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invention relates to | aser systens and in particular to high power, high
brightness solid state | aser systens. BACKGROUND OF

THE | NVENTIvOM98/2288%rs with short pul se duration with hi ghPEEERIYEMPity are
very useful for many applications that require high brightness (e.g.
material renoval for mcro- rrachi ning, X- ray generation, effi.cient.

non-|inear processes, etc.). ¢ hod for generating short
pul ses in solid state lasers is- ggn)g Rm s @swtching. The pul se
duration of.a conventional Qswtched |asers range from-5 ns to ~200 ns.
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t o bui | d legkedriasdre generates continuous or semi-continuous pulse trains, and the energy
per single picosecond pulse is on the order of nano-Joule. Many applications require
energy per pulse (not pulse train) in the range of ~1 to ~300 mJ; therefore, the above
methods require beam amplification in the range of ~103 to ~108. Regenerative or
multi-stage amplification can provide the high gain, but such amplifiers are very
expensive and /or complex for practical commercial systems.

What is needed is a better laser system for producing a pulsed laser beam with very
short mJ pulses.

SUMMARY OF THE INVENTION

The present invention provides a laser system which generates pulses with a duration
in the range of about 60 to 300 ps at an energy leve! of up to a few milli-Joules per
pulse (mJ/p) with near diffraction limited beam quality. A laser crystal is pumped
(excited) by dicde lasers. A resonator having at least two mirror surfaces defines a
beam path passing through the laser crystal. The beam path in the resonator is
periodically blocked by a first optical shutter permitting pump energy to build up in the
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except for a short period near the end of each punping period. Wile the
first optical shutter is open a second optical shutter blocks the light in
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is a dr a\/\f‘/’ntbe WRAREH from saitspsanatos sraudn the Ralanzationhea spiten | | ator. FIG 2

is a drawi ng showing the 50 mJ/p anplifiers layout. FIG 3 is a draw ng

ar i ng. <ot er HFRRRS Sy SR Wer Minel<” i SR dD i cipelfvioh the) Gs”
5A, 5B ankulised € bepa Pioghﬁecgtwstb% apove lages systemn |Pulsiedrinser kedmsiwithnt of
the presegherbpVeield Mexcess of 250 mJ per pulse have been achieved. Amplifier designs
are described for ~50, and 250 mJ/p at 1000 Hz. The laser system operafes below the
self focusing limit (B-integral), and at the saturation fluence for efficient extraction of the
energy from the laser medium. implementing this high brightness laser for nonlfinear
optical processes, micro-machining and more, makes it a very powerful and desirable
technology.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a drawing showing the major components of the master oscillator.

FIG. 2 is a drawing showing the 50 mJ/p amplifiers layout.

FIG. 3 is a drawing showing a four passes 250 mJ/p power amplifier configuration.
FIG. 4 is a drawing showing the 250 mJ/p power amplifier pumping configuration.
FIGS. 5A, 5B and 5C describe light pulses generated in a preferred embodiment of the
present invention.

FIG. & is a configuration for generating a fourth harmonic.

FIG. 7 is a drawing showing a picosecond pulse train pump an OPO.



FIG 6 is a configuration for generating a fourth harnonic. FIG 7 is a

drawi ng showi ng a pi cosecond pul se train punp an OPQO WO
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Pl COSECOND WS#R239$STEM FIG. 1 is a schematic di agram of apqurussseesl seed

| aser system The principal elenents are a di ode punped Nd: YAG rod, a
Qswitch controlled resonator, an acougto-optic nodel ocker for generating
very short pul ses and a Pockels cell controlled rel ease nmechani sm

D ode Punped Nd: YAG Rod A Nd: YAG polished rod 8 (3 mmdianmeter and 2.5 cm

| ong) |s | ongitudi naPETAILEPe PESCRIPTION ORSEHEJINMENTIONY 2 (SDL part #
SDL3245-J5). Diode punp array 2 is quasi- CWand is preferably run at 20%
duty factor (200 [err]s ON and 800 [err]s O:Fﬁl and 50 watt average power
(at 1 kHz). The diode array R R LASESHSYBTBYS nm whi ch corresponds to

strong abBie.pt liom sehdrhatio\diaffdin offe pheforrell sed! S sitel OtHE dirtipal
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sur f ace ocicousto-bpticr AGadedbcier Jopgenatating avedy shattepulses amaxanPotkeds Icenit i on

(~ 99. 8% cafirohél® fe1848d kagh hng wavel ength of the Nd: YAG | aser) and for
hi gh transm sisk?é(;n at 8%"%€ném the punp wavel ength). The punp light is

trapped in the laser rod via total internal reflection fromthe polished .
barrel (simlar to a fiber opbicts)PunpedNE&VAGURBE Ng efficiency. The front

osci 11t SNETAG hafified R b iy dmpler a5 20k ompndh iorafCoRELY phaeroses
at 1064 rbya 5 bar laser diode array 2 (SDL part # SQLS@#45-05). (Diote puimpcarfaasd isaquasi-
pol ar i 2ot BrEnGE R fir A 20% i faces B B N ped Bofendr migoman s ac:
as an optavezdge (pomeer(atHi kHz) PRTes dicde afeayiwal@fength @ hboat 808 ererwhieh t he
200 [err]gidpBndd o bty ABkoRticAlh tRE Nd:YAG. The output of the pump diodes are
collimated by an array of micro-lenses 4. A fast focusing lens 6 concentrates the pump
light at the back end of Nd:YAG rod 8. The back surface of the Nd:YAG rod 8 is
polished and coated for maximum reflection (~ 99.8%) at 1064 nm (the lasing
wavelength of the Nd:YAG laser) and for high transmission at 808 nm (the pump
wavelength). The pump light is trapped in the laser rod via total internal reflection from
the polished barrel (similar to a fiber optics) for high pumping efficiency. The front
surface of the Nd:YAG rod is cut at ~2 degraes to avoid parasitic oscillations and anti-
reflection (AR) coated for minimal insertion loses at 1064 nm.

Q-Switch Controlied Resonator
Polarization beam splitter 12 reflect S polarization and transmit P polarization.
Acousto-optic Q-switch (Brimrose Model FQQ-27-2-1064) 14 act as an optical shutter

which opens for about 100 ns only at the end of the 200 us pump duration to establish
a folded resonator 9 formed between the back surface 9A of Nd:YAG rod 8, the
polarization beam splitter 12 and the mirror surface 9B of high reflection 5 m concave
mirror 18. Since the Q-switch opens only at the end of the pump pulse for 100 ns, it
prevents stimulated laser amplification in resonance cavity 9 except for periods of

about 100 ns at the end of each 200 us pump period. FIG. 5A shows the periodic



a folded resonator 9 forned between the back surface 9A of Nd: YAG rod 8,
the polarization beamsplitter 12 and the mrror surface 9B of high
reflection 5 mconcave mrror 18. Since the Qswitch opens only at the end
of the punmp pulse for 100 ns, it prevents stinulated |aser anplification in
resonance céZWWzg?sexcept for periods of about 100 ns at tker/essxigbe each
200 [err]s punp period. FIG 5A shows t4he peri odic WO 98/ 22995
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Pul se Te9hno| o) 1FV-1 el's” ce 10|
normal | y/i'® 'Fﬂ@gﬂﬁﬁ iiokes t eoh‘-’oa% gbout ginghes dena) dahtapylses togmake adeursl ns to

cause a %ip flemriae modeidcker throughethbade:y AGUtsteam baa€ Bgalaubmaugaghety t he
pul se thraglﬁl&ha%he resonance cavity. FIG 5C denonstr %es the buil dup of the

150 ps p 1S RPN oE aBeNs 108 n%ﬂtéh%snd pheach 200 i3 pumperiod, ©single 2-

Rel easi ninchhend’plige oMiight BRI tsack&rd forth through the 3 1/2 foot long resonance
cavity 9 between mirror surfaces 9A and 9B and increasing in energy each time it
passes through Nd:YAG rod 8. The pulses pass unaffected through Pockels cell 10
(Fast Pulse Technology Model 1041FV-106) while it is turned OFF. Pockels celi 10 is
normally in its OFF condition and it can be turned ON in less then 3 ns to cause a 90
degree rotation of the laser pulse on each double pass of the pulse through the
resonance cavity. FIG. 5C demonstrates the buildup of the 150 ps pulse during the
100 ns interval that the Q-switch is ON.

Releasing the Pulse with Pockeis Cell
Mirror 18 permits a very small portion of the light in the pulse to leak through. The light
leaking through is detected by photo-detector 20. When the output of photo-detector
20 exceeds a trigger threshold of a delay generator (not shown), the delay generator
triggers the A/4 Pockels cell 10, which rotates the intra-cavity beam by 900 (2 passes).
(In Applicant’s preferred embodiment a 70 ns delay time is provided to allow plenty of



Mrror 18 permts a very small portion of the light in the pulse to |eak
t hrough. The light |eaking through is detected by photo-detector 20. Wen
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beam Fadsgdagnd tor puise edargy up to ~250 mJ/p the configuration shown in FIG. 3 is used.

Amplification for 50 mJ/p Laser System
The amplifier configuration in FIG. 2 utilizes diode pumped Nd:YAG modules that are
identical to the one described in the seed laser system. The beam diameter of the P
polarized beam out of the seed system is less than 1 mm. For efficient operation, a
beam expander 60 is used to increase the beam diameter to fill the amplifier's
aperture. Thin film polarizer 62 transmits the P polarized beam. Faraday rotator 64
rotates the beam by 450, and A/2 waveplate 66 rotates the beam back by 450. The P
polarized beam is transmitted through thin film polarizer 68 and through A/4 waveplate
70 toward amplifier module 72. The amplifier module consist of a 2D diode array with
microlenses for the fast axis, a focusing lens for longitudinal pumping of the Nd:YAG
rod which is coated on the back for high reflection at 1064 nm and high transmission at
810 nm. The beam thus makes two passes through amplifier module 72 and passes

back through A/4 waveplate 70 for a total rotation of the reflected bsam of 900 (two



rotates the beam by 45[er], and [err]/2 wavepl ate 66 rotates the beam back
by 450. The P pol arized beamis transmtted through thin film pol arizer 68
and through [err]/4 waveplate 70 toward anplifier nodule 72. The anplifier
nodul e consist of a 2D diode array with mcrolenses for the fast axis, a
focusi ng | eWO BB ongi t udi nal punpi ng of the Nd: YAG rod veoTadsewmogoat ed on
the back for high reflection at 1064 nmand high transm ssion at 810 nm
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power anplifiers. Qur preferred configuration for a 250 mJ/p systemis a
four-pass anplification fAmplificglonetst 255 MU L%l Bgstemcy as shown in FIG 3.
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rods 38 fiSudita potarizer beam splitter 30 and undergoes 459 rotation in the.Faraday rotator
32 and a minus 450 rotation in the A/2 waveplate 34. The P polarized beam passes
through polarizing beam splitter 36 for a first pass through the Nd:YAG rods 38 and 42.
The 900 rotator 40 cancels thermally induced birefringence, and corrector lens 46
compensates for thermal lensing of the Nd:YAG rods. Mirror 48 folds the beam for a

second pass and A/4 waveplate 44 rotate the polarization to S. The S polarized beam
reflects off polarizing beam spilitter 36 and folded again by mirror 50 passes for a third
pass through the Nd:YAG rods. Mirror 48 folds the beam again for a final forth pass,

and A/4 waveplate 44 rotates the polarization to P. The P polarized beam passes

through polarizing beam splitter 36, and A/2 waveplate 34 and Faraday rotator 32
provide 800 rotation; therefore, the S polarized beam reflocts off polarizing beam



The 90[err] rotator 40 cancels thernally induced birefringence, and
corrector lens 46 conpensates for thermal |ensing of the Nd: YAG rods.
Mrror 48 folds the beamfor a second pass and [err]/4 waveplate 44 rotate
the polarization to S. The S pol arized beamreflects off polarizing beam
splitter 36 V¥a®R285ded again by mrror 50 passes for a thi pdpssasdobr ough
the Nd: YAG rods. Mrror 48 folds the beamagain for a final forth pass, and
[err]/4 wavepl ate 44 rotates the polarization to P. The P polarized beam

passes th r 36, and [err]/2 vvavepl ate 34 and
Far aday r%@ﬁ@gﬁ%ﬁ{?pf@?ﬁggﬁﬁf‘?ﬁ%éh%ﬁm lon; therefore, the S polarized
beamreflects off polarizing beam WO 98/ 22995 .
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embodiment 3 arrays are provided for each Nd:YAG rod. The Nd:YAG rods are 1/4
inch in diameter and 8 cm long. The rods are cut with a slight angle to prevent parasitic
amplification. The peak power out of the amplifier is 250 mdJ / 150 ps which produces
1.7x109 watt pulses. With simple focusing we can exceeds 1015 watt/cm2 |

EFFICIENT NON-LINEAR OPTICAL CONVERSION
The output of the laser systems described above is at 1064 nm in the infrared. With
efficient harmonic generation and sum frequency generation in non linear crystals
Applicant has been able to extend the laser wavelength of diode pumped solid state
lasers into the visible and the ultra violet (UV). The conversion efficiency depends on
the laser and the non linear crystal parameters. Lasers with high peak power and
good beam quality are the choice for efficient harmonic generation and sum frequency
generation. By applying our picosecond pulse technology we can generate very high
peak intensity laser pulses at relatively low energy per pulse. Since the conversion
efficiency is proportional to the peak power, Eft (were E is pulse energy and t is pulse
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Using Applicant’s picosecond laser system, Applicant has demonstrated high
conversion efficiency in extra cavity single pass operation: 60% @ 532 nm from 1064
nm (Nd:YAG), 45% @ 355 nm from 1064 nm, and 25% @ 266 nm from 1064 nm. The
266 nm generation was done by SFG of 355 nm and 1064 nm (shown in FIG. 5). Only
LBO crystals were used. LBO crystals are superior in their ruggedness for commercial
and military applications. Techniques for converting the 1064 nm beam into the
shorter wavéle'ngths are well known in the laser art. For example, Chapter 10 of
Walter Koechner, Solid-State Laser Engineering, Springer Series, Springer-Verlag
Berlin Heidelberg, Germany, provides a good discussion of some of these techniques.

The laser system described in this disclosure with the HG & SFG is a powertul tool for
many applications: UV and x-ray (laser plasma generation) lithography, UV short
range communication, dentistry and micro-machining to mention few.
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t he target material). For very short pulses, the [err] scaling
(depending on the target material). For very short pulses, the t1/2 scalmg of the

ablation threshold changes to a nearly pulse-duration-independent behavior, By
shortening the pulse duration from 10 ns (conventional Q-switch laser) to 100 ps
(1/100 the duration) the ablation threshold (energy per unit area) would go down by a

factor of 10 (10012 = 10). The short pulse duration makes it possible to removes
material faster than the energy in the material can thermally conduct out of the material
being illuminated. Material removal in this pulse width time domain is inherently “cool
cutting” since substantially ali the material which is heated significantly is removed.
For many materials such as copper and gold, reducing the pulse below about 100 to
200 ps does not reduce the pulse energy required for ablation. For other materials

such as fused silica, the 1122 relationship applies down to a pulse duration of about 10
ps. This feature, negligible temperature rise in the adjacent material during cutting, is
important for applications like trimming sensitive components like resistors, capacitors
and inductors used in microelectronic circuits, cutting and drilling ceramics and many
other applications.
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For eye safety, wavelengths that are longer than 1.5 um are required. One option
would be to convert the laser output to longer wavelengths via optical parameter
oscillator (OPQO). We envision two approaches:

1) Utilizing the above described laser as a single pass through an OPO crystal (e.g.
KTP, KTA, etc.) to obtain the signal and idler. Dump the pump and idier wavelengths,

and utilize the signal output at greater than 1.5 um wavelength.

2) Operating the above described laser in a Q switched mode locked mode to provide
synchronous pumping to an OPO crystal, and cavity dumped the signal when it
reaches its peak.

FIG.7 is a schematic drawing of the second approach. For example, a mode locked Q
switched Nd:YAG laser system 60 (such as is described in FIGS. 1, 3 and 4) is used
for pumping an OPO 70. The output of the pump laser 60 is a train of ps pulses 62
under the Q switch envelop. The separation between the ps pulses is the round trip
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While the above description contains many specificities, the reader should not
construe these as flimitations on the scope of the invention, but merely as
exemplifications of preferred embodiments thereof. For example, persons skilled in
the laser art will recognize that ps pulses at a great many different wavelengths can be
generated using various combinations of HG, SFG and OPO optical elements. These
ps pulses can be used for remote sensing of atmospheric gasses and other elements.
Cross ps beams can be used to produce 3-D images. The beam can be used for 3-D
target ranging for very accurate range measurements. Persons skilled in the art will
also recognize that the diode pump lasers can be replaced with suitable arc lamps
and flash lamps. The pumbing arrangement could be continuous (CW) instead of
periodic as specifically described above. In the continuous case the pulses shown in
FIG. 5A would be side-by-side without any significant dead time. The preferred
embodiment described by reference to FiG. 1 would provide 1000 pulses per second,
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spaced albeah giveh000 second apart. By making the cavity length 7 feet
instead of 3.5 feet, we would permt two pulses to build up in the cavity
at the same tine, spaced about 7 ns apart. These pul ses could be rel eased
toget her so that the output of the |laser systemwuld be a series of pulses
in which two pulses at 7 ns intervals would be released at the rate of 1
KHz. Those skilled in the art wll envision many other possible
variations that are within its scopée. Accordingly, the reader is requested
to determ ne the scope of the invention by the appended clains and their

| egal equival ents and not by the exanples which have been given.
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is: 1. A solid state short pul se | aser system conpri sing: A a

| aser crystal; B) an optical punp arranged to punp said |aser
crystal; WO 9822995t | east two mirror surfaces defining a PGEESIHIY said
resonator defining a beampath which transits said | aser crystal; D)
a first optical shutter installed wthih said beam path for bl ocking

passage s . ] ai d beam path except for short periods of tinme, said
first op??'&%l'gglé"ﬁ%he@' defining an ON period and an OFF peri od; E

) a
second optical shutter installed within said resonator f i
passage Qaf |i ghiolidl BtatesKort g@g@@sgfs@@ﬁ%mgﬁgn@eri odi ¢ sﬂ!l'lluﬂﬁﬂmgumﬁ", |
i nterval s, salg I nt erval ? el ng spaced such that during each” ON pdridd &
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Claim1, wherein said optjcal pu onprises gt least one | aser di gde
array. ﬁ\gﬂt in” gaid,Bpam d{)ﬂté é’xF%‘gte{‘T’?s%?/’theﬂﬁrﬁ’gsi% time, sqid firghapiical Sg‘é!gﬂr | aser
di ode ar rdafining andDN peribe dnd @an[@FFF pelicdtal | y punp said | aser crystal to define

Wher e n sai o Ehdspeonritigetical shunér BSRIsaRAE oo fachbRlr By oodhd 1 71
| aser crpassage oklight in saidresengien exsephios pergdic sub nanpsecondiintetvalhaaid n sai d
'Oasﬁr <13r mbﬁ)a_lé §eiﬁ? @S];aé@%tﬁhytﬁ_ﬁta&fringﬁeach ON $aRbd aPight ﬁuis_asﬁéveﬁm lf @P_ué‘shi il
alm 1 BELS o7 ight fn ShidTesomator & able 1o make & pluraity o trahsib thiough said °™
resonator, increasing in intensity on each transit to defined an intensified pulse;
F) an optical release mechanism for periodically releasing intensified pulses
from said resonator, said periodically released intensified pulses defining an

intensified pulse laser beam.

2. A short pulse laser system as in Claim 1, wherein said optical pump comprises
at least one laser diode array.

3. A short pulse laser system as in Claim 2, wherein said laser diode array is
controlled to periodically pump said laser crystal to define periodic pumping periods.

4, A short pulse laser system as in Claim 2, wherein said laser diode array is
controlled to continuously pump said laser crystal.

5. A short pulse laser system as in Claim 1 whersin said laser crystal is a Nd:-YAG
crystal.

6. A short pulse laser system as in Claim 1 wherein said first optical shutter is an
acousto-optic Q-switch.
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11 wher eimechainismptompiisdsya Bbclaisocksl. punped Nd: YAG rods are configured to
provide for nultiple double passes of pulsed | aser beams through the Nd: YAG
rods. 13. A diode punped solid state short pulse |aser systemas in Caim
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punped bycomppises alRockelsfcell.aser di ode arrays. 15. A solid state short
pul se | aser system conpri sing:
10. A short pulse laser system as in Claim 1 and further comprising a laser ampiifier
for amplifying said intensified pulse laser beam.

11. A short pulse laser system as in Claim 10 wherein said laser ampiifier
comprises a plurality of diode pumped Nd:YAG rods.

12. A short pulse laser system as in Claim 11 wherein said plurality of diode
pumped Nd:YAG rods are configured to provide for multiple double passes of pulsed
laser beams through the Nd:YAG rods.

13. A diode pumped solid state short pulse laser system as in Claim 10 wherein
said laser amplifier comprises a plurality of diode pumped Nd:YAG rods configured to
to provided for at least 4 passes of pulsed laser beams through said Nd:YAG rods.

14. A diode pumped solid state short pulse laser system as in Claim 13 wherein
each of said Nd:YAG rods are pumped by a plurality of laser diode arrays.

15. A solid state short pulse laser system comprising:
A) a laser crystal;
B) a pumping means for pumping during said pumping times said laser crystal;
C) a resonator means comprising at least two mirror surfaces for creating a
iaser resonator defining a beam path passing through said laser crystal;
D} a first shutter means for blocking light in said resonator except for short time
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travel ing at Eha sgead sliuttergheamns ferabldcking dight dn said adsonatar exdept dor
pluralit LT [t S | o ' e | | on
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Claim 15trf¥7‘t§lf§tﬁ'rdmﬁﬁ3§taih ﬁ:sthQ im$mméh§g%%éa¢m?éfigitpam | aser di Sdf
array. : shor se laser, s emas.in im erein sai aser
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periodi ¢ punping periods. 18. A short pulse |aser systemas in C aim1l6,
wherein I d l,Rde | r { i : | d

| aser cr?g’t al.}.\a&%t. gb%gsﬁgé{ g%ﬂ?@eaggéeggﬁgtsé%v%g&%n ﬁdr#’l'@&\mgéﬁ n said
| aser cr $omgrisgssatjeag -opadasar@indgiaraypo. A short pul se | aser- systemas in
Claim 16 wherein said first shutter neans conprises an acousto-optic
Qswtch, 21 A shart pul se | aser ,syste s in Clai,m15 wherein said
second sHdtt ef WQn@;‘ﬁﬁ% i"§¥§teg'na%18b§iq‘@?{ét"f’@rﬁﬂd\i&g]&%@%ﬁéﬂm}' B short
pul se | asentroilesite pedsdicallyGhamprsdit ladee ceyjstal $o definecpaitalicopumpiag pedbds)

18. A short pulse laser system as in Claim 16, wherein said laser diode array is
controlied to continuously pump said laser crystal.

18. A short pulse laser system as in Claim 16 wherein said laser crystal is a
Nd:YAG crystal.

20. A short pulse laser system as in Claim 16 wherein said first shutter means
comprises an acousto-optic Q-switch.

21. A short pulse laser system as in Claim 15 wherein said second shutter means
comprises an acousto-optic mode locker.

22. A short pulse laser system as in Claim 15 wherein said resonator means also
comprises a polarization beam splitter and said optical release means comprises a
Pockels Cell for rotating polarization of pulses within said resonator.

23. A short pulse laser system as in Claim 15 wherein said laser crystal is a
Nd:YAG crystal, said pumping means comprises at least one diode laser, said first
shutter means comprises an acousto-optic Q-switch, said second shutter means
comprises an acousto-optic mode locker and said resonator means also comprises a
polarization beam splitter and said optical release means comprises a Pockels Cell for



conprises a polarization beamsplitter and said optical rel ease neans
conprises a Pockels Cell for rotatin oI ar| zatlon of pulses within said
resonator. 23. A short pul se I | CI aim15 wherein said

| aser crystal is a Nd: YAG crystal ans conprises at |east
one di ode | Ye@98/2299%i d fir st shut t ef rreans corrprl Ses an acoRCI/GSH3/e0L

Qswi tch, said second shutter neans coqgrises an acousto-optic node | ocker
and said resonator neans al so conprises a polarization beamsplitter and
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16 rotating polarization of pulses within said resonator. A short
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plurality of di ode punped Nd: YAG r ods. A short pul se | aser system as

in Caimgb wherdhbh Eé‘lfsg RSHF %yéﬁtsm g.fs @ eﬂﬁmpﬂwﬁ it X481 887 &h lifier

configured to prOV|d passes o pul’sed Taser
t hrough t$RMAUSes APIHGLY. ofdp)de PWB%’OWYM 198s) aser systemas in C a| m 26
wher ei n sai d | aser anplifier conprises a plurality of di ode purrped Nd: YAG

d f t or at st 4 es of beans
e on e ¥ sl Bt RS Vslet ¥ in. G 25 Nrein i PR, of Hohes
| aser sysptﬂnpmsNdrVKGaods are edrdigared teaprbvndé foramaitipld: dobbler pabsesarot ppiseged by

a pluralij SH [ A di ode punped solid state short
pul se Iasgg IJ[s)‘;esaJt em (F:OO%QHEJ\B?@G?MS A) a Nd: YAG rod; B) a di ode

array arranged to punp said Nd: YAG rod; C a Qswitch controlled
resonat or2Zz.onX IshoRgpulse laser system as in Claim 26 wherein said laser amplifier

| comprises a plurality of diode pumped Nd:YAG rods configured to to provided for at
least 4 passes of pulsed laser beams through said Nd:YAG rods.

28. A diode pumped solid state short pulse laser system as in Claim 27 wherein
each of said Nd:YAG rods are pumped by a plurality of laser diode arrays.

29. A diode pumped solid state short pulse laser system comprising:

A) a Nd:YAG rod;

B) a diode array arranged to pump said Nd:YAG rod;

C) a Q-switch controlled resonator comprising:

1) a Q-switch

2) at least two reflecting surfaces defining a resonator, said Q-switch
defining an ON period and an OFF period,

3) a polarization beam splitter;

D) an acousto-optic window installed within said resonator for blocking the
passage of light in said resonator except for periodic sub nanosecond intervals, said
intervals being spaced such that at least one light pulse defining a polarization and
traveling at the speed of light in said resonator is able to make a plurality of transits
through said resonator, increasing in intensity on each transit;

E) a polarization rotator for periodically rotating the polarization of said at least
one puise to permit pulses to be released from said resonator in a pulsed beam to



1) a Qswtch 2) at least two reflecting surfaces defining a

resonator, said Qswitch definj M\ﬂnland an OFF peri od,

3) a polarization beam spli tte“‘ﬂ‘ﬁ“\“ﬂm oust o-optic window i nstalled
within said resonator for blockingcthe phssagé of light in said resonator
except for pP¥@P8RPY sub nanosecond intervals, said intervaberiosingpospaced
such that at |east one |light pulse defining a polarization and traveling at
the speed of light in said resonator i ¥ aple to make a plurality of
transits 4.h 1 s [hcreasing in intensity on each transit;
E) a pol grﬁfﬁ;é;??@rtlér?%@ac{@?Q%&Qﬁ%ﬁrﬂdi cally rotating the pol arization of
said at | east one pulse to permt pulses to be released fromsaid resonator

in a pul 38d baafisdedpumped solid state\¥RoRHUWHRNSer system as in Claim 30 and further
PCT/ US97/.180Q9, define an
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