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A numerical simulation model is developed for a Yb:YAG Innoslab amplifier. By unfolding the multi-pass folded
optical path into a one-dimensional slicing model, the model employs differential iterative calculations. This approach
enables high-precision characterization of key physical processes, including spot size evolution, pump-laser saturated ab-
sorption distribution, the Yb:YAG reabsorption effect, and the spatial dynamic coupling between the pump and seed beams.
Notably, a novel correction mechanism for the small-signal gain coefficient in the overlap regions of adjacent passes is
proposed for the first time, specifically addressing the energy re-extraction issue neglected in previous models. This cor-
rection significantly enhances the computational accuracy and physical fidelity of the model. Validations against existing
experimental data demonstrate high consistency between simulated and measured results, confirming the model’s excellent
applicability and reliability. This work provides a reliable theoretical basis for the structural optimization and parameter

tuning of Innoslab amplifiers.

Keywords: Innoslab amplifier, Yb:YAG crystal, Frantz—Nodvik equation, multi-pass amplification
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1. Introduction

Laser systems are evolving toward higher pulse energy,
improved beam quality, and shorter pulse widths as ultrashort
pulse laser technology advances.!!~'”] High-power ultrafast
pulse lasers are crucial for a number of applications, includ-
ing ultrafast scientific research,'®1°1 medical diagnosis and
treatment,[*°] and industrial precision machining.?"-??! The
ascendancy of ultrafast solid-state lasers as the mainstream
approach stems from their unique combination of high effi-
ciency, high peak power, operational robustness, and cost ef-
fectiveness — a set of advantages that make them ideal for
a wide range of applications. They can be broadly divided
into three categories according to their gain medium architec-
ture: rod, 232! thin-disk,?°! and slab.?’->° Among these, the
Innoslab scheme facilitates system integration by providing a
more straightforward optical path in contrast to the intricate
optical paths of the thin-disk architecture. It supports kilowatt-
level power production while maintaining high beam quality
and offers efficient conductive cooling compared to the rod
construction, effectively minimizing thermal lensing effects
and thermally induced birefringence. As such, the Innoslab
architecture exhibits exceptional adaptability and versatility in
high-power, high-beam-quality laser applications.

Since its introduction by Du e al.’% in 1998, the In-
noslab laser amplification technique has achieved a series of
significant advances in both experimental research and engi-

5 [31-33

neering application I However, because of its unique ar-
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chitecture, relevant theoretical modeling and numerical simu-
lation studies remain relatively scarce, which to some extent
restricts its optimization and design. By developing a one-
dimensional unfolded model in 2022 for the first time and
calculating the output power characteristics of an Nd:YVOg4-
based amplifier, Shi ez al.[**! made a significant contribution
to theoretical modeling of Innoslab amplifiers. However, the
process of energy re-extraction by the seed beam in the overlap
regions was not considered in their calculations.

The main challenges in theoretically modeling this am-
plification scheme are outlined below. Firstly, while the pump
beam enters from the end face, the seed beam propagates in-
side the gain medium in a folded, multi-pass manner. The
conventional Frantz—Nodvik (FN) equation, which assumes
straight-through optical paths, cannot accurately capture this
asymmetric gain coupling, thus requiring an asymmetric trans-
port model. Secondly, the spot size of the seed beam changes
continuously during propagation, causing the spatial overlap
between the seed and the pump to vary dynamically along
the path. The typical assumption of uniform coupling there-
fore introduces considerable inaccuracy. Thirdly, the absorp-
tion coefficient of the gain medium for the pump beam varies
nonlinearly along the pump direction, necessitating a spa-
tially resolved absorption model. Fourthly, in quasi-three-
level gain media such as Yb:YAG, the reabsorption effect con-
tributes a non-negligible loss to the output power, which must

be included in simulations. Finally, the folded seed beam
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paths overlap inside the gain medium, leading to energy re-
extraction in these regions; ignoring this effect would produce
simulation results exceeding actual values.

To address the aforementioned modeling challenges, this
work adopts Yb:YAG as the gain medium and unfolds the
multi-pass folded optical path of the Innoslab amplifier into a
one-dimensional slicing model. Spatially resolved simulations
of the energy gain, absorption coefficient, and beam spot size
are obtained through differential iterative calculations. The
self-reproducing spot evolution caused by thermal lensing, the
pump beam’s saturated absorption distribution, the reabsorp-
tion loss in Yb:YAG, and the dynamic mode matching be-
tween the pump and seed beams are all fully included in the
model. Compared with existing models, this study introduces
for the first time a correction to the small-signal gain coeffi-
cient for the overlap regions between adjacent passes of the
seed beam in the FN equation, accurately describing the en-
ergy re-extraction process in these regions. Using the revised
model, the output power characteristics under different condi-
tions were calculated. Comparison with reported experimental
data shows good agreement between the simulated and mea-
sured results, validating the applicability and accuracy of the
proposed theoretical model.

2. Methods

The main components of an Innoslab amplifier are a gain
medium, an amplification cavity, a beam-shaping system, a
pump source, and a seed source. Its core working principle is
that the pump beam injects energy into the gain medium, while
the seed beam undergoes multiple passes through the pumped
region to realize power amplification. Figure 1(a) provides a
schematic representation of the optical arrangement. To guar-
antee adequate spatial overlap within the gain medium and en-
able effective energy extraction, the beam profiles of the pump
and the seed are separately shaped in the slow axis (X-axis)
and the fast axis (Y -axis), respectively.

The filling of the pump region by the seed beam must be
maximized in the slow axis. As shown in Fig. 1(b), this max-
imum filling factor can be achieved by either increasing the
number of seed beam passes or expanding the seed beam size.
Here, the beam size is determined by the beam shaping before
injection into the amplifier and the radius of curvature of the
cavity mirrors, while the number of seed beam passes is reg-
ulated by the cavity mirror angles and the angle of the seed
beam with respect to the Z-axis. The simulations and find-
ings for each of these approaches to improving the seed beam
filling factor are presented and discussed later in this work.

In the fast axis, the size of the pump beam must be de-
signed according to the available pump power to ensure its
intensity exceeds the saturation intensity (28 kW-cm~2),132:3]
thereby achieving high amplification efficiency. In this axis,

the size of the seed beam must match the fundamental mode
of the stable resonator formed by the thermal lens and the cav-
ity mirrors. Consequently, the seed beam’s spot size in this
direction undergoes periodic divergence and convergence ac-
cording to the cavity mode, forming a self-reproducing pat-
tern, as shown in Fig. 1(c). It is precisely this mechanism that
allows the seed beam to propagate back and forth within the
gain medium, enabling efficient multi-pass energy extraction.
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Fig. 1. Schematic diagram of the Innoslab amplifier optical path. HR:
high reflector mirror. (a) Overall optical arrangement. (b) Beam path in
the slow axis. (c) Beam path in the fast axis.

The aforementioned Innoslab amplifier is modeled math-
ematically. The center of the pump incident end face of the
gain medium is set as the origin of the coordinate system. The
geometric dimensions of the gain medium along the X-, Y-,
and Z-axes are denoted as W, H, and L, respectively, as illus-
trated in Fig. 2(a). The optical path is discretized into a series
of slices along the propagation direction, each with a width of
D_, as illustrated in Fig. 2(b). D, is much smaller than the cav-
ity length, and the spatial variation of all relevant parameters
within a single slice is assumed to be negligible. The multi-
pass folded seed beam is unfolded along the Z-axis into a one-
dimensional straight optical path. The seed beam propagates
in air at an angle « relative to the Z-axis; upon entering the
crystal, this angle changes to 8 according to the law of refrac-
tion. For single-side pumping, following the one-dimensional
unfolding of the seed beam, a sign reversal term P(zF) is in-
troduced to distinguish the direction of the pump, as shown in
Fig. 2(c). In the case of dual-end pumping, no directional sign
is needed, but the energy contributions from both pump beams
at each slice must be summed. ¢!

The FN equation,3”! which describes pulse propagation
in gain media and was originally derived in 1963, is incorpo-
rated into the present model as follows:

sat

Jout:Jsatln{l + |:exp (fn) - 1:| Xexp(gO'LO)}y €))
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where Ji, is the input fluence, Jo; is the output fluence, Jgo =
hv /o is the saturation fluence, / is Planck’s constant, Vv is the
laser frequency, o is the stimulated emission cross-section, go
is the small-signal gain coefficient, and Ly is the beam propa-
gation distance. Per-slice output fluence is calculated via the
FN equation from the injected pump and seed, then fed to the
next slice, repeating this process until all slices in a single
pass are processed. The final seed output of a complete pass
is used as the input for the next amplification pass, repeating
the single-pass iteration until all preset passes are completed.
Prior to this, the spatial profiles of both the pump and seed
beams must be determined.

(a) (b) Crystal D,

— — —

P(z") P(z7) P(z") P(z7) P(z") P(z7)

Fig. 2. Schematic diagram of the mathematical model. (a) Crystal di-
mensions and coordinate system. (b) Six-pass folded beam path. (c) One-
dimensional unfolded six-pass beam path.

The pump beam is shaped into a uniform rectangular line-
focus spot with its beam waist at the center of the crystal. The
pump beam radius in the fast-axis direction, denoted as wyy (k),

varies with the propagation distance according to the Gaussian
beam propagation formula

wpy (k) = \/ Wi+ [(k- Dz —2py0) - By ’ @

where k is the slice index (0 < k < L/D;), wp, is the beam
waist radius of the pump in the fast axis, zpy is the Z-axis
position of the pump waist, and 6, is the divergence angle
of the pump beam in the fast axis. In the slow axis, the pump
profile follows a super-Gaussian distribution, with its beam ra-
dius kept nearly constant over the slices and denoted as wp,.
The normalized intensity distribution of the pump beam within
each slice is given by

V2r

TCWpxWpy (k)

25\ 5G y 12
xexp{—2(wpx> _Z[Wpy(k)] }7 ¥

where Io(k) is the central peak intensity of the pump beam

Ip(x,y,k) = Ipo(k)

in the kth slice, SG is the super-Gaussian order, and C =
2(1=1/S6) . (1 4 1/SG) is the normalization constant, with I"
representing the Gamma function.

The seed beam size in the slow axis at the nth pass and
the kth slice can be expressed as

M2 gD AL
awl, \ mcos(B)  mcos(f)

oD 24 172
n <1x0
+cos(a) B cos(a))} } ’ @

where wyy is the waist radius of the seed beam in the slow axis,

wi(n,k) = wlxo{l +

Z1x0 18 the Z-axis position of the seed waist, M12 is the beam
quality factor of the seed beam, A; is the seed wavelength, n;
is the refractive index of the gain medium at the seed wave-
length, and D is the distance between the cavity mirror and the
crystal surface.

Owing to self-reproducing spot evolution in the fast axis,
the spot radius of the seed beam in this direction remains un-
changed across different passes for a given slice index k. Be-
fore reaching the position of the thermal lens, the fast-axis spot
radius of the seed beam is expressed as

5 24 1/2
iy \ mcos(B)  cos(a) ’

&)

le(k) = leo{ 1+

where wyy is the waist radius of the seed beam in the fast axis,
and zj,0 is the Z-axis position of the seed waist. Under the
pump beam, the focal length of the cylindrical thermal lens
induced in the gain medium can be approximated as

A-b-2wp,

ﬁhZX'nh'Pabs7

where b is the width of the pump beam along the slow axis, and
Paps 1s the absorbed pump power. For Yb:YAG crystal: y =
1073 K~! (thermo-optic coefficient),?8 1 = 8.6 W-m~1.K~!
(thermal conductivity),®”! and n, = 0.1 (fractional thermal
load).!*% Since the heat generated by the pump beam is con-
centrated mainly near the irradiated end face of the crystal,
the thermal lens is approximated to be located at the pump
incident end face of the gain medium.*!! After the seed beam
passes through the thermal lens, its fast-axis spot radius in sub-
sequent propagation must be recalculated according to the new
focusing condition.

Once the spot size of the seed beam at each slice is ob-
tained, its normalized intensity distribution is given by

2
wie(n, k)wiy(n, k)
2x2 _ 2y?
wie(n,k)> wiy(k)?

Il(xvya I’l,k) = IIO(H; k)

X exp | — 6)

where Ijo(n, k) is the central peak intensity of the seed beam.
The spatial overlap between the pump beam and the seed

beam directly determines the energy conversion efficiency.
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This is quantified by the pump-seed overlap integral 7y, defined
as

.[flp(xaya k)ll(x7y7”7k) dXdy
VTR Gy k) dxdy- [ 7(x,y.n, k) dxdy

The pump-seed overlap integral y ranges from O to 1. A value

’)/(I’l,k) =

(7

closer to 1 indicates better spatial matching between the pump
and the seed. This integral accounts for the fact that the spot
sizes of the pump and seed may not be perfectly equal at every
slice, ensuring that only effectively coupled energy is consid-
ered.

Having characterized the spatial distributions of the pump
and seed, the evolution of laser energy within each slice is de-
scribed. Under steady-state laser amplification, the popula-
tion densities of the upper level >Fs /2(N2) and the lower level
’F, /2(N1) in each slice satisfy the following rate equations:

Oaplp Oeplp N>  oql) Oall

— Ny — — — N N =0
vy vy T T hw Y hw T (8)
N1+ N2 = Nyy,

where oy, is the absorption cross-section of the pump beam,
Ogp is the emission cross-section of the pump beam, Vv, is the
pump frequency, Vv; is the seed frequency, and 7 is the fluo-
rescence lifetime of the upper laser level. The second equa-
tion ensures population conservation, with Nyy, representing
the Yb>* ion population density in the Yb:YAG gain medium.

Given the population inversion density at each slice, the
pump beam attenuation coefficient of(n,k) and the small-
signal gain coefficient g(n,k) at the corresponding slice can
be calculated. The pump power decays exponentially along
the propagation direction. The pump power at the (k+ 1)th
slice is expressed in terms of the attenuated pump power at the
kth slice as

Pn,k+] = Pmkexp[_ap(nak)DZ]' (9)
The attenuation coefficient is given by
0p(n,k) = CapN1 (1, k) — OepN2 (1, k). (10)

In each slice, within regions where adjacent passes (the
nth and (n+ 1)th) of the seed beam do not overlap, the small-
signal gain coefficient is

_%a

gnon-overlap(nak) = Oel N2(”7k> N](I’l,k) . (11)

el
When adjacent passes of the seed beam overlap, the
small-signal gain coefficient for the (rn+ 1)th pass in the over-
lap region is
goverlap(n + l,k) = GelNrem(nak) — Oal [NYb — Nrem (nak)] . (12)
The residual population inversion density N, after en-
ergy extraction by the nth pass in the overlap region is calcu-
lated from the FN equation as
Ny, —N;
1+ [exp (Jin/-]sat) - ]] eXp(gnon—overlap)

Nrem(n,k) = . (13)

A two-dimensional elliptical Gaussian overlap factor & is
introduced to describe the spatial matching of adjacent seed
passes, defined as

2wie(n, k)wi(n+ 1,k)
w2 (n,k) +wi (n+1,k')

2Ax% Ay?
wi (n,k) +wi (n+1,k') - wlzy(n,k)

€n+1 K =

X exp | — , (14)
where Ax and Ay are the center-to-center separations of the two
beams along the X- and Y-axes. This overlap factor quantifies
the intensity-weighted spatial overlap of the elliptical Gaus-
sian beams.

The effective small-signal gain coefficient for the (n +
1)th pass at the kth slice is expressed as

geff(n+ 17k/) = é 'goverlap(n+ Lk/)
+(1=&) - gnon-overlap (1 + LK. (15)

Substituting the corrected small-signal gain coefficient
into Eq. (1) yields the output fluence

Ji 1,k
1) = o (2211) |
sat

X exp [geff(n+ 17k/) 'Leff] }> (16)

where Legs = n1 D,/ cos(f) is the effective optical path length,
and Jgot = hv /(0 + Oy is the saturation fluence accounting
for reabsorption.

This model extends the standard FN equation by incorpo-
rating energy re-extraction in overlap regions of the seed beam
paths. It does not include corrections for possible parasitic os-
cillations within the cavity. Given the amplifier injection con-
ditions, the output power characteristics can be numerically
simulated via iterative calculations based on the above model
and formulas.

3. Results and discussion

To validate the rationality of the established model, the
experimental parameters from Russbiildt et al.*!l are first
adopted as model 1. In that experiment, a Yb:YAG crystal
with a doping concentration of 2.5 at.% was used as the gain
medium, dual-end pumped at a total power of 1250 W. The
seed beam had an average power of 2.3 W, a central wave-
length of 1030 nm, and a repetition rate of 20 MHz. The am-
plifier was configured as a seven-pass Innoslab amplifier with
a cavity length of 35 mm. The cavity mirrors were cylindri-
cal concave and convex mirrors; however, since their curva-
ture was not provided in the reference, under the condition that
the seed beam can basically cover the pump region, they are
approximated as flat mirrors in the simulation. The emission
cross-section, geometric dimensions of the Yb:YAG crystal,
and other parameters are listed in Table 1.
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Fig. 3. Spatial distributions of the pump and seed beams. (a) Spot sizes of the pump and seed along the fast axis at different positions. (b) Pump-

seed coupling states at different positions.
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Fig. 4. Schematic representation of the seed overlap in model I. (a) Seed
beam paths for the 3rd and 4th passes. (b) Spatial distributions of the seed
beams for the 3rd and 4th passes.

Table 1. Parameter values used in the model.

Parameter Value Parameter Value
A (nm) 1030 Ap (nm) 940
W (mm) 10 Wpyo (mm) 0.1
H (mm) 1 Wpy (mm) 5
L (mm) 10 Zpyo (mm) 5
D, (mm) 0.1 Model I: a (rad) 0.042
SG 20 Model II: « (rad) 0.025
Bpy (rad) 0.1 Model I: Ny, (mm~3) 3.48 x 1017
n .82 Model II: Ny, (mm~3) 2.78 x 10"
O (mm?)21 2,010~ 18 Oyp (mm?)42! 0.1x10718
Oep (mm?)[421 0.2 x 10718 Gy (mm?)42] 0.8x10°18
M? 12 7 ()42 950 x 1076

The spot sizes of the pump and seed beams along the fast
axis at different positions on the Z-axis are shown in Fig. 3(a).
In the fast axis, the pump beam is focused at the center of
the gain medium, while the seed beam is focused at zj,0 =
—12.5 mm with a beam waist radius of w9 = 0.079 mm.
The spot sizes and spatial distributions of the pump and seed
at different positions directly determine the calculation of the
pump-seed overlap integral y. Figure 3(b) presents the spa-
tial intensity profiles of the two beams and the corresponding

calculated overlap integral at several representative positions.
Analysis indicates that, since the pump beam is always wider
than the seed beam in the slow axis, the primary factor affect-
ing the overlap integral is their relative spatial distributions in
the fast axis.

In the slow axis, the seed beam is focused at z,0 =
—170 mm with a beam waist radius of wj,y = 0.15 mm.
Through the folded seven-pass configuration between the two
cavity mirrors, the seed beam essentially covers the entire
pumped region. While achieving high coverage of the pumped
region, spatial overlap between adjacent passes of the seed
beam within the gain medium is inevitable. Taking the spa-
tial distributions of the 3rd and 4th passes as an example
(Fig. 4(a)), their overlap region is where energy re-extraction
occurs. Due to the finite angle between the 3rd and 4th passes,
the area of overlap at each slice gradually decreases as the slice
index k increases, as presented in Fig. 4(b).

As shown in Fig. 5(a), the output power characteristics of
the amplifier under the specified parameters were simulated.
Two curves are presented: one neglecting the overlap-region
energy re-extraction (dashed curve, using gnon-overlap), and one
incorporating the overlap-region correction (solid curve, us-
ing gefr). The results demonstrate that including the corrected
small-signal gain coefficient yields better agreement with ex-
perimental measurements. In the linear power amplification
regime (total pump power from 600 W to 1250 W), 10 evenly
spaced data points were selected for systematic error analysis.
The average relative error between simulation and experiment
is only 1.34%, indicating excellent quantitative agreement. Al-
though the simulation simplified the cavity mirrors as flat, po-
tentially affecting the overlap condition of the seed beam, the
overall agreement remains reasonable, since the seed beam es-
sentially covers the pumped region. This further validates the
rationale of applying the small-signal gain correction.
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Fig. 5. Calculated output power results for model I. (a) Comparison be-
tween simulated and experimentally measured output power. (b) Output
power under different seed beam input levels.
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Next, the effect of seed injection power on output power
was analyzed with other parameters fixed. Simulations were
conducted for pump powers of 300 W and 1000 W, as shown in
Fig. 5(b). The results indicate that once the seed power reaches
a certain level, the extractable energy in the gain medium ap-
proaches depletion. Beyond this point, increasing seed power
does not yield additional amplification. Higher seed power
promotes more efficient energy extraction, and at higher pump
powers, the seed reaches the saturation level more rapidly,
driving the amplifier into the gain-saturation regime, where
the output power remains essentially constant with increasing
seed power.

To further investigate the impact of seed beam shaping,
simulations were performed for different numbers of passes
and filling factors. Figure 6(a) compares the output power for
3pass, Spass, and 7pass configurations at various pump pow-
ers, assuming maximal seed coverage of the pumped region.
Figure 6(b) illustrates the corresponding optical paths. The
results indicate that, for a given filling factor, more passes pro-
vide higher cumulative gain, favoring higher output power. In
practice, however, increasing passes reduces the inter-mirror
angle and increases the risk of parasitic oscillations, while heat
accumulation becomes more significant, limiting further effi-
ciency gains.

(b)

7 Pass: w1z0:6.15 mm, z,0=—170 mm, a =0.042 rad

5 Pass: wm:al?’ mm, 2,0 = —220 mm, a=0.057 rad

0 200 400 600 800 1000 1200 1400 3 Pass: w=0.10 mm, z,,=—370 mm, a=0.083 rad

(d)

50% filling factor: w,,=0.20 mm, z,,=—110 mm

Fig. 6. Amplifier output power under different seed beam shaping parameters. (a) Output power under different pass numbers. (b) Schematic of
seed beam with different pass numbers. (c) Output power under different filling factor. (d) Schematic of seed beam with different filling factor.
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Fig. 7. Calculation results of output power under the parameters of model II. (a) Comparison between simulations and experimental values of
output power. (b) Pump power at different positions along the Z-axis in the crystal.

The influence of seed beam filling factor was examined
in a Spass configuration. Figure 6(c) shows output power for
different filling factors, with the corresponding optical paths
in Fig. 6(d). The results demonstrate that seed beam coverage
of the pumped region is a critical factor determining energy
extraction efficiency and output power. In amplifier design,
either the divergence properties of the Gaussian beam should
be exploited, or a hybrid cavity with cylindrical mirrors should
be employed to maximize coverage and energy extraction.

Finally, model II, based on the experiment by Liang et
al.,®¥ was simulated. This setup used a 2 at.% Yb:YAG crys-
tal, with a 10 W seed at 1030 nm and 175 kHz in a nine-pass
configuration. All other parameters match Table 1, with a cav-
ity length of 45 mm, consisting of one flat and one cylin-
drical mirror (R = —700 mm). In the simulation, concave
lenses with f = —350 mm were inserted at the end of the
2nd, 4th, 6th, and 8th passes to emulate the cylindrical mir-
ror shaping. The seed beam parameters were wiyo = 78 pm,
Zy0 = —17.5 mm, wyyp = 200 um, zj,0 = —80 mm. The 9pass
output beam diameter of 4 mm matched experimental values.
Comparing simulations with and without the overlap-region
correction (Fig. 7(a)), the corrected small-signal gain coeffi-
cient showed better agreement with the experiment. In the
linear amplification regime (800-1400 W pump power), the
average relative error across eight evenly spaced data points is
only 3.45%, confirming excellent quantitative agreement.

Using the parameters of model I and based on the estab-
lished model, the pump power distribution at different posi-
tions along the pump direction in the gain medium was calcu-
lated (Fig. 7(b)). The model assumes that the dual-end pump
beams achieve good spatial overlap inside the gain medium
and that the absorption of the pump beam by the medium is
uniform. The calculated overall absorption of the pump beam
by the gain medium is about 70.1%, which closely matches
the experimentally measured value of approximately 73.0%
reported in Ref. [33], thereby further validating the effective-
ness of the model.

4. Conclusion

This study establishes a high-precision numerical model
for Yb:YAG Innoslab amplifiers, which unfolds the folded
multi-pass optical path into a one-dimensional segmented
structure to simulate asymmetric gain coupling via differen-
tial iterative calculations. Key physical processes such as
the thermal lens, gain saturation, reabsorption loss, and dy-
namic pump-seed spatial coupling are fully incorporated in
the model. For the first time, this work proposes a correction
mechanism for the small-signal gain coefficient in the overlap
region between adjacent seed passes, accurately describing the
energy re-extraction in this region.

The model provides reliable theoretical support for the
design optimization and parameter tuning of higher-power,
higher-efficiency Innoslab amplifiers, facilitating their appli-
cation in related fields. With adjusted rate equations and op-
tical parameters, the established model is applicable to nu-
merical simulations of other gain media, such as Nd:YVOy,
Yb:LuAG, etc.
noslab amplifiers, with the increase in the number of seed

In addition, in the practical design of In-

beam passes and output power, adverse effects such as heat
accumulation in the gain medium and intracavity parasitic os-
cillation will be significantly exacerbated. A comprehensive
trade-off must be conducted to achieve the optimal design of
the amplifier.
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