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Abstract: The brightness of cw and quasi cw solid state lasers of
conventional designs is limited by stress fracture and uncorrectable phase
aberration in thermally loaded stationary gain medium. By introducing
physical motion of the gain medium as a new control element in the design
of solid state lasers, we show the potential to significantly increase the
brightness of cw and quasi cw solid state lasers. In this paper, we develop
the design equations of rotary disk lasers and illustrate the design of a 1kilowatt single mode Yb-YAG rotary disk laser.
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1. Introduction
The waste heat in any solid state laser medium causes uncorrectable phase aberration in the
path of the laser beam due to thermal and stress induced refractive index change. It imposes
fundamental limitation on brightness of a conventional cw or quasi cw solid state laser in
which the gain medium is stationary. This problem is unavoidable, and is not fully
correctable using adaptive optics without significant power loss. The state of the art solid
state laser designs for high cw brightness (high cw power at good beam quality) include
phase-locked lasers [1], Yb fiber lasers of large mode area [2], thin disk lasers [3], zig-zag
slab lasers with active phase correction [4], and intermittently operated heat capacity lasers
[5].
To compare different laser sources, we define a laser brightness factor BL
2

(1)
BL = P / (λ BQ))
where P is the laser power, λ is the wavelength, and BQ is a geometrically averaged laser
beam quality (=M2) in two orthogonal directions. The peak intensity, I, at the focus when the
laser beam is focused using an optic of diameter, D, and focal length, f, is simply
2

(2)
I = BL π(D/f) /4
The incentive to improve the laser brightness factor stems from those applications which
require high cw peak intensity at long ranges. Table 1 shows the magnitude of this factor, BL,
for several state of the art solid state laser systems [1-5]. It is to be noted that among all laser
systems, currently the chemical lasers have the highest cw laser brightness (BL), which is
much greater than that of solid state lasers. There is however intense effort to improve the
average brightness of solid state lasers.
The objective of this paper is to analytically investigate an “unconventional” design that
has the potential of significantly increasing the laser brightness factor BL in solid state lasers.
The “unconventional” design is the rotary disk laser design, which was invented at Stanford in
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1987 by Basu and Bye r[6]. The architecture of using fiber-coupled diodes to pump arrays of
rotary disk lasers and moving slab lasers to generate hundreds of kilowatt of average power
was first conceptualized by Basu in 1987 [7]. Rotary disk lasers utilize the “motion” of the
solid state laser medium as an independent control variable to overcome the thermal
limitations in brightness scaling.
Table 1. Performance of state of the art high brightness solid state lasers
Average Power, Wavelength, λ
P (W)
(µm)
(µ

BQ (~M2)

Laser Brightness Factor,
2
BL (W/µ
µm )

1.05

1.32

81

810

1.092

1.42

337

3

101.4

1.03

1.14

74

Nd-YAG slab, phase
conjugated

4

900

1.06

1.5

356

Heat capacity laser

5

10,000 (for 4 s
burst)

1.05

(65% of Power in a
spot with BQ=3)

655

Laser Type

Reference

Phase-locked Yb fiber

1

155

Large Mode Area Nd/Yb
fiber

2

Thin disk Yb-YAG

The laser performance analysis of rotary disk lasers for 4-level laser systems was reported
by Basu and Byer [8] and thermal analyses of rotary disk lasers were carried out by Basu et
al[9], and Paxton et al. [10]. The first experimental demonstration of a 40-W solid state laser
in which the gain medium was not stationary was done by Basu and Byer in 1986 [11]. The
first experimental result on a diode-pumped rotary disk laser was reported by Fan et al. in
1990 [12]. After 13 years of no activity in this field, rotary disk laser operation in Nd-YAG
and Nd-glass was conducted by Massey et al in 2003 [13]. Very recently, Basu and Miller
reported the operation of a 53-W single-mode fiber-coupled rotary disk laser in Yb-YAG
[14].
There is renewed interest in rotary disk laser architecture [13-14] for power and brightness
scaling in solid state lasers. In this paper, we develop for the first time the design equations of
a rotary disk laser in either a 3-level or a 4-level solid state laser system that can be helpful in
this brightness scaling effort. A typical design of a 1-kW single-mode rotary disk Yb-YAG
laser is illustrated.
2. Rotary disk laser
A schematic of the rotary disk laser is shown in Fig. 1. The laser medium in the form of a
thin disk is rotated in between two cooling plates, which act as heat sinks. The pump beam is
focused to a small spot on the face of the disk away from the center. The rotation of the disk
continuously removes the heated material from the pumped area and brings in cold material to
be pumped in a regenerative fashion. Heat is removed from the disk by conduction across the
gas gap between the laser medium and the heat sink. While the laser is operating in one part
of the disk near the pumped region, the heat is being dissipated over a much larger annular
area away from the laser extraction region. The pumping and the laser extraction regions are
thus physically separated from the heat transfer region. While rotation is the simplest form of
motion, a “rotary disk laser” may also employ combination of translation, rotation, vibration
or even intermittent mode of laser operation depending on the application. The simple
concept of non-stationary gain medium as is described here has met with severe resistance in
the past, since the gain media in nearly all solid state lasers to date have remained stationary.
The pump beam and the laser beam can be oriented with respect to each other in almost an
unlimited number of ways. When the pump and the resonator beams propagate almost along
the same direction in the laser medium, the rotating disk laser may be considered “face#4268 - $15.00 US
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pumped”, or “end-pumped”. When the laser beam and the resonator beam are nearly normal
to each other, the rotating disk laser may be considered “side pumped”. There are advantages
and disadvantages of each of these orientations depending on the application.
There is also another remarkable feature of a rotary disk laser. Unlike any other solid state
lasers of today, the laser beam in the resonator may not even need to overlap with the pump
beam in the medium. This is because the disk motion also transports excited atoms away
from the pumped region, and the excited atoms may be brought into the resonator for laser
power extraction. A single disk may be used to multiplex a number of pump sources, and at
the same time, to operate a number of lasers or amplifiers which are physically separated but
which extract laser energy from the same rotary disk.
ROTARY DISK
LASER BEAM
TOP HEAT SINK

Laser diode is focused
to a spot size of wp on
the face of the disk

OPTICAL
PUMP BEAM

z

HEAT CONDUCTING GAS GAP

GAIN
REGION

WARM MATERIAL
ROTATION AXIS

Resonator Axis

θ

r

ROTARY LASER DISK

rp

COLD MATERIAL
HEAT CONDUCTING GAS GAP

Axis of rotation

Annular heat
transfer region

BOTTOM HEAT SINK
OPTICAL
RESONATOR
PUMP BEAM

td

Rotary Laser Disk

.
Fig. 1. Schematic of a typical rotary disk laser, and, the coordinate system used in the analysis

The traditional design elements which control the performance of high-brightness solid
state lasers are the properties of the gain medium, the shape of the medium, the optical pump
source, the mode of pumping and laser power extraction. Some other design considerations
are phase locking of independent lasers, intermittent laser operation, and use of beam
correction technologies. The “motion of the gain medium” can be thought of a new control
element useful in future designs of high-power and high-brightness solid state lasers.
The motion of the laser disk through the resonator section and the heat transfer region
isolates laser action from heat dissipation. It significantly reduces the temperature rise and
thermal stresses in the gain region. This in turn significantly reduces thermally induced
uncorrectable phase aberration within the resonator. This should result in a considerable
increase in single mode power extraction from a rotary disk laser. The rotary disk lasers have
a potential for significantly increasing the brightness of solid state lasers beyond the current
state of the art. “Rotary Disk Laser” is a pending trademark of Sparkle Optics.
3. Rotary disk laser analysis for Yb-YAG
3.1 Laser analysis
The cw operation is analyzed in this section. The energy level diagram of Yb -YAG is shown
in Fig. 2.

#4268 - $15.00 US

(C) 2004 OSA

Received 30 April 2004; revised 28 June 2004; accepted 30 June 2004

12 July 2004 / Vol. 12, No. 14 / OPTICS EXPRESS 3117

Yb-YAG
10624
10327

N2

1030 nm

941 nm

η Q.E. = 0.91
612

N1

0
Fig. 2. Energy level diagram of Yb-YAG

We apply the analysis of quasi-three-level end-pumped laser systems [15-18] to formulate
the design of Yb-YAG rotary disk lasers. The relevant expressions for population difference
pump
, and for laser emission
for pump absorption (between 0 cm-1 and 10624 cm-1 ), ∆N
laser
-1
-1
(between 10327 cm and 612 cm ), ∆N , taking Boltzmann factors, f, are given by
pump

pump

∆N

= f1

pump

N1 - f2

N2
laser
f1 N1

laser
f2 N2

laser

(3)

∆N
=
(4)
where the superscripts pump and laser denote pump and laser, and subscripts 1 and 2
denote lower and upper manifolds respectively. The Boltzmann factors depend on
temperature, the energy levels associated with absorption and emission, and the splitting of
upper and lower manifolds. The threshold condition determines the length-integrated inverted
laser I
laser
= ∫gain medium ∆N
dx, which is given by
population density, ∆N
laser I

laser

∆N

= (1/ (2 σ

)) (- ln ((1- Lc)R))

(5)

I

The length-integrated upper manifold population, N2 , and the length-integrated
pump I
, are obtained keeping track of the
population difference for pump absorption, ∆N
distribution of the total population in two manifolds.
I

laser

N2 = (1/(f1

laser

+ f2

pump

where N0 is the ion density, and L
pump I

∆N
laser
pump
f1 N0L

pump

laser I

)) (∆N

laser

+ f1

pump

N0L

)

(6)

is the beam path through the pumped region.

laser
pump
pump
I
pump
= f1 N0L
- (f1
+ f2
) N2 =
pump
laser
laser
laser
laser I
pump
f2
) /(f1
+ f2 )) (∆N
+ f1 N0L
)

((f1
+
(7)
The efficiency for the conversion of the pump light into the laser output depends on
several efficiency factors which are ηabs, the absorption efficiency of the incident pump light,
ηc, the efficiency of coupling the pump light into the laser medium, ηoverlap, the efficiency of
coupling into the recirculating lasing mode volume in the cavity (which is dependent on
diffraction effects), ηquantum which is the quantum efficiency, and ηext, the external output
coupling efficiency.
The absorption efficiency in a face-pumped quasi-three level laser can be shown to be
ηabs

pump

= (1 - exp (- σ

pump I

∆N

pump

)) (1 + R

pump

exp (- σ

pump I

∆N

))

(8)

pump

R
is the efficiency of reflecting the unused pump radiation into the gain region. The
quantum efficiency is given by
(9)
ηquantum = λpump/λlaser
where λpump is the weighted average of pump wavelength and λlaser is the laser
wavelength. Rigrod formula [19] is used to describe the external coupling efficiency, in
which R is the output mirror reflectivity, and Lc is the total round trip loss in the cavity.
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ηext = (1-R) / ((1-R) + Lc √(R/(1-Lc))
(10)
We assume that the pump beam is focused on the face of the disk to a gaussian spot size of
wp at a radius rp from the disk center as shown in figure 1. The threshold pump power, Pth,
and the slope efficiency, ηslope for cw pumping and extraction for the 3-level laser system are
obtained using analysis similar to the analysis of end-pumped 4-level laser systems [20].
I
2
pump
(11)
Pth = (hν
N2 (π wp /2) / τ) / (ηabs ηcηoverlap)
ηslope
= ηabsηextηcηoverlapηquantum
(12)
and finally, the laser output power is given by
Pout = ηslope (Pin - Pth )
(13)
As a check, the analysis given above can also be applied to 4-level laser systems by
pump
laser
pump
making the substitutions f1
= 1; f1
= 0; and f2
= 0, which give
pump

∆N

laser

pump

= f1

pump

N1 - f2

laser
f2 N2

N2 = N1

laser
f1 N1

(14)

laser
f2 N2

∆N
=
=
(15)
For some 4-level materials such as Nd-glass, in which the lower laser level is close to the
laser
ground state, the fractional population in the lower laser level f1
may not be zero at the
operating temperature. In these cases, Eq. (4) is more appropriate than Eq. (15).
This concludes the laser performance analysis of the rotary disk laser.
3.2 Thermal analysis of rotary disk laser
Thermal analyses of rotary disk lasers have been previously reported in references 8-10. In
this section, we present for the first time the engineering analysis of rotary disk lasers that is
the basis of the 1-kW single-mode rotary disk laser design in section 4. A more detailed
analysis of the thermal and stress distribution in a rotary disk laser is being investigated by the
authors which will be documented in the future.
The coordinate system used in the analysis is shown in Fig. 1. The heat equation in
cylindrical coordinate system (r,θ,z) [21] as applied to the rotary laser disk is
2
2
2
2
2
Cp (∂T/∂t + (Vθ/r) ∂T/∂θ) = k (1/r ∂/∂r (r ∂T/∂r) + (1/r ) ∂ T/∂θ + ∂ T/∂z ) + Q (16)
where Cp is the specific heat per unit volume, Vθ is the linear velocity in the azimuthal
direction, T is the temperature, k is the thermal conductivity, and Q is the heat absorption rate
per unit volume. The plane z=0 is half way between the two circular faces of the rotary disk.
Equation (16) applies in all layers in the path of conductive heat flow. In the disk (z= 0 to
td/2),
k= k d, ρ = ρ d, Cp = Cp,d and Q = heat dissipation from pumping
(17)
where td is the disk thickness. In the gap (z= td/2 to tg + td/2),
(18)
k= k g, ρ = ρ g, Cp = Cp,g and Q = 0
In the heat sink (z > tg + td/2),
k= k HS, ρ = ρ HS, Cp = Cp,HS and Q = 0
(19)
Heat is being deposited within the pumped volume, which is stationary in the coordinate
system, which is fixed with the resonator and the optical pump source. The heat is removed
from the disk to the heat sinks over an annular region that is also stationary in the same
coordinate system as above. After the rotary disk laser is turned on, the temperature rises in
the annular section of the disk until a steady state condition develops. In this steady state
condition, and in the coordinate system fixed with the resonator, there is a fixed temperature
profile in the space occupied by the disk.
There is temperature increase from the cold end of the pumped region to the hot end in the
azimuthal direction of disk rotation, followed by a gradual temperature decrease from the hot
end to the cold end along the same azimuthal direction. A nearly linear azimuthal thermal
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gradient is superimposed on the nearly quadratic temperature profile in the z-direction within
the disk. This azimuthal temperature gradient should cause a small angular displacement of
the beam, which is easily corrected by tilting the resonator optics. The thermal gradient in the
r direction can be made to be orders of magnitude smaller than in the z direction, by forcing
the heat flow to be in the z direction only. The thermal lensing due to temperature profile in
the r-direction has been experimentally shown to be very small in YAG [13-14].
In the steady state case, assuming ∂T/∂ r, and, ∂T/ r∂θ << ∂T/∂z, Eq. (16) simplifies to
2
2
(20)
k ∂ T/∂z + Q = 0
The heat conduction equation within the gain medium is identical to that of a face cooled
slab in a slab laser [22]. In essence, the pumped band on the rotary disk may be uncoiled to a
slab of width 2wp and thickness td. The dissipated heat in the equivalent slab is transferred to
a cold plate through a thin layer of gas of thickness, tg, and thermal conductivity, kg,
Assuming symmetric pumping and cooling on two faces, the boundary conditions are
(21)
∂T/∂z = 0 at z=0; and, − k d ∂T/∂z in disk = − k g ∂T/∂z in gas at z= td /2
We assume a perfect heat sink and assume that the temperature at the heat sink surface in
contact with the gas is constant. This is written as T = THS at z = tg + td/2. This is a good
approximation in most cases, in which the heat sink is made of a high-conductive material,
and the heat sink is aggressively cooled with internal fluid flow.
The dissipated power, Ph is estimated by
Ph = Feh (1-λpump/λlaser) ηabs Pin
(22)
The factor Feh takes into account excess heat generated in the gain medium due to non
radiative relaxations [23]. We have assumed a conservative value of 1.5 for Feh in Section 4
of this paper.
The time averaged pumped volume is given by
(23)
Vp = 4 π wprptd
The time averaged heat dissipation per unit volume is given by
Q = Ph / Vp
(24)
We assume that the heat deposition is uniform within the pumped volume, and the heat
flow is primarily in the z direction. In order to estimate the maximum stress in the disk, we
confine our attention to the quadratic temperature profile in the z direction. The effect of the
nearly linear azimuthal temperature distribution on the stress in the disk is assumed to be
small. The quadratic temperature profile in the annular region of the disk is obtained from
Eqs. (20)-(21)
2
2
(25)
T = THS + (Ph/Vp) tgtd/(2kg) + ((Ph/Vp) /8 kd)( td - 4z )
The maximum temperature is at z=0, and is given by
Tmax = THS + (Ph/Vp) tgtd/(2kg) + (Ph/Vp) td2/8 kd
(26)
The maximum temperature difference between the disk surface (z= td/2) and the disk
midplane (z=0) within the pumped region is given by
Tdiff, max = (Ph/Vp) td2/8 kd
(27)
The maximum stress in the disk is tensile. It is on the disk surface, and is related to the
maximum temperature difference, Tdiff, max. The maximum stress, σmax, is given by
σmax = (Ph/Vp) td2/ 12 Ms
(28)
Where Ms is a material stress figure of merit, defined as Ms = (1-ν) kd /αE, in which ν is
the Poisson ratio, α is the thermal expansion coefficient, and E is the Young’s modulus.
The required disk rotation rate is determined primarily by two factors: allowable
temperature rise in the material as it traverses the pumped region which sets a lower limit; and
azimuthal transport of the excited atoms, followed by spontaneous emission loss. A
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simplified analysis, which yields a fairly accurate and quick estimate of the required rotation
speed, is given here.
The residence time of the lasing atoms through the pumped region in one revolution of the
disk is given by
(29)
tpump = 2 wp/(2πrpνrot )
where, νrot is the disk rotation rate in Hz. Assuming adiabatic condition, the temperature
rise, ∆Tpumped region, in the material as it passes through the pumped region is
∆Tpumped region = Ph / (π2 wp td rpCpνrot )
(30)
The minimum disk rotation rate, νrot, min is set by the maximum allowable temperature
difference, ∆Tpumped region, max across the pumped region, and is calculated using Eq. (30).
The decay of the population inversion in absence of laser extraction is given by
fdecay = exp(-t / τ lifetime)
(31)
The rotation of the disk drags a fraction of the inverted population along the θ direction.
This new feature of the rotating disk laser may be exploited to design lasers where the
pumped region, the laser extraction region and the heat transfer region are physically isolated.
The width of the gain region, 2wp,rot in the θ direction in presence of disk rotation has been
approximated to be
(32)
2wp,rot = 2 wp + 2πrp νrot τ lifetime
For a maximum of factor of 2 increase in the width of the gain region, the rotation speed
should be less than
(33)
νrot, max = wp / (πrp τ lifetime)
3.3 Performance Enhancement Factor, S
The thermal performance of the rotary disk laser is expected to be better than the traditional
solid state lasers in which the gain medium is stationary. The available heat transfer area in a
rotary disk laser can be approximated as
(34)
Ah (rotary) = 8 π wprp
While the available heat transfer area in a stationary end-pumped disk laser with the same
pump spot size, wp is
Ah (stationary) = 2 π wp2
(35)
We define a solid state laser performance enhancement factor, S as
2
(36)
S = Ah (rotary) / Ah (stationary) = 8 π wprp / 2 π wp = 4 rp / wp
As an example, rp = 20 mm, wp =0.9 mm for the design given in section 4. For this case,
the solid state laser performance enhancement factor, S = 88. It means that a rotary disk laser
can be pumped with 88 times more power than a stationary disk laser with the same wp =0.9
mm. Comparing these two cases, the rotary disk laser can be designed to produce 88 times
more laser power than the stationary disk laser.
As compared to a solid state laser with a stationary gain medium, the lensing and higher
order aberrations are smaller simply because the temperature rise in the pumped region is
much smaller. The phase aberrations due to temperature and stress induced index change, and
risk of thermal stress fracture are significantly reduced. In addition, the beam propagation
through the disk averages all temperature and stress gradients which lead to slab-like
operation with no biaxial focusing. For Brewster angle operation, the laser beam is polarized.
Because the pumped region is away from the disk center, depolarization is significantly
reduced as has been confirmed experimentally [13,14].
This concludes the thermal analysis of the rotary disk laser.
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4. Application of Analysis
4.1 Rotary Disk Yb-YAG laser with 1 disk
To illustrate a typical rotary disk laser design, we have chosen a Yb-YAG disk of 4.5 cm
diameter and 4 mm thickness (td), with 5% doping. The disk is rotated at a typical speed of
600 rpm in between two cooling plates, which act as heat sinks. The gap between the YbYAG disk and the heat sink is assumed to be 0.1 mm (tg), and is filled with helium. The heat
sink surface temperature is assumed to be maintained at 278 K (THS) by internal water flow.
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Fig. 3. (a) Calculated maximum temperature difference within the rotary disk Yb-YAG vs. pump power
during laser operation; calculated maximum stress divided by fracture stress of Yb-YAG vs. pump
power is shown in secondary y axis; (b) Calculated single-mode output power from a Rotary Disk YbYAG laser containing one 45-mm diameter laser disk

Typical laser diode for optical pumping is a fiber-coupled diode laser at 941 nm(λpump).
Each disk is assumed to be pumped with up to 800 W of power (Pin) using one or two fiber
coupled diode lasers. The end of the pump beam delivery fiber is imaged on the disk with
focusing optics to a pump spot radius of wp = 0.9 mm. The Pump spot is assumed to be
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located at rp = 2 cm from the center of the disk. The polarization of the pump laser does not
affect the laser performance in Yb-YAG.
Using the analysis presented in the previous section, we have calculated the expected
performance of the rotary disk Yb-YAG laser. With a 1 m cavity, a flat output mirror and a 5m radius of curvature high reflective concave mirror, the laser mode area within the crystal
matches the pumped area and the mode overlap factor is 1. This is the design for singletransverse-mode operation.
The thermal performance of the 1-disk rotary disk Yb-YAG laser is shown in Fig. 3(a).
The design rotation rate is 11.4 Hz, at which there is a 4 deg K linear temperature difference
across the pumped region in the azimuthal direction at 800 W of pump power. The maximum
temperature difference, Tdiff, max , which is given by Eq. (27), is plotted in Fig. 3a as a function
of pump power. The maximum temperature difference is only 14.8 K at the highest pump
power. The maximum stress in the disk also increases with pump power, and remains at
16.3% of fracture stress at the maximum pump power as shown in Fig. 3(a). This is a safe
operating region for the Yb-YAG disk laser.
The rotary disk Yb-YAG laser output power is shown in Fig. 3(b). The output coupler is
chosen to be 33%. The figure shows that 373 W of laser power can be extracted at 800 W of
pump power from a single Yb-YAG laser disk. Because of the designed overlap between the
resonator and the pump modes, and the absence of thermally induced focusing, the beam is
expected to be single mode. The projected laser optical efficiency is 47% in single mode
operation. This design is conservative and is realizable with current technology.
Because the propagation direction is along the temperature gradient, there is no first order
focusing in rotary disk laser. The temperature gradient along the azimuthal direction causes a
small angular displacement of the beam, which does not degrade beam quality. A small
amount of jitter in the output beam is expected because of the disk wobble and fabrication
tolerances. However, this jitter is repetitive with a periodicity of 11.4 Hz, which may be
compensated using the tilt control hardware of an adaptive optics system.
4.2 Power Scaling with multiple disks
The thermally induced phase aberration in the laser beam propagating through each rotary
disk is controllable using the disk rotation as the control variable. The design given in the
previous section should have very little thermally induced phase aberration as discussed. This
allows a building block approach to power scaling, which is accomplished by stacking a
number of rotary laser disk modules (disk and the pump source) in the same resonator.
For the 1-kW design illustration, we have considered a laser design with three identical
rotary disks of the same characteristics as the one used in Fig. 3. Each 45-mm diameter YbYAG rotary disk is pumped with 800 W of pump power. The rotary disk laser output power
is shown as a function of diode pump power in Fig. 4. A single laser with 3 identical YbYAG rotary disk modules is expected to produce 1 kW of cw output power at 2 kW of total
diode pump power as shown in Fig. 4. The projected diode laser to Yb-YAG laser optical
efficiency is 50%. At 2 kW of total pump power in 3 disks, the round trip gain is calculated
to be exp (14.4). The loss due to lower level absorption is much smaller than the round trip
gain. At this gain, an unstable resonator is a good option for efficient single-mode power
extraction. An unstable resonator of magnification 2 is used in the calculations. The beam
quality is expected to be single mode, and defined by the unstable resonator. This design
scales to significantly greater than 1 kW using a large number of disks in an oscillatoramplifier configuration, the designs of which will be documented in the future.
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Fig. 4. Calculated single-mode output power from a Yb-YAG rotary disk laser containing 3
identical 45-mm diameter laser disks in an unstable resonator cavity with magnification 2.

5. Conclusion
The rotary disk lasers have a unique combination of features, which set it apart from all other
solid state lasers. These are:
1. High gain due to small pump focus spot, not limited by thermal effects; it is indeed
possible to pump a laser material at the highest pump power density in a rotary disk laser.
2. Low loss due to short path length through the gain medium
3. Significantly reduced mode-clipping loss in a clear aperture amplifier
4. High pulsed energy and high peak power due to scalable beam size
5. Efficient utilization of diode laser pump power and high laser efficiency in face-pumping
6. Efficient thermal management minimizes phase aberration, depolarization and stress in
each laser disk, enabling a building block approach for high power lasers
7. Ability to multiplex a number of pump sources, amplifier beams and laser resonators in a
single rotary disk
8. High reliability and long lifetime due to conductive cooling through a gaseous medium,
9. Availability of high precision rotational machinery for both ground and space.
The major advantage of rotary disk lasers over fiber lasers is expected to be in the pulsed
operation and in the amplifier operation. Because there is no requirement of mode
confinement, the laser beam can be expanded in the rotary disk for amplification without
mode-clipping loss. The large single-mode beam size in a rotary disk laser will lead to high
average power pulsed lasers operating at peak power levels unattainable in single-mode fibers
with mode area constraint.
For the features mentioned above, it is anticipated that rotary disk laser will emerge as a
very important class of high-brightness laser system in the future.
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