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SYSTEMAND METHOD FOR AMPLFYING 
AN OPTICAL PULSE AND PUMPING LASER 

THEREFOR 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

This application is a continuation of application Ser. No. 
08/787,991, filed on Jan. 23, 1997, which issued as U.S. Pat. 
No. 5,790.303 on Aug. 4, 1998. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to the field of lasers, and 

more particularly to lasers for pumping optical amplifiers. 
2. Description of the Background Art 
Known amplifier systems employ a source laser, an ampli 

fier, and a pump source to transfer energy to the amplifying 
medium, to generate amplified laser light. The source laser 
emits a beam of laser light that is amplified as it passes 
through the amplifier. The energy for the amplification is 
provided to the amplifier by the pump source, which is typi 
cally a laser. A pump laser generally includes a laser medium 
element, positioned between a high reflector and an output 
coupler, and a pumping means. The pumping means excites 
the atoms of the medium element into a metastable state. The 
relaxation of the excited atoms is accompanied by the emis 
sion of light, which is reflected back and fourth between the 
high reflector and the output coupler, and the growing 
reflected wave induces the emission of additional light into 
the reflected wave state. As the wave continues to grow, the 
output coupler allows a portion of the reflected light to pass as 
the output beam of the pump laser. 

It is obviously desirable that the pump laser be efficient, 
powerful, reliable, and convenient to set up and operate, but 
often there is tension betweenthese various design objectives. 
For example, diode lasers provide a very efficient pumping 
means and are more durable than lamps, but the output energy 
of known diode-pumped lasers has been too low for them to 
function effectively as amplifier pumping lasers. Further, 
Some prior diode-pumped systems require that the pitch of the 
diode emitters be carefully matched and aligned to the optical 
path within the media element, reducing convenience of 
assembly. 
More powerful pump lasers exist, but in each case the 

power increase comes at the expense of one of the other 
design objectives. For example, more power can be obtained 
by using gas filled lamps to excite the pump laser lasing 
medium, but these systems are less efficient, less reliable, and 
less robust. Additionally, Such lasers generally have signifi 
cant cooling requirements and require a special power Ser 
vice, as opposed to a standard 11OV AC outlet. 

Thus, there is a need for a laser amplifier system capable of 
producing an output that is orders of magnitude higher in 
energy than known diode-pumped systems. It is also desir 
able that the amplifier system be efficient, reliable, and con 
Venient to set up and operate. 

SUMMARY OF THE INVENTION 

The present invention is an efficient, powerful and reliable 
optical amplification system. Seed-pulses are generated by a 
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2 
seed-pulse source and are transferred to an optical amplifier 
for amplification. The powerfor the amplification is provided 
by a Q-switched, diode-pumped, intracavity-doubled ampli 
fier pump laser. 
One embodiment of the amplifier pump laser includes a 

laser medium element that is pumped by a plurality of diode 
lasers to emit a beam of light at a first frequency along an 
optical path passing through the element. The pump laser also 
includes at least one reflector and an output coupler, for 
redirecting the beam along the optical path to establish an 
optical resonator. A Q-switch is disposed in the optical path to 
selectively frustrate or permit optical resonance, thereby 
enabling the laser to produce high-power output pulses, as 
opposed to low-power, continuous output. The output power 
of the pump laser is further enhanced by including a doubling 
crystal within the optical cavity. The doubling crystal is dis 
posed in the optical path and converts a portion of the original 
oscillating wave to a new wave having twice the frequency of 
the original. The output coupler is highly reflective to the 
original frequency, but highly transmissive to the doubled 
frequency, and, therefore, passes the doubled frequency wave 
as output. 

There are several specific embodiments of the amplifier 
pump laser of the present invention. One embodiment is 
characterized by a beam that is directed between two reflec 
tors, along a folded optical path, by a beam director and an 
output coupler. Another embodiment is characterized by a 
straight optical path between one reflector and the output 
coupler. Finally, there are uni-directional and bi-directional 
ring configured embodiments. 
One embodiment of the optical amplifier of the present 

invention is a regenerative amplifier which includes a gain 
medium element within an optically resonant cavity, a cap 
turing means for Switching seed-pulses into the cavity, and an 
ejecting means for Switching amplified pulses out of the cav 
ity. The output beam of the amplifier pump laser excites the 
gain medium, which amplifies the seed-pulse as it oscillates 
within the cavity. After amplification, the ejecting means 
switches the amplified pulse out of the cavity as the amplifi 
cation system output. 

Other embodiments of the optical amplifier include a ring 
configured regenerative amplifier and a multi-pass “bowtie' 
amplifier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the preferred optical amplifi 
cation system of the present invention; 

FIG. 2 is a block diagram of the diode-pumped, 
Q-switched, intracavity-doubled pump laser of FIG. 1; 

FIG. 3 shows an end view of the laser medium element of 
FIG. 2: 

FIG. 4 is a block diagram of the optical amplifier of FIG.1; 
FIG. 5A is a block diagram of an alternate amplifier pump 

laser; 
FIG.5B is a block diagram of an alternative amplifier pump 

laser having a bi-directional, ring configuration; 
FIG.5C is a block diagram of an alternative amplifier pump 

laser having a uni-directional, ring configuration; 
FIG. 6A is a block diagram of an alternate ring-configured 

optical amplifier, and 
FIG. 6B is a block diagram of an alternate multi-pass 

optical amplifier. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

The present invention provides an efficient, powerful, reli 
able, and convenient optical amplification system. Numerous 
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details, such as the number of diode lasers and the use of a 
regenerative amplifier, are provided for the sake of clarity, but 
it will be obvious to those skilled in the art that the invention 
can be practiced apart from these specific details. In other 
instances, details of well known equipment and processes are 5 
omitted so as not to obscure the invention. 

FIG. 1 shows an optical amplification system 100, includ 
ing a seed-pulse source 110, an optical amplifier 112, and an 
amplifier pump laser 114. Seed-pulse source 110 generates 
seed-pulses and sends them via optical path 116 to optical 
amplifier 112. Amplifier pump laser 114 generates pump 
pulses which are directed along optical path 118 into ampli 
fier 112. Amplifier 112 uses the optical energy of the pump 
pulses to amplify the seed-pulses and emits the amplified 
pulses along optical path 120. 

Seed-pulse source 110 includes pump laser 122 and oscil 
lator 124. Pump laser 122 provides optical energy, via optical 
path 126, which excites oscillator 124 to emit the seed-pulses 
along optical path 116. In the preferred embodiment, pump 20 
laser 122 is a continuous-wave laser and oscillator 124 is a 
titanium-sapphire oscillator. Seed-pulse sources are well 
known in the art, and therefore will not be discussed in greater 
detail. 

FIG. 2 shows a detailed view of amplifier pump laser 114, 25 
including a first reflector 202, a Q-switch 204, a laser medium 
element 206, a plurality of diode lasers 208, a second reflector 
210, an output coupler 212, a frequency altering device 214. 
and a third reflector 216. In the preferred embodiment, laser 
medium element 206 is a cylindrical rod of neodymium- 30 
doped yttrium-lithium-fluoride (YLF), but those skilled in the 
art will understand that the invention may be practiced with 
alternate active elements, such as erbium (Er) holmium, (Ho) 
or thorium (Th), or alternate carriers such as glass, Vanadate, 
or yttrium-scandium-gallium-garnet (YSGG). Diode lasers 35 
208 are disposed along the lateral surface of laser medium 
element 206, and when provided with electrical current emit 
laser light into element 206 which excites the atoms of ele 
ment 206 to a metastable state. The relaxation of the excited 
atoms is accompanied by the emission of light of a first 40 
frequency (w). Some of which travels along a folded optical 
path 218. 

Reflectors 202 and 216 are positioned at opposite ends of 
optical path 218, and each respectively has a reflective surface 
220 and 222 which is substantially perpendicular to an inci- 45 
dent segment of optical path 218. Therefore, any light travel 
ing along optical path 218 which is incident on either reflector 
202 or 216 is reflected back along optical path 218. Reflector 
210 and output coupler 212 fold optical path 218 to pass 
between reflectors 202 and 216, through Q-switch 204, laser 50 
medium element 206 and frequency altering device 214. As 
the light oscillates back and forth between reflectors 202 and 
216, the growing reflected wave induces the emission of 
additional light into the reflected wave state, thus amplifying 
the reflected wave. 55 

Q-switch 204 is disposed in optical path 218 between 
reflector 202 and laser medium element 206 and selectively 
frustrates or permits oscillation. When oscillation is frus 
trated, the excited atoms are not induced to emit light, and the 
number of excited atoms can, therefore, be greatly increased. 60 
Then, when Q-switch 204 permits oscillation, a powerful 
pulse will be generated as the large number of excited atoms 
drop to the lower state, emitting light as they make the tran 
sition. Many Q-switching arrangements are known, includ 
ing, but not limited to, bleachable absorbers that become 65 
transparent under illumination, rotating prisms and mirrors, 
mechanical choppers, ultrasonic cells, and electro-optic shut 

10 

15 

4 
ters such as Kerr or Pockels cells. The present invention 
contemplates the use of any such Switching device. 

Frequency altering device 214 is disposed in optical path 
218, between reflector 216 and output coupler 212. In the 
preferred embodiment, frequency altering device 214 is a 
lithium-triborate (LBO) doubling crystal, but those skilled in 
the art will understand that the invention may be practiced 
with alternative doubling crystals, including but not limited to 
beta-barium-borate (BBO), potassium-titanyl-phosphate 
(KTP) and potassium-dihydrogen-phosphate (KDP). As the 
light of frequency (w) emitted by laser medium element 206 
travels along optical path 218 through device 214, the fre 
quency of a portion of the beam is doubled, creating a second 
wave at the doubled frequency (2w). Output coupler 212 is 
designed to be highly reflective to the first frequency (w) but 
transparent to the second (2w) frequency, and therefore 
passes the second (2w) wave as an output pulse along optical 
path 118. The intracavity disposition of device 214 is advan 
tageous over prior art systems which positioned the doubling 
crystal between the amplifier pump laser and the optical 
amplifier. Since the reflected (w) wave makes multiple passes 
through device 214, the doubling efficiency is greatly 
increased, resulting in an increase in output power. 

FIG. 3 shows an end view of laser medium element 206, 
taken along optical path 218. The plurality of diode lasers 208 
are disposed along the circumference of medium element 206 
which, except for openings through which diode lasers 208 
emit their light, is surrounded by a highly reflective material 
310. The reflective material 310 increases efficiency by insur 
ing that the light emitted by diode lasers 208 makes several 
passes through medium element 206, thus increasing the 
opportunity for absorption. Those skilled in the art will under 
stand that a suitable choice of neodymium concentration in 
the YLF or a suitable distribution of the pump diodes around 
the rod could eliminate the need for the reflective material. 
Those skilled in the art will also understand that the laser 
beams emitted by diode lasers 208 are typically diverse, and 
are shown in FIG. 2 as narrow rays for the sake of clarity. 

FIG. 4 is a block diagram detailing optical amplifier 112, 
which includes again medium element 402, first and second 
reflectors 404 and 406, first and second Pockels cells 408 and 
410, a polarizing beam splitter 412, and first and second beam 
directors 414 and 416. In the preferred embodiment, gain 
medium element 402 is a cylindrical rod of titanium-doped 
Sapphire (Ti: AlO) having a first end Surface 418 and a 
second end surface 420, each formed by a Brewster cut. 
Reflectors 404 and 406 each have a highly reflective surface 
422 and 424 respectively, and are positioned facing each other 
at opposite ends of gain medium element 402 with their 
reflective surfaces 422 and 424 perpendicular to an optical 
path 426 passing through both end surfaces 418 and 420 of 
gain medium element 402. First and second Pockels cells 408 
and 410 are disposed in optical path 426, between gain 
medium element 402 and first and second reflectors 404 and 
406, respectively. Polarizing beam splitter 412 is disposed in 
optical path 426 between gain medium element 402 and sec 
ond Pockels cell 410. 

During operation, seed-pulses emitted by seed-pulse 
Source 110 along optical path 116 impinge on first end Surface 
418 of gain medium element 402. Although the angle appears 
smaller in FIG. 4 for purposes of illustration, optical path 116 
forms an angle of about 114 with optical path 426. The 
reflected seed-pulse is polarized, and optical path 116 is ori 
ented relative to gain medium element 402 such that the 
polarized seed-pulse is reflected along optical path 426 
toward first Pockels cell 408. First Pockels cell 408 selec 
tively switches a seed-pulse into optical amplifier 112, where 
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the pulse is amplified during several passes along optical path 
426 between reflectors 404 and 406. 
The energy for the amplification that occurs in optical 

amplifier 112 is provided by amplifier pump laser 114. First 
beam director 414 redirects the pump light emitted from 
amplifier pump laser 114 along optical path 118 to impinge on 
first end surface 418 of gain medium element 402. The pump 
light passes through first end surface 418 and is absorbed by 
the atoms of gain medium element 402, exciting them to a 
metastable state. The excited atoms are induced by the oscil 
lating seed-pulse to re-emit the absorbed light into the seed 
pulse state, thereby amplifying the seed-pulse. After a num 
ber of passes between first and second reflectors 404 and 406 
along optical path 426, second Pockels cell 410 ejects the 
amplified pulse by altering its polarization Such that polariz 
ing beam splitter 412 directs the pulse toward second beam 
director 416, which in turn directs the pulse along optical path 
120 out of optical amplifier 112. Those skilled in the art will 
understand that there are many optical Switching techniques 
that can be used to Switch pulses into and out of the regen 
erative amplifier resonator. These include a single Pockels 
cell, multiple Pockels cells, a combination of a Pockels cell 
and a wave plate, acousto-optic cells, Faraday isolators, and a 
multitude of other combinations of the foregoing. The inven 
tion contemplates the use of each of these and other types of 
Switching techniques, and is limited only by the appended 
claims. 

While amplifier 112 of the preferred embodiment of the 
invention has been disclosed as a linear regenerative ampli 
fier, it will be obvious to those skilled in the art that the 
invention may be practiced with other types of optical ampli 
fiers. In fact, the invention contemplates the use of other types 
of amplifiers, and is limited only by the appended claims. 

FIG. 5A is a block diagram of an alternate amplifier pump 
laser 114a characterized by a straight-line optical path 502. 
Alternate pump laser 114a includes a laser medium element 
504, a plurality of diode lasers 506, a reflector 508, an output 
coupler 510, a Q-switch 512, and a frequency altering device 
514. Diode lasers 506 are disposed along the lateral surface of 
laser medium element 504, and when provided with electrical 
current emit laser light into element 504 which excites the 
atoms of element 504 to a metastable state. The relaxation of 
the excited atoms is accompanied by the emission of light of 
a first frequency (w). Some of which travels along optical path 
SO2. 

Reflector 508 and output coupler 510 are positioned to face 
each other at opposite ends of optical path 502. Reflector 508 
and output coupler 510 each have a reflective surface 516 and 
518 respectively which is substantially perpendicular to opti 
cal path 502. Therefore, any light traveling along optical path 
502 which is incident on either reflector 508 or output coupler 
510 is reflected back along optical path 502. As the light 
oscillates back and forth between reflector 508 and output 
coupler 510, the growing reflected wave induces the emission 
of additional light into the reflected wave state, thus amplify 
ing the reflected wave. 

Q-switch 512 is disposed in optical path 502 between 
reflector 508 and laser medium element 504 and selectively 
frustrates or permits oscillation. When oscillation is frus 
trated, the excited atoms are not induced to emit light, and the 
number of excited atoms can, therefore, be greatly increased. 
Then, when Q-switch 512 permits oscillation, a powerful 
pulse will be generated as the large number of excited atoms 
drop to the lower state, emitting light as they make the tran 
sition. 

Frequency altering device 514 is disposed in optical path 
502, between laser medium element 504 and output coupler 
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6 
510. As the light of frequency (w) emitted by laser medium 
element 504 travels along optical path 502 through device 
514, the frequency of a portion of the beam is doubled, cre 
ating a second wave at the doubled frequency (2w). Output 
coupler 510 is designed to be highly reflective to the first 
frequency (w) but transparent to the second (2w) frequency, 
and therefore passes the second (2w) wave as an output pulse 
along optical path 118. 

FIG. 5B shows an alternate bi-directional, ring-configured 
amplifier pump laser 114b, which could be substituted for 
amplifier pump laser 114. Pump laser 114b is characterized 
by a triangular optical path 520, and includes a laser medium 
element 524, a plurality of diode lasers 526, a first beam 
director 528, a second beam director 530, an output coupler 
532, a Q-switch 534, and a frequency altering device 536. 
Diode lasers 526 stimulate laser medium element 524 to emit 
light of a first frequency in both directions along optical path 
520. As described above, Q-switch 534 pulses laser 114b, and 
frequency altering device 536 doubles the frequency of a 
portion of the light passing therethrough. Beam directors 528 
and 530 are disposed at two of the vertices of optical path 520 
to direct light incident from one leg of optical path 520 along 
the adjacent leg. Output coupler 532 is disposed at the 
remaining vertex of optical path 520 and is designed to reflect 
light of the first frequency and transmit light of the doubled 
frequency as output beams along optical paths 118 and 538. 

It will be clear to one skilled in the art that optical path 520 
need not be triangular. With the addition of an appropriate 
number of beam directors optical path 520 could be shaped as 
any multi-sided polygon. Further, additional laser medium 
elements may be disposed in one or more of the additional 
legs to create a more powerful multi-element laser. All such 
modifications are considered to be within the scope of the 
present invention. 
The dual output is a result of the bi-directional operation of 

laser 114b. Light traveling along optical path 520 in a clock 
wise direction will be emitted along optical path 118, whereas 
light traveling along optical path 520 in a counter-clockwise 
direction will be emitted along optical path 538. Bi-direc 
tional operation is desirable when two output beams are 
required. When only one output beam is required, the second 
beam results in wasted power and uni-directional operation is 
preferred. 

FIG. 5C shows an alternate uni-directional, ring-config 
ured amplifier pump laser 114c, which could be substituted 
for amplifier pump laser 114. Ring laser 114c is substantially 
identical to ring laser 114b described above, but includes an 
additional uni-directional device (optical diode) 550. Typi 
cally, optical diodes include a Faraday rotator, an optically 
active crystal and a Brewster plate. Faraday rotators rotate the 
polarization of a beam in a direction of rotation that is not 
dependent on the direction of travel of the wave, but the 
direction of rotation by the optical crystal does depend on the 
direction of travel of the wave. Therefore, in one direction the 
effect of the two components combine to produce a net rota 
tion, but in the other direction they offset, producing no net 
rotation. The Brewsterplate then selectively introduces a loss 
in the direction undergoing a net rotation, frustrating oscilla 
tion in that direction. Other means for encouraging unidirec 
tional oscillation are known to those skilled in the art, and are 
considered to be within the scope of the invention. 

FIG. 6A shows an alternate ring-configured, regenerative 
optical amplifier characterized by a rectangular optical path 
602 and including four beam directors 604,606, 608, and 610, 
again media element 612, a Pockels cell 614 and a polarizing 
beam splitter 616. Beam directors 604,606, 608, and 610 are 
each disposed at one of the vertices of optical path 602, to 
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redirect light incident from one leg of optical path 602 along 
the adjacent leg. Gain element 612 has a first end surface 618 
and a second end surface 620, and is disposed between beam 
directors 604 and 610 such that optical path 602 passes 
through first and second end surfaces 618 and 620 of gain 
element 612. Pockels cell 614 and polarizing beam splitter 
616 are disposed in optical path 602 between beam directors 
606 and 608, with beam splitting polarizer 616 nearer beam 
director 606. 
A polarized seed-pulse enters amplifier 600 via optical 

path 622, and is reflected along optical path 602 toward beam 
director 610 by the second end surface 620 of gain element 
612. The seed-pulse travels counter-clockwise around optical 
path 602, first being reflected by beam directors 610 and 608, 
then passing through Pockels cell 614 which alters its polar 
ization and, thus, it passes through polarizing beam splitter 
616, then being reflected by beam directors 606 and 604, and 
finally passing through gain element 612. 
The seed-pulse is amplified as it repeats the loop around 

optical path 602. The power for amplification is provided by 
a pump laser whose output beam enters amplifier 600 via 
optical path 626. The pump beam passes through first end 
surface 618 of gain element 612 where it is absorbed by the 
active atoms of the gain medium, exciting them to a meta 
stable state. The oscillating seed-pulse induces the excited 
atoms to re-emit the absorbed light into the seed-pulse state, 
thereby amplifying the seed-pulse. After a number of ampli 
fying passes around optical path 602, Pockels cell 614 ejects 
the pulse by altering its polarization such that polarizing 
beam splitter 616 directs the pulse along optical path 624 out 
of optical amplifier 600. Those skilled in the art will recognize 
that there many techniques, for example those described 
above, for Switching a pulse into and out of a regenerative 
amplifier, and the present invention contemplates the use of 
any such Switching technique. 

FIG. 6B shows an optional multi-pass optical amplifier 
650, characterized by a “bow tie' shaped optical path 651, 
including a gain element 652 and four beam directors 654, 
656, 658, and 660. A seed-pulse enters amplifier 650 along 
optical path 662 and passes through gain element 652 and 
proceeds along optical path 651 toward beam director 654. 
Beam director 654 redirects the pulse along the next leg of 
optical path 651 toward beam director 656, which in turn 
redirects the pulse back through gain element 652 and toward 
beam director 658. Beam director 658 then directs the pulse 
toward beam director 660, which in turn directs the pulse 
through gain element 652 a third time and out of amplifier 650 
via optical path 664. The pulse is amplified each time it passes 
through gain element 652, with power provided by a pump 
laser beam. 

Those skilled in the art will recognize that there are many 
variations on this type of amplifier. In its simplest form, an 
amplifier of this type could consist simply of a gain element 
and a pumping means, with the beam making only one pass 
(although this is not technically a multi-pass amplifier) 
through the element. At the other extreme, a large number of 
beam directors could be arranged around the gain element, 
greatly increasing the number of passes by the beam through 
the gain element. 

The present invention has been disclosed with reference to 
a preferred embodiment and several alternate embodiments. 
Specific details have been set forth, such as the number of 
medium elements in a pump laser or amplifier, specific beam 
paths, and methods for Switching pulses into and out of an 
amplifier. Those skilled in the art will understand that the 
invention may be practiced apart from the specific details set 
forth herein. 
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We claim: 
1. A method for amplifying an optical pulse in a laser 

comprising the steps of 
generating a pulsed light in a Q-switched, amplifier pump 

laser including an intracavity frequency altering device 
wherein said pump laser includes an elongated gain 
medium have a light propagation axis extending longi 
tudinally therethrough and wherein said gain medium is 
pumped by at least two elongated diode laser pump 
sources mounted along the side of the gain medium at 
two circumferentially spaced apart positions; 

directing the pulsed light to an optical gain element of an 
optical amplifier comprising a medium of optically 
responsive atoms; 

exciting the atoms to a metastable state using the pulsed 
light; and 

directing a seed pulse at the gain element of an said 
optical amplifier, thereby causing the excited atoms to 
emit an amplified optical pulse and 

redirecting the amplified optical pulse through the gain 
element, thereby causing the excited atoms to emit a 
fiurther amplified optical pulse. 

2. The method of claim 1 wherein said step of generating 
a pulsed light includes altering a frequency of said light with 
a frequency altering device. 

3. The method of claim 21 wherein said step of altering 
the frequency of said light utilizes intracavity frequency 
altering device is a frequency doubling crystal. 

4. The method of claim 2 further comprising: 
disposing intracavity said frequency altering device. 
5. The method of claim 21 wherein said step of generat 

ing a pulsed light includes providing output coupler means. 
6. A method for generating and amplifying an optical pulse 

comprising the steps of 
exciting atoms in a laser medium said laser medium being 

elongated and having a light propagation axis extending 
longitudinally therethrough and wherein said laser 
medium is pumped by at least two elongated diode laser 
pump sources mounted along the side of the gain 
medium at two circumferentially spaced apart positions; 

causing oscillation in said laser medium using a Q-switch 
disposed along an optical path to produce laser light 
along said optical path; 

altering the frequency of at least some of said laser light 
along said optical path using an intracavity frequency 
altering device; 

selectively releasing laser light having the altered fre 
quency from said optical path; 

receiving the selectively released laser light atana regen 
erative optical amplifier to provide optical energy to the 
optical amplifier, and 

receiving a seed-pulse at the regenerative optical amplifier 
to cause the optical amplifier to emitan amplified optical 
pulse. 

7. The method of claim 6 wherein said step of altering the 
frequency is performed by aan intracavity frequency dou 
bling crystal. 

8. The method of claim 7 wherein said frequency doubling 
crystal is intracavity disposed. 

9. The method of claim 6 wherein said step of selectively 
releasing laser light is performed by an optical coupler. 

10. The method of claim 6 wherein the steps of receiving 
the selectively released laser light and receiving a seed-pulse 
are performed by a gain medium element. 

11. A system for amplifying optical pulses comprising: 
a seed-pulse source for producing optical seed-pulses; 
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an optical amplifier disposed to receive said seed-pulses 
from said seed-pulse source, for receiving and amplify 
ing said seed-pulses and for outputting amplified seed 
pulses; and 

an amplifier pumping laser for providing optical energy to 
said optical amplifier for the amplification of said seed 
pulses, said amplifier pumping laser including an elon 
gated gain medium have a light propagation axis 
extending longitudinally therethrough and wherein said 
gain medium is pumped by at least two elongated diode 
laser pump sources mounted along the side of the gain 
medium at two circumferentially spaced apart positions, 
an intracavity frequency altering device, and a Switching 
means for selectively frustrating or allowing optical 
resonance, thereby enabling said amplifier pumping 
laser to emit pulses of laser light, and 

a plurality of beam directors positioned to redirect each 
seed-pulse through again medium of the optical ampli 
fier, whereby each seed-pulse makes more than one pass 
through the gain medium. 

12. The system of claim 11 wherein said switching means 
comprises a Q-switch. 

13. The system of claim 11 wherein said frequency altering 
device comprises a frequency doubling crystal. 

14. A system for amplifying optical pulses, comprising: 
aan elongatedlasing material having a light propagation 
axis extending longitudinally therethrough and wherein 
said gain medium is pumped by at least two elongated 
diode laser pump sources mounted along the side of the 
gain medium at two circumferentially spaced apart posi 
tions; 

Switching means for selectively frustrating or allowing 
optical resonance in said lasing material; 

aan intracavity frequency altering device for altering the 
frequency of light emitted from said lasing material; 

a seed pulse source for producing optical seed-pulses; and 
ana regenerative optical amplifier disposed to receive the 
optical seed-pulses from the seed pulse source and to 
receive light emitted from the frequency altering device 
to amplify the optical seed-pulses with optical energy 
from the light emitted from the frequency altering 
device. 

15. The pumping laser system of claim 14 wherein said 
Switching means comprises a Q-switch. 

16. The pumping laser system of claim 14 wherein said 
frequency altering device comprises a frequency doubling 
crystal. 

17. A system for amplifying optical pulses, comprising: 
a seed pulse source for producing optical seed-pulses; 
ana regenerative optical amplifier disposed to receive the 
seed-pulses from the seed-pulse source, for receiving 
and amplifying the seed pulses and for outputting ampli 
fied seed-pulses; and 

an amplifier pumping laser for providing optical energy to 
the optical amplifier for the amplification of the seed 
pulses, the amplifier pumping laser including a an 
elongated gain medium have a light propagation axis 
extending longitudinally therethrough and wherein said 
gain medium is pumped by at least two elongated diode 
laser pump sources mounted along the side of the gain 
medium at two circumferentially spaced apart positions, 
an intracavity frequency altering device and a Switching 
device for selectively frustrating or allowing optical 
resonance, thereby enabling the amplifier pumping laser 
to emit pulses of laser light. 

18. A system for amplifying optical pulses, comprising: 
a seed pulse source for producing optical seed-pulses; 
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10 
an optical amplifier disposed to receive the seed-pulses 

from the seed-pulse source, for receiving and amplifying 
the seed pulses and for outputting amplified seed-pulses; 
and 

an amplifier pumping laser for providing optical energy to 
the optical amplifier for the amplification of the seed 
pulses, the amplifier pumping laser including an intrac 
avity frequency altering device and a Switching device 
for selectively frustrating or allowing optical resonance, 
thereby enabling the amplifier pumping laser to emit 
pulses of laser light. 

19. A system for amplifying optical pulses, comprising: 
an amplifier pumping laser for providing optical energy to 

an a regenerative optical amplifier for the amplifica 
tion of seed-pulses; 

the amplifier pumping laser including an elongated gain 
medium have a light propagation axis extending longi 
tudinally therethrough and wherein said gain medium is 
pumped by at least two elongated diode laser pump 
sources mounted along the side of the gain medium at 
two circumferentially spaced apart positions and con 
figured to produce light, an intracavity frequency alter 
ing device configured to alter a frequency of the pro 
duced light, and a Switching device for selectively 
frustrating or allowing optical resonance, thereby 
enabling the amplifier pumping laser to emit pulses of 
laser light. 

20. The method of claim I, further comprising: 
altering a polarization of the seed-pulse, the polarization 

determining whether the seed-pulse is redirected 
through the gain element or directed as an output pulse. 

21. The system of claim I I, wherein: 
the plurality of beam directors directs the seed-pulse along 

separate paths through the gain element. 
22. The system of claim I I, wherein: 
the plurality of beam directors form a ring path around the 

gain element. 
23. The system of claim 11, further comprising: 
a polarizing element for altering a polarization of the 

seed-pulse. 
24. The system of claim 23, further comprising: 
a beam splitting element for directing the seed-pulse as an 

output pulse when the seed-pulse has a predetermined 
polarization. 

25. A method for amplifiving an optical pulse in a laser 
comprising the steps of 

generating a pulsed light in a Q-switched, diode-pumped, 
amplifier pump laser including an intracavity frequency 
altering device, the amplifier pump laser including a 
gain medium having a highly reflective material dis 
posed about a radial Outer surface thereof, the highly 
reflective material having at least one opening for 
admitting radiation from a diode laser for exciting 
atoms of the gain medium, 

directing the pulsed light to an optical gain element com 
prising a medium of optically responsive atoms, 

exciting the atoms to a metastable state using the pulsed 
light, and 

directing a seed pulse at the gain element of an optical 
amplifier, thereby causing the excited atoms to emit an 
amplified optical pulse. 

26. The method of claim 25 wherein the amplifier pumping 
laser further includes a plurality of diode lasers. 

27. The method of claim 26 wherein the plurality of diode 
lasers are disposed along a lateral surface of the gain 
medium. 
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28. The method of claim 25 wherein radiation generated by 
the diode laser passes more than once through the gain 
medium. 

29. A system for amplifying optical pulses comprising: 
a seed-pulse source for producing optical seed-pulses, 
an optical amplifier disposed to receive said seed-pulses 

from said seed-pulse source, for receiving and amplif 
ing said seed-pulses and for outputting amplified seed 
pulses, and 

an amplifier pumping laser for providing optical energy to 
said optical amplifier for the amplification of said seed 
pulses, said amplifier pumping laser including a gain 
medium having a highly reflective material disposed 
about a radial Outer surface thereof, a diode laser posi 
tioned to direct radiation through an opening in the 
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highly reflective material in order to excite atoms of the 
gain medium, an intracavity frequency altering device, 
and a switching means for selectively frustrating or 
allowing optical resonance, thereby enabling said 
amplifier pumping laser to emit pulses of laser light. 

30. The system of claim 29, wherein: 
the amplifier pumping laser filrther includes a plurality of 

diode lasers. 
31. The system of claim 30, wherein: 
the plurality of diode lasers are disposed along a lateral 

surface of the gain medium. 
32. The system of claim 29, wherein: 
radiation generated by the diode laser passes more than 

Once through the gain medium. 
k k k k k 


