, (M) and the, di-iso nate r.epresent ed
TheBGREERE steRaiter 140 h sftbutal £ e BETRPRPEb oSy EF Rk
corr€3pRAEING behihdt® MPkd iBStaftah&RE Phadéthéas@fenBBNBOR cabP biBlra 40 is

Xil):where Z and R are as hereinbefore defined. In

fed G dperpennicated Ortaicad juteyponsingasres ¢antplenltfanide servoh
. . ; . . anat

cont sl DNERSAED SIUNET BEELIIRRlF RIUURIRTATLS A
102 camvdvtkenei fostiblacle lighdls Supipesss eliesptanel frp@lenoy sov@ayf ik $43ei3el 02, thus

included in the reaction process. Exanples of such
stabiising tha laser' sutpedreqsencyariernot |inited to ethyl ene

gl ycol, diethylene glycol, Methylene glycol,

tetraet hyl ene glycol, propyl ene glycol, dipropylene
Eaclgbyaselmetér 13310y bebaed by adhlogie @-digitdpRoa6Hhios., When
. , 3- but anedi o], 1, 4-but anedi ol , neopentyl g&ycol, '
imp gk?ﬁ.gﬁit%ﬂnggcilg%|€}6C¥9@08,ﬁ§$§ﬁ@8g% to digital converfers (ADC's) are used
o D A A Rt (BT W phase mters 138, and fast
digifah emarath get lvamadren (A C'g) are @sal to donierebavkltolthmr appboges domain
a 1,2, 6- hexggﬁtri%l, triethanol am ne, pentaerythritol,
afteihR SRFVERFONIOFIAA8( 2- hydr oxypr opyl ) et hyl enedi ami ne,

di et hyl t ol uenedi am ne and di et hyl t hi ot ol uenedi ami ne.

Wen prepariﬁ% the polyurethanes in accordance with
In ap peparimenittho RF medweiionsignel B82 mes e shfrgquency b des shown in

rie SR 24T B ATSE SIS IE o DRSO Gl

Fig. ldi, iMdiedive of 1a8éd frafuyn@Mdies. Biuchhads differ@ich Brened i fderaces in
di net hyl cycl ohexyl am ne, and di net hyl et hanol am ne.

Fig. & pardsiestiad by encofihonines maies 1de Whin theisagespopding feedback

loog WAE £ i 5Bk WG actFPRE I
con FhTHbled (,f At ot soMH BB 48 YOS 2ofFRRE) dine satfsgion
systetn Hit theemee aitiva i woisdii s mik Huiiaan ofithe traag)chf the beat note trace

henyl mercuri.c neodeconate. Conventional additjves
404 deciidsed o5 Gt masclRpQiohay Mo U Smearivspaeing g 10Revere
supfeds¥dr et hanes. In some enbodi ments of the invention,
it may be desirable when preparing the pol yurethanes
to keep the nolar ratio of the polyisocyanate to
conpounds of generalfornmula (I1V) < 1. In other
enbodi nents of the invention it may be desirable to
use a nolar ratio of polyisocyanate to conpounds of
general formula (l1V) of > 1. Variation in this nolar
rati o has been found to markedly change the physica
and chem cal properties of the resulting pol yurethane.
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and di chl oronmet hane were obtained froma sol vent

di spensi ng system under an inert atnosphere. Al other
WO ewgasa3ss and sol vents were used as purchased. PCT/AU2009/000547

Mol ecul ar wei ghts of polymers were characterized by

gel perneation chromatography (GPC) perfornmed in

tetrahydrofuran (THF) or dinethylformam de (DVF) 1.0

m./mn, 25C using a Waters GPC instrunent, with a

Waters 2414 Refractive Index Detector, a series of

four Polymer Laboratories PLGel columms (3 x5 mm
Seryq Gadrateand 1x3 nm M xed- E), and Enmpower Pro Soft war e.

The GPC was calibrated with narrow pol ydi spersity

pol ystyrene standards (Pol yner Laboratories Easi Cal,
EacWrﬁm om:jtﬁﬁlfértlé? 256608) supprds lmdlaxqﬂ!alséifr_?_tr{]\ﬁng? flsctabgons and to

orte pol yst equi val ent s er
R Rk o) RS el cegpditioning low
ety ReAM [ [

pasggl%%%?g?qjhg pol )k/l%efris wer e{i}gjm gﬁ&% 15@%}%81&)1% O?FFa)Slz as
showagelFighteni.ni um pans. The pans were crinp-fitted with

the matching alumniumlid. An snmall hole was nmade in

the lid with a 20 gauge needle to relieve any

Each fRa6abkefiltet 50 1 Rad1ed 88 Brvdaitcad uﬁﬁﬁ}ﬁhﬂl@? bé eﬁhé‘r%m%@cn 9r digital.
temperature profile for analysis: Af(lb&) Heatin

For p sigiahiceflackflier 5@2)anlal@|gde-m TaacATIE) Brdistialds-anglopue

o, DRG048 e e A

back egasi.| BadheADN@ oS walaguesighalt fiogd iﬁgccafbspdsﬁmgaph&&b@éetor
machi n ear adhesi ve sa

ap. I
132%@&8&%‘%&%&?@“@1@3‘Sf°P’6ﬁ%PﬂPgﬁE PR EET beAanEhe filtered
pha&%@ Oéef%?ﬁ Ryhen @orﬂlﬁdrﬁﬁém’? 589 &"E&H {3ng lpéﬁn%gﬁ?;g%mf?%lylg}eg%} (PD)

Monomer si's an aracteri s
unit§ 806,\5 0 oif dlmﬁbndhmk §ilteehelr whichdeeadinea ffequSyet feesinse of each

enf A8, B Rl B0 s TR A L

indi€fiie \s@in8 Mrdmadadh Flde (ot BBUD \‘I?a.'t&ﬂtth% )lod’ﬁﬁfa?e o?‘%ﬁ@@l@ﬁ@lcfeedback
in water (vigorous stirrin wat er per nmol

ﬁltegs (oreo iipidadlytl Midiz),)andrid tbd bmdjfedth@fth@ sutputrof4Be phase

met?r tﬁ‘glé‘? aatnﬁIWéétg og [tllg%aifltllfrgt@ 8@5 X§ QV\@?SP%OQE %ﬁell%gﬁa@%%vel of signal

gainCigneeftdiedcRdo ASIGROE A8 B Qzﬁbﬂl@éﬂs §04aehdl5 Of§rfé§péﬂt1>&élvra9fanged to
was brou%?t to reflux again (10 mn%=| cooled to room

provigngrip Retnre anthafiethe EI:W&H Wt ¥ Tdikeac ﬁA@trPF@FVe@ digital gignals
fron?’ ia%%/ gé'i‘ze %Enﬁlﬁgggﬁggé) 20, ur aTcﬂgmﬁf%gH alg 'quﬁslr]%o%respondlng

lasectdivarisSde. gk uhétlogue(laﬂer)drlv&ﬁoutphtlltﬁi? SJTZ <tri’s&re® ragpm'pﬁate roll-off

| gyer ter 1A vol une of the anl C
tows Sl I G} i e 1 Sy ingafep &e?aﬁﬁw The
driveried s Wﬁfovﬁé@'aLWF%‘lll-Bhad E. fre%[quﬁd'y fel rfs@)t \!vﬁ’ﬁ‘a cbiier frequency at

zeganl c solvent was renmoved under reduced pressure
10 Hz@¢i h‘gc]atf b lowedeprepdias)t Thlefaddleloealsﬁitﬁjs (itnipéenoamirdieusing either

O SIS SRR B 7 o
in s@fes 4v1ﬂ‘mh|3 MriBel PO 583 §i dhdh %@ﬂb&ﬁd IGSp Q@&o&fﬁ thefi%r ?esponse curve,

were reacted in 300 wat er__accor di ngl

and &Lﬂﬁéziea Tespnse ed theefepdbath boopr Jélé fisstddupit SRQdas a%/F roll-off to a

corr%f@'kﬁ@%?@@%nﬁ%}g@bagatg p%ﬁergre%yg%%(qq rt%qeri%ﬁ ?12 (e.g.

10 Hiz)7artdz} theh. f?e& fer ngﬁé} ﬂdﬂihelﬂ:lrbs The@;5condJPI7tﬂnt(3W Hakth l/f roll-off to

1.8%}@- 1.91 g\ IH J = Hz, 4.
a COIRRY SeAPFsyiof agpuisl 293;%1{: éﬁg@é@‘gﬁgﬁn@y éscqeépcted to be about ten
2- Broni o- hexadecanoi ¢ aci d acid (10.0 g, 29.8 mmuol)

and potassi um hydroxide (7.4 g, 131.1 mmol) were
reacted in 90 m water accordingly to general
procedure A (8.0 g, 29.5 mmol, 99 %9. 1H NMR
((CDhs)2CO, 200 MHz): d[ppm = 0.91 (tr, 3H, J =6.1
Hz), 1.17 - 1.55 (m 24 H), 1.58-190(m 2H) 4. 17

" o, o s o
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37.2 mmol ) was added foll owed by undec-10-enoic acid
(3.26 g, 17.7 mmol) in dry THF (20 m) while
woreioat13e3ss ng t he tenperature at -30C. Di ani on POF/AHRG08K000547

was conpl eted by heating the solution to 50C for 30
m nand then cooling to roomtenperature. Oxygen was
bubbl ed directly into the di' ni on solution at room
tenperature for 30 min. The reaction m xture was
diluted with water (200 m ), acidified with I N aqueous

. hydrochloric acid (pH 2) and extracted with )

timegjjeat thon Bieraity Zaip fTepenty). and tenadinstedder mmglmn@ fiegyasiey noise

supp%%xgtep\lfn@@chu%qllglélx\ft fgxg fltngﬁer(fre]q[u)én% 20 tﬂe)%@{igtrer 7% 58@’ Sle arranged

to prowldy gmhm&xerfeéﬂbaeldld@ptiabh thadthe e@htp rge@%cpeﬂx@atg Iap@rotdmﬁately
crude product. The crude praoduct was_recr yst allis

30 Kiiz.o ke, e9mabiacq freguengy responserptdhe driver LI 512iangiire Eloms 306, 507

has a 99’7 ﬁﬂ—oﬂ‘uﬁ gxﬂa'%)éner% }_%@13 y?oféﬁ?_é&baéﬁ ux}t?%@f&e) g. %5318 3} to 3

kHz)( ahuﬂ th2lp 10A rodl- d.ﬁf 1@ tHdamity gairbir@yierdy; (elg. Qﬁproxttnzﬁély(Blﬁthz)

comblt ity Be grin sms it S0 509 e Lsdbikhdb b dirtubain ingpvided a
low ﬁec}tﬁn@lb@%ﬁl@%&’d&ﬁﬁ&@ﬂﬁ&@[&%@%@ a 1/ QIR off ardithdthBWRIty gMAS

di ssol ved in 100 of tetrahydrofuran. Potassium
frequepely.oxi de (11.7 g, 208.0 mml ) dissolved in 300 m of
wat er was added over 1 h. The reaction m xture was

stirred over night and after that acidified with half
Systén peatioat BteHCndhilidyl) . The reaction m xture was

extracted with ethyl acetate (3 x 200 nl), the

conbi ned organic |ayer was dried over Na2SO4 the

Althﬁ@a%& gtgtéettag E{e au%g%ﬁ_t&;ﬁ? %n%n?%lsﬁﬁ%? %@{fﬁﬁ%ﬁ ‘may be
used 7o ]oclda,lash?tofldlgcrbib) locB pbihty dyer iBHpecinm @.8 usinpFein @B8ssings
.1.53 (1 thyl 2,.15-dj hydroxypent adecanoat e was
WhlcéfﬁtShévﬁliéwW&a@%ﬂ vt DU RRGE ﬁew% ngt in general
alloW @&h&%&ﬁhﬁg@e‘ﬁ??ﬂtﬁnlﬁ ofY ghﬂé %@ta%‘&% 989 %!llgoa&'dq% HeMGme
conversi on ent adecanoic acid to the
interfeedmethy dr opyr anyl ether protected 15-
hydr oxypent adecanoi ¢ aci d, the 2-hydroxyl ation of
tetrahydropyranyl ether protected 15-

Usm@%ﬁ’e’ Q&MH%BQ@?&&BQ‘OQ &fchdadepl @?Mﬁ%&ﬁn&d‘ﬁdﬁz@&ﬁéﬁ&%@ n
'nto the star mat eri al . Hydr oxy- capped 2- hydf oxy

continaowsyy by mstbldm]m affsq (mdh@gff@t B41)Sprihdiesillsackfsignal transmitted to
the lgs}ep gé)ﬁ .?lgg(g)/t?%e&(i\' }5 eq?frérag%d ' ? & egfpﬁ%fxz}/%gg cgl?rgé%grrpgg}tg 0 eﬁch

laseralnd) sfthe lelecitesidlféaibhek Ropd Offsefihe FGYiRoIn Flloy} B 46dtdreqency
x vol unme of ethyl ene glycol) was heated under refl ux

introflpges@ nhasemaelpf(b?m erpstoatls indieasingarsloargaing phasg dg@vythaythe

A R A SR REI EN

ramis; i seteetedrionbé 3 oertaml aft‘get ﬁlu@(vﬁ)ibleﬁﬁe@hmmﬂ& raﬂdhty of the
extract e?ﬁw th water chl oroformgol une)

frequepgy Wtj‘afhtleemavet (VLS dr e BRimGY e (Gl Apes o lase

freqe;ﬂt@h e thd Aés%e%sepfte% %oy%ﬁt b sURSied @%‘t?g 68 %0 equal to
reduced pressure |leaving the pr uct . prod%ct was

Faomwsedsing ﬁlh(btmk faint théecque sthtiowry emd thS)fcﬁtdbesk bopfio cease tuning,

The %1 ﬂyf TS \é&)&sgﬂ%r 1 OX hexg g?tg*ﬁ\n%pfmge mﬁ&he laser 102,

ethylene glycol (40.0 g, 645.6 mol ) and

p-tol uenesul fonic acid é@, mmol, 0.1 g) in toluene
Dunpe tunig, theeltleunits 200080 Taelcthe diedhack ﬁltﬁré@géﬂaﬁs agewneldioreof RF

Byielding 24.5 g (24.5 g, 77.5 mol, 96% . 1H NMWR

(CDA 3, 400 MHz): d[ppm 0.87 (tr, 3H J 6.4 Hz), 1.07

- 1.53(m 24 H, 1.59 - 1.73 (m IH 1.75 - 1.88 (m

IH, 3.68 (tr, 2H, J 4.6 Hz), 4.20 - 4.38 (m 3H)

Synt hesi s of 2-hvdroxyet hyl 2-hydroxyoctadecanoic

aci d2- hydr oxyoct adecanoi ¢ acid (22.0 g, 73.2 nmmol),
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Sel ected 2-hydroxy aci ds were heated under vaccuum at
120 OC - 180 OC for 16 h - 24 h. Under these
w@emditsazes the form ng water was renoved contPCAUS109/000547
The obt ai ned products were used wi thout further
purification. Synthesis of
3. 6-di butyl -1, 4-di oxane- 2, 5- g|one2 hydr oxy hexanoi c
acid (20 g, 151. 3 nmol ) was react ed accordingly to
general procedure C. 1HNWR (CDd 3, 200 VHz) : d[ ppn
24 - 4,99 (m 2H), 2.06 - 1.79 (m , 1.61 - )
phase. 3WhelmFL<8H)deume@fr0{rt ¥ 4016 Hge 1gspec@yeglasgzy 1 prefiensddi.gftheir
resp%c ae {e%%&ly i#redin@émgé %%ps?trgv\lgg) ?%ﬂa&?s%gﬁ’lgg}é%?g)%ageeQ?}ﬂgs!ecoffset
bullge og w.lilcmrs cremdmbereﬂl (1 iandM%te(@lB@the?fee&%k Mrﬁtém dhmh nfus
= 5 22 - (m 04 - 1.88 (m 4H), 1.
accymplaies wbaszztm}nauﬁaleihf( flffw lasgy froqueney.g ) Synt heS| s of
3, 6-di (non-8-envD 1, 4-di oxane-2,5- dione 2-hydroxy
undecenoic acid (20 g, 99.9 nnDI) was reacted
Theanftset alidtgtay chamgg enfre@ienpies fedackelar cthirNI\fFCq(u@w cag be

contrpﬁ %E)Ze) tuﬁeégg rguillé of gwgﬁih % e%lg]a gtrﬁfloop ?ﬁl?er and

con?r@fl'a@Y&ttﬁﬁﬁg %leenﬁalﬁNﬁJe‘l flndeayderibed below with reference to system
di oxane- 2, 5-di one 2- roxy hexadecanoic acid (20

appljcatipgs andriveplymeristionact ed accordingly to general
procedure C. 1HNWR (CDA 3, 200 WHz): d[ppm 5.24 -
4.79 (m 2H), 2.07 - 1.73 (m 4H), 1.53 - 1.09
By ﬁﬂhéﬁfd)offs@t Bédllt 141 6&twedn Fuﬁ aﬂd Fiz),, Byitidhs Ila&;eﬂf02 there is no
6- di (f ZVhexadec-.7- envD- | hoxane 5- dio
hmgatrgimrb&ly cxleni of tueing ayaitrbys, i 87t grennp fynpRic F@élgethéfatatm on the
car
tun g QEI\% ;'gzlit){gl[tﬁe ﬁfxﬂ@é@’%xd%@ﬁ?gf‘t?@ 1ser w%}“wf}ré % ergmeter The
lase2 t)nin@ rehde inay be (@bput@Hyo, ofﬁhébandvddﬂhbf (thm mimfd)rqmﬂﬁB?
(tr, 6H, J = 6.1 Hz) Synthesis of
3-nmet hyl -6-tetradecyl -1 , 4-di oxane-2, 5-di one [ C3 : Cl6;

Th@st%;@ggéﬁ%ﬁls S-Eé}n(i@éi QtaBil{sOs gtﬂ:hrIQJe} 102 to an arbitrary selectable reference
r oxy- | exadecanoic acid 26.6 m (0.25 nol)

freqalehc)ofsebmp} oo Agfinedryrthe d4let 1d) sishduy negsirgitodnae 19 ¢avily or an
at 100C under nitrogen flow for 12 h while evolving
Ao eyt ral i zed. 1.9 1 acetone and 66.6 ml (0. 478
nol) triethylam ne were added to the m xture and the
solutlon was stlrred at 60C for 3 h. After filtration
Sraf PLBERPB A8 br om de sal ts acetone and
tr| et hyI amne were distilled off and the resulting
m xture was dissolved in 1.0 1 ethyl acet at e: hexane
Thmtxﬂhuﬁaeldh]syﬁém 1Aftcan sfabllise diel paratityesf 1sdeks 1G22 tgehe sanhe

| vents were d ed of f and.the remn
intssfRsRrmEier v ML 4 T & b PR e St Mo darod Faysteneth

resé&@%‘ &hlcﬂ’gsga sVHA? ; % ﬁ{egggﬂonse 9&{%2 oéttld'al c&%‘iler@ emd@hégAEﬁ\)l 122 (e.g.
abaudl 50 dimss o6 foF amz bal(d%%tfp;i@rfr@n eﬂpcasﬂ 82@omep g):outll 580 nm') znd thus

2.08
allcgyéssl %ﬁurglﬁa i) aisgrs r}@? é%f‘l’?@ age%uﬁgr (eﬁ (‘fo&&u(éératl t%thlhzed to the
sarNMRidrfeasasieANd Tensil e - Lap Shear Testing data of
sel ected fatty acid containing pol yurethanes are
illustrated in the Drawi ngs. Procedure 1: 2-step
procedure for synthesis of polyester polyol Step 1:
Synt hesis of lactic and 2-hvdrocy fatty acid
pol yesters: LACTIC ACID - 2-HYDROXY OLEI C ACI D
POLYESTER. To a 50 niL RBF was added lactic acid (90%
solution in water, mxture of D and L isoners)
(18.92g, 0.189nol),the 2-hydroxy oleic acid (3.05g,
O d Omwl), p-toluene sul phonic acid catal yst (| OOg)
and toluene (8.Qg, 9.3nL). The reaction flask was
fitted with a Dean-Stark apparatus, stirred with a
magnetic stirrer and refluxed with an oil bath
tenperature of 130C for 3 days (The conp03|t|on of

' ”~ o~ b . T

L S ~ A7

o e
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ACI D Value: 2.1lng KOH g OH Val ue: 93. 7ng KOH gMW
(based on acid and OH value): 1146g/nol LACTIC ACID -
WQ2YDR3YY STEARI C ACI D POLYESTER POLYOL: To aPGDAU2G06M00547
of 13.88g of polyester copolyner (acid val ue
48. 6ngKOH/ g) in 16.9nL of toluene was added 0.67nL of
et hyl ene glycol. The reacti gg vessel was fitted with a
Dean- st ark apparatus and the“m xture stirred at an oil
bath tenp of 130C for 2 days. The conposition of the
m xture was 50% mass of solutes in solution. ACID
Val ue: 1.05ngy KC]—Vg CH Val ue: 85ng KOH/ g MN(based on
d ¢ o/m)l Procedure 2 : 1-step
et e TETTES of pol yester polyol. LACTIC
ACI D- 2- HYDROXY OLEI C ACI D POLYESTER POLYOL: To a 50

ni L RBF was added | actic acid_(90% sol ut| on i vvahie
Therftabilisagion syttera @4 perleianer @ythed oplager atph {SAHEN )for each laser 102 as
t

shog L BTE Poo B s Erfiton ) bR g SO 98 ina sty

of 1g5at Béarsd, aloa@nny optive] filnksi 20 cbch Sih a&ﬂf@rentTdeetralémpmmy Viaser
flask was fitted wt haDeanSark aratus ?({)J’

conigphled by thgdmser rlr}vr:z,flgr%l ¥ CRAC )y of I?Ihsyaﬁrnb %%WT@S an

P i e P uansoigd

opti@aﬁ%qtﬁﬁSy VAL, chandes ot yshelvittbrferesper tfor 2ACHBha/béames, i.e. MZI

114 Al R bARP A PP PR SRR B1ed 1 TEIG; ggaulation

ol 5P Sp LY B B Bl bt Yorh RN Blon s RFRYof e
inteifei’mﬂﬂ@mymthta&suﬂmoidali dligr(20 diiVigg tige A@Mﬂiﬁ) at aefrhque@meF 4om (step
l'ycol (0.6740 01 I no ) I ¢, Ac
6123aty‘\£rer atmpBinliynetha compopsit bfer Wi TN RAAPo i fhaivicual
laer % HERR KK ‘4@? €HetsEa%‘ijhs\é’c1&E‘ sstdae a4 gecrle@itks an electronic phase

appar tUS stirre amagnetlc stirrer and
signa by uneguing thehassi df eb@h interfenenee petiva usme3beP Perray 134 and the

o84BT PR, SR B el g e o

phéé’é BP tHe%HD ﬁﬁérfér@ndé@ﬁﬂé‘iﬁﬁ Swhiéle thé svidiliatiod sﬁm;n K@Hh@s(ﬂ:—ldetermme
Val ue: .7 mg KOH g M/V(based on acid _and va 2
chai)g% og ﬂncijuauim(s, Mmdn/lzsgr frgmency] pza (stes 668). é@gz‘rablhsa ion system

10 t | nct orrer > @}%&%1%%15? 646%0%%&?2%9&?&? (i.e. the 1gser phase

n01§é)n5}ﬁddﬁ'tlﬂﬂnfg0rhé/ eséerdrivelsiebb(i examlegative fEhéback mode) using the
| yest er-uret hane was prepared using

po
sergo gomteodbenel 48/ (stepd18).i socyanate (HDI) as a chain

ext ender and 60% by mass of hard segnent. Typically

t he pol yester polyol, LACTIC AC D 2- HYDROXY STEARI C
Geﬁ@hﬁh %E&Tﬁﬁmﬁiﬂayﬁlgneﬂ 1&6}36@5) is pedfiyrired dygepemsting an electronic

(4,29) djssolved in t ol uene was trans r
intgpsity stgpbiordls eptlca*rwéefﬁr% ﬁ’@r@/‘r?é thenputpiied %rnieg%r%%rer (step
615%31‘5}%%1@& é&%e%r?lt}y ﬁ?ﬁ’a\l & imﬁtetrﬁalthh%r&%rreﬂ_ﬂ'(@xdﬂ @SdscRsing, signal.

urge trogen stream and m xed
The Iphas&@hhqmtélffweﬂd@lpa‘(cdm i8yraswaed bméwn@ﬁatﬁxgébe glgctronic intensity
0 th xture t onsi der

sigdph Py G Spdiais FrabiiaBary: B ARhUSaRiNe fpauency
FLXQF,?&} id &IR\adsef hae stepd16yhe sanpl e was placed in

a vacuum oven at 100 OC purged with a nitrogen |ine

overnight. It was then manually pelletised and

sion noul d }i8 and

Thsgi'{% f EQEPSH BPISC ?gecirﬁm alrgrr?)(?cp(%% Ebs{he%ZEFf& Qﬁﬂmsrﬁé"g iff an
baROMATRHE cadh tfbeddadigloop (iappding. eaBMVO Erxr&mi]ee 128 AT bet the low

pol yest er - ur et hane was prepared using

1, 6- hexamet hyl ene diisocyanate (HDI) as a chain

ext ender and 60% by mass of hard segnent. Typically

t he pol yester polyol, LACTIC ACI I 2- HYDROXY OLEI C ACI D

POLYESTER PCLYOL (4.9g), ethylene glycol (1.789)

di ssol ved | n m ni mal toI uene was transferred to a

. o —
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The pol yester-urethane was synthesised on a Prism 16mn

co-rotating extruder using 1,6- hexanethyl ene
walriosospamat e (HDI) as a chain extender and 60P6TXURMS/S00547

of hard segnment. The pol yol m xture consisted of

poly(lactic acid ethylene glycol polyol) (MN438)

(34.4g), ethylene glycol (12,77g) and oleic acid

nonogl yceri de di ol (8.59g) which was fed into the

extruder at a rate was 0.143m /mn. HD (51.7g) was

then introduced at a feed rate of 0.153 ml/mn. The
frequency wompaReH §1 srandeding & aatuahmm]@hiasqrrféeq@gmyarca@ balocked to

colour ed,
sno g Sk a0t el ok B P g OB elled A kP S &
proviying blesi feedbach @b me&t@ﬁénd}dfﬁeﬁbdtﬁ'éerpﬁidﬁidsﬂfo% usIdehe offset
Eﬂodu&t{,k%&? of  pol yuret hanes Pol yet her - pgl yeste
modg; s)}g s a@dm@}g@é the W{ngeqkﬁ@og)é@?ﬁnﬁgon the gam of the
Vi Iy

feedrBrgék ﬁ?lﬁ%@ghﬁﬁlgﬁ%ily mht % Jsﬂs%ylﬁpogtt(g/ Eél? \Jé?&(%lglﬁgez fo follow
slowndriftuindhle eenttahevaielengths mirseﬁmrs .ot ipsendes dti¢ tntempheture.

pol yet her polyol used as a initiator was

tetra-ethylene glycol (TEG. The TEG (Al drich) was
Systéhl @skroP ERebMgehis 1N a round bottom flask (rbf)

containing a nagnetic stirrer bead. The flask was

placed in an oil bath on a rragnetl c stirrer hotplate.

Expengr'?l 5 Bv\ege?énond#?t%g glglng?r%e ségbalrllsagon FE emﬁ n‘%\ grleeatf%?%@urahty of
laseﬁrllOQ Gn ﬁﬁ@om%f halks%ﬁblitédl fd@ﬂ‘ﬁdckmDNBRdWedﬁbewaﬁlrfglﬂﬂDSU CQF
yet her - poI est er gol¥ols wer e produced

935({)8 \?@ieéH?Fr%? Bl mﬂa ariineyt ]éIPf kees iMHg. Bhesfrpesrpmppg laser
frqug{s& Zlggg g@ 13 BREMREdCasth Wab BauclNet atbleadly H?R/H;‘%QJEPQG

at ‘an anount that was approxi nmate tines
bandvhidthnaf] absuiof kHi éfr@ﬁ@Hz[&Ler)epreiﬁltxﬂug(apmls@fsuppressmn of over an order of

dj but di | rate DB Al drich added to.the
magpispd 10 1. 38 ROV Pt bl M A8 PO ETPob e LU B p asr
nois8Mhidh&@uid fi&tlﬂeeco‘{’@p%n&eftémﬁ)fr %%'lﬁgr &iffredid 1rﬁédtloﬁ.at h on a

magnetic stirrer hotplate. The oil was set at.

16(1)C The m xture was stirred for 12 hours whil e

The 65 SPPIFEIop FAFRER D aare Ot Sepi Be gy Cator iy noiier
1aseﬁ011sy§bkxerlaq:hgf%t'ﬂreseeiemirerﬂeﬁeweﬁmnd@m cIrlaby 666 By

GPC and NVR.~1H NWR of tetra-ethyl ene glycol (TEG
indepppdaniz cpldpeied, and oryiaieyuengy pefrjenee. Fhgyerloghayiss thegpectral

o3 s Wl s B g Pl st

Thetupperfteace 702 shonsthraxisetspeditumn divhe diddedasgr alhew itas ﬁee funning.
TE Subsequent | he di sappear of this triplet . .
From 12 BEVHS8 St B ReloUPHF PRI ¢ B e 41 1 g the moiseis 10
kHAGRE tn%ﬂxrigrbf‘f H‘:QO(PHER/'H}% th)%%ﬁlb  iTRe %oﬁ’ﬁnaﬁ%g%ﬁg Kisfble in the

or asymmetric |actones. ction tetra-et
speagpiuprcol th¢ TRE)r tvdce 103 a6 ndlaltnsﬂttylredldtml d D dleathe; &ydhighahermonics, on

the élllé'%éggrté{;lﬂg |f<érntgr éﬂ;@jfrsef ﬂé@q dr % 08 h?%g 3{;%#)%0‘%&)& spectrum of the

diodeQaek %eMﬂé"se@vcﬁl‘o@bQ&Hs)éloséd ‘hnd &Wﬁ&lﬁhsa@mﬁsﬁét@rﬁq 04 sup ressed
(symretric dilactone of 2- hydr oxy- hexanoi ¢ aci d) &)Iﬂ?’d?H)
z

the lgnselmhrﬁmg jheas€ peaksn goyn toa prosdeandrnois, flops ée\@irm
sl BRIV Al Bl Dk AL M BERAG le fgy vay

deteBmkd rb@l’ﬁmda'ﬂi\&rﬁall pﬁdrte@gﬂs &3 tHel T B Ti@ehassr Bssdl €58 brdadyesonance
reacted in a ring opening polynerisations of the

706 &, A9 Bzong abgrg @ﬁg? ogdaid NQIFE Beorgapresandy meebrém@rl yibgtion of a
(TEG with 3,6-dioctyl-I,4-di oxane-2, 5-di one
(symretric dilactone of 2. hydr oxy- decanoi c acid)
Tetra-ethylene glycol (TEG (3.9 g, 20 mml) was
reacted with 3,6-dioctyl-1,4-di oxane- 2, 5-di one
(symretric dilactone of 2-hydroxy-decanoic acid) (26.4
g, 140 rrerI) accordr ngly to procedure 5. The 1H NMR of

e
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Reaction of tetra-ethylene glycol (TEG wth
3-net hyl - 6-tetradecyl -1, 4-di oxane-2,5- dione [C3:Cl16:0
wWQ 2008398 Tet r a- et hyl ene glycol (TEG (3.9 g, POI/ATR009/000547
was reacted with 3-nethyl-6-tetradecyl -1, 4-
di oxane-2, 5-di one [C3: C16: 0 Lactone] (45.7 g, 140
nmol ) accordl ngly to procedgre 5. The 1H NWR of the
crude product did not show~ r?y unr eact ed
tetra-ethyl ene glycol (disappearance of the triplet at
3.51 ppn). This indicates that TEG has successfully
tablp-é@meédlame Blckﬁich'gp by &rei avg-ofdeoprreferense iusstoo thet theasurement, i.e.

wass%m{ #18 topo 5 gstﬁlgpﬂcgrgﬁ&?g%sg 'ﬁh Q%JE ab?%Ong lplr%hwbgﬁc represents a

mecﬂh@hlyalrreidﬁaﬁk%sm Themduhiede e X8 ey RIS REqueAL Y Rifdrence (used
(as, described in procedure 5) were heated in stoppered

to t3ke iheimseturansiy asiree it vag ablleyo BE ex@igdscoustistlda oven,
set at 90 C. The pol yet her pol yester polyols were added
to a clean, dried, tared gl ass beaker by placing the

In abeakmpleumdsplekdrbstaliligatioadystemrid4 pfot:t DIFDS filas Rasien; Wwitle central

oven. The ker t hen \/\/el ed o determn
ff@%@%mses?ra*gg%yeltoﬁg?ﬁw%g?@lGE liFncguiis o a TR BZ%Iker
oM@l IRIZI! Bha 1884 100 Hahen MWEPdhA s%%ﬂir@llé}rlﬂ@e?ﬁe measured

Hexanet hyl ene diisocyanate (HDI) was distilled before
noisgspectiphin Figgliishew thatshere svas suffidientisslatine retvaieg ladidcénm channels

B N R T I YT M

the vV deielo @Fﬁcdl Hﬂ)ré'fﬁiuﬂ l@hﬁ 1ﬁn8ﬁtxﬁfﬂre¥ lo@ ﬂ{eQH§dld/lasers
S|n a netal spatul a. er was then ance

exhibifgd @sﬁéﬁtwék,yéhﬁ S@r@e ﬂéb@omeoﬂocsrﬁ adevelple-800H 4/ zm@endmg ina
|
e8RS B2, S RAeNL RS A W PRS0y o

plot B4} &t tiosst thrae istrs Gostbstmfidliyngrestaythar ke Ibclayd mese fldvespectrum

(sh p! a%‘é EQ)?S 21‘ kree@oveg{tg\é%gl %12%, g;a%{l %O%C érgg\tépc uéaeufgcr%urer and possibly

dlff&l@ﬁtr (%%Et?ﬁdt%ﬁ way s cﬁ?gf@v@@h 9§&s RB&cCi 400 H’Z/\/Ifrlz (shown as plot
ol yet her - pol yest er fromthe reaction o

806). e%sﬁloemlhyl than plog BYZ odprésfﬁm)g thietnhise spectra during operation of the

mulgpgﬁgch%alt?'ﬁ%}{qé%gﬁtsﬁnc 4| }ﬁ)r)mg%rgrﬂax’q%]gy % tlile stagll{sgt?otnosrgfgtem is
opeR@ihY & REEpRabMRTHRS nRRb @ lefsfnrsqmtvﬂﬁc}[ £3¢6d1RA t&fhe MZI 114 at
tetra- ethyl ene glycol (TEG with 3, 6-
any gnpdimgel - | | 4- di oxane- 2, 5-di one (symetric dil act one of
2- hydr oxy- hexanoi ¢ acid)) was reacted with HDI
accordingly to procedure 6. The proton NVMR (1H NWR
SysteRVEEdlicadions Mdzinibawedti@har act eri stic nul tiplets
pbet ween 4.88 ppm-4.71 ppm and 3.04 ppm - 2.87 ppm
proving the formation of pol yurethanes with HDI .
l:
T B Y G AR o PR, ﬁ%%é@“%ﬁ%’éaémeamé.f’%‘f%ﬁﬁﬁbm
systems uicbrmgatmglopﬁbdﬂdibrp stngestoennatitddhvibible. cHlupler @ $ 5. sutings arrays of

GRS ALY S5 bl SRR L ASURLLO 1 e i

optlbﬂ%ﬁ?l%f s ﬁ’ﬂa%r Ronhfmi @R Hn Ghrd REsGHa é‘sér@&%}@teﬁf 9$(18s shown
2 hydroxy fatty acid. Polyurethane synthesisfrom

in FigsQomel i ¢ Capped and Uncapped Fatty Acid Materials:
The pol ycaprol act one, PCLD ( CAPA 2100A) ( nol ecul ar
wei ght ~ 1000) was obtained fromEra Polymer Pty Ltd.
Theasedsod &6 300843 HOwundSig. 19| flalundae s Y41y bf 13E4s) mmamg the
e £ hours prior to_ use. Thefatty acid nodifiers (with
ltha}?dervd 2o u&ﬂ&%}ﬂl%ﬂﬁéow hagneloke. png lasas e abonecsspsadP2A
were also dried at 80 OC under high vacuum (0.1 torr)
for 2-3 hours prior to use them The 1, 6-hexanethyl ene
di i socyanate (HDI) was obtained fromAldrich and was
di stilled. D phenyl nmethane-4, 4-diisocyanate (MDI) was
obtai ned from Orica Pol yuret hane and was dried at 90
OC under h| gh vacuum (O 1 torr) for about 2 3 hours

— I e T 1 L™ PN N\ o N 1




10

15

20

25

30

coated trays and were covered with paper towel until
needed. Preparation of adhesive sanples: The |ap shear
wa200pl182398ver e prepared in replicated of 5 by nRCT/AU2009/000547

pressing at 1000C for 5mn, followed by water cooling
of the press. The sanples were laid up on Tefl on sheet
bet ween steel press plates. %eflon strips were used as
the renovabl e shims to conitdl the spread of the
adhesive pol yur et hane sanpl e. The sanple used for

I.ng was Exanple 31 which was a tacky clear to

(Wlﬂh &fr?éy‘fhc SESL) ag Shﬁ‘fv@ i Big. Qi the lemlgmnadmsowtselszs? Per, 206
I ins_an
provi@0RF a4 ERI LA (31 S Do Al e RO 30 PGty -
corrd:wnndmglpwrehtymﬂ sénsoisdh batigsO0 Nsésor ABrevmgr SThelskior b@ay fibre is,
¢ testggg.%égpglgs ¥gre tested according to ASTM 3163 at
or exampifs &} #h of Tibye viith mplinle sepseis, wherg eaghhssnagfiincludes a
fibreSINRY- et ntBfferSmiat f
ot an% le 31 ase ad%ggﬁve %ﬁ%gkﬁﬁﬁﬁﬁg¥@ﬁﬁgn¥ﬂe
transsuagr an the ooeanHleanpd. @ {819il am?sg%eaphudatamd melt pressed
bet ween two cl eaned alum niumstrips to a thickness of
0.5mm using Teflon coated glass filmas a shim The

Mos@bfitHeNightTr& il th® Ras¥el0e ACk @3Ed 188EME diseg1 02 teFs ﬁ'ﬁ-tl"eﬂﬂ mode
standard. The alum niumstrips were set to have t

of thea@geénoaﬁexgrﬁ@émayed@gpw &62Amensaﬁpm@%mweeﬂaﬁdﬁDH) -based
4.h
RF 1%?3?1‘8 t orﬁ{egg} J]\%,g‘ré‘ g.l_%sndesgrllbei%qn Iirgtg}rgh En)fal \2 agogu rs

e res

Publédatian Nce SV ®r2@0?/045 039" hppathing f@fln&amﬁineetﬁc Qerisihgaltb The
bstrate at_| ow and, hi gh shear rate testing

|
AHS@%‘%‘ 't&lﬁ%f @gléférsr% UpddH Saﬁ»ar iferiepgiionrihe laserdepy ig phiabe-
modRBRaVE a%ec@@n e lya%e Mn hewhqg s%ﬂ%ewﬁﬁ {}ﬁssﬁecgurentc%grom a

resi stance t'he’ ap strail OW S
Signglll glrld@tq‘ra)iODA Hylesbrrpsyondmg@ﬁPﬂ serspnPAIA oretiee amdakurefof its
he adhe her n at.th sive-al um ni
staip {§ PP Gratilator s e Fnd S %ﬂ%m@ua? Bpfigation.

The B¥tet @ﬂzﬁal aﬂqﬂﬂum r%dlﬁétﬁ%ﬂ 19 detesiginadby @tcbﬁ‘@sg?hgﬂi’ﬁ
adhesi ve-alum niuminterface) and cree erall the

photpé@g¢tpls9 104" pechméxcer 8534ndbe & Ddlindssir O ZAos dnven aidippir byrthe

s g e LR PR P SR ek B o g s

to deEEﬁ&ﬁﬁé eheIbhinvad tb @ﬂik&fie BRer el toﬂfs%%&%ébdﬂdtdgﬁﬁﬂ’ltv‘iwa Servo
cl eaned poI%Athylene strips to a thickness of 0.5mm
9144ysilhg serap 9HA dedidsd agplague sirquiirnand{ondipiial fiftsaing to control the

Relk; d according to the
°“1te§¥§%g*§?§ﬁ%gﬁﬁgBﬁﬁﬂﬁ%ﬁtht ‘ene strips were set to
have the tabs d|anetr|cally opposed The sanples wer e

Som 3 it ot Gegiset N0 Sppanpiedfor th o beaicPy goupter 115

and HRgisRAke Eagie'ﬁequ&wy rtReree pel gk Oy t%éM@ﬂ £143 whidt%edfbrms

pol yet hyl ene " substrate at | ow and h|g shear fate
the lpsestlroqgencyridiRE-phase coreerfivguilhs frequﬁmdy 7§ the WM h2i iststlected to

v P55, RETBAP o0y B IRSS L, B PIEAS) SR rsn

amthtﬁlb thsdduddtion ab¥, 5! (zbndrated €8n el Wﬂ%dhct BEhBWDH phase
eadhesi ve rather than at the adhesive- polyetgﬁlene

mod P i PERSESS) At thisistabilisrien facdbaskilpep, glawglaéovrmlsd pif BiPFy 916A
for ¥ Fas GOMIANBHIORAOLre i iy TP HR MEY P AL ekl1fi 1S3y She
I ndicate reasona Bl'e a sion to a po et ylene
DeMaxbEx8; ahdddledtydibes hamespbxding Ighstoﬁéteaaf QgBA r Emhhphotodeéector
. n neric e Fatty Aci.ds Synthesise
sign DF PEORYH fgta%gf@@%swq @%&WQV%I hﬂ re%a%ealpﬁwde modulation
nodi fier) : For NMR spectrum of product see Figure
2Synt hesi sed HDI based PUs (uncapped FA nodifier) *
For NMR spectrum of product see Figure 3Synthesised M
based PUs (uncapped FA nodifier) PUs nmade from
pol yet her - pol yest er pol yol s DSCMETHODS AND SYSTEMS FOR
FREQUENCY STABI LI SATI ON CF NULTIPLE LASERS FIELD The

o Y T LT - .. o s o ey
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el ectrical output signals; generating fromthe
determ ned plurality of radio-frequency phases a
w@oeaespendi ng plurality of feedback signal s iPCi/aE2(100/000547
of the respective frequency fluctuations; and
directing the feedback signals to a correspondi ng
plurality of wavel ength cong ol lers of the |aser beans
to reduce the frequency fluctuati ons of the |aser
beans. The present invention also provides a system
for stabilising a plurality of output frequencies of a
at Fegr r Biplalieiedsicpalus Bienugedoss thestabiliptomsfeedhack pignal for the

e R S PRGSO R S

feedbatlt mesmch cohespedding 6616 OCHA S Bhel &106 914 indeire dadilang ahalogue
plurality of optical output signals correspgnding to

elecirpaicy eayixplepitodhe phase metss 4 ARA ARd thecisrexeanizatles, ki 84y,
frequency fluctuati ons between the respective centra
frequencies and the shared frequency reference; a

Indgplendeat tuning 6f givb asdetsing ofistheofeedeavikraatiicontral lpbpsath asythe

el ectrical output signals,_ correspondi.ng to th

PDI]fosietyPedheop S ions Braroen i FiSPUC T s, Speal wavelength
of iARbirEHon&ingRBhsdr (Ag Rh&FAPY de¥sf00PARS Thé AERHRASKIMBack and control

devi ces fogﬁgenera ing, froma plurality of )
loop, gu¢hodsr thg BEE lpophmer be aifa loher &kgesnel €ak. wplepdiHz) than a signal

[ cQrres [ | ural i f, f c j I

v LB CRERERPLALR AL AL Yl FROBBE IR
accAfdmatdd), Wlictb yroofdideadopek |dipl edatweinert ¢fistreidt hlkgndthely, the

f eedback si%na s to a corresanding plurality of

bangiidéh ehtperudbsitiesibpes andsontrablopn seay Ysdugher (o 2r erapjgidhan 500 Hz
t v [ t 3 ) i
for 8 G RHRREY b W Bk DA, B SRR P ploiPlocr,
meastuahient shdttaim (Fheatapllisatadn bopp opeilates @t 8 highacbandiwidth, @g with a
.optjcal-fre y-10-radi g-frequency- phase canverter,
i) G PP G APSier PE GG SR Bk B egntrpgpop opefuing at o
freq%@ﬂhr%ﬂﬁgh&%ﬁx 1Rk YE il ¥ioRhl BaAlvRith hRGUBHENse(dFRImRI ARG shd
epresentative of frequency fluctuations of "the
linepmtypand fedecd disertsora Many lesyonali brympltipleded optaothe same frequency
hase-responsive devices for ner ating phase, si gnal .
refef Gt HE SRR A R B o o D G NP G RS PG L Exting
(AWesdhackin MePsltéievicent rol [ing the respective
frequencies of the |asers, using the phase signals, to
reduce the frequency fluctuations. The present

inyent. - rQVi en

i PO AR NS, B TP OR8N b

lon@e hate@tand gnére COfrodsp aridtangthah ek Blihg yleofronic technologies used in
radi Q- frequency (RF) signﬁls representative of )

ocet RRIIEWEEIES. Lidtitintsieahay AlleWaepekpaitive delertipnpiacustiqgnd sub-

f . i .

wnf OB b Bl et SRR Moy e

signals; and controlling the respective frequencies of

the | asers, .usjng the phase signals,. .t e the
In PG SRRy T b e GeT SR PR OREERS 107 N S iced by an
optieHAVB NGB ETRRH 1HAR McSA BN 1 DR I8t AaklBé, RS ¢l phdk¥ oWB¥quency
of exanple only, with reference to the acconpanying
modiflatpisnyysh anhn lectipavtiggrodudatetzal e, wherein: Figure 1 is
a schematic diagramof a | aser systemincluding a
stabilisation system Figure 2 is a schematic di agram
In s@fea@mbodiaeAtstheRinglarh 1 18 € tiet MBI Il 1 4 at foaned yp hebpticantlbre,
Figure 3 is a _graph_of signal anplitude at an out put .
wowtd Qi mietdl P9 Vg Higt dpmeter i w@lly besveengi0gnmend200 mm; this
measur ed nodul ati on signal and a neasured nodul at ed
output of the interferoneter; Figure 5 is block
di agram of the | aser system including a feedback
filter of the stabilisation system Figure 6 is a
flowmhart of a nethod perforned by the stabilisation
system Figure 7 is a plot of neasured noi se spectra

o e - - o o
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102B, etc refer to only one of the plurality of |asers
102.) The optical fibres 108 fromthe |aser array 106
wae@ogsaspected to an optical nultiplexer (MIX)PAWAU2009/000547
whi ch nul ti pl exes the conponent optical beans fromthe
| asers 102, each tuned to a nultiplexer channel, into
a single-node optical input fibre 112. The centra
frequencies of the | asers 169 "are sel ected to
correspond to the nultipl exer channels, which are
selected to be as cl ose as possible mhlle stil
diargetgyis ghegnise ghatghqo-tmobptrﬁl@avelyz eompadt hlkyd etithoshexchgsive
lnd&cjgﬁ%&% l%ssaﬂtdthg ld\; T?AE gnnegﬁ gﬁﬁgs isoq 9r§ases ggere]%ergﬁﬂ mass of

SOrs associ at e

the fdngqlt:tﬁ ne yupprehe laabes d@tﬁpﬁﬁﬁf@b’tﬁﬁ‘f eabirbitheftheeMpeia@lrs variations on
as sensors in an array sensing appl i cation

the (IH@&?IFIBT@H 11y Fathesranes) siffpessoiitag enoehmekesthpifigre lgss susceptible
to al @ds%ecl?a'ﬁgca?{)%)réjtwng tn B eﬁb atfrﬁ’ f ﬁ&ﬁtérfé%ééﬁétg{ PIBE $olated

requency based on environnent anges
medhenipaltyaingd apudthstly dfont the shrrgthttdm‘g efvivenmenb Foe exdngadeghe MZI1

.S | ed, out an o tic upler. 115 for | aser
HaS plrebironek welpd TR B aed Wb it . wia on
mﬁaﬁﬁ&Q@ymgﬁﬁﬁ ided below. Some of the light of t he

mul ti pl exed beans is directed by the input fibre 112

into a | ength-inbalanced (or "arm ength-m smatched")

|nterferone & n the hetero
In s BEBERRTRES bt et ahBlEl Frir SR B anays fFPoa)
1nccﬁ‘p@’@t1hg RFrdﬂgltdI' anét@ ans gﬁ&g detEBﬁoﬂ\/ﬁb usddHor pehedREradibn. Digital
ut coupler 116 for eants%ﬁlttlng,

I
anatyatswnﬂ EPRYEY ofiitha 0_.19@( 144, shthetphasa mete 3 orq%thezqyrww@ﬁollers
L8 A e B 18 O 55 B Pt B 5*9? diffa) Bl Hhnal into
the digﬁtek mtrbl/bop foochichdases(i.ct the oﬁi@M 1123s digital). Thedigoaiquature of the

ath-length arm1 ach onent beam of the
sySIoE Al IoB e LU UrE s Iy 1o APt CHSEBroeEs 85900 8¢ e pigpid quick
soﬁméret Jh%ngﬁtg e gﬁfﬂ%ﬁq{an&\%@tﬂ %ri%tb?es iR Q- fREdBaBRIdJpon and a

short-arm portion, whi are of substantially equa
opti cal power. The short arm portion of each conponent

Mas B8 WGHARRaIELE e SRl 29 FEyHontiepsring from the

scoqé;@ﬁth@b&%eﬂthﬁvén@taﬁa@haaeﬁpdetstmdqﬁt@@e@&eb&&mthe dRemPeMing

22 is driven by an AOM driver 146 at nodul ation
drayingg aehdgfireddmthapimg. a cl ock frequency signal from an
el ectronic clock 144 (e.g. a clock defined as a
conmponent of a field-progranmabl e gate array (FPGA)
chip that defines a fundanental |oop rate that is used
to generate digital sinusoidal signals at frequencies
tied to the loop rate, each sinusoidal signal being
defi ned based on a correspondi ng phase ranp driving a
si nusoi dal | ook-up table within the |oop). The
| ong-arm portion and the nodul ated short-arm portion
of each beam are reconbined in the output coupler 124
and directed, via a single-node output fibre 126, to
an optical de nmultiplexer (DEMJX) 128, which divides
(or "splits") the nultipl exed conponent beam portions
into physically separated beans based on their
wavel engt hs. The conponent beans are separated in
wavel engt h space by their channel wavel engths, which
correspond to the central wavel engths of the |asers
102. Each separated beamis directed by an optica
fibre 130 to a photodetector (PD) 132, i.e. each PD
132 detects a beam from a correspondi ng | aser 102
(e.g. the PD 132A detects the beamoriginally
generated by the | aser 102A; the PD 132B detects the
beam originally generated by the | aser 102B; etc).
From the detected beanms, the PDs 132 generate a
plurallty of PD S|gnals that are dlrected V|a

. o s A NS
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noi se are made with reference to one of a nultitude of
reference frequencies FR, defined by the
w0 pioensseometer (i.e. MZI 114), the nodul at or ¥E¢T/8U2@00@00547

AOM 122) and the denodulators (i.e. within the phase
meters 138). The plurality of reference frequencies FR
provi de a common, or shared, frequency reference for
the plurality of |asers 10221 negati ve feedback | oop
for each |laser 102, each with one of the servo
controllers 148, corrects the laser drive signals from

CLAIM® wavel ength controller of each |aser 102 by an
anount conpensating for the frequency noise, thereby
stabilising the output frequency of each | aser 102, at

1. | eAshethbd FirtadlisafRes fluk0nabs &ﬁﬁ&i\/ﬂ fuBnadhGaddfre@horldiy
stabi]isation system104 If t path | ength

pluraalitf phlagiihsamp, havmepHferenceatial Erwe;a\@m ipchudipgs
S BRREIR, o B 0l ARG RO ey

phasé emﬁhﬂektﬂabdnﬁne@asharemfmqmmyﬁferem 114 is a form of

dlscrlmnator an opt. cal uency-t o-
- B E e Ry, o GG G Signal,comesponding
to thE PHIMAY SR Ty RAMSRhY $&ireaMEL € BIE B IR FiuR A s between the
conversion device, which generates an ‘out put RF si gnal
respegitivi centysth frsguankies and theriprsdtiraqeensy refecenopt i cal

fre of, a ht., beam A change.,in . optical,.

¢ 1 CEPERERE iR Aot Ol T RBhlg cEHEHREdR (RRe' siiey of
laseritass, uslﬁ@rthepmhsa obeﬁcamB@ﬁﬂsof the RF output signal

fl uctuat es based tuations in the central

fr %fE@wegng@fplmth ofpatioriresmenpeptips ¢ wmespginesbp ohu iy of
dﬁdb&?Q%Tﬁ9§¥nﬁge frequency-t o- RF- phase conversion in the

anef fect caused by nodul ati on of the AOM
12231mm11ﬁgémnm thet deteranined goglibsof{rddioafraubngy Iﬁﬁasmw&bpondmg
th, as_indicated approximately in Fig
Pluragﬁ of %ﬁé gg}%ﬁ‘@méﬁdl&%}t‘ie [the e PECHE frafussed ﬂmlaﬂwp erﬁi
| S qREARRIhd RB@ack Qidhalsho bRereloRaing \Hurk Bl AGHdWRnkRdex
() of t%e wave aﬁl gleé?lorS OI brgf zg FI nc%ﬁ%l ng tvhgn
contrbdi2ds dfithe laser Mzams lodredacaithe Heequérfcly dhuehedoired ithe iastlﬁEams.
armlengths (L1-L2) i.e. nAL = Yi(Li-Li). If the
frequency shift generated b y the AOM 122 is zero (for
the purpose of explanation only), then the optical
2. panhnethbd es peediblelGaus eclidiggi nterference signal at

the out gut of the Mzl 114 to b e sinusoidally
aHpg Sw rer%lelafp't plcaportip giieash yaser qaﬁbnﬁéaﬁ@nvew,@ased on

. mo%auwgﬁ' Sk, ARERHR0GE 850 LR DE S PR RS/ Yurpur

Slgnzﬂa;tdmddl fference by DVMZ =c/ nDL . Dependi ng on the

cy.of t as the, output of th

. e @H”@teé‘FE\Rf ihe Hwalityd récabew/ete%g%l%@rd@teawe the

radid-fi8fenty § Heg;@’of bach el@étn@ﬂ%gﬁllﬂﬁ% al0f the sinusoi dal
output of the interferoneter. VWen the input |aser
frequency changes by a frequency shift dviaSer the
resulti ng phase change, d (i n radi ans) at the out put

|nterfer |l ength.ms ch o
3 O PRI ETBRRER Pl Syishod Of coRP R A PRGN R
interﬁdirbrﬁléteﬁl avifl @lﬁeﬁho@lﬂd‘ced gb‘vbﬁt[cﬁﬁiﬂéaﬂ[ RB& Yek@akn 4 GirdtBn of the
interferometer period i/ ywz, i.e. d 2kd viaser/Av M
interferpmetepe RF frequency shift of the AOM 122 is
non-zero, the phase change d is translated (or
"carried") onto an RF carrier signal (i.e. the phase
change d is also proportional to the R F nodul ati on of
the AOM 122), allowing the full phase information to
be extracted during denodul ati on. Wthout the AOM
frequency shift, i.e. in a baseband neasurenent where
the AOM frequency shift is zero, any quadrature
information is |l ost due to signal fading at
turn- around p0|nts in the |nterferoneter out put, and

- o a1 o A NN o
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havi ng about equal anplitude, equal wavel ength of

1/ (2F AOM and a phase difference of d. The optica
woeipas23es gnal of the MZI 114 for each | aser 1BRI/AU2009/000547

i ncl udes an RF nodul ation of the anplitude (or

"intensity") of output optical beam oscillating at

t he nodul ati on frequency F eterm ned by the AOM

122, with an RP phase whictf has phase changes d

representative of the laser's frequency changes

dvi aser. The nodul ati on frequency FAOWf the AOM 122,

and! methed pnelaitmed glaimcy vdteraim éhelcﬁélated esaenciygefeyquice i defiined by

n ble by AOVs, i.e.

avaﬁgbﬁéégglEﬁ%@SR#§M&F%f§% g&%%b 4abi|isation system

104, the nodul ati on frequency was FAOM ==29 MHZ

because the | asers were RF nodul ated at still higher

frequ es for use in a er application of

| R R ABEAE sl e SR FaUR 4apha T (PR AEHE OGS it Mashgichpder

hﬁaﬁﬁé&ewﬁ sufficient difference between the AOM

frequency and any further nodul ati on frequencies

(sel ected depending on the application) is preferred

to aIIomrseIection of only the AOM'frequency FAOM t he

ph I
6. ca ﬁ%ﬁetﬂ?& ?{ élﬁuéﬁ?’ tan}? o%e {)t]l: %lﬂ%te 5?@5 ﬂ:ln 11%%] %ch tof the
modtil@fedtpbﬁtcphﬁf&ﬁchﬂ%ﬁﬂﬁaxﬁ?rﬁ)nod[ﬂ[’ﬁ@ldu;li@t aF acﬁhﬁo@p’ﬁb @ldulator.
beat notes associated wth the different central |aser
frequencies are separated by the DEMJX 128 and
converted to electronic signals by the PDs 132. To
7. eXArrﬁ&hoa Qﬁa&%ﬁqn efairR&C WnbRA the%&tura%qtas Q‘?ﬁ'&dﬁdt%a'
is mxed wth the corresponding |ocal oscillator
frequengnless thanohequabta dwpbel Mlai xer 140. Each ni xer 140
(of m xers 140A 140B, etc) operates at a frequency
that is based on signals fromboth the shared
corresponding LO driver 142 and the correspondi ng
8. of Ashéthdd ds claintediabhy 668 &ff claitye for & auenay thefdehidduR@aH of each
xer 140 is defined by the sunt(or di fference) of the
of thr pheEN of elscsical qutpyt o gapisvatludesusmgrd damqdglation signal based on
y equal to the frequencies of the clock
then%%%h%ﬁ%@&%ﬁg the AOM signal) and the correspondi ng
of fset 14 | A The sane clock signal drives both the AOM
(FAOM and Local Gscillator (FL0), which ensures a

de erm nisti.c. ase t el ationshij n se. t
O S B0t s SR Flele g Wi e cBmodntag OLSEh L furaluraiey
of el&it!ttt@a\l toufpu€ SIY841S ¥hcVudd$ Blixink ! Q@ctpéléétﬁéél‘é bNgith @¢&dal oscillator
oscillator signal, at Fw, is selected to be equal in

signafl pgsqaistrshwitlo thetdemadmletionsigael on si gnal at F OV For
tuning each | aser 102, as described bel ow, the
correspondi ng local oscillator signal is offset, using
the correspondi ng offset signal, to have a frequency

10. ei Ahmethbd ghahrintsd ih @i bnd bibdlaindse? HAYwhzekih dici g@:ﬁeratmg of the

lgnal's fregquen FA as descri bed bhel gw.
Pluf’%tp? ﬁﬁ}iﬁ @1?&0 é%@a%%@rd%nge GFESERANdINg I Iradity @fﬁédependenﬂy
varla'b[bsoi?srét ﬁgﬁﬁk‘ forRRAE de%tlytttlﬂﬁn% Bef c%ﬁﬁglrﬁjé @fof tHO%aSer beams.

he I nst ntaneous p ase” measur ement fro m xer

140 is fed (or "conmuni cated") to each corresponding

servo controller 148. The servo controllers 148

prQvi ation and.integration.of the f

D B b Eod MEetay b P 800 bR prthdle YhiBnuite o i R g of
the p&upl@ﬂy%fsas%hseantﬁﬁebaésaﬁfe@ﬂﬁg uslfk 8€ officdl RRufipsess 102,

thus stabilising the |laser's output frequency v\aser.

Each phase neter 138 nmay be based on anal ogue or

digital electronics. Wen inplenented using digital

el ectronics, fast anal ogue to digital converters

(ADC s) are used to convert fromthe anal ogue to the

di gital domain before the phase neters 138, and fast

digital to anal ogue converters (DACs) are used to

convert back to the analogue donaln after the server

ey o A A ' —~—-
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fromits corresponding Pl units 506, 507, and sends
anal ogue signals to its corresponding | aser driver
WG 1®9/134388 anal ogue | aser driver output LPF 512PEFaU23/000547
appropriate roll-off towards each laser's unity gain
frequency, thus avoiding unstable servo behaviour. The
driver LPF 512 provides a roll-off (i.e. frequency
response) with a corner frgg%bncy at 10 Hz (i.e. is
flat for |lower frequencies). The additional filters
(i npl emrented using either anal ogue or digital . .
12. ci Aanathed as grigvadda@npyng pithe preseding slaimpdndlydiag dempitiplexing
' . e | [ I L 1. riven:,LP ;
the pHAAS of Priont RS pEBIES et e SN Pl B egdea
outpwisignls. and thus the response of the feedback | oop. The
first Pl unit 506 has a 1IF roll-off to a corner
frequency approxi nately equal to the corner frequency
of the driver LPF 512 (e.g. 10 Hz), and is then flat
13. T OK dtAleEs dIRBHAGHGHESne iBe PREEIHS RlaiMBl Whlh tﬁ@}%’luﬁlit of
1/f roll-off to a corner frequency of about 1 to ng
elect{iedlisignglsninednddsrdigited sigpalss sel ected to be about
tentinmes less than the unity gain frequency, and then
adj usted for maxi mum frequency noi se suppression), and
is then flat for higher frequencies. The anplifiers
14. 504, m&NE ay aidtddan@ad oh®oPthe yradedigaictuimg, wihweiheedgmetating of
| oop .such that the unit qain freguency is . )
the fegdppckysigaleingluges pyipg a wﬁ@a Y ﬁsquébaeﬁqf@g%s%h@yn& Espstizedefined
bm“ﬁﬁ%%§e driver LPF 512 and the PI units 506, 507 has a
U roll-off to the corner frequency of the second
Pl unit 507 (e.g. about 1 to 3 kHz), and then a M
roll-off to the unity gain frequency (e.g.

i mat el.y. 30 kH). i ned wi th the gai .

1. SR RshaT & a1 ey Rauinicadbak Herdws garsmesiive

gain PA®HeAREdwIdth A¥fidddesUsR Gr &fore Mﬁgbﬁi&faﬂhitééré%r Lusits.
provided by a HF roll-of f around the unity gain

frequency. System Operation: Laser Tunability Although
t he sinusoidal frequency response of an arm m smat ched

16. ! l"}x“%{é&ﬁs@ E{él&fméﬁ}é cPa;}‘m%%e%h%I%iA é’a(%ﬁ BedbBIE R Dol R G udes
ock points™ over 1ts Spectrum (€. g. using zero
frequenoiss pregter WaincderceibsA andi 1693 thdieatper L 0diHei ty Dv z in the
frequency response), this does not in general allow
conti nuous i ndependent tuning of a plurality of |asers
102 all locked to the sane interferoneter. Using the
17. St Abhéth8@hd &Qixﬁéﬁsﬁl%ﬁ}' $Pthe R&RRINLAIAMs 1 RBC RN P&ioﬁl{ﬂ?%f
i ndi vidual Iy and continuously by including an offse
frequeney vireationfis ghe intetierametehie af sedfawkiineggrastet thams fictrewhing
Hmﬂ%g%%gg Lﬁ§er 102, i.e. by offsetting FLO from F OV or

C anﬁgﬁz(corresponding to each laser 102) of the

el ectroni c feedback [ oop. Ofsetting FLO from FAOVby a
set frequency introduces a phase ranp (i.e. a
constantly i ncreasing qr decreasing phase del ay) that

18. the m@ga%a%ﬁla%@pm&w@ éormd@@rfé@rnswﬁ?r@m tﬁs){qsrarebeams are
}ﬁﬁﬁ%.ﬁ 8RUENRY;s the offset, or the phase ramp, is

genese eé?é% to be a certain of fset val ue (whi ch
determ nes the rapidity of the frequency tuning) for a
certain tinme period (which determ nes the total change

“in,l aser fr ency). .Once the sired | asey, frequency.
19. 1, SO anl SRRF RS e ePal e ot 26 ot 6 SlARRRRn any
one&ﬁﬁ§gﬂﬁe&hgcbﬂﬁg poi nt to becone stationary and the

feedback | oop to cease tuning. The |aser frequency can
be set arbitrarily within the tuning range of the

| aser 102. During tuning, the Pl units 506, 507 of the
feedback filter 501 act as accunul ators of RFphase.
When FLO i s detuned from FAOM the respective |asers
102 are tuned (i.e. their respective centra
frequencies are controlled). In offsetting the RF
phase, a phase offset builds up which is 'renenbered

. Y s o,
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612). After demultipl exing the conponent beans wth
i nformati on about each individual |aser (using the
WORMX32B2B) , the stabilisation system 104 genePEl/a520@H/000547

el ectroni ¢ phase signal by neasuring the phase of each
interference pattern using the PD array 134 and the

phase neters 138 (step 606).,,The el ectroni c phase

signals are indicative of cﬁ%nges in the phase of the

RF interference patterns, which the stabilisation

system 104 uses to determ ne changes, or fluctuations,
20. i nZesistem s stebilistigureplotplivy @fs@ﬁpqtéteeper@mof amérespondmg
plur?lﬁtg%? ?. S %@@ Emeggﬁgé?gﬁ ge?a‘z‘ ﬁre&\feﬁa&eé Hﬁclﬁﬂﬁgggsl Aser

phaﬁ eptiail Siegudiyy CoHdi®feimgicy Iphade&sfwer&r chiait defisds@rshbred
(i in a negatl ve feedback node)  usi r‘l‘? the servo
freqewrr%ﬁexeé% tqugenetatiag ag&\@ﬂﬂY@@@P%.Oﬁ@@ pignals gprrpspARding to
the ﬁPlaaﬁ?y S1802bedsd SR 1@8@56&& \I%Q;fffffér Hﬁ%y%eﬁﬁﬂ%ﬁ?gét%e@me
ectronic intensity S|gna fromthe optical 1ntensit
resps¢tgaea:lentml ftekeermiktspunt] theé shtaiesd ﬁrmné}eneﬁarmw[ (step 614).

curiey EphoiReGERR ol Rt e au vt Sut e,
corréslﬂoﬁ&ﬂhg k@ he HlRatifyediNades bé’%?ss U.glg? tl@/ﬁ:)lgﬁﬂw cﬂﬁﬂcé‘lgn SR

el ectronic |ntenS|ty S|gna ivered via the
el aqlwahityof pbaseessrsnsiveieyicod fon genesatings Siom apluraligy of radio-

freaGEY PR of B8sre 0 bfhuf 368 CRS TR Flnd PRt BRgback
signhi 1ﬁd1§atNE|of ﬁlﬂe‘kemebﬁi/@frbdil&ngﬁﬂﬁctambrﬁﬁm dth of each
feedback | cop |nclud|n ach servo c%ﬁtroller 148A) ,
bute Alweliy ke a%lﬁeg;c% jesting fhedfeedbaglf pignalg tq #gorrésponding
plurgi‘ftgtﬂ)?évraga% glcc? a@?lgerr? é¥ g‘? gﬁsggwanﬁqe r@cﬁlglk ?r?ele(ﬁr éejchl,{eﬂcy fluctuations
of thedhee bbans.r esonance for each Iaser) by providing slow
feedback to the frequency offset between FLO and FAOM
using the offset nodul es 141. The bandw dth of the
sl ow feedback | oop depends on the gain of the feedback
21. Pr Qv kesh anelatnial inandid b, el onbatlir Gadlhding a nediiutdzort for
al | ow each | aser to foIIom15Iom1dr|fts in the centra
modpdatimigdhryfregrenty sEmportion of gachi lassr bn@e in thgecopperter, based on a

mo%kg%nrséaﬁ%%{i g? %%/ SI ng%)jﬁ{l% %gdq | sa I on g%}é%aﬁf(}?%é&)%ﬁt%tput

sign@Raraf tht bechdHas@tdsbynsdve dasrifcli@dgi mddri‘il@dlﬂﬂbﬂfo@fdemodulatmg
di stri buted feedback (DFB) djode |aser, being.a JDS

cactopfthg phyralgy of elersicamppyt segnalsip Cptegnine ﬁmaétqwfrscauqne% ghase of
I\gg}ﬁ) free-running | aser frequency noise of
ead%ﬂ@HBég Llélyéﬁaser was reduced to about 400 HZL/ HzZ
over a bandwi dth of about 5 kHz (from 4Hz),
representing a noi se suppression of over an order of

e at. 10 ho i.n Fi 7, The bi I|
2. o siroas eted ot e ey f darhins i G
intefRiontbtd0dndiBe ﬁmﬁ?&%cﬁ'ﬁoﬁ Of ede}: 1ABPBant W/ ih@MHrst arm of the
i nj ection. The noi se suppression approached two orders
mtetfﬁromi:@@ﬂtude at 10 Hz for initially noisier |asers, as
shown in Fig. 8. These neasurenments were nade
out - of -1 oop usi ng an i ndependent, calibrated and qui et
frequency reference. The vertical axis is the spectral
23. noi 5 eysitenn ancihinet clkidd YE{Avhaeid thd¢habal fracpeheayt redeteisceiis defined
requency om 1Hz to 5 FE The upper trace
bya? ?ﬁ%%? n@%ﬂ%%mg E@EF f@%ﬁﬁ’ode | aser when
it is free running. From6 Hz upwards the noise
foll ows roughly a | M- dependence. At 10 Hz the noise
is 10 kHz/ VHz, trailing off to 400 Hz/VHz at high
frequency. The dom nant peaks visible in the spectrum
of the upper trace 702 are related to residual 50 Hz
AC, and hi gher harnonics, on the current driving for
the diode |aser. The |lower trace 704 shows the noise
spectrun1of the dlode | aser mhen t he servo Ioop was

o ' I - . oy o
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in Fig. 9. The sensor system 900, as shown in Fig. 9,
includes a plurality of lasers, including the "ith"
wo 29en3BORA. Al t hough only one channel, i.e. OPEI/AHS®H/000547
102A and one sensor 902A(with the "ith" FFPI), are
shown in Fig. 9, the nultiplexing conponents 128, 904,
906 provide for additional %gsers (of lasers 102) and
fibre channels to interrogate a corresponding
plurality of sensors in series in a sensor fibre 908.
The sensor array fibre is, for exanple, a long |ength
24. of Afgysiea &6 cltimed in ¢lpine 23 ewheeiy, theintgréerametsr zs@%%@b ehnder
hﬁm&gﬁhﬁﬂﬁs a fibre Fabry-Perot interferoneter (FFPlI) for
responding to fibre strain via a suitable transducer
on the ocean floor, e.g. for oil and gas exploration.
Most of the light fromthe | aser 102A is used to |ock

the | aser 102A to a Fabry- Perot _node of the .
25. ¢ o WSO TMERPT SbG AL 2100 5% IgufHlg o scousto-optic
mod RGN kARt f&g cyRASRA R 1hi8l PbFRAReQ8h laser beam.
technique, e.g. as desciibed in International Patent
Application Publication No. WJ 2007/045028 (" Appar at us
for interferonetric sensing” to The Australian

Nat,i onal jversi P ' (g ' . 1 he
26. | e R VS Uhlsn P B B S Ao dBh E O Uty
freqiras @ desd thaa PeiNdd sbait @goaMMet h this frequency from a
si gnal generator 909A. The correspondi ng FFPlI sensor
902A creates a neasure of its strain by converting the
phase nodul ation of the |aser beaminto an anplitude
27. ”D(Auéy%wnp%‘ 1R ASX bR @bt Bk ATBL! WHS DAY iahb@iatoB uses a
det erm ne %y a correspondi ng PDH phot odet ect or 910A
demadrdatidonxsgn baskd ofilibe PDOHulativesig8A2A i s driven at FPDH
by the signal generator 909A. The out put of the PDH
m xer 912A provides an "error signal" used to
determ ne the strain and to |l ock the [aser 102A to its
28. COIA SRRANEN ¢1ginfedfh cldid 27, seietn St Phasthesimarive ddliddincludes a
~includes analogue circuitry and/or digital filtering
mixerfor Brxing aghipdectagel ﬁl@malfw@% adere) owiligtersigngt pesepiatedivit the
I ! Sone of the light fromthe |aser 102A is
dmn&@%%&%%%éé¥Tonwthe PDH beam by the coupler 115 and
directed to the single frequency reference provi ded by
the Mzl 114, which perforns the

| aser ~f r equency- t.o- RF- phase co rsjion. The frequenc .
29. of A REStSREAT AoBiecdn gy aBF BHcleEAD oy Mapretthesh PR epRponsive
devidPtstsat doPRsfdrnafisaRdspehd & @rﬁﬁ@@fﬁeﬁg%{aﬂ Fdrahddp@n@ntly tuning

any residual anplitude nodul ation at DH (gener at ed
the eantrahfrequesexdofthe pemenpondiog lasaebeDH phase nodul ati on

process) in the stabilisation feedback |oop, using a

| ow-pass filter (LPF) 916A for each |aser 102A. The

converted light fromthe Mzl 114 is denultipl exed by
30. t heA Baiix ad 28imaaliel ad@loae bethelyaims QOne 28 dacldding an optical

hot odet ector 9 18A. Each detector signal is

h
: mulﬁekﬁ/x‘ﬁra@é diggqting og e uienty %fgﬁsof‘% gons Biq @ﬁ&@g"%f’f?é-

resi dual anplitude nodul ationat Fp - The filtered
signal is then used as the stabilisation feedback
signal for the frequency noise stabilisation in each
31. i ndA sysieralas blabesd inGRA one af platse2 trisa¥l inokeding ademultiplexer for

cenl TR G0 e PIEL PR SRR B GR6e P Py
of eRRHIAb@Pht dighaldle phase nmeter 138A and the servo
controll er 148A. |ndependent tuning of each | aser

using a further feedback and control | oop, such as the
PDH | oop descri bed above, allows the laser to foll ow
slow drift in the optical wavelength of its
correspondi ng sensor (e.g. the FFPI sensor 902A). The
further feedback and control |oop, such as the PDH

| oop, may be at a |l ower frequency (e.g. below 1 Hz)
than a signal bandw dth related to the sensor (which

o " o N T
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148 allow the |l asers 102 to be independently tuned by
injecting a digital tuning signal into the digital

W@ owwnad3og oop for each |laser (i.e. the of fset RAWADUS009/000547
digital). The digital nature of the systemallows for
sinple scaling in the nunber of sensors as well as
conveni ent and qui ck softM@?i_changing of gain and
bandw dt h variables in the edback | oop. Many
nodi fications will be apparent to those skilled in the

art w thout departing fromthe scope of the present

32. i nfetitsicanasdaimeddn AnHerscet dkdmswiltta 3l ewbereinche pluraliie of

] d defined in the clains. CLAI M5

eec@ﬁ&%fgﬁ&fl%ﬁ tta %nggl ng a plurality of output
frequencies of a corresponding plurality of |aser
beans, having different central frequencies,

i ngl udj ng: direcgting the Iural f. | 0
- anAteBlhs drtana b otk tanrel ades R ity o
feedBéHkVtﬁférﬁha\IﬂT?iesﬁ&iﬂv@ §§ﬁ&d%ﬁ5@/ﬂitﬁ§ R4 #@M%tﬂﬁﬁﬁ@ﬁ@%ack
enerating, using the converter, urality of
signgpt i cal out put signals correspondlng to the plurality
of | aser beans and representative of frequency
fluctuations between the respective centra
frequenci es and the shared frequency reference;
34. geresyateinngs (ﬂalpiedrtﬁt tlatry 38f whtrent gach &edbadkpfilter $hdudes ®ne or more

ProppRISTBI-HETEPG s BNy BAPE O Hrde aararHin Aot

plurality of radio-frequency phases correspondi ng the
plurality of electrical output signals; generating

fromthe determned plurality of radio-frequency
35. phdssystem @ﬁotrlalwgom diarmy 38) whetlein sach feedbeakbi@léar benggriditsincludes

freaighf itreald i AnEMERRERE S TN corr eapondi ng

plurality of wavel ength controllers of the | aser beans
to reduce the frequency fluctuations of the | aser

od as clained in cla i ncl udin
6. nodwétqnh@s tlﬁl@wrlrvé guentslags 2 t5>o3r5t Wélﬁfe&ﬁ a peraqeli¢: éégfrequency
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MHz. 8. A nmethod as clained in any one of clains 2 to
7, wherein the denodul ati ng of each of the plurality
of electrical output signals includes using a
denodul ati on signal based on the nodul ation signal. 9.
A nmethod as clainmed in claim8, wherein the
denodul ati ng of each of the plurality of electrica
out put signals includes m xing each electrical signa
with a local oscillator signal associated with the
denodul ati on signal. 10. A nethod as clainmed in any
one of clains 2 to 9, wherein the generating of the
plurality of feedback signals includes using a
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frequency reference, for generating a plurality of
optical output signals corresponding to the plurality
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pluraljt phot odet ectors for generating a plurality
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redugecthel Gageensy ghatustioms. a corresponding plurality of
wavel ength controllers of the | aser beans to reduce
the frequency fluctuations of the | aser beans. 2 1. A
systemas clainmed in claim20, the converter including
a nodul ator for nodulating the frequency of a portion
of each | aser beamin the converter, based on a
nodul ati on signal, to generate an anplitude nodul ation
in the plurality of optical output signals, and the
each phase-responsive device including a denodul at or
for denodul ating each of the plurality of electrica
out put signals to determ ne the radio-frequency phase
of each electrical output signal. 22. A system as
claimed in claim2 1, wherein the converter is in the
formof an interferometer, and the nodul ated portion
of each laser beamis in a first armof the
interferoneter. 23. A systemas clained claim 22,
wherein the shared frequency reference is defined by a
val ue of an armlength m smatch of the
interferoneter.24, A systemas clained in claim 23,
wherein the interferoneter is a Mach-Zehnder
Interferoneter. 25. A systemas clained in any one of
claims 2 1 to 24, including an acousto-optic nodul at or
for nodul ating the frequency of the nodul ated portion
of each | aser beam 26. A systemas clained in claim
25, wherein the nodul ator has a nodul ati on frequency
| ess than or equal to about 200 MHz. 27. A system as
claimed in any one of clains 2 1 to 26, wherein the
denodul ator uses a denodul ati on signal based on the
nmodul ation signal. 28. A systemas clained in claim
27, wherein each phase-responsive device includes a
m xer for mxing each electrical signal with a | oca
oscillator signal associated with the denodul ati on
signal. 29. A systemas clained in any one of clains
20 to 28, wherein each phase-responsi ve device uses a
correspondi ng i ndependently vari abl e of fset signal for
I ndependently tuning the central frequency of the
correspondi ng | aser beam 30. A systemas clained in
any one of the clainms 20 to 29, including an optica
mul tiplexer for directing of the plurality of |aser
beanms into the converter. 31. A systemas clained in
any one of clains 20 to 30, including a denultiplexer
for denultiplexing the plurality of optical output
signals before the generating of the plurality of
el ectrical output signals.32. A systemas clained in
any one of clains 20 to 31, wherein the plurality of
el ectrical signals includes digital signals. 33. A
systemas clained in any one of clains 20 to 32,
|nclud|ng a plurality of feedback fllters haV|ng
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