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GRAPHICS DISCLAIMER
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NECDVMIUM PENTAPHCSPHATE LASER

de Huijuan, Lu Suoxian, Zhao Melcun, and Zhao Lonexin
Shanghai Tnstitute of Cptics and rine Mechanics, Chinese f4cademy of Sciences
+r -

ad 24 April 197G

The experimental setup, test method and laser cerform-
inces at rcom temrerature for a necdymiun centaphosrhate
laser wich a sirgle transverse mede longitudinally rumped
by 2 dye laser at 0.50mm are Jescrited. The ortical slope
efficiency is ~10 vercent, threshold energy for sinzle ctrans-
verse mode is ~40uj. Oscillation threshold for single mode
of lengitudinal pumping was estimated with a simrle computer
model. They asree each other within the exrerimental error
cf 10 percent. A single pulse without S-switching can be
sbtalned by aprrepriately varying the cavity parameters.

I. Fcreward

Among NdPSOlu crystals and other similar compounds, the concentration cf
%@t 15 as nizh as 4x10°1 em™3, higher by 30 times YAG of l-vercent Nd commonly
tlerded. In addition, the sudden extinguishing =ffect of Nd3+ concentration
{fn %hre case of NdPEOlu) 1s very low, therefore laser enercy can be iIncreased to
2 greater extent only with a very small werking specimen. Thus, NdPSOlu crystals
can be used for miniaturlzation of equipment; not cnly 2an the crystal have many
aprlications in low-power Nd:YAG laser equipment, but alsc it 1s ree cf those
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iImitations In semicorductor laser applications because of such vroperties as
rarrow cptical spectrum, good mode characteristics, and small divergerice angle
of 1izht ceams. Tor example, the \dP-Olu laser is adaptable as the light source
. ¢l a Tiber optical cormmunication system because of its high light-coupling effi-
ciency and low icsses 1n absorption and scattering. Looking forward to the

1

develorment of the neodymium pentaphosphate laser, extensive applications are
creeen In communications (milliwatts to tens of miliiwatts in power) between
scacecrart, ac lisght source of logies In a choton computer, and as composite
laser In composite optics. Due to these above-mentioned zdvantages, the NAP Olu
laser Is nishly regarded by researchers as cne of the development directions of

Suite a few rratermal units are organizing the development of these compound
ilasers. The authors used a NdPSu.h working specimen (developed by the Institute

of Crystals, Shandong University) to operate at room temperature, for the first

nis
time, 3 sincle-mode ddeClh laser of the pulse dye-laser pump.

ZI. Exrerimentzl Instzllation and “ethods
2. in excerimental installation Is shewn in Fig. 1.

Zucdarming (transliteration] oG dye laser with sinzle lens harmonic medulaticn
oy ztraight-tube pulse xencn lamp prump: 0.58 micron, cne-half licht spectrum width
«Acﬁ, once per second, cne-half-Intensity width 1 microsecond, divergence angle
~3 milliradian,

After the pumped light passes tirough field aprerture and two pileces of the
L5o reflective mirror, through a focusing lens the lizht is concentrated on a
\ ®]
'HPS“IH
Tlective mirror and a light flltering plate; the laser 1s measured by a high-

lens. A 1.05-micreon laser is shown on an oscillograph through a 45° re-
j
! current photocell or a photo-multiplier tube.

i

; In crder to achieve single-mcde low-threshold-value operation considering
adlustment precision, a quasi-semiconcentric cavity is used; after its polishing
a2 1.1-mm thick crystal vlate 1s elastically rasted on a vlane cavity plate. The
light 1s transparent in the directicn of the b axis. On a 1.05-mlcron plane




cavity plate, the reflectivity r1=99.3 pvercent and the reflectivity (of 0.58
micron) Tl=70 percent; for a concave cavity plate, the radius of curvature
A=6C rm and the transparency (of 1.05 microns) =1.5 percent. The cavity length
and lens position can be adjusted.

Fig. 1. Experimental installation of
NdP:Olu laser: 1 - dye laser of straight-
>

tube xenon lamp pump; 2, 4 - 0.58-micron
45° reflective mirror; 3 - field aperture
(¢20); 5 - purped light focusing lens,
£=10 ecm; 5 - parallel-rlane cavity plate;
7 - NdPSOla crystal; 3 - concave cavity

! clate; 9 - easily dismantled 1.05-micron

f 45° reflective mirror; 10 - 1.05-micron

\ narrow-band interference light-filter plate
and (filtering C.38-micron color) zlass
nlate; 11 - high-current ohotocell (GD-44)
or photo-multiplier tube (GDB-28); 12 -
pulse oscillograph (SS-212); 13 - intermal
focus adjustment parallel fluorescent tube.

2. EZxperimental method

Major procedures of this experiment can be divided into three parts:

First, an internal-focus adjustable parallel flucrescent tube is used to
2im the cavity straight, then an 0.58-micron laser 1is pumped in by adjusting
twe pleces of reflective mirror and focusing lens to aim the incident light
with the cavity axis. Ilaser osclllation is achieved under the condition of a

. ———

nigh-enersy light pump as the requirement of adjustment crecision of the cavity
N is nct high. In crder to achieve single-mode low-threshold-value operation, the
requirement of cavity adjustment precision 1s high. In order tc determine the
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laser output of 1.05 microns, first it is to distinguish fluorescence and laser
Oy thelr great differences of pulse widths between 1.CS5-micren fluorescence and
laser. Then a monochramator (placed near a receiving element) is used to distin-
Zaisi the J,33-micren pumped light and 1.05-micron laser. In another method, the
cavity length can be increased to alter it (from a metastable concentric cavity)
nto an unstable cavity in order to distinguish 0.58-micrcn pumped light from
1.05~micron laser. Generally, most laser pulse energy is measured with a brazier
calorimeter; nhcwever, this type of calorimeter can only measure at the millijoule
level. As the laser energy of the authcrs' installation is mostly at the level

of microjcules to tens of microjoules, the brazier measurement method is too insen-
sitive. After comparison and application of several methods, finally the authors
decided to us2 a method of high-current photocell linear conversion of regional
Tulse integration to measure low energy levels. In this method, the aiming of

“he light channel is easy and the measurement precision is high when there is

lcw envircrmental interference of electromagnetism with a sensitivity of microjoule
lavel or higher, Only by varying the ancde loading of high-current photocell
can the nulse waveform te measured, so its operation is quite convenient.

~ZI. Compariscn Between Experimental Results and Theoretical Calculations

1. With cavity length d=5C.8 mm and proper adjustment of distance between focus-—
ing lens and the 2rystal, the output of the 1.05-micron laser is shown in Fig. 2
as a2 sulse wavefcrm. In the figure, (a) shows the laser slackening pulse (when
the 1light pump is of relatively intensive action) composed of one main pulse and
several small pulses while the attenuation time (of slackening oscillaticn) is
aprroximately 2 microseconds; (b) shows a widening waveform of a single laser
dulse after proper weakening of light pump. The pulse semi-intensity width is
approximately 140 nanosecconds.

For cavity length of 59 mm and the distance between focusing lens and the
crystal at 126 mm, the multi-mode laser output energy 1s measwred by a marked
high=current photocell through Integraticn; Fig. 3 shows the light energy conver-
sicn rate relaticnship lines. The solid line was measured at the output terminal
cf “he ccnecave cavity plate; the dotted line was measured at the plane cavity
nlate terminzl with 0.5 rercent coupling output. The pumped light energy is the
energy rassing thrcugh the plane cavity plate and directly reaching the incident

(18]




surface cf the cryrstal; the energy is measured with a sensitive brazier. The

light energy conversion efficiency is approximately 10 percent and the photon

conversion efficiency is approximately 18 percent; the results are the same as
that of H. P. Weber et al [1].

1 BRI H) (.05 M%)
—— %

" .
’ L

) .
"7 A (RRE) (0.58 MK)

Tig, 2. Waveforms of 1.C5-micron Fig. 3. Light energy conversion relaticn-

lazer pulse. ship: (a) output at both terminals; (b)
output at a single terminal (actual mea-
surement).

Key: 1. Output (microjoules);
2. Input (micrcjoules) (0.58 micron).

3. For cavity length of 3¢ mm and the distance between focusing lens and the
erystal adjusted to 122.5 mm, the near-field diagram of the maximum-—dimension
TEMoo mode of oscillation mode spot is shown in Fig. 4. At the laser output
terminal, an infrared image converter tube shows the diagram with direct recep-
tion.

L, When the reflectivity r, of output mirror is altered, the threshcld value of
the corresponding fundamental-mode oscillation is measured. For the threshoid
value ln(rlrz) curve, the cavity's noncoupliing loss rate is (including crystal's

resonance loss and non-rescnance loss)~ 2.3 percent, as shown in Fig. 5. In the




Tigure, the "+" sign shows the measured value during the experiment and "o" sign
' shows the theoretical value as calculated through coincidence of pumped light
and fundamental-mode space. The calculation formula is as follows:

| B=Q/DVIG=D D

In Zg. (1), w, is the radius (when the tinickness of crystal plate is considerably
smaller than the cavity length, the weak effect of the crystal thickness can be
neglected) of the light spot on the crystal incident surface caused by the funda-

mental mode. A 13 the cscillation wavelength, d is the geometrical length of

O

the cavity, =id P is the radius of curvature of the concave cavity plate.

tn(r 1))
o
8

e

(1Y (mm®E)

Fig. 4. TEM field mode diagram. ¥lg. 5. Relationship between threshold
o0 value and In(r.r,).

Key: (1) (microjoules);
(2) Experimental value;
(3) Calculation value.

When the rulse width of the pumped light is considerably smaller than the
life span of Nd3+ fluorescence, starting from the feedback and negative feedback
model of micro-disturbance of spontaneous radiation, the density of the energy
clane cf the laser pulse oscillation thresheld value is

En=heLyx10~"/2aoFn  (2)

e+ ———n e pm v =

In the equation, Lc is the total laser loss-rate after a round trip in the cavity;
X 1s thepump wavelength;czc is the absorption rate of pumped lisht by the laser
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working spectruniy; T 1s the percentage of the Nd3+ particles at the MF?/Z state
laser energy level; M is the conversion efficiency when the pump pho*an enters
he 4F3/: state; ¢ is the exclted emitting cross-section at 1.05 microns by Nd3
the Planck's constant; and ¢ Is the speed of light.

oood

is

As calculaved from Equations (1) and (2), the theoretical and experimental

vaiues are listed in Table 1. From the table, these two values are more-or-less
matching for the 2pproximate model and error range.

7. Tonclusicns

. ~rcm the relatively zood matching between the experimental values and theoret-
izal calculation values of threshold-value energzy of the fundamental mode, it
is zroved to be feasible to use the longitudinal-directicn pump as a simple
calculaticn medel. ‘Withcut mere irmproved conditions of the experimental preci-
zion and arror, more precise calculation models are not necessary. From actual
measurements, the nencoupling loss of the cavity is zs high as 2.3 percent. This
plains that cnly with further Improvement in the quality of crystal ortics,
nigher reflectivity by using vacuum coated f1lm, and higher precision of the
cavity plate adjustment frame, can even lower threshold-value cscillaticn energ:

ze obtained.

9]

. Varieties of longitudinal-direction pump can conveniently carry ocut mode

\)

cnerol and, in addition, mode modulaticn can te executed. In some rarticular
apriication case, perhaps the rroperties of laser mode modulation can be utilicz
The mode varietles are shown in Fig. 6.

3. 2y proper contrcl of iight pump energy, single pulse operaticn can be conve-
niently carry out. If properly changing the parameters of the harmcnic oscilla-
“ion cavity (such as cavity length and loss), it is anticipated that within a

ertain pulse-width range, an adjustable laser single pulse (with 3 switch) may
be obtained.

——




Table 1.

of threshold energy value.

Calculated and experimental values
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Key:

(a) (centimeters); (b) (square centi-

meters); {(c¢) (microjoules per square centi-

.
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