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GRAPHICS DISCLAIMER

All figures, graphics, tables, equations, etc. merged into this
translation were extracted from the best quality copy available.
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Research and Development of Laser Glasses in China

Gan Fuxi

Shanghai Institute of Optics and Fine Mechanics

Chinese Academy of Sciences

ABSTRACT

Most of the research on laser glasses in China is
carried out at Shanghai Institute of Optics and Fine
Mechanics, and significant achievements have been made
since 1962. A review of the current status of development of
laser glasses is presented, including chemical compositions
and physical properties, manufacturing technology,
measurement and inspection, and some fundamenta! research.

In the early years of the 60s, laser output was
obtained from Nd-doped silicate, borate, phosphate glasses.
We made great efforts to develop various Nd-doped silicate
glasses for different laser devices and to improve their
performance. In recent years development of phosphate and
fluophosphate glasses has been emphasized. Several Nd-

doped glasses have been produced commercially. The

Received March 27, 1984.
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spectroscopic, physical, and laser properties of Ng-doped
glasses are listed in the appendix of this paper.

We pa{d more attention to develop a melting process for
making laser glass and a3 protective gas environment melting
apparatus was built. Large siiicate glass rods of up to 7 cm
in diameter and 150 cm long, and phosphate glass discs of up

ﬁto 30 cm in diameter have been obtained.

= Various methods for measuring different kinds of
physical properties of laser glasses also have been
investigated and the corresponding apparatus have been
installed. Emphasis is laid on the inspection of optical
quality of large size glass products, and a laser
holographic interferometer for optical homogeneity
measurement has been developed.

This paper also reports some fundamental research
results on laser glasses. By using laser glass spectioscopy,
the special properties and structural state of rare earth
ions in inorganic glasses were investigated before. The study

of spectral and luminescent properties of Nd:doped glasses

e
' s

was emphasized. Further detailéd studies of the influence of

D' i
[ I

the glass bases on spectral properties of Nd ion and the energy
transfer process of Nd ions in glasses were made. We
systematically investigated the intense laser induced

damage, thermal blooming, and self-focusing in glass media.

various equipment for measuring non-linear refractive index
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of glasses and @ new calculation method with accuracy were
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Since the invention of the first ruby laser device in =
L ("!
. XN
the beginning of the é0s, glass research personnel of China “ﬁ
Py
: began to study the possibility of generating laser beams in t
) &

" )
glass materials[l]. Snitzer was the first person who

reported that laser beams can be produced in Nd-doped %E

- silicate glasses(?], one year tater (1963) China also “
o

obtained laser output in Nd-doped silicate glasses[3]. In "

; the next year a 100-joutle energy output with a total E&
efficiency of 1% was obtained in a glass rod of ¢16x500 mm. %i

7 The generation of the secondary harmonic waves and the %g
i spectral result were also reported in the same yearts]. Ef
é Until 1966 the Nd-glass devices had obtained an energy ég
. output of about several thousand joules and a power output :f
»E of several hundred million watts. This was close to the most é?
: advanced level in the wor!d[6]. China is also among the EE
countries who obtained laser beamsin borate and phosphate 35

: eartier (1965)(4]1, 5}
S All the solid-state high energy and high power laser %?
devices use domestic glasses. Some types of the Nd-glass :‘

:g were already standardized and have entered the stage of :2'
': pilot plant production. These products are now supplied to EE
" about one hundred factories and research institutes. The r:
N <
: 3 o
-

)
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economic results are quite good[7}_

The following is 8 summary of the work carried out in

recent years.

!. DEVELOPMENT OF ND-DOPED LASER GLASSES

The early Nd-doped laser glasses were all made according
to the composition reported by Snitzer, and barium crown
glass was used as a base. But such type of glass has poorer
chemical stability and poorer resistance against
transparancy loss. We changed the glass composition and
therefore improved the physical and chemical properties of
the glasses. Based on such work we made the first Nd-laser
glass, that is the type-1 (NOI) glass, in China. This glass
met the requirement of the development of China’s own Nd-
laser devices before 1966. Type-1 glass has shortages such
as high processing temperature and large heat expansion
coefficient. Therefore a series of crown and borate crown
glasses were chosen and their optical-emission and lasing
properties after Nd-doping were tested. Finally a Nd-glass
with NaZO—CaO—SiO2 (a hard crown glass) as the base was
chosenand defined as type-3 (N03). Experiments have proved
that it has better processing properties, higher chemical
stabilities, abd higher mechanical strength than type-1. Now

it has become the most mature type of Nd-doped silicate

glass in China. The products of this glass, with large sizes
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and high quality, can be produced in both Pt and ceramic
crucibles. -

In order to improve the ability against laser damage
(multi-pulse and high energy) and the lifetime of
luminescence of optical-emission, and to store more
energy in the multi-stage traveling wave amplifier (long
duration Xe light pumping), systematic studies of the glass
composition adjustment and glass property improvement such
as decreasing the heat expansion coefficient, raising the
Young’s modulus, increasing the mechanical strength, and
improving the heat stability were carried out. We have
investigated the composition selection of high SiO2 silicate
glasses, the properties of type-4 (Ng4) Nd-doped glasses

(Si02>801) and Nd-doped high SiO2 glasses (Si0,>30 ), and

2
also the composition selection of Nd-doped borate-silicate
glasses (R20-8203-Si02). that is, the type-6 (N06) glasses.
These types of glasses have good heat- and shock-resistance,

and also have good resistance against laser-induced damage.
Because it was necessary to overcome the processing difficulties
such as the requirement for high temperature melting

equipment and high temperature crucible materials, and also
because it is difficult to obtain good optical properties,

the production scale of these glasses was not eﬁlarged.

Type-~7 (N07) Nd-doped glass is a glass with KZO—SiO2 as a

base and the concentration of SiO2 is 80%, the fluorescence
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1ifetime qf this materiat! can reach 800 us, and the aevice
nas small super-radiation (fluorescence), anda good
orientation characteristics of output. But because the &

\»
excitation emission cross-section area of this gtass is 3%*
smallier, therefore the efficiency of the mutiti-pulse %E‘
oscillator using such glass is retatively low. The g“
processing properties of this glass are suitabte for the ft

s
melting process using a ceramic cruciblie, anda large size Q;
alass rods with good optical! properties have been obtained. .

The innomogeneity of optical pumping will leaa to heating ;3

deformation of No-doped gQlass roas, and therefore the Ea
orientation characteristics of output wil! be degraged by the ,f
geformation of the opticalt routes. According to the ia
exper imental results, the decrease of refractive inaex p ana :
the heat-optical coefficients P, Q, ana W wilil depress tnis -
geformation. Based on our investigation of the relation i&
between heat-ontical coefficients and giass compositions, we ;E

improvea the compositions of type-l1 ang type-2 Na-doped

gtasses, prepared ana determined the new type-8 (N } and ‘1

08
type-9 (N09) No-ocopea glasses. The heat-optical coefficients pa4sl
were obviousily aepressed. A prominent problem for applying
Na-cooed glasses to high repetition rate cdevices is heat

cracking. [In ordger to improve the resistance against heat

cracking, we prepareda tyoe-i10 ( ) Na-aopea gilass. The

N
010
surface cnemical processing with an ion—-exchange method can

o % 7
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form prestressing and therefore raise the mechanical f%
strength of this glass. Therefore this glass can meet the %;
requirement of devices with a repetition rate of l—S'per ‘j
second. E
~

The spectrail, laser, physical, and chemical properties §~

N

of Nd-doped silicate glasses studied by us in the first 10 Loy

years are listed in the appendix. Five of them (N03. Ng7» ti

N08' N09. NOIO) have reached a 100~1liter production scale. :

These Nd-doped silicate glasses are included in the main :3

commercial Nd-doped glasses in international markets, gj
The development of Nd-doped laser glasses in the second SE

10 years was mainly for meeting the requirement of high E{
power solid state laser devices. The short-pulse high-power :;
laser led to the fact that the damage of laser materials is ?é
mainly the non-linear optical effects such as the self- ki

focusing, electrical attraction and expansion, et cetera. Si

The main method to improve the resistance of laser glasses ;&

against laser damage is to lower the non-linear refractive i;
indices of the glasses. With the shortened duration of jf
optical pumping, it is required to raise the excitation i

emission cross-section area of the laser glasses and 33

therefore to improve the laser amplification. Phosphate and :?

fluophosphate glasses can meet the above requirement. ia

NG

Furthermore, they have lower heat-optical coefficients than :;

silicate glasses and therefore can improve the heat deformation ?f
5
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by optical pumping.

Based on the past studies of phosphate and fluophosphate
9165535[8]. we have intensively investigated the spectral
and optical emission properties of these two types of
glasses, and the influences on the optical emission and
laser properties by the stability of glass formation and
chemical stability, and hydroxyl. Since the new processing
method was introduced, two new types of Nd-doped phosphate
glasses N,, and N24 have been prepared[gl: N,, Nd-doped
glass can be processed into glass rods of 70 mm in diameter
and discs of 300 mm in diameter. ‘Fluophosphate glasses have
lower non-linear refractive indices, lower heat-optical
coefficients, and higher gquantum efficiencies of optical
emission than phosphate glasses. But because this type of
glasses is easy to produce,crystal segregation can be
easily contaminated by platinum, and it is easy to have
selective evaporation of glass composition in the
processing[lOJ.T herefore although the types of Nd-doped
fluophosphate glasses were determined, but they have not
obtained practical applications yet. The spectral, laser,

physical, and chemical properties are listed in table 1.
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Table 1. Properties of Nd-doped phosphate and fluophosphate Fl
» %
: 4
W glasses v '
‘: A
‘ L & 1 X Y
* ' R W Py ‘
No. & .. '?_,?p‘ 3
> Nos | Noge | 29:Nd0p _i__
. 1.} s Bk(R)T] 1,054 | 1.055 1.0 G
3 2. | xxaxwmd) 1 | 25 | 255 | 262 ~—— hE
2 8. | wxee (m¥) /[ | 350 | 300 | 405 — e
= ¢ | amanes 8.5 ¢.0 | 2.838 .
(x10-o@x%?) !s
N 6. | XXSFE(Boee) . | 0.52 | 0.52] 0.51 3
- o.|106mmuERe | 15 [ 15| >5 —
& (x10-20X%-3)
. 7. | MEA=E 18 |15 | <« __ o
-, (#6150 2¢) / o
™ 8. | mxmimk@) . J105a1.39 — hosaz.os :
o. | mxmaamd), ;| s | — 21— —
. 0. |®® GUEX), | 3.88 | 2.95] 8.5 -
X 0. xex ;. 1.57¢ | 1.547] 1.4205
.. [ ERK 5 64.5 |66.6 |83.9 o
2 1. 117 156 157 2
: \xIO‘"K %—15 ‘ &
1¢. | KEEAERE -58 - -79 g
(x10-1, ¢y '/ e
15, | AERK ) 7.1 - -1
N T : =
- 16. | ENMEEE T | - 7 )
N ey o
7. | REMPIRE 4 | - 3 5
. (101, *C-) 2]
8. | #TAE (C) 510 870 427 ' R
19. | XA CO) © - 535 | 410 | 465 .
20, | NeMW 5550 | 537v | 8239 e
. FR/®x e
. 21. | gomm(FR/aRd 2200 | 2150 | 8210 o
- 2, | s 0 0.26 [ 0.25] 0.8 e
2. | ERMaFEE ! 1.3 1.2 | 0.655 .
‘. (10-1%g0) R
* BMETENE 9% 1 50% F
; l-property; 2-phosphate glass: 3-fluophosphate glass; 4- l.\
; center wavelength of fluorescence (um); 5-half width of
g o
. "2
- fluorescence line (5«); 6-life time of fluorescence (us); 7- :,-
: ; . . .. -20 o ;}:-
o cross-section area of excitation emission (x10 cm*); 8- ey
ratio of fluorescence molecule; 9-1.06 um loss coefficient ::
ﬂ -..
§ 9
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A
e,
's
(x10-3 o=l jp-1aser efficient” (p6x150 mm); |l-center {"
g
. g
wavelength of laser (A); l12-spectral line width of laser; Q;
b
13-density (gram/cmB): l4-refractive index; |15-Abbe number; §“
16-heat expansion coefficient; l7-temperature coefficient of ,“g
refractive index; 18-heat-optical coefficient; 19-stress =
heat-optical coefficient; 20-heat-optical coefficient of Vf
double refraction; 2l-transfomation temperature; 22- _:‘
3
deformation temperature; 23-Young’s modulus (kg/mm“); 24- j}
shear modulus (kg/mm®); 25-Poisson ratio; 26-non-1inear o
L2
refractive index. "
* the reflectivities of the two ends are 99% and 50%. i
respectively. if
-
=
o
2. PROCESSING IMPROVEMENT OF ND-DOPED GLASSES th
ol
Compared with optical glasses, Nd-glass regquire more :
high purity and optical homogeneity. In order to obtain LS
..':
usable products these requirements must be guaranteed in the ;:
process of manufacture. Together with Shanghai Xinhu Glass ig
Plant, we began such processing studies of Nd-doped silicate L?'
(SR
glasses in 1964. At first we used a Pt crucible for the melting per - e
o
process of Nd-doped glasses in an electric resistance oven. e
PN,
With the increase of device output, the working material was }}
damaged easily. According to our investigation, the main ji
-8
reason for such damage was the Pt particles in glasses. ‘:
Glasses without Pt particles have several times higher t;
0
Cd
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A . resistance against laser damage. We prepared Pt-particle
free glassés by using two channels as fol lows.
The first channel is to usean all ceramic crucible for

melting process of Nd-doped glasses. The key is to find out

the appropriate materials for crucible and stiring blades.
It is required that the harmful contents, e.g. Fe, in these
materials should be very low (<0.1%), the ability to resist
against the erosion of glass should be high, the weight
loading capacity should be high enough, et cetera. We have
tested crucibles using different materials, and have
carried out acid disposal to dissolve Fe in the raw ceramic
materials. We also found several new high purfty materials;
the Fe content of these materials can be below 0.1 % after
the fine proposal. Crucibles with a more than 100-liter
capacity, using these materials and some melting assistant
additions, were already used in the processing of Nd-doped
silicate glasses,

Buf there is a limitation of low impurities of the
natural materials and it can not meet the requirement of
further lowering the optical loss of Nd-doped glasses. In

order to obtain ceramic with higher purity, we have

investigated éhe properties of artificial oxide

[11-131

materials Our artifical oxide materials have been

used to make stiming blades in a batch production scale.

This has greatly lowered Fe content and improved the
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homogenelity of the glasses. Furthermore the result of inner
layers using artificial Moley stone is also good.

Using all ceramic system in the glass melting process
will inevitablely introduce !ine defects, gas bubbles,
particles, et cetera, in glass, due to the erosion of the
melted glass phase. For many years, we have investigated the
source of particles and the process of disappearing of the

line defects by stirring the liquid glass[la'lsJ, Decreasing

the temperature of melting process, using low speed st irring,
et cetera are effective methods of processing.

The second channel is the Pt depressing testing in a gas
environment. That is: the melting process of glass is done
in a neutral or reductive gas environment or under a
protective layer to avoid the entering of Pt by oxidation.
The resistance against laser damage of Pt-free Nd-doped

glasses was increased[lel.

The high frequency self-heating
melting process was also investigated(l7]. The glass
materials were melted by dielectric loss and during current

heating in a 20 MHz electric-magnetic field.

X
‘.“
4
&4
L4

12

SN

.........................

...................



W SR T AT AN AT T A L DR UV INLY L S DY DR Y TR
»

Table 2. A comparison of foreign and domestic Nd-doped

glasses
T Tarm] R % & ®
Y ! b2 TAR K FoRK T T ] : ; —_—
A x| wans | marx| RN | T # e M e [m L TITT BT
%0 MK -Ydn (4 BH 120§ M &*‘1)' ﬁg‘ : o %
OB Sew | % % #0.1~0.2 h 8x81 | @ | 1.2 | 4 [‘ga=s=, 1973
: . 0.3 wmrs | «6x15 | 10| 0.9 | — 513, 1972
s MIED-2 ['WwIz W’ Kgha o
u L8G-91 limmTz | 0.1 28 6x75 | 70 10 | — , 1972
-g : LG-55 ::ﬂ: 0.5 #8x79 | 40 0.7 {1.2 {iigM%E, 1973
.\3; » mcc-mw - }os ¢8x80 | — lb.7~0.8) — | (52], 1969
. N o i 0.2 J<ix10-¢ $14x150 | 30 2.0 | — [aame, 1968
i - e 1.1 52 Pi':ﬂ.éi 1971
: i 0.1~0.2{ +5x10¢| 28 #10x160 | 60 11, ,
B & |Lce-u Mﬂaxz Sl iy g
18G-91 I %Iz | 0.1 23 #10x 160 [ 60 . . , 197
: : LG-630 {\% # R 0.1~0.2lk2x10¢ | — |g12x170| 65 | 1.5 | — {Eaas, 1970
i ' (3 30)
% w» | IC-28-2 - 0.1 20 $10%180 { — 1.2 | — ﬁ.ﬁ.a—:ﬁ#.lm
lix " i X041 - 0.14 . — $10%130 | ~— 2.0 -—4@&%%%JM1
5 .‘ X 3|LN-6 J,J;ai B >1 - $12x185 | 30 0.9 | —ifASME, 1065
B N , iR
‘ — %, 1972
¢ - N Jaasw] oa 416500 | 20 | 3~5.5 djaEaE. 197
F | : : ﬁ: Ymmam| o2 | sx10-0 $16x500 | 20 45 | — 1A, 1972
" ’ ' (¢ 50) ’ )
i a X|ED2 mmre] 03 0 |e1axswo] - l 55 | — Tegar v
9
Zj l-country; 2-China; 3-USA; 4-Japan; S-West Germany; 6-USSR;
. 7-China; 8-Japan; 9-Japan; 10-West Germany: 11-USSR;: 12-

USSR; 13-Engliand; 14-China; 15-China; 16-USA; 17-Glass type:
18-method of processing; 19-Pt crucible; 20-Pt depressing;
21-Pt depressing; 22-ceramic crucible; 23- Pt Crucible; 24-
Pt depressing; 25-Pt depressing; 26-Pt crucible; 27-pool
type ceramic furnace; 28-Pt crucible; 29-ceramic

crucible; 30-Pt depressing; 3l-optical absorption

coefficient (9% cm-l): 32-optical uniformity, an(g mm); 33-
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strenath to resist laser damage. jou»e/cmz. (30 ns): 3a4a-(5 ™

\}

d ]
: . - I . ~ )

gamaqed points per liter): 3S-i1aser oroperty; 3b-size of R

Xl

.- R . . e 'Y

alass rods 37- refractive inaex at the output end: 38- M

39-slope N,

efficient:Ra0-source of information and date:; 4]1-measured by oy

»

. ourselves; 4Z-product catalog; 43-brochure of exhibited S;
~ proaouct. e
3 :\}

With the anove imorovement of processing and using Pt P4as> I

‘.

4's

..

crucibles, the following properties can be obtaineda for Na-

A

dooed siticate glasses: Fe content is as low as 0U.01%.,

e
o

- -
’ optical 10ss at 1.06 ym is about 0.1% cm-l. ana kﬂ
< o
) the free osciltating efficiency of a g@1ass roag witn size of 21
: P16x500 mm can reach 6% (N0330). for Na-doped qlasses melted ff
i in a ceramic crucibie. Fe content is about 0.02%, ootical EE
loss is about 0.2% cm_l. ana the efficiency of a gtass rod éi

. with size of ¢16x500 mm can reach 4%. Table 2 is a o
ﬂ comparison of optical quality ang taser promerties between Eg
: foreion and domestic proaucts. The auality of our 5;
o
experimental oroducts is eauivalent to that of commercial if
) AT
g products of foreian countries. f:
Because phosohate and fiuoohosphate gliasses are very is_
erosive to ceramic materials, therefore these qQlasses can f?
15 not be meitea in ceramic systems. Furthermore, these ;&
Q1asses are easy to oroduce crystal seqgregation ana the %;
viscosity in the castina is smait, Thus it is agifficulit to f;
N

N
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optain nomogeneous glass products. After many years of
investigation. we obtained a methoo of melting Na-dopeda
onosonate giasses under a protective layer in a Pt crucible.
ana obtained tne approopriate aiass shapes with funneil-type
oouring[ . '). Prnospnate glass is easy to apsorop water. anad
the nyagroxyis in the gilass will extingisnh the filuorescence
or Na ionS;, therefore a specifal water Qissolving process is
requirea in the melitinag orocessizo' 2’]. Currentily we can
make .,rge-size, Nnignh AQual ity Nd-goped phosphate glasses:
the efficiency of qtass rods with size of ¢6xi0U mm can be
apout |.3% (free oscillation), the short-pulise small-sianal
amoiification of such grass rads is .16 cm ', ana the
amoiitication in a ¢200 mm oisc-!ike laser aqgevice is U.048
em”™! (afrer reeapack oscillation is eliminatea).

3. CHARACTERIZATION AND QUALITY TESTING OF LASER GLASSES

In tne last. 10 years, we had pbuiit a systematic
system of measurement and calculation methodas for obtaining
soecrtral and opticat emission parameters, e.a. tluorescence
energy level, auasi-~-groung state emission, non-raaijative

transition propbanility, auantum efficiency, ratio of
1221 . . 4.
filuorescence brancnes, etc . Tabie 3 1ists rs/z and
4 N 3+ - .
'9/z eneray levels of Nao ions of domestic Na-doped

glasses and the fiuorescent transition from 2f 4

r3/2 to 19/2.
Appendix (4) 1ists the experimentally determined spectral
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parameters of domestic No-dgoped alasses.

4

Table 3. Some of the fluorescence enerqQy levels(a) ana f

., transition (b) of some Na-dopea silicate glasses

372

972 -
(ngy: Ex- '

Nema Naaa Noma Noats

0 0 0 J 0

7 84 i 78

176 180 188 150

262 278 279 - 280

500 497 408 810

11410 11408 1 lm 11405

11580 11577 . 11578 11572

Nome Nonz Noma Nomsz

4 < v Ay v A v/ Ao, v
% | (B %) (EXY) %) ° | (ERY (%) | (EX%Y
Faa—=tlhn

-1 8635 11580 8637 115877 8637 11578 8642 11572
-2 8695 11502 8700 11494 8705 11488 8700 1140¢
-3 8770 11403 8775 11897 8780 11890 §780 11390
Y 8835 11319 8850 11299 8850 11299 8855 11292
-5 9025 11080 9025 11080 9025 11060 9040 11062
F-1 8765 11410 8770 ‘ 11408 8770 11403 8770 11408
-2 8825 11832 8835 11319 8830 11325 8830 11825
-3 8900 11286 910 11222 8013 11215 8910 11223
-4 8970 11148 8990 124 8990 11124 8990 11128
Y- 9165 10910 9170 10908 ~9170 10905 9180 10898

I—-(unit: cm-l): 2-type of qtass: 3-upper I|imit; 4-lower

lihit; 5-type of Qlass; 6-position of filuorescent opeak:

-1

tvpe of transitions 8—(&): 9~(em ).

For many years we had paig attention to the heat
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3 geformation probiem of Na-doped glass. The retation petween

neat deformation anad some heat-optical coefficients. such

as temoerature coefficient of refractive index (ﬁ),
neat-ooticat coefficient of stress (P), stress coefrficient
of oouble refraction (Q), neat-optical coefficient without
neat stress were obtainea theoreticaliy ana confirmed

. 1231
exoerwmenta)»y‘Zd'. Accurate methods of measurement and

2T,

. 124 -
instruments were npuilt for such measurementstda'. ne

. . 25 .
i dynamic orocess of heat deformation was measuredlds-. This
has porovided a pbasis for solving the heat deformation

orobiem by further improving the compositions and properties

of the glasses.

The damage by intense laser beams is an important
oroblem of research. We have built the measurement methods
of the taser—induced damage in Nd-coped Qlasses Dy MUiTIi—
pulise and sinale-pulise high eneray lasers (inctuaing in-
cavity ana out-cavity damages). The dcamage thresnholds of
aifferent giasses were agetermined. anad some special aamage
. phanomena were observed. We paid attention to the
measurement of non-!)inear refractive ingices. This

parameter was measured by self-focus aamage thresnolc[26].
self-inouction changes of p0|arization[27], Iignt-inducea
aoubie reFractiontza]. ana interference methootzs].

The nomogaeneity of jarge size laser giass is the most

important parameter of auality. We have built several



kl-: T_2 4

S
e &

AR

-
-
.

\- YL LY \..$- ..-...:-\' . .‘:'\-‘ W ....\- . .J“.\- - T ...._.-._-‘:_..

metnods for the optical homogeneity testing such as

interference method, star-—-point method, projection method,

and image formation method. A systematic evaluation of these
. [30)

methods has been carried out . Later a nhoiograpnhic

interference technique was developed and fast sorting was

. (311 .
oota1nedL51'. The )ine defect and gas bubbie were also

measured ny a holographic methocfsz]. At the same time, the
methods and apparatus for measuring 1.U06 um absorption
coefficient anad the residual stress in glass rod and adisk
were imoroved. In the last 10 years we carrieg out many
measurements and a large quantity of cata were gathered.
Accoraina to the exoperiments, Fe++-ion content in gtass and
oopotical absorotion coefficient play the decisive rotes for
iaser effriciency, ang their retation was founda. The opbtical
nomogeneity of glass rods, especially the gense fine )ines
ana ohysical nhomogeneity, has serious infiluence on the
orientation characteristics of laser output. The unstapility
of laser output of Nd-doped glass under multiplie optical
oumoing was investigated. Besides the resuit that color
centers will be producead under uttra-violet irragiation of
taser pumping, there is a process of oxidation-reduction
reactions which makes the three-valence fe-ions become two-
vatence fFe-ions.

In orger to evaluate the overall properties of taser

alasses, the methods and apparetus for related physica!

v

>

o CHENTI Y
RPN LAPIRM o)
.

.
., *,
i ISR AN 'S S

-
-I"J
-

l

ST

‘ .

Aq

S % IR

.
alelefTiT T
RO

t

,
LLAE L

'




parameters such as uitra-viotet and

. 1331 . ,

inaexes - -, stress optical! constant, Young’s moudulus,
|34 .

et cetera » were built. At the same time, calculation

infra-rea refractive

methods Oof glass ohysical properties, which are closely

related to laser gtasses, were establisheq.

4. SOME BASIC STUDIES OF LASER GLASSES

in the fielad of spectrat stuav of laser glasses, the
spectral properties ang structural status of aifferent rare
eartn ions in inorganic gtasses were investigatea in tne

361
early years 56'.

[}

They were also explaineg with the theory of

gistributea potentia!l field.

Table 4. Opticatl emission properties of Ndj+ in inoraanic

alasses
- 5 € o3, x10-0(Wx)
’ 2| ow it etk Zda B n BY  |ob®,x107%(
L : > T i/l .. - R
P EARS el £ R|m & |3t R|» &)t Rin &30 B8 B % 2
] Tl mma 9| 1220 | 128 | 2416 | 2006 | s053 | 345 | 0.22 ) 0.2 035 | 2.4
% olam gl sse | o907 | 1763 | 1049 168 1z | 061 [ 0.04 | 190 | 2.0
S 3lwm a0 | 152 | s | 2425 | %6 278 2 0.90 | 0.87 | 2.31 2.::
S el =g ] w0 | 2014 | 2574 | 5950 | eT2 ~0 ~0 l~1.0 ~1.<?- 5.05 | 4. s
3 s!am el oo | 105 | 1238 | 2831 | =0 | 7a0 | 120 | 0,79 | 0.6T | 4.46 3.92
;i ol o awloo | 1ros | 2154 | wms | 4648 972 255 | 0.51 | 0.43 | 2.9 3.60
] 7} @zma o wro | 1we | 2res | 123 | 2206 | 1877 | 054 | 062 | 1.9 2.4
: < | massmadd sso | 1147 | 1258 | 2ous | o2s7e 539 278 | 0.80 m@ 1.8 zg
: of waamx] or5 | 1007 | so9 | 1890 | 1811 215 294 | 050 | o.s6 | 2.5 | 2.2
: v t?né )] 700 6oy 1200 1283 330 342 0,77 0.77 2.15 2.15
’ o -——
S fféz&Mﬁiﬂxkﬁﬁkr&hﬂh&&nlwhl?&ﬁw.bil&hﬁﬁ-
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1-No.; Z2-type of Qlass; 3-us: 4-measureag result; -

calculateda resuit; 6-total; 7—cm2; 8—-borate; 9Y-silicate; 1U-

Qermanate; ll-tellurate: 1Z-phosphate; 13-aluminate; 14-
aluminate-silticate; 15-gallate-silicate; l6-filuophosphate;
17-Fluoberyl iate; l18-note: ZAnr is orobability of non-

ragiative transition, ZAr is probapitity of raagiative

transition; nis quantum efficiency, OD is cross—section area

of exciteg emission.

Later we carried out an intensive investigation on the P4ss
spectral andg optical emission properties, especially on the
infiuence of micro ana sub-micro structures to the spectral

. . . . (37) . . R
and optical emission properties . We first investigatea

silicate based glasses, then the other inoraanic glasses

such as borate, ohosphate, germanate, te!lurate,

.
.

f iuophosphate, ana fituoride. The infiluence of atass bases to

o 0 .
D

e o v .
o
v %

excitation ions is mainly refiecteda in their interactions.

"
Y
Yot
LN

LA
.

The static electrical interaction between distributed

. . 3+ . . . .
potential fiela ana ch causes a splitting of spectrai 1ine

.
o

{or energy levels). According to the splitting values As of

. a . 3+ .
19/2 and the fina! state [11/2 of Nad in the

Nd-doped crystatl ang gtass, we have summarized that the

et

s

e
L‘lAI

Qrouna state

splitting value A , in a base with ionic ponds as the major
ponaing, is correlatead to the interaction force between the

fieta aistributing bodies (anions), and this relarion can be



expressed with a3 simpte formuila F=32/82. nere x is the

vatence of anions, a is the sum of the two raaii, ana A

increases with the increase of F. |f some anion clusters

4 -3

appear in the base material, such as Sioa- ’ PO4 s etc, the
. . . . . 3+ .
influence of the fiela aistributing body to ch wiltl
gecrease ano A will also decrease. The increasea interaction

between the central cation ana oxygen anion 0% in oxvgen

cluster [Rux] will weaken the infiluence of oxygen ions on

-+ . . . . ot
Na’ , that is., the A will decrease with the increase of f ,

L4 ’

F =22’/a2. here z is the valence of the central action (see
figure 1.) Different from ionic crystals, the stronag
influence of base Qlass to excitation ion is refiected in
their polarization, that is: the factor of covalent bonds.
Such infiluence was first onserved in the moving of spectrai
tines (see figure 2). We use the electrical! neaativity

aifference petween anion and cation, Ax, to explain this

|38 - . . .
eFFect*juj. Potarization has more obvious effects on the

transition orobability of the excitation ions. We further

. . - + . .
investigatea the energy transfer process of na’t jons in
f39) . .

inorganic atasses . We atso investigatea the

oropapitities of radgiative anag non-radiative transitions,
The excitea emission cross-section areas, ana auantum
efficiencies of 10 aifferent Nd-copead glasses as listea in

table ALAUJ. 1t was found that the influence of base qQlass

.
.
v e P

on non-radiative transition was much larger than on

.
., ¢
e

£
4 &
st
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ragiative tansition. In inorganic atasses, the non-

. s s s : . +
ragiative transition causea by the interactions bpbetween ch

ions and other rare eartn ions or transition etement
ions are processes Of resonant transfer or phonon-—-assistant
relaxation. The energy transition due to the interaction
+ . =

petween Nc3 anag anions (e.g. OH ana 0T ) was treated bv the
multi-phonon mode!l which was widely used in the

(41,42 .
wor i d . But due to the compi icated phonon modes of
inorganic glasses, no satisfactory resulits were ohtained.

This is possibly an energy transfer process of inner

motlecules anad further investigation is being done.

2Z/e* ___ —

RSTRNEN

o
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Fig. 1. Reration between splitting value of the spectral term

-

LA A

ana the Coul1omp interacrior of oxygen ion grouns

% i3
. i oo
l-pnosphate; Z-tungstate and mod ybdenate; 3—-arsenate; 4- -:',,-1
s
\

vanaoate; S-silicate; 6-porate; 7-niobate-tantatate; 8B-cm.

S ST JP C et et vt BRI I N IR . I .t
ARSI SR COIR N K IR T T e L T ]
INAPIEI I I AT RS NI AT RV R Syt PRI R e L S AN L Ly 3

L S S




v,.a, 58, LA

Y
.

2 et

s’

« o W
*etale

MM AWM~

" EM R X

aptER

Fig. 2. Spectra of different No—-doped glasses.
l-tel lurate; Z-borate; 3-5ilicate; 4-phosphate; S-chloriae;

6-fluorate; 7-relative intensity of fluorescence:; 8-nano um.

in orager to develop new types of laser glass, mainly
invisibte anag infra-rea laser Ql!asses anad tunable laser

alasses, we have carriea out further studies of soectral and
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optical emission properties of gtasses doped by jions of
transition elements, actinum family etements, and other rare
earth elements. Until now we have investigated fluorescence
and time resolvea spectra, excited by parallel magnetic

: . 3+ 3+ 2+ . 2+
resonance ana laser excitation, of Lr3 . !“lo‘1 ’ an ’ Loz ’

TR U022+. etct43745: 53] e aiso nave investigatead the
energy transfer process from Ce3+ to T03+. Tm3+. Er3+, and
from N03+ to YD3+[46).

We have aiso investigated systematically the
interactions between intense laser beam and the alass
meadiums. The work done in the early stage was mainly in the
following three gspects: (1) heat deformation cue to free
oscillations, this is definea as optical beam blooming; (2)
self-focus due to short-pulse laser beam; (3) alass damage
caused by laser peam. Basea on the above experiments, we
think the interaction between laser beam and glass medium is
causea by the foliowing effects: heat effect, electrical
expansion ang attraction, and non-linear polarization. The
corresponding non-!inear refractive indices are nz(T),

)[47]

nZ(S). nz(E . We cevelopea a new method to calcutate the

accurate values of these three refractive indices according
. (48,49] _ .

to the Known physical properties . For a comparison,

table 5 lists the calculated resutts and measurement values

of non-| inear refractive index nZ(E); the methods of

measurement are sel|f-damage threshoid(SF). setf-induction

24
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polarization (SIiPC), ana tiaght-induced adoubile refraction

NP

(LIB). Which of these three non-)inear optical effects is
the major effect depends on pulse time of the laser beam.
Table 6 tists these three non-|inear refractive indices,
unaer three qQifferent situations of laser puilse, of N03
laser glass. We can know that for continuous and millti-
second putlse 13sers tne main interaction between iaser and
glass is heat effect, but for nano-second and sub-nano-
second pulse lasers the main interaction between |aser and
alass is non-linear polarization. Therefore we established the
relation petween the non-linear optical effects in glass ana
the physical properties. Figure 3 shows the relation between
nZ(E) ang the laser damage threshold of some optical and
laser glasses, caused by nano-secona pulse |aser beams.
figure 4 shows the rejlation between nZ(T) and the heat
prooming in glasses caused by nano secona laser pulses
(4‘/EA..AOis the dispersive angle of taser output, EA is
the absorbed energy per unit volume of glass).
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Table 5. Experimenatal and calculated values of non-1inear

refractive indexes of some optical and laser glasses

o | mEao-2, eso) | HEAME)
SF |SIPC| LIB | (10-8, esu)

~J

2F-7 6.4f 7.5] 8.3 9.0
BaF-2 | 4.1| 3.0 3.0 3.6
QK-3 1.3 —  — 1.2

3Rk

o~

Noyg 1.9 2.0 2.0 1.7
Noas 16! 1.8] 2.0 1.9
Niona 16| 1.8} 2.0 1.7
Nong 1.3 2.0 1.2 1.5

4y

SRR

.

a, s

1-type of glass; 2-optical glass; 3-laser glass; 4-

I S A

measured result; S-calculated result.

Table 6. Non-linear refractive indices of N03 laser glass

RS
=
~
R
pOs
o
-
X

under different laser pulse widths

LA

o g »

AENED FARTUE mERYD)
@) [mrp|mm o £ R

31166 10-7 |6 10-12|6 X 10-13 -_

10-?~ |1.06x | 1.06x | 1.06x
10-¢ 10~ | 10~ 10-18

1B~ }0.92% | 0.92x | 0.92x%
10-0 10-1* | 10-4 10-8

g

v
v

.

s

. . LA
DN

'b:"r" . ': .

E

l-non-1inear effect; 2-heat effect; 3-electric expansion and

,

attraction effect; 4-non-linear polarization effect; 5-

response time; 6-non-1linear refractive index; 7—cm2/watt; 8-

DR

milli-second pulse; 9-micro-second pulse; 10-nano-second

A A

pulse.
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Fig. 3. Relation between nz(E) and

1-watt/cm?.

Fig. 4. Relation between n,(T) and heat blooming effect of

glasses

~

/BRI
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With the development towards shorter wavelength of laser V*;?
emission beams, laser damage and non-linear refractive
indices at different wavelength become more important., We
shall continue to work 6n these problems both experimentally

and theoreticallyl50],

Part of the data of this paper is referenced from "the

4l TR

Research report of Shanghai Institute of Optics and Fine s
oy
Mechanics, Chinese Academy of Science, No. 2, 1974; and oy
L .:J'

Laser Materials and Devices, No.8, 1980. b

Appendix
Properties of domestic Nd-doped silicate glasses

1. Physical and processing properties
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. Nacs | 2.9 551 | 9.1 647 wr b 545 | 600 1440 S
. ; _ - — o
] Noz | 250 533 1 10.2 657 R 620 | 680 1450 X
g TN o282 25 | 8.9 750 ¥ | 1o | os2s | 55 | 12 *

P [
+ SIS L PR SR

DA

e Te by e e

.

e R R ST ) A A S R R et
BTN, '\.I:'.\__.'-P:_'.E:'.E:f-'-f - .”_!?Jh‘.ﬁ})\.l-._ﬁ_h*_ -\, a™ A -“t"\\I



TR M TR NN P AN NP N FW YLV

LA

[ %2

A
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3

l1-type; 2-physics properties: 3-processing property; 4- :-..,:'
. WXl

density: S-microscopic hardness; 6é-mechanical strength; 7- :S'::

-

+ e

Young’s modulus; 8-expansion coefficient; 9-transformation

temperature; 10~-soften temperature; 1l-temperature at

(]

ERA
'1 .l

viscosity of 100 poise.

5

YR

2. Refractive indices and dispersion

. " ] x -
'S IERD ‘ -
e L faAr—n: * -
" " L AG I
)
New Cr2-18 | 1.52065 { 1.5424 1.54995 | 0.00938 | 58.14 | 1.5816 | 1.5315
Ne: E70-05 | 1.53860 | 1.5413 1.54768 | 0.00308 | 59.5 1.5307
Non= Doot | 1.51969 | 1.5224 | 1.52645 | 1.52868 [ 0.0087¢ | 59.8 | 1.5122 | 1.5122
Xoaz C7215 | 1.49969 | 1.5021 1.5077¢ | 0.00805 | 62.5 | 1.4923 | 1.4027
Noas E70-13 | 1.51725 | 1.8197 1.52549 | 0.0082¢ | 63.1 | 1.51% | 1.5100
Nems D865 | 1.50290 | 1.5054 | 1.507¢6 | 1.5113¢ | 0.00844 | 59.9 | 1.4953 | 1.4655
Negs C7133 [ 1.53271 | 1.5884 1.54191 | 0.00920 | 58.2 | 1.524% | 1.5246
Neaus Doze | 1.51502 | 1.5176 | 1.51972 | 3+63368 { 0.00661 | €0.1 | 1.50%6 | 1.507%
' Nron B71-07 | 1.51458 | 1.51711 1.52385 | 0.008s0 | 58.8 | 1.5067 { 1.506%
-
v
».
v
’.
.
|
A
b:;
%
3 I-type; 2-No. of crucible; 3-refractive index; 4-measured
)

value; S5-calculated value.
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|
A
A
k)
k)
i)
3. Heat-optical properties
L]
' } SHNERR (106, HRY L)
" B8 |80, e | W0, | Pao, ¢y | Guo, o1 -
- | -Ci )
Na -0.36 4 5.0 0.8 018 " f 0.38
j Na 018 - 4.8 i 49 1.0 0.12 0.42
4 Nam 1.64 5.8 4.0 : 0.9 o.n 0.36
N Nos a17 6.8 2.7 0.8 0.08 0.37
: Nos «0.20 . 43 4.9 1.0 _0.10 0.35
Ner 0.20 © a8t 4.0 S 0.1 0.40
y N -3.20 2.5 5.5 1.0 0.09 .. .0.38
K. N ] 022 | ss. 4.2 1.0 o.r [ 037
- N 0.80 5.4 4.6 1.0 0.09 0.35
‘ l-type; 2-stress optical constant; 3-cm2/kg,
;.
4. Spectral parameters
BRAXE | 450 | 400 | 2is3m gA,.. 1; gl.., n J).?z.m Jrfiom (?']o,a"n (0)'5{116&’
2 1f VA PR A TR I s gyl iSohod)
- 802181 00812 | (% D | 1) |8 D D kmEsy s D] @ | @ (R (D
. 401501120] 410 | 513 | 100 {2024 {600 | 640 } &1t 220 | 380 | 0.26 | 1.00
\ 4149|120 | 427 | 513 | 100 | 1038 | 620 | 575 | 64| 230 | 360 | 0.26 | 1.04
LY
. 38831 9520 | 719 | 124 | 1364|590 331 |31 230 | 395 | 0.32 | 1.35
A\
A 41{45 14| 477 | 524 | 163 | 1150 | 6s0 | 312 [ 79| 260 | 370 | 0.26 | 1.05
45|47 9| 405 | 424 | 81| g0a[6sof 367 J62] 260 | 360 | 0.22 | 0.87
- 36146 | 8 330 | 330 7| 725{s90| 399 [65] 2 335 | 0.19 | 0.73
- 37152|11| 426 [ 600 | 127 1156 | 760 | 160 }s8s| 270 | 400 | 0.28 | 1.1
- 42{48| 0 405 | 460 | 87| o590 |7s0]| 374 | 72| 250 | 360 | 0.23 | 0.95
¥ 35134112} 470 | 725 | 161 | 1355-1510 | 506 160 | 240 | 370 |- 0.29 |-1.45
-
o
. I-type of glass; 2-main composition; 3-ratio of fluorescence
branches; 4-sec” !; S-micro-second; 6-A; 7-cme.
-
’
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. 5. Laser properties | {106 M| 516300 | Mieeh | MEMA

" , o # prawke $E2 8 ki =
(% WAED (D & )
' Sas 0.2 2.4 - -
. Nous 0.1 3.0 - -
< Nz 0.1 4.0 |16624.53| 94
) Nouz 0.16 3.3 |10613.21] 90
y Noms 0.29 2.2 | 10608.27] 124
! Nopea 0.12 3.5 | 10564.14| 62
" Neas 0.27 2.7 |10s97.20 | 1i3
y Nooa 0.10 3.8 |10608.61) 109
- Nims 0.22 3.5 |10611.38| o1

o " RERNE100% 550%, HANE 3 FH, MA

ER1IxINE,
i lI-type; 2-1.06 uym optical absorption coefficient (% cm'l):
_ 3-laser efficiency of ol6x500 mm rod'; 4-central laser
: wavelength; width of laser spectra line. 6-* reflectivities
§ of end surfaces are 100 % and 50 %, emission time is 3
; milli-second; input energy is 1x104 Joule.
: o
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A general review is made on the past ana future of the A
research progress on ltaser crystalis in China. Some prooosals ¢
" t
are offerea in order to open up a new prospect for the s
"y
. -
qevetlopment of taser crystals., — - . L e
| =
z
. X . C Sy
In memory of the 10th anniversary of the publishina of o
-
"Cninese Journal of Lasers" we are glad to review the course o
e
of deveiooment of the science ana technology of tasers since 1961 in ol
.
. s )
China. The Chinese made !aser crystals had pilayeda an 1
v}‘
- : ) s \\
important role for the birth of the first chinese laser R
-
gevice ana the later developments, The Chanagchun [nstitute of A
Optics and Fine Mechanics ana Suzhou precious Stone Ptlant, j§
rtogetner with other institutions, had laid the foundation of S;
China‘s taser crystals. Now we have l|aser crystal research 1;
programs of certain scale, angd such research work is heing $ﬁ.
- . - - . Sy s 3 f ’
aone in more than 30 institutions; more than 1000 scientists o
£
A
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and technicians are involved: ana more than 20 taser
crystals are under study. Nd-doped YAG ana Cr-dooea AIZO3
crystals have been produced and obtafned wiade apllicaticns.
Some new promising crystals are under intensive stugy ana are

ready for apolication. Basic research is aiso being carriea

out,

P AL AL
v ..l.l'l'
‘

a

1. RARE EARTH [ON LASER CRYSTALS

PR

{1). NAa:YAG

China pegan to arew YAG crystals in 1965. At first, a
laser was obtained with crystais prepared by salt-metting
method. NA:YAG crystals with size of up to 0.50mm in aiameter
were prepared by salt-melting method. NA:YAG crystais were
proauced by upward puiling methoda in [1967. The upwara
pullfng methoa with electrical resistance heating using a
grapnite or tungsten heater was popularizea in several dozen
of institutions. Southwest Institute of Applied Physics
gevetlopea a set of orocessing technology to control the
growth of plan boundary for obtaining particle-free ana
aistocation-free NA:YAG crystals. Recently Sichun Huaguang
Piant of [nstruments produced crystals with good
nomogeneity (the interference pattern line aensity can be as

iow as (0.25/25 mm). The graphite-resistance methoqa has

orobiems of proaucing a targe number of scattering centers
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in crystals. Shanghai Jiaotong University had appliea the
control ted gas environment to deoress scattering centers
in some degree. By the upwara-puliing methoa using a Er

crucipte ana etectric—-magnetic inauction nheating, scattering

partical-free crystais with a diameter of ¢25-30 mm and a F*”'

convex boundary surface can be produced. Recentiy North
China Research institute of Electro-Optics has proaucea
crystals with adiameters of ¢35-40 mm, ana the crystal roaga of
¢9I%75 which can be used for laser amplification nas an
interference 1ine density of 0.3/25 mm. Jiling Laser
Materials Plant is the bigest plant specializea in YAG
crystais; and Chengou Liming Mechanical Plant is active in
developing YAG crystal production.

Tne property of Crystails, proguced either by electrical
resistance method, or induction method, can be improved
after hignh temperature anneating. This shows tThat oxyaen
vacancy defects or OH s were introduced when the oxide
crystal was grown in a reductive or inert gas environment. Some
crystals haa serious crystal dgefects or serious harmful
imourity contamination; they caused coior chanage after
annealing ana the optical apbsorption and scattering 10ss
were increased obvious!y. Tne annealina process can uncover
the proplems existing in crystals and therefore can prevent
the poor-auality crystals from being used.

National scale characterizarion of Na-YAG laser crystai
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rods was organized for two times. It playea a good roie in

stimuvatiﬁg technical communication, improving qguality of

-3 N e )

crystals, ana making stangard characterization methods. The

s’

technology of crystatl selection, optical processing, ana
anti-reflective films at the end surfaces have been improved.

The ultrasonic rod picking technique of raw crystal and

x

multi-roda processing techniaue of crystal end surfaces will

De useqa soon.

a2 R g

Through the investigation of Na-Cr double doping of YAG
2 crystals maage at North China Research Institute of £lectro-
- 3+

Optics, it was founa that Cr nas some sensitization effect

in NO:YAG crystals. can improve crystal geformation,

. of N4a*+

™ increase the |ifetime of Fluorescen;;)(SKG improve the
resistance against ultra-violate peam irraaiation. Nag:Cr:YAG

crystal has been appliea to the hole dritling of ruby

pearing, distance measurement, and medical! applications.

stete%ats

(2) YA!O3 .

A

This crystal was produced in 1971 ana produced 2 laser

peam in 1972. Because this crystal is more sensitive to the

. )
PCRE RSN |

auality of raw materials ana impurities, ana the gas
environment of growtn and annealing also have obvious
effects, the graonite-molybdenum growth system was

adiscardedg gradualiy. Basic studies, of the heat-ooticat

properties, transition cross-section areas, ana applications

P

of YAtO3 crystal, were made at Shanghai Research Institute
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of Optics and Fine Mechanics. Since the 70s, most
institutiéns switched their investigation to YAG, ana only
Fujian Researcnh Institute of Material Structures insisted in
the investigation of YA|03. They have done good work in
crystal growth, material purification, and heat effect
of YA!OB. b-axis Na:Cr:YAlO3 nas reacheo a 163 watt
continuous output at 1.079 pum anad a 20 watt continuous output
at .34 pym. This is in the leading position in the woriq.
They also oproduced Er:YAIO3 crystals and made studies of the
spectral properties.

(3) LivF, CYLF)

for meeting the reqyfrements of some new wavelengths,
north Cnhnina Research Institute of Electro-Optics began to
proauce YLF crystals in 1977, A set of technology of inert

gas environment ana upward pulling method using graphite

,.,
)
PO

apparatus was deveioped. The probliems which are keys for

v.:

~

v v
v Ve A
)

crystal quality such as: oxygen content in materials,

v,
L)

5 M0

transparancy 10ss, twin crystals, and scatteriné particles
were solved. Na:YLF (1.047 um, 1.053 um, and 1.32 um),
Er:YLF (0.85 um) ana e\p-YLF (2.06 um) have produced

laser output at room temperature. Nd:YLF pulse laser output
nas reached 838 milli-joule and the efficfency has reachea
1.51% (maximum is 1.73%). The mode-lock laser operation

nas peen obtained in oscillators using Nd:YLF crystals.

(4) Seif exciting taser crystals
a)
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. Shangtong University and other institutions nave tj*
* & .
L] - 3 {‘{“
: produced NcPSOIA. (Na, La)P5014' ana NaAls(Boa)4 crystals F;
; wnich are transparent., The size of these crystals has "%
! ia¥ 4
: reacnea 4 cm and this is at the leaaing position in the :ﬁ}
3 1y
: wor id. NoPSOM using Xe lamp for optical pumping produced R {
), s {
',
laser output in 1979 anad was appliea to taser aistance '}"
_
: measurement. (No,La)PSOM and NdA|3(BO3)4 generated $$
f laser output and they have better properties than Ndpsola‘ Ei
I
Fujian Research Institute of Material Structures produced -
N smail crystals of Nd:GOA),(8O,), ana the pulse laser &;
» &
>
N operation was obtainea in 1980. z;
N
-
) Snanghai Institute of Optics and Fine Mechanics ana ™
F
(4
Snanghai Institute of Ceramics nave produced NdLiPdol2 i:;
A
v crystals ang obtafned laser output. [In orger to gecrease ;:
\ ~
narmonic oscillation loss of this crystal, Shangnhai [nstitute !
- v
. of Ceramics has proauced NGO.SLBO.SLiP4OIZ crystats. 45
. e
: A decrease of laser threshola in this crystal is anticipated. %t
Peking Institute of Artificial Crystals has proaduced -
; NOPSOIA Qlass laser rods ang obtained !aser operation with a ;S
y rate of 15-20 sec . Appiications in tne fiela of medicine =
are anticipatea for this crystal. Zin
N '-:
- 2. TRANSITION METAL ION LASER CRYSTALS N
. 38
g [
_ 1) Rupby crystal r: g
9 (1) Yy ystal (C Ai203) ‘;
P After the boaming period in the 1960's of fire-melting processing jZ
* a2 e
.‘-i‘ 1 -
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investigation, there was a3 blank period for the research oOn

ruby crystals, Using upward puililing method, Annhei [nstitute of Fsz

Uptics ana Fine Mechanics ana Suzhou plant of Crystals ;f
i
! optained crystalis with better homogeneity, in the micdle of :%
: the 70s. Cooperating with Shangnai Institute of Ceramics and :g
" Shangnhai Institute of Optics ana fFine Mechanics, Jiaozao .
12 Institute of Lasers improved the fire-meliting methoa and §a
:E improved the crystal quality; the laser efficiency reachead :E
N 1.7% and this institute pecame the main supplier of this ;f
] crystal. Recently Anhui Institute of Optics ana fFine EE:
f Mechanics and Jiozao Institute of lasers are solving the E
g ma jor problems of upward pulling method and investigating ;%
f ruoy crystals for holograpny. E{
t (2) Cnrysobery (Cr:BeA|204) ;%
; Thnis is an ena-phonon tunable laser crystal which is S
. being paia attention abroad. Because of the extremely toxic Zki
4 o
nature of BeO, it is only investigatea at Shanghai Institute {?
] of Optics ana Fine Mechanics, and at Anhui [nstitute of

Optics ana Fine Mechanics. Shanghai Institute of Optics and

' Fine Mechanics began to investigate crystal growth in 1981,

and obtain ifaser output fn the same year. Recently tunabte
j taser output was observed in this crystal. Anhui Institute

of Optics anad Fine Mechanics has proaucea crystals witnh

. aifferent crystal axes.

N (3) Nf:HgFZ

f

A

? 43
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Shanghai Institute of Optics ana Fine Mechanics, ,:

,1' .
f . Shanghai Jiaotong university, anad Peking Institute of ﬁ»
2 Glasses have produced Ni:MgFZ single crystals of 924-30x30 X4

mm, by using a sealed graphite crucibie and a temperature
k. gradient method. Seed crystals with aifferent crystal

orientations have peen used for crystal growth. (Crysta!l

i cracking and stress characteristics have been investigated. tk
. \‘:
~ Spectral property, disliocation, and |ine defects were o
2 measured. Shanghai Institute of Optics ana fFine Mechanics has i
X3 4.
s . +
., produced Co:Mng. Shanghai Jiaotong uUniversity has proaucea .
- L
. Ni:Mg0 crystals and produced 10w temperature laser dgevices. §:
- S
~ S
o 3. COLOR CENTER LASER CRYSTALS &‘
-~ T
5 b
In the begining of the 80s China haa about 10 M
-. \l.
- institutions doing investigations of color center laser :;
." \.:
N crystals. uUndoped ana dopea Lif, KCi, ana Naﬁcotar center D
% o~
crystals have been producead. Preliminary stuaies of the 7~
q" l‘.‘h
< formation, types, type transfer treatment, and stapbility of et
" color centers, etc. have been carriea out. Lif with Na:YAG :3
. e
aouble freguency pumping produced tunable color center pulse h
; output at room temperature in 1981. Because this program is
5 retatea to material, adevice, and applications, and it aiso
can stimulate the related basic research, therefore Huaqiao
- university ang other institutions are doing cooperative
«
.
‘o
- 44
3
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h investigations, '&!
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|‘§ff'
4. INVESTIGATION OF NEW LASER MATERIALS ‘:;
1 _:
t Since the 70s, in order to meet the need of multi-type i;
!
h dgevelopment of solid laser cgevices, some institutions of e
. China began to investigate new laser materials. North China Cas
. Research Institute of Electro-Optics has produced new laser Q?
v materials such as: Nd:CaS(POA)SF, Nd:CaY4(5104)30. Na:YVO,, e

i

ana adifferent rare earth etlement doped new laser materials

v ik,
o

..--.-
s, .
P
M,

such as Gd.(M004)3 ana Ca Y13F49. Recently new multi-

: 2 > 3
N function crystals with self Q- adjustment and mode self-lock ﬁi
functions are under investigation. Cooperating with Peking ‘1;

Institute of Glasses, new end-phonon iaser crystals are also i

unaer investigation. Fujian Institute of Material Structures i:

. is investigating the retation between structures and XS
. A
E properties, and has suggested to finad new end-phonon 5;
k. transition l1aser crystals through the channel of combining ;E
2 The crystal dynamics and lattice field theory. Based on the X
_é structural characteristics, @ new crystal Cr:YA13(803)4 was ga
A proauced. A R-1ine located in a 684 nanometer was observed in ;E
the spectral studies, ana there is a very strong phonon band ':

e <.
ﬁ in the 690-750 nanometer region,. Snanghai Institute of Optics §
’ ' ana Fine Mechanics has carried out spectral studies of some ’\‘§
¢ rare earth and transition metal! ion doped oxide and u;
E filuolicges., Annui Institute of Optics ana fine Mechanics is &i
3 N
) as ff
3
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investigating new type ena-phonon laser crystals by salt-
meiting methods, Changcheng Institute of Appliea Chemistry
has oroduced a series of small size self excited laser
crystals with new waveiengths such as: KNdPaolZ, nn:CePsola,
Toxoyl_xPSOla, ect. Shanghai Institute of Ceramics has
proguced same composition meilted K58i0.9Er0.1("°04’4 single
crystals anag carried out structural and spectral studies.
Peking Institute of Physics has investigatea the crystal
growth and properties of Eu:GGG, Tb:GGG, etc. Several

universities are also carrying out basic research for

exploiting new materials.

5. FACILITY BUILDING OF LASER CRYSTAL RESEARCH

Before 1960 the crystal growth and property
characterization in China were very weak; most of the fields
were bilank. The invention of lasers greatly had pushed the
facility builaing of crystal research. [n order to meet the
requirement of the growth of high meiting temperature
oxioes, several upward pulling single crystal furnaces with
nignh precision mechanical movement and high stability were
aesigned ana manufactured at .Shanghai Institute of Optics
ana Fine Mechanics, Shanxi Institute of Mechanical
Engineering, North China Researcn Institute of £lectro-

Optics, Tianjin University, Chongging University, anda other

46




institutions. Some institutions Have deve loped programmable
semi-autoﬁatic temperature control systems, automatic
mechanic weighting systems, automatic electronic weighting
systems, and programmable automatic movement correction
systems. The reliability of most of these control systems
needs further improvement, the electronic weighting systems
are not stabple. Experiments of automatic systems using V4&5
microcomouters are being done now.

Kunming Institute of Precious Metals developed in the 1960's
technoiogy for product processing of £r, and has suppiiea
aifferent Er products for the growth of high melting oxides
by induction methods,

North China Research Institute of Electro-Optics in the 1970's
designed anag manufactured SCR (si)icon controlleqa rectifier)
medium frequency converter power source which has high long-
term stability, and it was applied to the crysta! growth by the
upwara pulting method. Because the frequency selection
matches the Skin effect of Er crucibles, the
medium freguency has no influence to control circuits, and
it also has smaltl effect on human bodies, This power source
was popularizea in China. This institute atso has aeveloped
a laser spectroscope for gquantitative measurement of the
adistrinution of excitation ions.

Snanghai Institute of Optics ana Fine Mechanics has

succeeded in an improvea girectional temperature graagient
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method of crystal growth. Except the application in the
arowth oféwnite jade single crystals, it is used to

produce targe giameter Nd:YAG crystals at shanghai Institute
of Optics and Fine mechanics anag Changcheng institute of
Optics and Fine Mechanics. In the fiela of measurement
instruments, East China Institute of Engineering nas
designed and produced Tammann inteferometers, This instrument
was alreaay used fn China. Most of other measurement
apparatus for various measurements such as scattering
coefficient, absorption, ratio of optical attenuation, laser
property, etc are non-standara apparatus adeveloped by
ingiviagual institutions themselves. Generatlly the conditions
of characterization of laser crystals are still very poor;s

some fields are still plank (for example, quantum efficiency).

6. AN ESTIMATION OF THE FUTURE AND SOME SUGGESTIONS

For the past several odecades the development of laser
crystats was fast in China, and a quite strong basis anda
research force were already built up. As a general summary,
in the field of laser crystal research and production, China
is stil) benhina the uUnitea States and Soviet union with a big
distance, but China is leading anhead of other nations in
some aspects. It is anticipated that in the next 10-15
vears, some of the common crystals can meet the needs of

China ana atso can be exported. We will produce several new

S . IS \s
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taser crystails with good properties anag gooa values for
application. [t is possibie that some special equipment and
whole packages of technology wilil be transfered to other
countries.

[n reviewing the progress of the past years, we should
also see the weakness in this fieta.

In orager to further adevetlop the laser crystals of China,
1 make several suggestions as fol lows.

(1) Further carry out intensive studies of crystail
defects. Combining crystal growth technoliogy and crystal
properties, attention shouild be paid to soilve quality
problems of the common crystals. In the next 5 years, the
problems retated to crystal growth of high quality large
size crystals such as YAG, ruboy, YLF, Cr: BeAl2 a’
NO:Cr:GSGG, CR:GSGG, should be soived. Production on an

ingustrial scale should be organizea in specific pltants.

(2) Strengthen the basic research of some structural,

ana property stugies. Investigate new type excitation ions

i
3

hd

and base materials. Exploit new mechanisms of transition and

L
s

>

functional effects. The major research topics in the next 10

years might be as folliows. (a) investigate tunable laser

CLUCAER ™

crystals using ena-ohonon and other transition systems. (b)

Exptoit new wavelengtns using rare earth ions. Exploit high

. efficiency new waveiength laser crystals by applying
]
<+ .
’ sensitizers, anti-excitation, cascade, et cetera. (c)
Cd
v
4
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investigate color center laser crystals. Improve the
obtainea color center crystals or develop new crystals,
make intensive investigation of the physical and chemical
processes of color centers. Solve the propiem of heat
stability: ana make real applications as eariy as

possible. (d) investigate multi-functional laser crystals.
(e) Investigate new laser materials of conaensed materials.

(3) Pay attention to the basic facility development
related to crystal growth and reliated technotlogy. There
shouid be several national centers of crystal growth,
optical processing, equipment research, characterization of
instrument development. [n order to change the backward
situations, several sets of advancea equipment, instruments
and whole items should be inported.

(4) Strengthen the training of scientific and technica!
personnei. [t is suggested that crystal majors shoutd bpe
estabplished in several universities. More graduated students
withcrystal major snoulda be enrolied. Send more studgents and
visiting schoilars of crystal majors abroad to receive
aavanceda training. Encourage acacdemic societies to organize
in-position training programs.

(5) Further carry out the policy of adjustment. Solve
the dispersive, repetitive, agisorderly situations of
research and prooguction from the viewpoint of system

organization.
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