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57 ABSTRACT 

A solid state laser comprises a composite solid state laser 
gain element, The gain element comprises a undoped section 
and a doped section having a concentration of dopant ions 
for absorbing pumping radiation. The doped section is 
diffusion bonded to the undoped section to form an active 
region in the gain element, A cooling jacket conducts 
flowing coolant around the circumference of a portion of the 
gain element surrounding the active region. 

6 Claims, 2 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or adver 
tisement or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory 
invention registration. For more specific information on 
the rights associated with a statutory invention registra 
tion see 35 U.S.C. 157. 
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COOLING DEVICE FOR SOLID STATE 
LASER 

BACKGROUND OF THE INVENTION 

The present invention relates to solid state lasers. More 
specifically, but without limitation thereto, the present 
invention relates to a solid state three level laser having a 
diffusion bonded composite gain element and an improved 
cooling system for attaining high output power levels. 

In quasi-three level lasers, the laser transition terminates 
at a state which is near the ground state and is thermally 
populated. An example of such a laser is a neodymium 
doped yttrium aluminum garnet (Nd:YAG) laser operating at 
946 mm. This emission involves a transition in neodymium 
from the F state to the highest of the ground 'Io states. 
The energy of this terminal level is approximately 860 cm." 
above the lowest level, and about one percent of the neody 
mium atoms are thermally excited to this level at room 
temperature. This results in a ground state absorption at 946 
nm and an increased pump energy threshold. 
The physics of such laser systems are well known, and a 

number of publications have described the operation of these 
lasers both theoretically and experimentally. It is generally 
desirable to reduce optical path lengths in the laser gain 
element where the population inversion is insufficient to 
overcome the ground state loss. Further, to reduce the 
absorption loss, efficient cooling of the laser gain element is 
desirable to maintain the lowest practical operating tempera 
ture. 

The most efficient operation of quasi-three level lasers at 
relatively low power has been demonstrated by end or 
longitudinal pumping a thin slab or disk of laser material. 
The materialis often configured as an active mirror (i.e. one 
with gain) and the pump light is focused through an end face. 
A dielectric coating on the end face is designed to transmit 
pump light and also to serve as a highly reflective coating for 
the laser output. High pump power densities may be 
obtained using single emitter, high brightness laser diodes as 
a pump source, and a short active gain length helps to keep 
ground state absorption low. This results in areasonably low 
pump threshold power and efficient laser performance. 

With recent advances in laser diode array technology, it 
has now become possible to focus many tens of watts of 
pump light in the laser material in an area of only a few 
square mm. The simple techniques described above are not 
sufficient for operating such lasers at these higher power 
levels. Since the laser medium is typically cooled by con 
ducting heat to a solid heat sink over the limited surface area 
of the short gain length, the heat conduction is less than 
optimum. Further, the faces of the laser medium where heat 
generation is greatest are typically exposed to the ambient 
atmosphere and are not directly cooled by the heat sink. 

Despite efforts to improve cooling the laser gain element, 
a need continues to exist for a cooling technique that allows 
higher power levels to be attained for solid state three level 
lasers. 

SUMMARY OF THE INVENTION 

The solid state laser of the present invention is directed to 
overcoming the problems described above, and may provide 
further related advantages. No embodiment of the present 
invention described herein should be construed to preclude 
other embodiments or advantages that may exist or become 
obvious to those skilled in the art. 
A solid state laser comprises a diffusion bonded compos 

ite solid state laser gain element. The gain element com 
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2 
prises a undoped section and a doped section having a 
concentration of dopant ions for absorbing pumping radia 
tion. The doped section is diffusion bonded to the undoped 
section to form an active region in the gain element. A 
cooling jacket conducts flowing coolant around the circum 
ference of a portion of the gain element surrounding the 
active region. 
An advantage of the solid state laser of the present 

invention is that improved cooling is provided for short 
lengths of laser gain elements. 

Another advantage is that higher output power may be 
realized for quasi-three level lasers such as a Nd:YAG laser 
operating at 946 nm. 
Yet another advantage is that since no turbulent liquids or 

gases are required within the laser resonator cavity, conse 
quent optical distortion is avoided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a laser gain element of the present 
invention. 

FIG. 2 is a diagram of a solid state laser incorporating the 
gain element of FIG. 1 and a cooling jacket of the present 
invention. 

DESCRIPTION OF THE INVENTION 

The following description is presented solely for the 
purpose of disclosing how the present invention may be 
made and used. The scope of the invention is defined by the 
claims. 

In FIG. 1, a solid state laser gain element 10 of the present 
invention comprises a doped section 102 diffusion bonded to 
undoped sections 104. The diffusion bond between doped 
section 102 and undoped sections 104 is readily achieved by 
a procedure where both surfaces are polished flat and placed 
in mutual contact as described in U.S. Pat. No. 5441.803 
issued on Aug. 15, 1995 to Helmuth Meissner included 
herein by reference thereto. The total optical transmission 
loss through the optical interfaces resulting from this process 
due to scatter and reflection is insignificant. The diffusion 
bond has a strength comparable to the original bulk material. 
The composite structure may then be shaped as desired and 
standard polishing and coating techniques may be applied to 
end faces 106 and 108. By way of example, undoped 
sections 104 may be made of yttrium aluminum garnet 
(YAG) and doped section 102 may be made of YAG doped 
with neodymium. Gain element 10 may also have a coating 
on end face 106, for example, that is highly reflective at 946 
nm and highly transmissive at the pump wavelength and at 
1064 nm. 

Referring now to FIG.2, gain element 10 may be mounted 
in a pump head 20. A cooling jacket 202 conducts flowing 
water through ports 204 around the circumference of a 
portion of gain element 10 that includes active region 102. 
Seals 214 may be held in place by end caps 216 to prevent 
coolant from leaking from cooling jacket 202. Seals 214 
may be, for example, rubber O-rings. Pumping radiation 206 
may be provided by, for example, an array of laser diodes 
208 focused by micro-lenses 210 and focusing lens 212 to 
concentrate pumping radiation 206 in active region 102. As 
shown in FIG. 2, cooling jacket 202 is arranged so that 
pumping radiation 202 does not have to pass through the 
coolant. Other end pumping techniques may be used as 
practiced in the art for pumping gain element 10. Cooling 
the entire circumference of gain element 10 surrounding 
active region 102 maintains a suitable operating temperature 
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at high average pump powers. The coolant liquid may be 
water, for example, or another suitable coolant known in the 
art. 

Other combinations of host material and dopantions may 
be used as desired to achieve particular operating laser 
wavelengths and other properties. Trivalent ytterbium, 
thulium, holmium, and erbium all exhibit quasi-three level 
laser transitions where improved cooling increases laser 
efficiency. In general, doped section 102 are preferably made 
of a suitable host material doped with an active laserion and 
undoped sections 104 are preferably made of the same host 
material. 

Other modifications, variations, and applications of the 
presentinvention may be made in accordance with the above 
teachings other than as specifically described to practice the 
invention within the scope of the following claims. 

I claim: 
1. A cooling device for a solid state laser comprising 
a cooling jacket operably coupled to a composite solid 

state laser gain element having an undoped section and 
a doped section wherein said doped section has con 
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centration of dopantions for absorbing pumping radia 
tion to form an active region in said gain element for 
conducting a flowing coolant around said active region 
of said gain element wherein said cooling jacket is 
arranged so that said pumping radiation does not pass 
through said coolant. 

2. The cooling device of claim 1 wherein said doped 
section is diffusion bonded to said undoped section. 

3. The cooling device of claim 1 wherein said coolant 
comprises water. 

4. The cooling device of claim 1 further comprising a 
pumping source to provide said pumping radiation. 

5. The cooling device of claim 4, wherein said pumping 
source comprises an array of laser diodes and focusing 
optics operably coupled to said laser diodes for concentrat 
ingradiation from said laser diodes onto said active region. 

6. The cooling device of claim 1 wherein said undoped 
section comprises yttrium aluminum garnet and said doped 
section comprises neodymium doped yttrium aluminum 
garnet. 


