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Method for testing the uniformity
of Nd:YAG laser rods

Z. Puzewicz, J. Czeszko, S. Kaczmarek, Z. Mierczyk

Institute of Quantum Electronics, Military Technical Academy, 00-908 Warszawa, Poland.

The method for testing the degree of homogeneity of Nd:YAG laser rods there is described. This
method, consisting of measurement of the duration of giant pulse produced by a laser system with
passive Q-switching and spatial intensity distribution across the generated laser beam, provides
a useful measure of the degree of optical homogeneity of the laser rod and of its suitability for laser
use.

1. Introduction

Suitability of Nd:YAG single crystals for laser use is determined by the following
features:

— homogeneity of structural and optical properties, which can be affected by
fluctuations in Nd3+ and other dopants,

— energetic stability of doping centres and of ions forming the crystal lattice,

— presence of centres, such as metallic inclusions, gas bubbles and other defects
in crystal structure (dendrites, different crystal phases etc.), leading to dispersion of
radiation,

— quality of a rod active surfaces.

Control of optical properties of Nd:YAG single crystals and their qualification
for laser use are generally carried out by means of interferometric methods [1]—3].
These are often complemented by thermoluminescence topography studies [4] and
other optical methods [5], [6].

Quantitative measure of the quality of a laser rod is given by the so called optical
quality defined as the number of interference fringes across the rod cross section per
unit of length, measured in a Twymann-Green or Mach-Zehnder interferometer
with zeroth background.

Interferometric studies of laser rods can be completed by polariscope studies and
measurements of lasing properties [7], [8] (measurement of the loss coefficient g of
the active medium and of the gain coefficient X).

Previous studies on Nd:YAG laser rods have shown that, apart from non-
homogeneities detected with interferometric methods, there can also exist non-
homogeneities undetectable by optical methods in routine use.

Nd:YAG laser rods for use in lasers with passive Q-switching should be
characterized by a high optical homogeneity, since non-uniform illumination of the
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nonlinear absorber in the switch has a significant effect on the propagation of
radiation emitted by the laser and on the lifetime of the absorber material.

The described method for testing the degree of homogeneity of Nd:YAG laser
rods, consisting of the measurement of the duration of giant pulse produced by
a laser system with passive Q-switching and spatial intensity distribution across the
generated laser beam, provides a useful measure of the degree of optical homogeneity
of the laser rod and of its suitability for the laser use.

2. Theory

Operation og giant pulsed Nd:YAG laser was approximated by a model with
instantaneous loss switching [9] combined with an account for interference and
multiple reflection effects in the resonator cavity [10].

It is assumed that an optically nonhomogeneous rod can be approximated by
means of N channels along the laser axis, with varying Jand X = 1n0, where { is the
loss coefficient of the active medium, X is the gain ratio, d is the active cross-section
for generation and N0 is the concentration of active ions (Fig. 1L

Fig. 1 Diagram of experimental apparatus: 1 — laser rod under test, 2 — passive Q-switch (R,, R2
— mirrors)

Generation of a giant pulse in channel | will be strated as soon as the pumping
pulse produces a degree of population inversion given by [9]

yo() = K(i)(g")+ r+ 7a) )

where: fc, — coefficient of transmission losses in the resonator per unit length of an
active element,
/6® — coefficient of initial absorption by the absorber per unit length of an
active element.
The shape of giant pulse generated in channel i, in the time dependence of
radiation power density, is described by the Gauss profile (Fig. 2)

<F{I){t) = cpliLexp @)
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(p(t) reaches the maximum at time tﬂ{i) determined by the parameters of the
resonator [9]
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where: r(f) — velocity of radiation propagation in the active medium,
I) — resonator filling coefficient, characterizing the structure of

a resonator,

fw) = 0> ()
kkﬂ) — saturated loss coefficient of the resonator, per unit lenght of an
active element,

(p0(|) — power density of spontaneous emission in channel | at threshold of
generation,
hv — quantum energy of generated radiation.

Halftime of giant pulse generated in channel I rﬂ) = 2x/In2a(0 is given by [11]
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where: kO(I)- k mn{l) = kk(l)\n;/.\n(.)’ (6)

kmna) ~ minimum gain ratio.
Duration of the pulse, resulting from generation in all channels (Fig. 3) is

T= + + (7)
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Fig. 3 Plot of time dependence of radiation
power density <pt) of output of giant pulse
laser with nonhomogeneous rod

where: rjf)Y) — time at which the last maximum occurred in the radiation intensity,
— time at which the first maximum occurred in the radiation intensity.

The level of optical nonhomogeneity in a laser rod can be described by the
nonhomogeneity factor y = «/«,, defined as ratio of « (the experimental duration of
the giant pulse as determined in a laser configuration with passive Q-switching) to Xt
(the calculated duration of the giant pulse for this configuration), obtained from
Eq. (5), is

T 3 (/Q— i)

™o kO k k- kkinh )

3. Experimental results

Measurements of pulse duration and shape of giant pulses were carried out in a laser
arrangement with passive Q-switching. Diagram of experimental apparatus is given
in Fig. 4. A linear xenon lamp of LBL 5/50 type is placed together with the
investigated laser rod, within an elliptical Au reflector. The following key laser
generation parameters were measured: pulse duration, pulse output energy £au and
threshold energy for pulse generation Et.

Over 300 Nd:YAG rods were subjected to tests. Tables 1-3 shows the results of
measurements of optical and laser properties of six Nd:YAG rods of the
cross-section of 4 x 55 mm. Optical parameters were determined at a wavelength of
632.8 nm (He-Ne laser line) in a Mach-Zehnder interferometer and in a polarimeter
with crossed calcite polarizers. The measurement of giant pulse duration and relative
measurements of the remaining generation parameters (output energy Eat of the
pulse and threshold energy Et for pulse generation) were carried out in a laser
arrangement with passive Q-switching of a laser operating on the Nd:YAG rod
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R-1 1 2 5 6

Fig. 4. Schematic diagram of experimental arrangement for measurement of key generation parameters of
NdrYAG rods: 1 - laser rod under test, 2 - LBL 5/42 xenon lamp, 3 - laser power supply, 4 - digital

voltmeter. 5 — passive dye foil Q-switch type with output mirror R2 6 — ED-500 pyroelectric detector
with energy meter, 7 — photodiode, 8 — TEKTRONIX 7633 oscilloscope

under test (resonator parameters: initial transmission of the absorber 10 = 0.52,
reflection coefficient of the output mirror R2= 057, filling coefficient ft = 0.45).

Optical nonhomogeneities in the studied rods are manifested not only in the
duration of the giant pulse but also in spatial intensity distribution across the
generated laser beam. The tables present the results of measurements of intensity
distribution across the beam carried out with a linear pyroelectric detector array
type AK-2900 produced by Laser Precision Corp.

These results confirm the qualitative model presented above which assumed the
existence of channels of varying ¢ and x in optically nonuniform laser rod. In rods, in
wh’ich pulse duration is lengthened, one observed also nonuniform distribution of
beam intensity which visualizes the distribution of generation channels.

Giant pulse duration calculated from Eq. (8) and with the parameters of the
resonator used in the tests (TO = 0.52, R2= 0.57, ft = 0.45) is 7+ 1 ns for qe(0, 0.1)
cm-1 and, for an optically uniform laser rod, depends mainly on the structure of the
resonator.

Based on the operational tests of Nd:YAG rods, it has been determined that
rods, characterized by giant duration longer than the pulse duration not more than
by a factor of two, calculated for the experimental arrangement (nonhomogeneity
factor l]< 2), fulfill the criteria required for the operation in a giant pulse laser
(duration and shape of the pulse, output energy, intensity distribution in the beam).

The method for testing the optical homogeneity of Nd:YAG laser rods developed
here gives useful information, concerning various properties of the rods, being of
relevance for the use in giant pulse lasers. Experimental results in tables show that
the method is highly sensitive and that nonhomogeneous rods are characterized by
nonhomogeneity factor ﬂ> 2,
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Table 1 Results of measurements of optical and laser properties of Nd:YAG rods of 0 1x 55 mm size

RODS NUMBER

861290455

PARAMETERS

INTERFERENCE
FIGURE

(MACH-ZEHNDER
INTERFEROMETER

POL ARISCOPE
FIGURE

OUTPUT ENERGY
Eont ImJl

THRESHOLD

ENERGY Et 29.3
1J1

OSCILLOGRAM
OF THE
GENERATION
PULSE

SPATIAL
INTENSITY
DISTRIBUTION
ACROSS THE
GENERATED
LASER BEAM

861291455

10 6

14.0
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Tabic 2 Results of measurements of optical and laser properties of Nd:YAG rods of 04 x 55

86431455 5872

PARAMETERS

INTERFERENCE
FIGURE

(MACH —ZEHNDER
INTERFEROMETER)

POL ARISCOPE
FIGURE

OUTPUT energy
‘out >l

THRESHOLD

ENERGY Et 16.5 18.0
[l

OSCILLOGRAM Ti :12ns
OF THE

GENERATION

PULSE

SPATIAL
INTENSITY
DISTRIBUTION
ACROSS THE
GENERATED

LASER BEAM
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Table 3 Results of measurements of ontical and laser properties of Nd:YAG rods of 0 4 x 55 mm size

RODS NUMBER

11/87

PARAMETERS

INTERFERENCE
FIGURE

(MACH - ZEHNDER
INTERFEROMETER)

POL ARISCOPE
FIGURE

OUTPUT ENERGY

‘out 11.0

THRESHOLD

ENERGY Et 18.0
[J1

OSCILLOGRAM
OF THE
GENERATION
PULSE

SPATIAL
INTENSITY
DISTRIBUTION
ACROSS THE
gener ATED
LASER BEAM

T|.,=281s

60/2

10.5

151
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MeToaMKa OLEeHKN HEeOAHOPOAHOCTU /a3epHbIX CTePXHed ~rY AB

B HacTosLel paboTe npeacTaB/ieHa METOAMKA OLEHKN HEOAHOPOAHOCTU nasepHbIX cTepxHein ND:YAG,
3aK/0YaloLLasAcs B U3MEPEHUM BPEMEHW NPOAOMKEHUS U (DOPMbI MOHOMMIMY/bCA B CUCTEMe flasepa
C Mogynaumein 406POTbI pe3oHaTopa C UCCnefyembiM f1a3epHbIM CTePXHeM. BbiBeAeHbI TeopeTuyeckume
3aBUCUMMOCTW Ha 6ase Mojaennu MoHoumnysbcHoro nasepa Nd:YAG ¢ MIrHOBEHHbIM Mepek/toUeHeEM
noTepb pe3oHaTopa, C YYETOM UHTEPEPEHLIMOHHBIX 3(PEKTOB 1 MHOTOKPATHBIX OTPAXKEHWUIA 13NyYeHUs
B pe3oHaTope. JKCMepUMeHTaslbHble Pe3ynbTaTbl W3MEPEHWS HEOAHOPOAHOCTU Na3epHbIX CTPEXHeEN
N 6/ AO, nonyyeHHbIe MO MPeAIOXEHHOMY METOLY, CpPaBHeHbI C pe3y/nbTaTaMu MPUMEHAEMbIX 4O CUX
nop MeTOZLO0B OLEHKM KayecTsa.



