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tbstract: High repetition rate cperation of a picosecond
s lase laser up to 10 Hz was achieved by using a new kind of
phosphate glass. The pulse duration is 24 ps, the spectral width

is 0,84 A anc the total energy of the pulse train is 6 mJ.

The key to the operation of glass materials at high
repetition rates lies not only ir an improvement of their thermal
conductivity, but aleo in an avoidance or elimination of the
uncecired opticel pumping induced thermal effects, such as the

optical vpath change due to change in the index of refraction with

dn . . ..
temperature, ek and the linear expanrsion coefficient, o, For

cilicate glass, both %% end o are pocitive. The new-type of .
phc.ophate glass adopted in our laboratory exhibits negative %% and
::rifive'&'behavibr; so that changes in the optical path resul”ii”
from toth of thern can be compensated ty each other. As a result,
such & change c=n reach a minimum value each time when light
travele bacx ane forth in a laser cavity.

The relation between change in the total optical path and

terrperature is
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whereti:% g%, r is the distance from the center of the rod, and the
therm~~-optical coefficient, w=%%+(n-1)¢.

%% and o4 have different signs, Ap(r) decreases dramatic-
ally. This is the reason why glass lasers can be operated at high

when

repetition rates without the optical pumping induced thermal effect.
Table 1 liste the properties of the two phosphate glasses
used in thies invectigetion. 1t is shown from the table that both

glasses have negative %% values., Since W values for these two

are 8.6X%10°7/9C and 4X10-7/°C, respectively, Ap(r) in eqn.

e
-~

cre

-
A
O]

{

(1) almost tends toward zero.

For a satisfactory laser operation to occur at repetition
rates, it is necessary to design an optimum thermostable cavity.
wWe discussed thies kind of cavity in a mode-locked laserj
csrecially uncer the generd conditions with 2#0, where a is the
distance between the center of the rod and the output lens, Charge
irn the ectability of the lacer output light beam due to a small

change irn the focal lengtn of the inner lens devnends on the

derivative of the facrula rize, W4 with respect to the focal lengtk,
dwq,d°f : Co . e
Ty —ﬁl/—-. When the G fector or the resonance cavity satiefies
"R
Gy
~\
= 257286, - ()

: af . .- .

trern g#%/“v-*ﬁ, where sutvscrivtes 1 and 7 refer to the guantity of
¥ P

tr.e output lead ann that of the back surfzce, resnectively. The

facula sizes on lens 1, lens 2, and the larser rod are
u"l:_( 2L ) 2(;%—236_,4—3’
E g

G+ 8 ()
1 (ALY 1
Wi ( k4 )@,«B (A)
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Tatle 1., Froperties of the Phosphate Glasses
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l-pararveter; (-ror-linear index of refraction; 3-emission
cross cecticn; 4L-oml; S-thermal expansion coefficient;

f-variation of index of refraction with temperature;

s

v

-tnermo-cptical coefficient; E-index of refraction;

.

J-pm; 10-wave lengtn of laser; 11-fluoresence lifetime;

and 12-microceconc.

arﬂ M ’ + \ he Vot . -2
LA - % _—.72“38G‘1"32j-
(1=g% (G~ B 26:~280,+ £]

(%)
where p=%, and a and b are the distance between the inner lens anc

the front czvity lens 1 and that between the inner lens and back

cavity lens 2, respectively. When the disposition of the varte in

‘

. the cavity changes, i.e., ﬁ=% changes, the thermostable ctate of the

) s

cavity also changes. Fig. 1 presents the G135, stability curves T oT

-
d
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the most insencitive cavity of the laser rod thermal lens with
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. different values ofpparameter. According to the practical
' dimensions of the optical elements now available, we selected ﬁ=1/3
W and calculated the facula size, W1 as a function of thermal focezl
5 lengtn, f, as shown in rig., 2. It can be easily inferred from this
i figure that when f reaches 1.5m, the cavity is deviated from the
. thermostable region and with f€1.1m, the cavity is in the unstatle
refiorn. Changes in the thermal focal length with pulse revetition
. ¢
.
g
b
]
P Ga
< i, 1, The G132 stability curves of the thermally insensitive
N
. cavity
.
. N
- -
o *
- od
. Y
. .
0.5
g I
) ° 5 0 rw— 2
|
) Fiv, 2. Variation cf the facula cize, Wq with thermal focal lergth.
5 (rdirate: Yarula rize; and atecieca: rerctition rate,
; lemmy and f=m.
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rate were measured for phosphate glass N5q, a silicate glass and ;Qi

Nd:YAG. The results are shown in Fig. 3., Below the dot line, the

)
i

cavity is within the unstable region. 1t appears that Nd:YAG can
be operated at tens Hz} the phosphate glass at fregquencies higher

than 10 Hz, and the silicate glass only at frequencies lower than

¢ Y e s ¢ s,

5 ¥z, 1In cases where the silicate glass is operated at 5 Hz, the
cavity is already within the unstable region. ”

' The active-passive locking mode was adopted to the laser
wnich had a 1.5m long cavity consisting of a 7m complete reflection
concave mirror and a tapered plate mirror with R=88%. A 1mm thick

i dye cell was connected directly to the concave mirrcr. The dye is

ventamethyldyne cdissclved in 1,2-ethyl di-chloricde. The back an?d

forth transmissivity of small signals is 0.84; the rod dimension,

heignt, 150 nan-rcecond (Fig. 4), the total output energy of the

I *
i} Fig. %, Changes in the thermal
) -~
focal length with pulse rerve-
- tition rate for Nd:TAS, N-,
E and a silicate glars,
OCrdinate: focal length ar” o]
- .{
. abscissa: repetition rate. T
! 1-cilicate glass; T=-unstablic 13 ’%
. regiony 3-Hz; and 4-m, L
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train, € md. Tne pulse width wae measured using double-phnton
fluorometry. Fig. 5 shows the densimeter scanning curve with a
pulse width of 24 ps., The spectrum was run using an 1-m grating

spectrograph. Its densimeter scanning curve where

Tig. 4. The mode-locked prhosphate glass pulse train

oscillograph. Time scale: 50 ns/cm.
St |
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FPig., ©®. The densimeter scanning curve of the double-

photor fluoromeiry. 1-ps.
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“iy. €. Trne gdensireter scannirn, curve 2f a scpectrum
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t-e spectrum width is 0.84 A is shown in Fig. 6. When the reve-
tition rate of the laser changed from 1, 5, up to 10 Hz, the out-
put pulse train of the oscillograph was stable and generally the
output energy was also stable. This is similar to the output con-

ditions of an Nd:YAG laser. However, the mode-locked silicate

glass lasers can only be operated at 1 Hz under the same conditione.

When the repetition rate reached 5 Hz, the outout guickly droﬁred
to zero. These results appear consistent with the analyses of the
therrostable cavity and thermal lens.

Because of the absorption of the pumped light and the tem-
perature gradiente in the rod resultins from cocling of the rod
surface, mechanical ctresses were developed in the rod. Reference

7 gives the stress ecuation for a cylinder,

o, (1) =QS(r*—r) (€)
c.r)=QS(3r—rl)
arg cu(r) =2Q8 (27 —¢3) (&)

is. (€)=(&) describe the radial stress, 0p, tangential stress, Ty
and axial stress, ¢, in an isotropic rod of infinite length where

S=aE16K (1—1)]-? (o)

r

“he Y

@]

ratio, ¥ are all the characteristic parameters of the meterial.

AlSn, we have

- P'
Q xrs (1,\)

wrere ro ie the radius cf the rod; 1, tne rod length; arc I, the
internal friction vpower of the rod. The stress dictribution is a
parabcla of r. cing egns.(t)~{(8) and substituting the material's
characteristic parameters, with the pump eneryv of 850w, stress ar

-7~
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ung's modulus, b, the thermal conductivity, K, anc¢ the popisson
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- a function of the radius of the phosphate glacs rod was calculatec, 1
.. ) B - -‘

I ac shown in Fig. 7. These curves indicate that at the rod surface, Euq

-~

trhe radial component of the stress approaches zero; at the center of

the rod, all the three components are negative, so that the center

compressiony and again at the surface, both the tanfential and Sy

D AU

-~
N
i
ol

~
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.

axial corponents are positive and the surface is in tension. The

. N 3 - 4

raximum strers  appeared at the center and at the surface of the rod, -

L 4

' wWitn arn increacse in the power dissipation in the rod, tensicn &t tne o
surface increased. Addition of vectors Uy and ¢ in egne, (7) arnd

(11)

of the r~d,

T Figp. 7. Listrivution of the internsl ctreors Tt
. ¢glace rod., Urcilnate: siress; i alecicen:
nornalicec racdius. T-«kp/cn.
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avni fourd tnat the thermal expancsion happened when hoqwas £570w
ani Nog, 990w, ~from this, the tencsile strengths were ecstimated

zc 1827 kg/emd for Npq and 230 k;‘j/cm2 for Nog. In feact, the actus!
rTurtuTre strerngtin of a laser rod strongly depencs or. rod surface
firiern conditions. It was reported by the Soviets? that the
measured rupture strength of a phosphate glass is 205 kg/ch,‘
exrarcion coefficient, 99x17;7?”udth the =ame tensile strerngth
as given in this paper.

+
€

on energy of the mode-locked phosvhate

[N

Trhe actual ope

)
o

s Lacs lasere ig 54 Jcoules, The thermal expancion data show the

rossitilities of operating these lasers at over 12 Hz, with the
Talor otetzcles being thermal expansion. A well polished rod

surface has no imrerfazctions and no stress, and can, therefcre,
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covin: whoo vrrovided tne glase meaterials anag pararetlers is

zoepnswledy el witn tnanke.
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