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Nonlinear optical characteristics of Cr**:YAG crystals
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HccnenoBanbl HEIMHENHO-ONTUYECKUE XapPAKTEPUCTUKHI Cr*":YAG KpHCTaJlJla METOAUKON Z-
CKaHUPOBAHMSA 10 CXEME C OTKPHITOH anepTypoil. B kauecTBe mpoOHOT0 NCTOYHNKA UCTIONB30-
BaHO M3JIy4YeHHE HETPEepBIBHOTO Ja3epa Ha anuHe BouHBI 1030 aM MomrHOCTRIO 10 400 MBT.
[Tpu 3TOM HabIIONAIOCH HETMHEHHOE MOIJIONIEHHUE JIA3EPHOTO U3IIYyUYESHHUs, KOTOPOE CBS3aHO C
HaCBIIEHUEM BO30YKAEHHOTO COCTOSIHUSI Kpuctaiuia. OnpejeneHa HHTEHCUBHOCTD HACHIIIe-
HUA U MPOBEACHA OILICHKA CeYeHUM IIOIJIONIEHHUA B OCHOBHOM H BO36y)KJleHHOM COCTOSIHUAX
Cr*":YAG xpucraimia.

4+
Kiouebie cnoBa: Cr':YAG, Z-ckaHUPOBaHHE, HHTCHCHBHOCTh HACHIIICHHS, CEYCHUE MOTJIOMICHUS,
0o0paTHOE HaCHIIIAIOIIEe MOTJIONICHHUE.

The nonlinear optical characteristics of a Cr*":YAG crystal were studied using the standard
Z-scan technique. Open aperture scheme of Z-scan was utilized to estimate normalized trans-
mittance as a function of the sample position. As a probing laser source, a 1030 nm CW laser
with a power of up to 400 mW was used. Nonlinear absorption of laser radiation was observed,
which is associated with saturation of the excited state of Cr*":YAG. The saturation intensity
for Cr*":YAG crystal is determined. Absorption cross sections of the ground and excited states
of the Cr*":YAG were estimated.

Keywords: Cr*:YAG, Z-scan, saturation intensity, absorption cross-section, reverse saturable absorp-
tion.
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I. Introduction widely, raising the consistency issue. For example,
the absorption cross section for the ground state va-
ries from 3x107" to 7.5x107"* cm” at a wavelength of
1064 nm [1-11]. In addition, even though Cr*":YAG
is often used for Q-switching in Yb:YAG lasers [12-
18], operating in particular at a wavelength of
1030 nm, the nonlinear optical characteristics of
Cr*":YAG at 1030 nm are not studied. In this regard,
this work studies the nonlinear optical characteristics
of a Cr*:YAG crystal by Z-scan technique at
1030 nm in continuous wave (CW) regime with
Yb:YAG laser with a power of up to 400 mW. For

The Cr*":YAG crystal is one of the most popular
saturable absorbers used in lasers to generate nanose-
cond pulse trains. This crystal is mainly used in neo-
dymium and ytterbium lasers operating at a wave-
length in the vicinity of 1 um due to the significant
absorption of the Cr*":YAG crystal in this wavelength
range. Although a reasonably large number of lasers
with a Cr*":YAG saturable absorber exist and several
studies of the nonlinear optical characteristics of the
latter have been carried out, reported results vary
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this, we have created an experimental setup for con-
ducting research using the Z-scan technique.

II. Experimental setup and the analytical
procedure

The experimental setup is shown in Fig. 1. The
sample is mounted on a moving table, controlled by a
stepper motor along the z-axis. The length and step of
movement are set by software compiled in the MAT-
LAB/Simulink programming language (Fig. 2). Ar-
duino Uno microcontroller was used to control the
experimental setup, where the amplitude of the signal
coming from the photodiode is measured and the cor-
responding control signals for the stepper motor are
generated, as shown in Fig. 2.
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The measuring system operates in interrupt
mode. An internal signal source is used for a conti-
nuous laser to initiate an interrupt. In the case of a
pulsed laser, the interrupt is initiated by an external
signal from an additional photodiode installed at the
laser output (the photodiode is not shown in Fig. 1).

When a trigger signal (interrupt signal) appears
in the Arduino Uno microcontroller, the signal ampli-
tude is read from the amplitude-to-digital converter
and transmitted via the clipboard to the oscilloscope,
where a data array is created for transmission to a
regular MATLAB program for further processing and
output of graphs.

A
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FL
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Figure 1. Scheme of the Z-scan experimental setup. LB — laser beam; FL — focusing lens; S — sample, BS — beam split-
ter; A — aperture; photodiodes PD1 and PD2 are designed for measurement in closed and open aperture modes, respec-
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To run this model on hardware, goto the "HARDWARE" tab and under
"RUN ON HARDWARE" section, click the "Monitor & Tune" bution.

This would allow you to tune parameters and monitor signals in the model
while the application is running on hardware.
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Figure 2. MATLAB/Simulink model to control the experiment.

The following procedures were used to deter-
mine the saturation intensity and estimate the absorp-
tion cross sections. The initial absorption coefficient
oy was determined from the measurement of the ini-
tial transmission Tj, at relatively low intensities

Tin = I—exp(—ayl) 1
by the expression
In(1-T,,
Ay == ( L ) . (2)
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The Rayleigh range (assuming a Gaussian beam) is
given by

z, =0.5koy; 3)

where k =2n/A — wave number, m, — laser beam ra-
dius at focus.

I(2)=— 1o

_ 4
1+(2/z2,) @

where |, =P/ TEO); — laser beam intensity at focus.
The ground state absorption coefficient was written
as

)

R TRTEVII )

where |, =hv/ot — saturation intensity.
Writing the equation for the intensity in the form [19-
21]

dl

SLa—

dl

we used the analytical solution [20, 21] for the nor-
malized transmission in the following form

T(2)=

1+

-BI?, (6)

exp[—(a—o,)L]

E 3 s
o I(z)(1—-exp(ol))

(7

where the symbol B denotes the parameter that de-
termines the absorption coefficient in the excited state
(reverse saturable absorption); | in (6) varies within
the values [0, L], where L is the thickness of the
Cr*":YAG crystal.

III. Results and discussion

The experiments were carried out on the above-
mentioned Z-scan setup with an open aperture using a
CW laser at a wavelength of 1030 nm with a power
up to 400 mW. Figure 3 shows the experimentally
obtained normalized transmission at a laser power of
400 mW at values of z in the interval [-2, 2] for a
Cr*":YAG sample, which also shows the theoretical
dependence obtained using expression (7) for com-
paring and determining the parameters of the nonli-
near optical characteristics of the considered sample.

The following figure (Fig. 4) shows the results
for a power of 350 mW, with the values of z in the
range of [-1, 1], measured in small steps to more ac-
curately determine the marked parameters.
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Figure 3. Normalized Cr*:YAG transmission at laser
power of 400 mW. Dots — experiment, solid curve — calcu-
lation.
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Figure 4. The central part of the normalized Cr*":YAG
transmission measured at a laser power of 350 mW. Dots -
experiment, solid curve — calculation.

Thus, from comparisons and based on the best
agreement between theoretical and experimental
results, the value for the saturation intensity lsy ~ 34
kBt/cM® is determined. For the absorption cross-
section of ground state 6gsy ~ 1.8x107"® cm?, and the
excited state absorption cross section ogsy <
1.6x107" cM” were estimated.

IV. Conclusion

The nonlinear optical characteristics of the
Cr*":YAG crystal were studied using the Z-scan tech-
nique with an open aperture regime at 1030 nm CW
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laser with a power of up to 400 mW. From the best
agreement between the theoretical and experimental
results, the wvalues for the saturation intensity
lsat ~34 kW/cm?, for the absorption cross-section of
ground state Ggsy ~1.8x107"® cm?, and the excited
state absorption cross section opsy <1.6x107"° cm?
were determined and estimated. The automated and
software-assisted Z-scan setup can be used to conduct
studies of the nonlinear optical characteristics of opti-
cal materials with both CW and pulsed lasers.

The results obtained will be further used in theo-
retical calculations and optimization of lasers with Q-
switching based on Cr*":YAG at high repetition rates,
where thermal effects are noticeable and limit the use
of saturable absorbers
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Cr*":YAG kpuCTAJIADHHHHT HOYM3HMKIH ONTHK
XapaKTepuCTHKAJIAPH

I'.C. Boaraes', II1.Jl. Maii3nes’, III.P. KamooB>, A.A.
lllepml'e'3032, II.Bb. PenMﬁoeBZ, B.P. COﬁHpOBz, 10.A.
Bypues’, A.I.Anu6oes’, ®.M. Kamoamuaunos®, X.O.
Hlepﬂné3032, M.B. Bornanosuyu’, A.B. FpnropbeB3

'Ousnka  6ymumu, Illapxa AMepHka YHHBEPCUTETH,
26666, llapxxa, BAA

’Mou-mma3sMa Ba Jasep TEXHONOTMSIAPH HHCTHTYTH,
V36exucron daunnap axagemusic, JIypMoH iymm Kydacy,
33, 100125, Towkent, Y36exucTon

.M. CrenanoB Homumarn dusnka uHCTUTYTH, benapyc
Mwmnmii gannap akagemmsicu, Hesaméxras MPOCHEKTH,
68, 220072 Munck, benapycp

Ouuk nuadparma cxemacu OwiiaH Z-CKaHEpJall TeXHUKA-
cuman  doiinananran xonma Cr'":YAG kpucTamIuHUHT
HOYM3MKJIM ONTHUK XapaKTePUCTUKANIApU ypraHwiau. Mas-
0a cudaruna 400 MBt raua kyBBatra sra 1030 HM TYIKUH
Y3YHIUTUAATH Y3IyKCU3 JIA3epHUHT HYpPJIAHUIIHM HIILIa-
Twii. ByHna nazep HypIaHUIIMHUHT HOYH3HKIN FOTHITH-
mM  Ky3aTwigd, Oy  KPHCTAIUTHWHT  Ky3FaTHITaH
XOJIATHHUHT TYWHHTaHIATH Omtag OOFJIaHraH.
TYHUHTAaHINK WHTEHCUBIUTH aHUKIAHION Ba Cr*:YAG
KPUCTAJUTMHUHT aCOCHHA Ba KY3FaTWTaH XOJIATJIapHIard
FOTUJTUIN KecUMIIapu OaxoJiaHu.

- + [V}
Kamnt cyznap: Cr*":YAG, Z-ckaneprnan, TYiiHHIaHINK MHTCH-
CHBJIMTH, IOTHJINII KECUMH, TECKApH! TYHHHTAHIUK IOTHIAIIL.
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