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‘A single-frequency cuw dye "iaser ‘wi"lth. highly stable and linea’f
tuning of the Lasmg jrequency has  been . devel.oped The radlatwn
Linewidth of “the I.aser does not exceed 10~ cn™Vs. | The nonlinearity

of lasing frequency scanm.ng Ln the regton 0.5 cn™" is l,ess than

0.1 % The

mont toring

scanmng nonlmeamty was sz.gmft.cantly reduced by

the base Lme of ‘the reference temperature-stabnlazed‘
F‘abry—Perot Lnterferometer with the hel_p ‘of a capacmtwe sensor and by
using a feedback ‘systen to - Lntroduce ‘the required correctwn of the
f.szgnal controll.mg the change l.Tl the base line of the mterferometer
and the
conetructv.on of the reference F’abry—Perot Lnterferometer are descnbed
T‘he' developed is. Lntended for

investigations. in a dee r%mge thh an abealute accuracy of the. ordez‘ t

The arrangement of the laser, . tHe electrom.c control umts,

in detat L. I.aser spec troscopzc

of the linewidth of the laser ‘radiation.

: i
" To improve :single -frequency cw dye ‘lase v'-~24, (Refsi 1, 2) which with a radiation linewldth
(CWSFDLs )’ having ‘a narrow lasinz line (~1 MHz i of <1 MHz can result in an error. in setting the '=

continuous tuning of the lasing frequency over a"

lasing llne near the thresho]d of the region of

determined by the deviation of ‘thel dependence of

N the cbange in- the lasing f‘requency on ‘the change'

ln ‘the electplc signal ccntrolllng ‘the tuning from: 5

a linear: dependence at the threshold of the re"io
of continuous scanning. ' s

this deviation is at’ least one to twc orders

magnltude-vgreater than. the width of the laser

‘1ine. Thus, . for example,

‘CWSFDLs manufactured by Coherent. Instruments a.nd'

Spectra Physics Inc
the ‘lasing f‘reé{uency ln the region of: 30 GHz is

0235-6880/89/121132-05(302.00

in commerclal models of‘k

the. nonllneamt,y of tuning of -

wide renge (=10-30 MHz) it is necessary to improve'.’ . continuous . .scanning of : several nundreds of
the linearity of the tuning of “the: wavelength Of‘ negahertz - relative -to . the proposed spectral
‘the  radiation., The nonllnearity of tuning .is,f posit;idn The error -  in settlng the lasing line

‘owing to . the nonllnear‘ity of tunlng makes it

impossible  to peri‘orm spectroscopic measurements ;

. with the’ help of CWSF’DLS wlth an. accuracy of .the

order: ..of  the. uldth ‘of - the laser 1ine wlthout
additlonal means . for monit.or-ing the change in t.he

without
of\» determlnlng,,' more

lasing f‘requency, Ciilled so—-called
"markers”.. " The
accurately ‘the spectral position of ' the lasing
vofé (;WSFDLs‘ “solved by

3

superposltlon we.velength‘ met\e\rs,k

probl em .

line: can . be

readily available commercial models . of"*’ snch
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using ; 5
But the ‘most
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nuzters“"5 are unsuitable for this pui'pose. since
the error in the lasing frequency determined with
their help is, as a rule, also several hundreds of
megahertz.

Linearizing the functional dependence of the

laser radiation freguency onh the parameter of the

controlling signal makes it possible to determine

the position of the lasing line with an accurécy ’

of the order of the linewidth in the entire region
of continuous scanning, if in at least one

arbitrary location in the region of continuous

scanning the spectral peosition of the lasing line

is determined to within ‘the linewidth. Absolute
calibration of the lasing frequency‘with this
accuracy at an arbiirary location in an arbitrary
region of continuous scanning can be performed
based on separate lines of a reference spectrum,
the frequency of whose lines have been measured

with the required accuracy by other methods. We

note .hat only one line of a reference spectrum is

required to calibrate the lasing frequency of a
laser within each region of continuous scanning,
and there 1is no negd for a "marker” or an
ultrahigh-precision wavelength meter.

The purpese of this work was to deveiop a
CWSFDL. with highly stable and linear tuning of the
lasing frequency for High resolution spectroscopy.

The nonlinear'ity of tuning in
frequency-stabilized CWSFDLs is usually determined
by changing the basé line of the ‘reference
Fabry-Perot interferometer with respect to which

the lasing frequenéy is stabilized. When the base
line of the reference interferometer 1s changed
with the help of a piezoeleciric ceramic the
nonlinearity of scanning in the region =30 MHz can
reach 20% and when the base -line s changed wWith
the help of an inclined Brewster plate the
scanning nonlinearity is equal to 2%. One way to
reduce the scanning nonlinearity further is to use
.a minicomputer to correct the signal contrelling
the change in the base of the reference
int.er'fer‘s:;meter'.s However . this method cannct be
implemented in CWSFDLs that are equipped only with
analog electronic control units. In the CWSFDL
which we developed the nonlinearity of scanning of
the lasing frequency is sighificantly reduced by

using a sensbr for controlling the change in the

base line of the reference interferometer .and a

‘feedback system ' for correcting the signal
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controlling the change in this base line. The
actuating electromechanical element of the system

is a plezoelectric ceramic and the controlling

-element is a capacitive transducer.

Figure 1 shows a bleck diagram c;f the linéar
CWSFDL which we developed. The laser employs the
basic construction for the radiator a);nd the fluid

circulation 5y5tem.5’7 The selectors employed in
the CWSFDL "are as follows: a three component
bir‘et"ringént filter, fabricated feollowing the

recommendations - of Ref. B8; a quértz Fabry-Perot

.etalon 0.5 mm thick whose surfaces have a

reflectance R = 0.4; and, an aluminum absorbing
film with.a traveling-wave transmittance T = 0.7.
The optical arrangement of the laser has the
following special features. First, the thiﬁ etalon
is displaced with the help of a

electromechanical drive -and, second, a special

special

monoblock is used for simultaneously positioning
the absorbing film and the output mirror. '
The monoblock consists of two quartz disks,
glued together, with the holes at théir centers
and a PP-4 plezoelectirlc ceramic in the midd'_le.
The output window and the absorbing film are
secured to the opposite surfaces of the glued
assembly; the distance between them is equal to
2 ¢m and can be varied by several microns with the'
help of the plezoelectric ceramic. The monoblock.

is fabricated so that the .out-of-parallelism of

"o
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FIG. 1.  Block CWSFDL

developed: 1) laser control unit; 20 reference

diagram of the

interferometer control unit; ¥ system for visual

monitoring  of the lasing spectrum; 4
electromechanical drive for displacing the thin

etalon; 5, 62 phétodetectors.
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its opposite Surfaces is équal ‘to only several
_angular seconds, so that the entire construction
a . single ‘ element — a

is aligned as, optical

selective reflector with an absorbing film. The

‘air gap between the

output mirror and the
absorbing ' film is
flows. The monoblock construction of the selective
s\ir}nplifles ‘the

alignment of‘vthe CWSFDL and improves the stability

) reflector . construction and
.of the sfngle-frequency lasing reginme.
fﬁlm was deposited on a ‘fused, quartz substrate.
the other side of the substrate was coated with an
.antireflection coating. The substrate was orignted
with the absorbing film“turned.toward»the output
mirror. The 'absorbing film does . not have a
protective coaﬁing; the absence of such a‘coéting
did not lead .to ‘any 'degradation -of selective
‘reflection during a period.of at least. one year.
-.‘ We note that the selective reflector whlch ve
used has comparatively high selectivity and makes
it possible to achieve single-frequency lasing by
increasing the length of the laser cavity up to
. ~1m This is. important from the viewpoint of
CWSFDL develobed for,

intracavity optoacoustic

B using the for example,

“FIG. 2. frjequency-seleétive loss functions:
CTCW) fof Fabry-Perot ét'qlohs with a base line of
10.mm, R ., = 0.04, Ccurve 5 and R L5 01 CO;
RCv). for a selective reflector with an absorbing
film with a film-mirror distance of 4 (13, 2 (2,
and 43 cm (3. e ‘ :

isolated from. dust and air

-An aluminum '

" from the-

spectroscopy ind for .

“(HVA)

‘syste}n is
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other purposes. Figure 2 »sh‘ows ‘the

thick
traditionally employed in

frequency—selective - loss - function : of -
Fabry-Perot etalons,
CWSFDL.,
absorbing " film. The
selective reflector were calculated by the method

in Ref. 9.  One «can -see that the .

and of a selective reflector with an
.characteristics = of ~ the

described

selective reflector which we wused is  more
selective ’than the thick Fabry-Perot etalon for a
wide range of base lines. From here it -also .
that the base

reflector for a CWSFDL does not have -to' be chosen

follows line of the selective
3y

.condition that - maximum losses be
introduced for. the mode that does not compete with
the 'selected mode owing .to  the spatially
Ronuniform saturation. of the galn in the thin
,active‘ medium ~of the laser,
Ref. 10. '

:The ' electronic systenm,

as was done in
A

'

which enhances -the

,étability and linearity of tuning of the lasing
. frequency of the CWSFDL, was . constructed 'in the

form of two functionally independenb units: the

laser control ", unit. - and the reference

interferometer control unit.
\

The laser . - control unit includes the

electronic circuits of the. following systems:

- system for automatic adjustment. of the seléctor
" (AAS) — absorbing film — in the node of‘ the

selected mode; automatic frequency control (AFC)

system ' based on the reference Fabry—Perot

‘lnterf'er-ometer; and, .a‘ circuit ‘controlling: the
etalon drive (EC) and high-voltage amplifiers
‘for ~‘controlliing 'the ' base ' line . of the
reflector with  the help ‘ of‘ “the

piezoelectric ceramlc and " the posltion ‘of the

selective

following mirror of -the cavity with the help of "

three piezoelectric ceramics. The AAS system is

. analogous to the one ‘described in ‘Ref. 11. ‘The

- base ‘line of the selective reflector is. modulated

In this laser ‘the AAS .

with a frequency of § kHz.
ctrcuit  for

'supplement'ed with ‘a

) automatically regulating the  gain' in -order to

improve ‘the’ operating regime of ‘the synchronous

“detector in the entire.range aof‘. output ‘powers ‘of

The operation of the  AFC ‘system 1s

- ‘based on the principle of stabilization of the
‘laser frequency 'according to the slope of the

_transmission ‘peak of the reference 'Fabry-Perot
\ . ]

interferometer. An important elehent of the AFC



(7.5 GHz)
peak of the thin etalon is scanned synchrono—usl\y. :
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system is the‘cirv‘cuit normalizing 'the error sigr;al
to the output power of the dye laser; this makes
it possible - to maintain a constant gain and a
constant transmission band of the AFC system in
the entire r‘egion of lasing of the dye. '
With the help of collimating .mirror with a
piezoelectric package: consisting of .t.hree ,P 3

p’iezoelect‘.ric ceramics it is possible to scan the

radiation frequency of the CWSFDL continuously in -

a 15 GHz range with.a ‘total amplitude of the

voltage across the piezoelectric package equal- to

500 V. ’Continubus scanning of thé'frequen‘cy in a

spectral region whose width exceeds that of the
region of dispersion of the selective reflector
is. possible only if 'the transmission
scanning we ~ developed = an

To achieve such

electromechanical drive for the thin etalon and a

circuit . for controlling - the . drive. The
el‘é‘ctr&né’c'hanical drive was designed based on a
DPR-52 dc mo:or and it makes it possible to turn
the thin etalon continuously by 2. 5°
fréquency of ‘up to 100 Hi‘
circuit is employed for‘ linear scanning Qf the
transmission peak of the etalon relatlve to the
voltage controlling the roiation of the  etalon.
This takes the

controlling voltage ‘and controls the drive with

circuit square root .of ' the
the help of the signal obtained in this manne;*.
Synchronous scanning of the lasing fr-eqﬁenc’y and
the transmission péak
achieved by applying a certain fraction of the
voltage controlling the scanning to the
piezoelecf‘.ric :,p§ckage of ‘the .coAllimé\iing mirror
and the circuit controlling the etalon drive. The
circuit controlling the etalon drive and the drive
itself were tested separately in a self-scanning

12
narrow-band cw dye laser

ih a regime when the
wavelength of the radfatic)'r; is set by the position
of the thin etalon. No additional fluctuatiofxs or
drift of the

attributable to the use of the etalon‘drivve vere

wavelength’ ‘of the radiation
observed. Tllle nonlinearity of}v}avel‘ength‘s‘canning
performed with the help of the thin etalon did’ riot
exceed 1.5% over a range of 180 GHz.

The unit. controlling ° the

interferometer contains electronic

controlling the capacitive transducer :(CIC),' the

therriostat (TC), and the high-voltage amplifier
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with a.

A special coupling,

'inl%er'f‘erom'eter. " The.

of the thin etaleqn is.

. element;

. reference’

circuits.
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\ .FIG, 3. . The -construction of the referehce

‘-intérferometer: 1) interior {nvar casing of the

interferometer; 27 intérferometer mirror; 3 solid
foam  insulation; ‘47 heater filament wmdmg., 5
Lnterferometer body; 6) quartz window coated with
an antireflective coating; 7). PP-4 piezcelectric

ceramic; 82 guartz cylinder.

(HVA). A,sc/anned confocal interferometer with a
dispersion range of 1.5 GHz and a sharpness factor
of three was emplioyed‘ as the reference
temperature  of  the
interferometer is maintained constant to within
0.005° C.. The

interf‘erometer' is shown in Fig 3. The external .

construction of the ref‘erence

-thermally 1nsulating ca51ng is made of solid f'oam

insulation. A heater with a temperature-sensitive

which  is necessary for active

:s’tabilivzatiovn' of the interferometer temperature,
s placed inside this casing. One mirror of the
*interferometer is rigidly connected with g fused .

which
interferometer mirrors and is several millimeters
shorter than the base line of the interferometer.

quartz cylinder, is placed between Wtﬁ'ié

A capa(;itive transducer for controlling the
change in the interferometer base line is placed
in this specially provided gap. One plate of the

'transducer consists ‘of .a chemically depoélted

silver' ‘coating on the end face of the quartz

cylinder The opposite plate consists of a metal

disk connected with the ‘o_ther- mirror of the

interferometer, which can be moved along the axis

&
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.of the interf‘er‘ometer‘ with the help of‘ three PP-4

plates. of the capacitive transducer ‘is”equal to

200 . “The capacitive transducer is part of an LS ./ rhodamine
oscillator, which is placed in the 1nvar casing of " unsubstitut.ed 8G "fénnd 48 perdhlorate — hag o
the interferometer and whose inductance conslsts : tuning range of abuut 550-~650 T, This 1asery
of @ -silver ‘coat ing chem,icalyly _deposited 1n a - makes it possible to eXpand slgnlf}cantly »the

spiral on the lateral surfage 'of. the quartz: possibilities of many research methods used & in
oylinder. A change in the base 1liné of thev N high-reaolution spectnoscopy e.s well as to pex-form

the nonllnearity of tuning of  the - laéing
lpiezoelectric ceramics The dista.nce ‘between  the frequency does not exceed 001%, o e
The CWSPDL which ‘we developsd based ‘on: three

B V. Bondarev et" al

cin this countr‘yv ;

interferometer . results vin af’ change ‘of+ the precise spectroscoplc studi,es' with an. ia,bsquute:.ﬂ

circuit 'in the interferometer - control unit. The Sufficibnt fot‘ many EPECtPOSCOPiG measurements.
circuit converts the change ifi the frequency 'of. :

‘the LS osclllator into 'a digital’ code, which is :
converted into an analog voltage with the help of‘ -

is fed into a dif‘f‘erence cir‘cuit which compar'es - g‘:

levels of these signals is fed in antiphase inm )
one of the inputs of the HVA control unit, which
controls the p;ezoelectrvip ceramics cof the
{nterferometer. ,Thue any- deviat?ons‘ ‘of ' the

scanning = from Iinearity are compensated by"." “USA

v

negatWe feedback. PR T 4 gy

" laser’ radiation An accuracy‘ of 10 81078

- m:rzar.upns SRRy e
i CR-599 Dye laser systems. Coherent Instruments, =
a 12 bit DAC. . The slgnal obtained in ‘this manner ) USA. :
‘ fSemes 380 ring. dye l.asers. ’Spe‘ctﬁra*l’hyslcs‘?-»‘ ‘

the level of this slgnal with the level of this'gr" Inc., N o Lh

signal controlling the ‘'scanning of‘ “the base 1ne 300 -p Monchalin. etfal A;;plied opt'ip‘s,‘zoj 5
of "the interferometer. The difference of the 738 (1981) j '

_ B. V Bondarev, SIM.: Kd'bise\}, and V.B. Soroki'nv. :
. The lasing spectrum of the = CWSFDL -was - Ppib Tekhp Eksp.,.ya 245 /(1986)" B
monitored ~with ‘the’ fae}p" of . two" scanning 7. B, V Bondar-ev, S M Kobtsev,)and V. B. Sorokil?

- Fabry-Perot . interferometeré with. the dispersion Prib. Tekh. Eksp. 4, 178 (1933)

frequency -of ~this LS ‘oscillator (the ‘average’ aceuracy of the order of the nnewidth of - the 4
_ frequency %30 MH;) and is :recorr:‘ied by a special

s

t

ranges of 15 GHz and 250 MHz and sharpness factors 8 8.M. Kobtsev, g Spek,tr'osls. . 33’ - Yol 8,
: of at ‘least 50. The entire system which ‘we used " 1139 ‘ SRR : RS B : ) i
for monitoring visually the ‘lasing spectrum of . 9. Yu. v, TroltskiI SmgLe-Frequem:y Lasing in Gas' ‘
narrow-rband ew lasers ls dascribed in detall in . Lasers, (Nauka, Novosibipgk, 1975) ' : A
Ref. 13. The output power of the CWSFDL was = {0, I.M. Beterev, L.C. Vasllenko, M.1. Zakharov,
‘monitored ‘with an LM-2 power meter. An ILA~120-1 et ' Froguendy-Tundble  Lasars:: | tNiuka, -
ar‘gan laser was used as the pump laser. : . Novoslbiprsk, e BRSNS RSt
_ The characteristics of the single-frequéncy ‘ 11‘ ‘yu_v_‘ Trottskil, VAL K;h;;ndv,'f . and
‘cw dye (rhodamine BG) laser yhich we developed are . V,p. ‘Hyuppgn‘en,- 'Invenf_m-'s ‘ ‘ tefgificate
" as follows: . ' " No. 382 8/1 USSR, MKI N0153/10 (1978). e
.. the ma.xlmum output power exceeds 50 mW with 12.. S.M. ‘Kobtsev, and V.M. Lunin ih: The Thu‘cl

" radiation of‘ a 3 W.argon 1a.ser,

v

pumping by all linés of the linearly PO!W‘ized_ National Conference Lasers-BB with Internat:.ona!. %

of‘ 1 sec- does not exceeds 3 MHz, . 13.

Parttctpatv.on, ;

the linewidt.h of the radiation over a period \ Prib. Tekh. Eksp., No. '1,7240 (1988)... " T

B.V. Bondarev, -

Bquga\r*ia (1988). p. 733;

(S

A.V. Karablev, 'S.M. Kobtsev;

the rate .of drift of the lasing frequency . and \V.T. Makashev, Prib. Tekh. Eksp., No.. 5‘(19‘89).:»

"does not, exceed 60 MHz/h

contlnuously over ‘a range of 15 Guz. o T Novosibirsk

N

e '14. B.V. Bondarev, S M. Kobtsev, -and V.Bi- Sorokin,
the lasing f‘requency can be  tuned Tunable quers and Thetr Appl.tcatv.ons. (Na.\_xka
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