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CQVPACT | ASER APPARATUS AND METHQD 1 BACKGROUND_OF THE | NVENTI ON

2 3 The present invention relates to a | aser system 4 and
nore particularly to a mniature pul sed | aser 5 system usi ng coupl ed

resonat or CayjoldsSgy7gnd to a 6 met hod of producing a b?@?h@&m?ﬁ?erent
light which Is eyesaf e. 8 I ncrease in the use of lasers
in recent years has 9 produced a requirenent for |asers of higher

power that 10 are safe for t he gﬂgan eve.__ The ﬁ eater the power of
11 the laser, the more riskCSOM@ ;ﬂﬁ%ﬂ%& cone into
contact with the | aser beam when a coherent beantof Ilght enters

the eye cornea apd eig APTI T 3 gh or is absorbed by the
vi t.r eous hunor. Thé ] N ae [ tne beamthat is not absorbed by
t he 16 V|t?eous hunor is focused by the eye onto the retina. 17
Under nornal congitions, tThe brgbenenmmumrcwmtbsdto a laserb)sybbem

retzina into chepi cal lm%&?
I njury can resul toat%dgn'gé%mkgréié ¥y %ﬂeafocuseg ener% ase;l'8 8am
cannot be absorbéd arﬁ}"tem Msing 5 gouBled mkesondterke ‘?ﬁéﬂ%ﬁs Fpds tandige

does not .22 ¢ OCGidthededfCcprv@dimnal bean 6€Scoherént!Miy @hieheis
23 exposed to the eye % ggause the light is emtted in all 24
directions and producC Si'zeabl e but not a focused 25 i mage on the

retina that can Be saf eI y lIassepgedin the pge of Jaserifednsrecenth yeaxwchafgt hs
in the range of 3.5 [gHdduded a QJqulren&nE Eefrﬂdﬁe%@oﬁbﬁﬂéﬁ@ﬂ ptweirh€hat

systoms used B“Greb%ssasa Bor £t Mg AR TR O RSP
the laser, the more risk there 1s to people who may
12 come into contact with the laser beam when a coherent
13 beam of light enters the eye cornea and either passes
14 through or is absorbed by the vitreous humor. The
15 portion of the beam that is not absorbed by the
16 vitreous humor is focused by the eye onto the retina.
17 Under normal conditions, the light energy is converted
18 by the retina into chemical energy to stimulate
19 optical sensation. Injury can result to the eye when
20 the focused energy laser beam cannot be absorbed and
21 causes damage to the retina. This damage does not

22 occur when conventional sources of illumination are
23 exposed to the eye because the light is emitted in all
24 directions and produces a sizeable but not a focused
25 image on the retina that can be safely absorbed.

26 Laser beams having wavelengths in the range of 1.5 um
27 - 2.2 um are absorbed by the vitreous humor, thereby
28 alleviating damage to the retina. Laser systems used
29 as optical radar and communication transmitters in
30 populated locations need to be operated so as to avoid

31 eye damage.
32
33
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operating in the 1.5 [err]m - 2.2 [err]lm 2 wavel engt h have
general |y beego@fadomv ef ficiency and 3 of larger size.perndddBn4asss
avai |l abl e eyesafe lasers are 4 based on | aser em ssions I n

er bi um doped solid state 5 host materials punped by pul sed gas

di scharge | anps or 6 frequency conversigon of a neodymum | aser
usi ng 7 stinmulated raman scatter in a nof ecul ar gas, such as 8

nmet hane. These Vi ces, , rtegm : 9 The £rpi

| asers typicall ydﬁave an ?%?%%nc of tlg'g&g il Egé :tlh%n 'm.l 1% pvmf'nzg Li{ao
the: low stimiaed vakelength have generadiy; beeh: off LoMeetbLehencmd i on
}n erbium 3+ ion 3 I 62 laxigex Jsfz@.[erﬂv? mnfl Qabaed eyeshiie [lageekf iaxeency
or 13 optiga i N | | Sl :aS] _ er b 4

| aser can only ‘ge gégggt g%%%%eéaéqblﬁ%%eogxsnﬁgleF’L%rmmlgggg%t %%iu%set(f ﬁém&m
conversi on requi res ahest|matsniala pymped bys pulged; gas sHecharger L ampa e
gas. This gas issexcCEireguélicy cohfrersiba 68£0dy Ninsvdymitmedlabéserusinyg

i i | d ] y ; . i
gtTn:/erZit on at.el97 t%gr"é' (ia%géjé s %éaq%%qﬁafaemﬁﬁlgbﬂfar &,m&bch

am?na 0O con nuous ve oper a%sl on
20 and the Rafmn mgtbanes Theasideyiceferhgwever, figye shoptcomings.

conver si on nedi uny cauthedeHiinBlasérst Oypicul 150 habat an ef fA2ientheof Ehasaf e
Raman | aser caﬁgot Fle cog¥en|$nél Y to t%’x?’e ;Q er%tt?.rqutatgégher%/gsrf e
power or repetit n r&f8® - owing =
coefficient of the laser transition in erbium 3+ ion
12 at a 1.54 um output and to the low efficiency for
13 optical pumping with a visible flashlamp. The erbium
14 laser can only be operated in a pulsed mode.
15 Stimulated Raman conversion requires a cell containing
16 a high pressure flammable gas. This gas is excited by
17 the neodymium pumped 1laser to emit stimulated

18 radiation in the eyesafe region. Raman conversion

19 therefore is not amenable to continuous wave operation
20 and the Raman process deposits energy in the
21 conversion medium causing thermal distortion so that
22 the eyesafe Raman 1laser cannot be conveniently
23 operated at high average power or repetition rate.

24 An article in Optics Communications, Volume 75,

25 No. 3,4 of March 1, 1990, entitled Generation of
26 Tunable Mid-IR (1.8-2.4 um) Laser From Optical
27 Parametric Oscillation in KTP by J.T. Lin and J.T.

28 Montgomery, describes an optical laser system in which
29 an Nd:YAG laser is used in an optical parametric
30 oscillator setup where the pumping beam of YAG laser
31 pumps an optical parametric oscillator to produce an
32 output in an eyesafe wavelength. Similarly, in the

33 Burnham et al. patent, No. 5,181,211, for an Eye-Safe
34 Laser System, an Nd:YAG or Nd:YLF solid state laser is
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of .March 1 1990, __entitled Generatjion of 26 Tunable Md-IR

(1.8-2.4 um Laser From Optical 27 Paranetric Gscillation in KTP
by J.T. Lin and J.T. 28 Mont gonery, describes an optical |aser system
I n which wodesod® Nd: YAG |l aser is used in an optical par | 30
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optical paranetric oscillator to produce an 32 output in an eyesafe
wavel ength. Simlarly, in the 33 Bur nha}‘ met al. patent, No.
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produce a pol ari Zed RAFAAA bERFPYWERCR inen-linear prestdl hipugh LPptical
non-linear crystad i nparamgtirikibscillator Ry a&airé're thie iWavellehgth OB t

by the 8 hivon Ryw faseB BB WU RaBriTKERET R abiiped, BOOMNTC,

OPO pl aces a 57 mowanie¥ear crystal within a resonant optical cavity in

8 which mirrors transm tad %tﬁwin pai‘&\lneﬂﬁi&l dddilllator of opbfﬁc@aﬂ
t hrough a non-1li ot assi um,t.it ghosphat e

or KTP. .The non- ||ne1a?ﬁ/sf1n% crgﬂ:igf.avlrit%a FEeoRaRy é’&“f‘“ t he
out put 12 \iavelwnigh mirTopes ctronsmit dheg pmnuaveb%w@al from 3

faVl ty nekes E Ee Qoalr argddit Cbgtaﬁt' |él?§difgl'§uaerrfdxilll§hb&r crygtal,Si ButRM d&
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cavity, it does Ilot crysdtlal acan abe arokased sonplchangecaud® tdutput
parametric 12 wavelength. The existence of a resomant optical
i3 cavity makes the parametric oscillator superficially
14 similar to lasers since they also generate a coherent
15 beam. However, since there is no stimulated emission
16 within the parametric oscillator cavity, it does not

state laser is / : :
1 uséép 28 Wdﬁzce a polarized Oéltput lieam ug}e%c?o is

17 act as a laser simply because the parametric
18 oscillator is in a resonant optical cavity. The
19 oscillator can be brought within the laser cavity.

20 The use of a short pulse (<10 ns) Nd:YAG laser to pump
21 a non-critically phased matched KTP optical parametric
22 oscillator in the eyesafe region ©results in

23 unacceptably low conversion efficiencies, such as less
24 than ten percent. This low efficiency apparently was
25 due to the short pump pulses. When the OPO was placed
26 intracavity to the pump 1laser, the conversion

27 efficiency increased but the output consisted of
28 multiple pulses rather than a clean single pulse

29 required for many applications.

30 The present laser system in contrast to the prior
31 art uses coupled laser cavities to maintain the high
32 efficiency of an intracavity system while at the same

33 time achieving a single pulsed output to thereby
34 overcome the problems of an extra cavity optical
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can be brought within the_laser cavity. 20 The use of a short pulse
(<10 ns) Nd: YAG | aser to punp 21 a non-critically phased nmatched KTP
optical paranetric 22 oscillator in the eyesafe region results
in 23 e bly I ow conversion efficiencies, such %&iﬁﬁﬁ?ﬂ%? 24
than ten percent. Is |ow efficiency apparently was 25 t he
short punp pul ses. Wen the OPO was pl aced 26 intracavity to the
punp laser, the conversion 27 efficiency increased but the

out put consisted of mul tiple pulses4rather than a clean single

pul se 29 reguired for y catlLo The sent
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oscill ator used i B comvexyat smaldi t hagkages whidhd: m@plaasaesandhabsobeen

e e oot e e e ke,
in 5 very <mal I""tﬁ‘acg%f'b'é seﬁﬁrﬁﬁey éﬁFﬁes’égg ped,, a gl’é
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primary | aser resonators. second snaller corner cube I's use to
coupl e the 189 ré?@ﬁ&?&?§? 11 A typical optical parametric
osci |l | at or appar atus A typical optical parametric oscillator apparatus

12 in which the OPQO is external of the laser may be seen
i3 in U.S. Patent No. 4,180,751 to Ammann which has a
14 laser having a laser cavity mounted adjacent a second
i5 resonant cavity of an optical parametric oscillator
16 with the laser being directed into the optical
17 parametric oscillator. 1In the Geiger et al. patent,

18 No. 5,195,104, an internally stimulated optical
1% parametric oscillator and laser places the optical .
20 parametric oscillator within the laser cavity to form
21 a dual optical resonator containing a single optical
22 parametric oscillator and laser crystal intracavity.

23 A frequency modified laser which places a non-linear

24 crystal within the laser cavity can also be seen in
25 the Anthon et al. U.S. patent, No. 4,884,277.

26

27 ) OF THE T ION

28

29 A laser system includes an apparatus and method
30 having a primary laser resonator having a laser medium
31 therein for producing a laser beam of a first

32 wavelength and a second laser resonator optically
33 connected to the primary resonator to allow a portion
34 of the laser energy from the primary laser resonator
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and net hod avin | aser esonat aser I um
31 therein rr'i nﬁrgg{:g?ag% pﬁ?éié’lﬁmg gas V% §Zsecong,

wavel engt h and aSSeco\rﬂYell&Qe‘thr ctharainomept i &al cqheren133beamommwd is t he
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for producing a | aser beam of a se
10 resonator comb nes a secondary laser cavity and an

11 optical parametric oscillator to produce a
12 predetermined output wavelength. The compact multiple
13 resonator laser system has a substrate mirror system
14 having four mirror surfaces thereon positioned to form
15 two laser resonators. A multi-pass corner cube is.
16 mounted to fold the light beams between a pair of

17 substrate mirrored surfaces while a transfer corner
18 cube is positioned to transfer a laser beam from one
19 resonator to the second resonator to form a very
20 compact pair of laser resonators. One of the laser
21 resonators is a dual resonator forming both the laser
22 resonator and an optical parametric oscillator

23 resonator. A method of producing a coherent light
24 beam of a predetermined output wavelength uses the

25 compact laser system apparatus.

26

27 N OF DRAWINGS

28

29 Other objects, features, and advantages of the
30 present invention will be apparent from the written
31 description and the drawings in which:

32 Figure 1 is a optical schematic of a laser system
33 in accordance with the present invention.

34



5 wavel ength therefrom A coherent beamoutput is 6 coupled to

the optical parametric oscillator for_ 7 produci ng_an out put beam of
pr edet er mi ned mavelength 8 of the second wavel ength while bl ocking

t he out put of the | aser beam of the first wavel ength so that a dual
10 resonat Oyg §€s a secondary laser cavity and an ﬂéwu%gﬂh%ga
paranetric oscl ator to produce a 12 predet erm ned out put
wavel engt h. The conpact nultiple 13 resonat or | aser system has a
substrate mrror system 14 having four mi_rror surfaces thereon
positioned to form 15 tmo Iaser resonatofs A mul ti-pass corner
cube is 16 ) A=Y B Xy ] 4E TReTel ARLY-F-Y's g s Sfman pai r of 17
substrate mrrored suff ' Sa tran ' T el cube is
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appar at us.
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11 capable of generating 5-10 ns pulses for use in
i2 handheld rangefinders and the like. The output of a
13 miniature 1.064 um Nd:YAG laser is shifted into the
14 eyesafe region with a non-critical phased matched
15 potassium titanyl phosphate (KTP) optical parametric
16 oscillator (OPO). The coupled cavity design of Figure
17 1 maintains the high efficiency of an intracavity

i8 device while at the same time achieving a single
19 pulsed output. This coupled cavity laser system meets
20 the efficiency and output requirements and allows the
21 laser transmitter to be very compact.

22 Referring to the schematic of Figure 1, the

23 overall laser transmitter 10 includes a primary 1.06
24 um resonator 11 containing a NA:YAG rod 12 pumped by
25 a flashlamp 19 along with a pair of steering wedges 13
26 and a Q-switch 14, which is illustrated as a chromium
27 doped YAG saturable absorber. A polarizing element 15
28 may be a brewster plate. These elements are mounted
29 inside a resonator formed by the 1.06 um decoupling
30 region of a common substrate mirror 16 having the
31 substrate 17 having a 30% reflectance of 1.06 um
32 mirror 18 mounted on the substrate 16 and a 100% 1.06
33 um reflecting mirror 20 mounted on the substrate to
33 form a resonance cavity between the mirrored surfaces



6 1 DESCRI PTI ON OF THE PREFERRED EMBCDI MENT 2 3 The

present_inventionis for a miniature pul sed 4 | aser capabl e of
produci ng 5-10 mJ} at about 1.58 [err]m 5 and wutilizes an
intracavity optical paranetric 6 oscillator in a unique coupled
cavity desivwgeshdsrs 7 achi eve high efficiency wthout Mhﬁ%ﬁ:@m si ng
in a 8 conpact nechanically and optically stabl e package. The
conpact package is less than 75 cubic centineters 10 and may have an
eyesaf e wavel ength of 1.5 [errlm- 1.6 [err]m 11 capabl e of
generating 5-10 ns pulses for use in 127  handhel d rangefi nders and

the like. The out put,,of 13 hQLat.u 1.06 ] : ris
shifted into t hey r2£4 an%eyleas'af emgrélh'ghén%vi fr!ﬁdai(r%oﬁi-éc(railrl{ i %%%Idggésg;e_ gﬁngf ched
15- potassi um t 2t anjl1prs3phedcas @b wWhich s ialdad Ayc the mdti-pass
oaci Ih! a}] orf]g_OP_O)z Tla?rﬁewpbﬁﬂecmiﬁnbﬁ@iin@nf&ﬁdfhgué@rfa_clzeéllo £bl@etheai ns
t he high efficiepcy nJjntragavity c | t sa

time achieving aEsi ngﬂegﬂl 11'19 Eﬁ%ﬁl’sggeoult]%lﬁ? d"eaﬁ"n gz\éwél?pﬁ%‘ﬁ&p@éi\]/??}{/-‘?gser
syst em neets 520 opthcadf filapbhaypakBobushawn} cfai preduce bthe ARBdNT t he

21 | aser transgitt Qotionb@iveiy thHePaSbnant cafdty betwebleftid misrbeetine
schematic of Fi gyre t he

1 23 vergll Jlaser transm.tter. 10.ingl yudes
a primary 1.06 qurf[':xg#] f‘narag‘anﬁﬁbr @ie c%?ﬁ"éi‘?ﬁ%?gesa%o?ge 888 %QE
punped by 258 arefielkting serfacmdawhers pherbeamsisdidldedwbygsbels
326 atnd ale swi bchbH»an\eiAmhlcbhekl e&b}éahsdfa%@aabéggbuak thtz)%Zghb@.ﬁBe?
sat urabl e abgor ber 0 | Zi el engn ma e g br er
plate. These eF mentiPEEES uﬁ% &P‘P%hrfggﬁ §ﬁlyir&'@r§drgg5%%?%rpqrm§%§
the 1.06 [err]millecombliichghas a3gerorxgfilectaince fomnbhesubR€rpame nirror 16
ggV' ng the 18 33 tsngt &?ﬁe :Ll.agh Y ?Qs%ﬁg%gfneylaggganqgtef al-s%g:o[na%ﬂ/n}
mrror unt ed an e subsira and . a 0 efrlm
reflecting mrrdf 20 W&nt“g‘drSﬁ°’P?1"e°§L£75ﬂ§ﬁr§ ig 1s f/%]}lde?f)?% g F‘é‘&%l‘rénce
cavity between fthe nipassr edrperfoulbs 22 back to a fourth mirrored surface
15 area 31 on the common substrate 16. Mirror 31 has an
16 80% reflectance of 1.06 um wavelength and allows 20%
17 to pass therethrough into the 1.06 um dump 32. Since
18 the mirror 31 is reflecting 80% of the 1.06 um, a
19 portion of the energy is passed back through .the
20 secondary resonant cavity 27 and back through the
21 mirrored surface 26 through the corner cube 25 where
22 a portion of the energy passes through the mirrored
23 surface 18 while a portion of it is reflected back

24 into the secondary cavity.

25 The secondary cavity 27 forms a dual optical
26 resonator which is both a secondary laser resonator
27 and an optical parametric oscillator resonator. The

28 optical parametric oscillator is formed by having the
29 potassium titanyl phosphate (or KTP) crystal 33 within

30 the beam path within the cavity 27. This OPO
31 resonator is a 1.58 um resonator containing the down
32 scope 34 along with a pair of steering wedges 35 and

33 a KTP crystal 33. The resonator is formed by the 1.58
34 pum outcoupling region of the common substrate mirror
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7 1 20 and 18. The_laser rod 12 is in the beam path, 2
illustrated as 21, which is folded by the multi-pass ~ 3 corner cube 22
providing folding surfaces to fold the 4 beam 21. Thus, the | aser

rod 12 is pug%e&mp* optical flashlanp (not shown odiice the
| asi ng 2008n Wi t hi n the resonant cavity between thwpw 7
surfaces 18 and 20. The beam passes through the 30% 8 reflecting

surface 18 where the beamis fol ded by the 9 transfer corner cube 25
and passes back through the substrat® 16 and through a mrrored

10
Lerrim o ap ¥ 2epmnicBlFosPrrRriEheing oFChARCE, if b Bednnbur,
13 - 1.06 [err] m2 esotmnﬁpmnm@%thﬁ s 0fokuickedry. t HEhend {58 pm mirgor

pass cor ner Cgbte 32t2 bﬁfkréﬂééé)lirdd* 13 r-_%ednay aﬁ&%)%? réf-i?leq[teir oﬁ%y‘i’ 06
e common substrate rror has _a b € anceo
[err] m wavel engt If and&%ﬁl 8%\/)5 "’2’6% 1’7“‘ tl]’Fﬁ“‘passszt Ko 'SIT‘F

1.06 [err] mdunp 5832. ré&omator als® usgaethermmltﬁ—pass cefrhett cuye821% of t he

1.06 [err]m a ¢ 19 POFHd QN s@f FnhSu %&duﬁtﬂ‘ésaﬁglbﬁégoﬁiﬁ@m&l}e
20 secondary resonant cavrt L]%b" &f t hrou ore

surface 26 through t h&’ cBRREP ® mn.rrg:ﬁeé 8°§5F'Ppor? fa'P
ener gy passes threoughcoigpled roudr of the sistemsasftioe eherglyi peaaespcni'm‘amughof

it is reflected Qpck vhe 245 slfg}o égﬁ%ecgggér YosCa¥h&Y im m 2 on thelle

secondary cavity 27 forns a optlca resonat Ich s both a
secondary | aser ¥®son@ighroic bEP'“ SRAILESY Rf-i cThe G&r%?@t‘-ﬂ beam gRyiftsr
resonator. The 11 28Befleqtis (e Emtdiret ni.680ami ehetgy alororuhed garbhaw ng
the 29  potgssi um,érﬁé anyl ﬁh@ﬁr%g; agair%&! Pl Chysbd %M&wen beam 30
the beampath wthin cavit resonator is
a 1.58 [err] mrekbnat 8PLELHR%3R £§ PRRIVRRUR 2 583’2’“ °‘§'tﬁ5’r§e al Ry \kiben a
pair of steeringavedgestpit fxdm the3B.58 azMBson;senllsB@rodiﬁbedrﬁsmmaﬂw is

formed by the 1':1'::‘::8 output of the laser while the 1.06 um .energy passes
16 back through the dichroic beam splitter 36 and a
17 portion of which passes through the mirrored surface
i8 18 while a portion is reflected back through the
19 beam splitter 36, transfer corner cube and back into
20 the secondary laser cavity 27.
21 The operation of the laser resonator is as
22 follows: Firing of the flashlamp causes the gain to
23 begin to buildup in the Nd:YAG rod 12. 1Initially, the
24 single pass loss of the saturable absorber 14 is high
25 and this loss combined with the out coupling mirror 18
26 losses prevents the buildup of laser oscillation.
27 Eventually, the round trip gain exceeds the round trip
28 losses and the 1.06 um field begins to grow in both
29 primary 1.06 um cavity 11 and the secondary 1.06 um
30 cavity 27. The feedback from the mirror in the
31 secondary 1.06 gm resonator 27 lowers the threshold at
32 which the 1.06 um oscillation will begin. As the 1.06
33 um field grows, the absorption loss due to the
34 saturable absorber 14 begins to saturate allowing yet
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8 1 26 which is 50%reflective of the158[err]mbeambut 2
transparent to the 1.06 [err]mbeam The 1.58 [err]mmrror

reflects 100% @;"&’Pﬁ energy while reflecting only 4 e 1.06
[err]mbeam{9 Imlarly, the 1.58 [err]m 5 resonator%ﬁ?’%ﬁg‘ggthe

mul ti - pass corner cube 22. 6 The 1.58 [err]moutput fromthe
dual resonant cavity 7 27 passes through the mrrored portion 26 and
S 8 coupl ed out of the systemas the erfer gy passes t hrough

the transfer corner cube 25 an S O di ch, C bea

splitter 36. The di cHPoTT F&ESH E'plngjistgei’r(:i'1 1. k? ”'Pefﬁme(?tds the{‘&w i % crli]e58

[err]menergy al éng téentgatessuntil 1the ahtweable | absoxher ageananississcond

glh chrOItﬁ beam ” 13 ltaaéfiifuéi'@é?e;@ k9 %&1@ lam$ Lebtlsmggisput 040.um pm
us, e ou rom.t he mreson

the 15 out dut FOYTR HAR St £ f’h e1oB [BF EhE chefg i el M g

back through the &i chtlvé c seesmdaglyi t resoBstamnd 297 grows, pbrtemntnfam ch

passes through the mfsQaesh %Jrlfe%@: at ré&ch Q\?B@Ex‘n‘% RoPBEL EQfvérted by
refl ected. back througr}‘t he eam sgl [ tte; transf er (ilor ne_rﬁ%ube

and back into pse%‘afﬁﬁﬁlysl 2 SBEOC f¥P; JoBger wavelengt
operation of the I amsystraélscsaatmgle dexermined?what otwovwsaveFengthp ard he

flashl anp causes ¢ he é!é’ﬁé’ré&d 2éhe Efg tai 03?%%]‘&“'%&”5‘ %& Nq’igso%b

12. In|t|aIIy the oss e satura

i ass
i s high 1%nd ‘F%‘P%er} oé@ &&?b SRt CXRFYut Bch| RRg BH BRRS “E’c‘?
26 | osses pr eveant s winelerigttheg) of |1B& gmcidrndat3oRé um. 27 In Exergumd |y,

the round trip gajn eﬂf%\;il?y r%élri&rametric oscillator, the non-
i3 linear conversion of the 1.06 um field to the longer
14 wavelengths causes the 1.06 um field to be depleted
15 and to cease oscillation before the stored energy in
16 the Nd:YAG rod has been fully extracted. This
17 residual stored energy can result in one or more
18 secondary 1.06 um and 1.58 um pulses. By placing the
19 OPC in a secondary 1.06 um cavity that does not
20 contain the 1.06 um gain medium, the non-linear
21 conversion process does not directly interact with the
22 1.06 pum field that extracts the stored energy in the
23 Nd:YAG rod 12. This allows the 1.06 um oscillation to
24 continue in the primary cavity 11 even as the 1.06 um
25 field in the secondary cavity 27 begins to be
26 depleted. The net result 1is a suppression of
27 premature termination of the 1.06 um oscillation.
28 That leads to a significantly reduced tendency for
29 secondary pulsing and increased conversion of 1.06 um
30 pump to eyesafe 1.58 um output.

31 The key to the compactness of the laser 10 is the
32 use of a dual path corner cube 22 along with a
33 transfer corner cube 25 and a single common substrate

34 mirror 16 having the four mirrored surfaces thereon to



28 | osses and the 1.06 [err]mfield begins to grow in both 29

primary 1.06 [err]mcavity 11 and the secondary 1.06 [err]m 30 cavity
27. The feedback fromthe mrror in the 31 secondary 1.06 [err]m
resonator 27 lowers the threshold at 32 which the 1.06 [err]m
oscillation w in. As the 1.06 33 [err]m field_grows

absor ption ngsmg%ge to the 34 sat ur abl e absor ber fg"‘yé

saturate all ow ng yet WO 96/ 30975

PCT/ US96/-04363 9 1 nore growth
of the 1.06 [err]lm field. This cycle 10 2 continues until the

sat ur abl e absor ber tr s_increased si gn fi ca,ntl ggnd a

. nsm ii g i g
Qswitch 1.06 [efr]m Bal %‘éef?fé" F84uReRPRFS 0B
[errImfield i n 2 5. t{Iheactezbracticeesointthas f@ﬁndgtha\s the tpresent

eventual |l y e%gg@ls C FaT=Yel t 0 dgly
7 the KTP crystal I nt &én"s\iﬁlttékr E=\%gvﬂe %1 % aPé}ﬁ-_aq %E’?“;E/s?g 33

angl e det er ni nes 4hat 198 PR3t gpgtlmetgr tgfbﬁ’é’PgFﬁﬁ ¥ MUPUL 38t al

33 and the angl eshas aesass of &§0mJ afhasputnat he. qawent'rhugsttzﬂe oRtphtas

to produce {zl%ﬂ Hat%é%h[a [ 5] 'iﬂaa 3R%§sLeEE] 58 }u{ﬁ &spure
al Ppara

12 |ntracaV|ty optlc ric oscillator,
conversion of théd 1. 0%hiavYedn withd FBethEfqld’ﬁ-&éFy °f14lnt’0ﬁPé’f’élYgt 9?0
causes the 1.06 [gerr]withaitd the haldipleimilsing problemdexperiasmed with

oscillation bef orge t?ﬁnsfﬂx%la‘;ﬂ%&giabgra?mw I tg@dll\&o\mGthreomeagfbgen

fully extracted. fored_energy can result in one
or nore 18 1GecofRmman Sukstrate] mizrgr 116sand  the, P tsrpasspeorpesi ng
t he 19 OPQi n aculse @alpnd. With ahel qransféy dorierdeabenzs to fozf

contain the 1.005 [eéﬁ %Q%ﬁgegég&%tcﬁﬁesy%ﬂiP@Q\Elts ifilan GYALRAS! ON
process does not direc eract
13 m:.m.atur:.zatlon of a laser transmitter to a very small

14 volume of space and also allows for a high degree of

15 alignment stability over extreme temperature and.
16 vibration environments. The illustrated laser
17 transmitter of Figure 1, however, should not be
18 considered as limited to the schematic shown but

19 should be considered illustrative rather than
20 restrictive.



22 1.06 [err]mfield thatextracts-the-stored energy in the 23

Nd_YAG rod 12. This allows the errlmascillation to 24 conti nue
inthe primary cavity 11 illllmﬂﬂu)“lgh““)h [err]m 25 field in the
secondary cavity 27 be depl et ed. The net

result is essi on 7 prenature term nati 1.06
[err]moscilﬁmt’i%%#gia 28 That leads to a significantly 3@3&% ndency
for 29 secondary pul sing and i ncreased conversion of 1.06 [err]m

30 punp to eyesafe 1.58 [err] m output. 31 The key to the
conpactness of the laser 10 is the 32 udd of a dual path corner cube
22 along with a 33 transfer corner cube 25 and a single common
substrate 34 mrror 16 having the four mrrored surfaces thereon to
WD 96/ 30975 CLAIMS: PCT/ US96/ 04363

10 1 formall of the optical resonators, as shown in Figure 2

1. In actual practices, it has found that the present 3 | aser
transmtter can be pI%. I a total volune of 4 Jess than 75 cubic

centimeters to prnoduce an but putlaser sysbem ¢kCkrsompgri@img:of output at

1.58 [err]m Thus, the oy I
pul se at 1.58 [err]rnl S H%E ﬁﬁvﬁﬁpeféﬁﬁﬁg eqah$f|C|en éﬁ}éﬁing
intracavity OPO3  mediug HRk tihﬂ;rqﬁntﬁqﬁ é’rmﬂ“ﬁlﬁgﬁr SeH ioén@ed
W th 9 an igntr aghvst WwadvedengeB® I n addition, the use of a

common substrategrirror 16 a ti S ong
with the transfergﬂcorner cubeedgfio"q’%a 1a%§§ %gggﬁatocouﬁ_l ééékonzzﬁz‘l'lsl
systemresults i ® an eRnegyed t°]§Fidrﬂ¥ﬂ@ﬁﬁklﬁﬁﬂqn§ﬁqyf(élpa§9'all°w a
transmitter to awerypéitidn of tKe ladérNEnédgys P M&Imﬁﬁw%ée&r a
high degree of 8 resonator (11) to pass into said secondary laser

9 resonator (27);

10 an optical parametric oscillator (27,33) located
11 intracavity of said secondary laser resonator (27),
12 said optical parametric oscillator (27,33) having a
13 nonlinear crystal {33) for producing a laser beam of
14 a second wavelength therefrom; and

15 a coherent beam output (40) coupled to said
16 optical parametric oscillator (33,27) for producing
17 an output beam of predetermined wavelength from said

18 ocptical parametric oscillator ‘resonator (27,33) of
19 said second wavelength, and to block the ocutput of
20 said laser beam of a first wavelength, whereby a dual

21 resonator combines a secondary laser cavity (27) and
22 an optical parametric oscillator cavity (27) to
23 produce a predetermined output wavelength.
1 2. A laser system (10) in accordance with claim
2 1 in which said laser system includes a common
3 substrate mirror (16) having a plurality of mirrored
4 surfaces (18,20,26,31) each having a predetermined
5 reflectance for predetermined wavelengths.



15 alignment stability over extrene tenperature and. 16

vibration environments._ d__laser 17 transmtter
of Figure 1, however ""ma““'muml“[“‘ considered as limted to
thehschenﬁtlc shown - *19c¢  shoul conS|dered illustrative
rather tha restrlctlve WD 96/ 30975

PCT/ US96/ 043‘83""&95 | claim 1 1. ATELEPWS em
(10) conprising: 2 a primary | aser resonator (11) having a

| asi ng 3 nedlun1(12) therein for producing a | aser beamof a 4
first r?velength a secondary 123ser resonat or (27)
optically connect rRsqna 0, o)
portion of the | hser energy %éésg. pri mamEi % %Q:rcog%)mé WEHI éfliﬁm

t0.pass into sai? sedomuawk}ld:}as%&ld Prl!l‘arYr é%%ﬁét’?ﬁsqlwr (11)1BHC1udes an
optical paranetrjc ogCikhtatgblé 2absbdbdr0qaug¢dlocatdd intrddardayi.ty of said

secondary | aser resonator (27), 12 said optical paranetric oscillator
(27,33) having a 13 nonl i near crystal (33) for produ0|ng a | aser beam
of 14  a setond waveBendt haséerrsysusn igndccordagce with glabmek cin

beam output  (40) CouRlRdshPaSPiskr systém iABludés PARIFIE corAgei &l O

33,27) for rodUC|

( ) P W%S) optically forming said primary laser resonator
4 (11) and said secondary laser resonator (27).
1 5. A laser system (10) in accordance with claim
2 1 in which said transfer corner cube (25) couples the
3 primary and secondary resonators (11,27).
1 6. A laser system (10) in accordance with claim
2 1 in which said optical parametric oscillator (27,33)

3 includes a downscope (34).

1 7. A laser system (10) in accordance with claim
2 1 in which said primary laser resonator (11) includes
3 a polarizing element (15} .

1 8. A laser system (10) in accordance with claim

1 in which said primary laser resonator (11) includes
a steering wedge pair (13) therein for beam alignment.

1 9. A laser system (10) in accordance with claim
2 1 in which said optical parametric oscillator (27,33)
3 includes a steering wedge pair (35) therein for beam
4 alignment.

1 10. A laser system (10) in accordance with claim
2 1 in which said primary laser resonator (11} active
3 medium (12) is Nd:YAG and produces and output
4 wavelength of 1.06 um.



17 an out put. beam of predeterm ned wavel ength from said 18 opti cal
patanetric. osj(ull lﬂ"(uﬂﬁ r (27.33) of 19 said second
wavel engt h, tput of 20 said | aser beamof a first
wavel engt h, mhereby a dual resonat or comnbi nes a secondary | aser
cavity (27) an optlcal parametric oscillator cavi t (27)
to Sﬂgﬂﬁﬂgwa predet er m ned out put wavel engt h. mmﬁ&n

| aser systen1(10) i n accordance with claim 2 1 in mhlch sai d Iaser
system includes a comon 3 substrate mrror (16) having a plurality
of mrrored 4 surfaces (18,20, 26,31) ¥3dch having a predetern ned
5 refl ectance for predeterm ned wavel engt hs. WO 96/ 30975

PCT/ US96/ 04363 12 1 3. A

| aser system (10Q in accoriddanée lasek system (10)2in accordbmcélwmnhiqmalmary

| aser resonator (211) 314 %ﬁih i\aTé coﬁxméﬁtblﬁﬁﬁf‘a@é’ ﬁ‘%&- Qiéz a.tts%d

|ntracaV|ty system1n accor
2 - which said | e?ser and, eWnc?%e§té‘ sPigrex cor RUrfagss ‘13'320
optically form ng sai thgrdoiyr edods aiirverohaving a pfedefidad mrasaiuince

secondary | aser scnggcg é?éﬁbfermlwﬁdlﬁavel%Pq A |l aser system (10) in
fan

accordance with c sal sfer corner cube (25)
coupl es the

1 12. A laser system {(10) in accordance with claim
2 1 in which said optical parametric oscillator (27,33)
3 includes KTP crystal tuned for 1.58 um wavelength
4 output.

1 13. A laser system (10) in accordance with claim
2 1 in which said secondary laser resonator (27) has an
3 extra-cavity first wavelength dump (32}.

1 14. A laser system (10) in accordance with claim
2 1 in which said coherent beam ocutput (36,38) includes
3 a dichroic beam splitter (36) which reflects said
4 second wavelength without reflecting said first
5 wavelength. '

1 15. A laser system (10) in accordance with claim
2 1 in which said saturable absorber (14,15) a chromium

3 ion doped YAG.



3 primary and secondary resonators (11, 27). 1 6. A | aser

system (10) in accordance with claim__ 2 1 in which said optical
parametric oscillator (27,33) 3 i ncl udes a downscope (34). 1

7. A laser system (10) in accordance with claim 2 1 in which said
primry Iaseiy+ tor (11) includes 3 a polarizing elenment (15).

1 8. system (10) in accordance with claim POIIUS whi ch
said primary |l aser resonator (11) includes 3 a steering wedge pair
(13) therein for beam alignnent. 1 9. Alaser system(10) in
accordance with claim 2 1 in which saldléptlcal parametric oscillator
(27, 33) 3 I ncl udes a steering wedge pair (35) therein for beam 4
al i gnment . 1 10. A laser system (10) in accordance with claim

2 <1 in which sdid pri mar;ﬁ.l aBemetbodnaforpyadycing iaecoherént heamumt

(12) is  Nd:YAG, andyy g&@ﬁ ha¥ihg O3t BYbdetermhined e R RAI bh w1 ehgth
[err]m WO 9673097
PCT/ US96/ 04363 3 comprising the steps of: 13

4 producing a laser beam of a first wavelength in
5 an active laser resonator (11) having a laser medium
6 (12) therein;
7 directing said laser beam of a first wavelength
8 through a mirror (18) partially reflective to said
9 first wavelength into a passive laser resonator (27);
10 producing a coherent light beam of a second
11 wavelength with an optical parametric oscillator
12 (27,33) located intracavity of said passive laser

13 resonator (27) and pumped by said laser beam of said
14 first wavelength;

15 outputing said coherent light beam of said
16 second wavelength from said optical parametric
17 oscillator (27,33) whereby multiple laser resonators
18 inlcudes an intracavity optical parametric oscillator

19 producing an output beam of a second wavelength.

17. A method of producing a coherent beam (40)
of light having a predetermined output wavelength in
accordance with claim 16 in which the step of
directing said laser beam of a first wavelength into
a passive laser resonator (27) includes folding said
laser beam with a transfer corner cube (25) from said

0 U WY e

active to said passive resonator (11,27).



A | aser stem (10) in accordance with claim 2 21in
V\:hLC.h. _sal_d co mm fﬂﬁ”ﬂmu or (16) has_1st, 3 2nd, 3rd and 4th
mrror surfac thereon each mrror having a

predefined refl ect ance *to a pr edet erm ned wavel engt h. 1
12. A |l aser 10) in accordance with claim 2 1 in which said
optical pararnet oscillator (27, 33) 3 I ncl udes KTP BWQFMned
for 1.58 [err] mwavel ength 4 out put . 1 13. A laser
system (10) in accordance with cI aim 2 1 in which said secondary

| aser resonator (27) has an extra-caddty first wavel ength dunp

(32). 1 se te 10) i.n accor ance 2
1 in which said Jcoherent ﬁ%a?ﬁ g‘é? ?g]ég’é%ﬁ“%?@ ﬁdﬁg erents eagn (iamh?gi c
beam splitter _(323) w!hnghtr efHatiing smi plredetelrmirm:mutpwmvmwe&@ﬁgthm imout
reflecting saidy éEordan?eF] wite! @1giR- 16 in whlch thed- sfebaSEE

system (10) in accor ance claim sai d saturable
absor ber (14, 15)%a cﬁFBﬁFﬁHg R ‘F‘B?‘F"iﬁ%edjl‘f‘ﬂﬁt eam °9V\¢?96F3'69‘?%
PCT/ US96/ 04363 5 wavelength includes producing a cocherent light beam

6 from a dual resonator (11,27) having a passive laser
resonator (27) and optical parametric oscillator
resonator (27).

‘o 3

19. A method of producing a coherent beam (40) of
light having a predetermined output wavelength in
accordance with claim 16 in which the step of
producing a laser beam of a first wavelength produces
a beam having a wavelength of 1.06 um and the step of
producing a coherent 1light beam of a second
wavelength produces a light beam having a wavelength
of 1.58 um.

@ 1] O N1 WD



14 1 16. A method of producing a coherent be i
(40) having a predeterm_ned output wavel ength 3 conp?{l”ﬁlﬂ"l"?‘liuﬁuhﬁm
of : 4 produci ng a | aser beam of a first wavel eng L san,
active |aser resonator (11) having a | aser nedium 6 * (12) therein;

7 dir ;sm,r,?aid | aser beam of a first wavel ength roygh a
mrror (18) gﬁ%tla y reflective to said 9 first \/vavelgﬁ-gtuﬁMﬂ'r’ﬁ)"’oi a

passive | aser resonator (27); 10 pr oduci ng a coherent |ight
beam of a second 11  wavelength with an optical paranetric oscillator
12 (27,33) located intracavity of said pas%q ve | aser 13 resonat or
(27) and punped by said | aser beam of said 14 first wavel engt h; 15
outputing said coherent |ight beamof said = 16 second wavelength from
said optical pérametric20. ¥ compact | mubeipley zssonpkowrblaner t Bgstemaser
resonators 182 i njipydeomprisRhgacavity optical paranetric oscillator

19 produci ng an out put beam,of a.second wavgl angth.. 1 17.

net hod of producigng a cohd STHPRRFARE MphrTor Zﬁﬁo?h?‘f’dfﬂ Ak, A IPAGE gthree
predet er mi ned output mixxmsirempnfaces (18,20a26038hnsberepnhpogitionedstoin
which the stepg of fornft refié€€idbiJ stifdced8SCfoP P Oledst | 'Slo Wa¥BLENIL h

I nt 5 ' I 27) _incl f.ql di d 6
| asor beamwith & 11 FRARRCESPalLhubD 1 287°Pr o SaRdd MIFrOR Prrfageeca ¢

passi ve resonat of?7 ( 1ha@ing diffeyemts/ 3@egfees of reflectance .for
PCT/ US96/ 04363 g predetermined wavelengths;
9 a multi-pass corner cube (22)is positioned to

10 fold the laser beams for at least the two laser
11 resonators (11,27) to thereby form at least £first and

12 second laser resonators with said mirrored substrate;
13 a laser medium (12) positioned in said first
14 laser resonator (11); and

15 - a transfer corner c¢ube (25) positioned to
16 transfer a laser beam from said first laser resonator
17 {11) to said second laser resonator (27) thereby
18 producing a compact multiple resonator laser system
19 (20). |

1 21. A compact multiple resonator laser system
2 {(10) in accordance with claim 20 having an optical
3 parametric oscillator (27,33) located intracavity of
4 said second laser resonator (27) to produce a beam of
5 predetermined wavelength.

22. A compact multiple resonator laser system
(10) in accordance with claim 21 having a beam output
from said optical parametric oscillator and in which
said output includes at 1least one dichroic beam
splittexr (386).
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A nmet hod of producing a coherent beam (40) of 2
I | gm ”! “lm | Hrm_lled out put wavel ength in 3 accordance wth
claim step of 4 pr oduci ng a coherent 1ight

beam of a second - wavel ength includes producing a coherent |i ght
beam é dual resonator (11,27) having a passi verd.

resonat or (v% and optical paranetric oscillator nator
(27). 1 19. A method of producing a coherent beam (40) of

2 l'i ght havi ng a predeterm ned output wavelength in 3 accordance
with claim 16 in which the step of 17 producing a | aser beam of

a first wavel ength produggs bea |n .
[err]mand the gtep of (\293 S?‘Sﬁﬁ%‘ murﬂ: fe gﬁgfﬁgﬁggk '13%? é;st%% a
second 7  \Ravel &t mrpmmnael winh Qbahmh&%h@ tdlmes%tﬂust 8
of 1.58 [err]m 3  jaser W2s9a882/%11) includes a saturable absorber Q-

PCT/ US96/ 04363 16 1 A
compact nul ti pl & r e RS (I]'&gér system 2 (10) conpri sing: 3
a substrate mrror (16) having at |east three 4 mrror surfaces

(18, 20, 26, 31) thereon DO%J'Oﬂe@oﬁ:ﬁact uﬁltliaQémﬂe%BhQEbfoﬁas%'ﬂ f%mfor
at least two | aser :

2 (10) in accordance with claim 20 in which said optical
3 parametric oscillator (27,33) has a non-linear crystal

4 (33) mounted therein.

25. A compact multiple resonator laser system
(10) in accordance with claim 20 in which said optical
parametric oscillator (27,33) has a downscope (34)
intracavity thereof.

L STV R S

26. A compact multipie resonator laser system
(10) in accordance with claim 20 in which each said
substrate mirror (16) reflectance is different for
different wavelengths.

oW N R

27. A compact multiple resonator laser system

(10) in accordance with claim 20 in which first laser

resonator (11) has a chromium doped YAG saturable
. absorber (14).

[ S S R

28. A compact multiple resonator laser system
(10) in accordance with claim 20 in which said first
laser resonator (11) has a polarizing element (15)

LI VVR S I

therein.

29. A compact multiple resonator laser system
(10) in accordance with claim 20 in which said second
laser resonator (27) has an optical parametric
oscillator (33) mounted intracavity thereof.

t
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6 resonators (11, 27), mrror surfaces 7 havi ng
different degrees of r_ef !ﬂ ﬁ@ﬂm 8 predet erm ned wavel engt hs;

9 a multi-pass corn S|t|onedto 10 fold the

| aser beans for at |east the t wo Iaser resonators (11,27) to

t hereby form f| rst and second | aser reson with said
mrrored subs?’bglféaﬁg a l aser medi um (12) posi t?%ﬁémai d
first 14 | aser resonator (11); and 15 a transfer corner
cube (25) positioned to 16 transfer a | aser beamfromsaid first

| aser resonator 17 (11) to said secondPaser resonator (27)

t her eby 18 roduci n npact ti esqQnator . | as stem
(10). 10 Pro0T "ad R ERReadE, mylsTple FaRbRaraE, Tasgk; yetem ;'
(10) in accordance wi hOL| dirm 2ochudange amidahl ciaim 203 mpawhn@hr isaid
oscillator (27,33 |ogatesidR} ey Wecehator 427) SBadl &erdl | dump

resonator (27) to pro?ggﬁ a beam of 5 pr edet er m ned wavel engt h.

1 - 22. A cothac ttiple resonator |aser system: =~ 2 (10) in

accordance with claim21 having a beam out put 3 fromsaid optical

parametric oscillator and in which 4 said output includes at

| east one dichroic beam 5 splitter (tSG?L' V\? 96/ 30975

PCT/ US96/ 04363 1 31. A compact multiple regonator laser system
2 (10)in accordance with claim 20 in which said laser

3 medium (12) in said first resonator (11) is Nd:YAG
4 rod.



1 23. A conpact nultiple resonator |aser system 2 (10) in

accordance with_claim?20 in which said first 3 laser_resonator (11)
i ncl udes a saturabl e absorber @ 4 switch (14). 1 24. A
conpact nultiple resonator |aser system 2 (10) in accordance with

claim 20 i n%’ﬁﬁai d opti cal 3 paranetric oscil I at cyaq‘?s;‘,a&g has a
crysta

non-1| i near 4 (33) nounted therein.
conpact nultiple resonator |aser sys e}’n 2 (10) in accordance Wi t h
claim 20 in which said optical ﬂar anetric :oscillator (27,33) has a

downscope (34) 4 intracavity ther eof . 1 26. A conpact
mul tiple resonator | aser system 2 (10) in accordance with claim20 in
whi ch each said 3 substrate mrror (16) reflectance is different for
4 di fferent wavel engt H§. 1 27. A conpact nultiple resonator
Iaser system 2 (10)~d g yth claim20 in which first |aser
3 :"resonator (11) has --em-ﬂm-doped-_ AG sat urabl e 4 absor ber
(14). 1 28. A4 . iNresonat or Faser system 2
(10) in accoedlance with clai 20 in which .sald first 3 | aser
resonator (1 has a pol@ri ziing el enent (15) 4  therein. 1
29. A conpact I e redegtor | aser syst em 2 & (10) in accordance
with claim20 i ich said s nd 3 ilaser regonator we7) has an
optical param€sic / 4 illator (33) nount ed/i ntracavi gy thereof.
s : Tt
H 3 =
=14
* ponl
y PR
1

1.58 pm output -
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18.. 1 30 A conmpact _miltiple resonator |aser system ?-M 10)
in accordance with claim 20 in which said 3 secondary | ase _
resonator (27) has a | aser beam dunp 4 (32). 1 o
conpact nultiple resonator |aser system 2 (10)i n accor dghshan
claim20 in whi gaCSRi d | aser worLo mNIeLLECTENI irRUMKTY Bjcaniarion d i1 s gg
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(5D Abstract

A laser system (10) includes an apparatus and method having a primary laser resonator (11) having a laser medium (12) therein for
producing a Jaser beam of a first wavelength and a second laser resonator (27) optically connected to the primary resonator (11) to allow
a portion of the laser energy from the primary laser resonator (11) to pass into the secondary laser resonator (27). An optical parametric
oscillator (27, 33) is located intracavity of the secondary laser resonator (27) and includes a non-linear crystalm (33) for producing a laser
beam of a second wavelength therefrom.




