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PREQUENCY ‘STABILIZATION OF He-Ne TASERS

- J.N.Degai, T,Chandrasekhar, R.Madhavan and A.R.Gupta

" Physical Research Taboratory
Ahmedabad-380009
India

Abstract

For many applioations,ietability of a free running
laser ie not adequate and eome type of external control over
the oselllatlon frequency is requlred Elaboratelschemee
have been de31gned to achieve various degrees of stabili-
zation. However, it has been  shown that stability of the
order of about 1 part in 108 ean“be'adiieved in a relatively
simple manner for a commercial internal mirror He—Ne laser
of Spectra Physics Model 138-01. The principle of the
method is to thermally control the laser cavity length.
Error signal in the form of a heating cufrent in.a.ceil
_wound around the laser is derived by eomparing'intensities
of adjacent orthogonally polarized axial modes of & Lasef

of proper cavity length (mode spacing = 600 MHZ )

We have used a Scheme which depends upon the same
prlnolple as descrlbed by S.J.Bennet, R.E.Ward and D.C.Wilson,
Appl. Opt., 12, 1406 (1972) but differs in certain design

defails such that it offers advantages of simpler optical

Lo~



layout, greater freedom from drift, and does not require
aligning laser mode polarizaticn directions to that of the
external optical elements. In our schéme, the output beam
of the lager passes through a rotating polarizer and is ‘then
‘received on a photoresistor. Modulated part of the photc~
.resistor signal is phase ‘sensitively rectified and then
amplified to get a déc;:érror signal voltage. A voltage
to current converter converts the errcr gignal Vcltage to
‘a proportional current thiough a 12 XL heater coil. This
 Goil is wound round the lager plasma tube and serves to
actively control the resonator lengthh | |

Detailed circuitry and other design details'are

glven and the performance 15 dlscussed The degree of
stablllty achleved 1s 1nferred from the fluctuatlons of the

error 51gnal voltage and is better than 2 parts 1n 10

I. ZIntroduction:

For dértain applications ‘the fréquency stability of a
free  running He-Ne laser is not adequate and it is neceséary
.to'nave'scmé'external control over the oscillation frequency,
Tn most of the schemes used to achieve the désired degree of
frequency stabilization, the regonator cavity length is servo-
controlled with reference to anierror signal derived by

comparing its frequency with some reference frequency such



as lamb dip or an a@omié;ébSorptionj,' In recent years it
has been shown, however, that it is possible to achieve a
stebility of about 1 part in 10° for commercial fixed
mirror-He—ﬁe_lasers by a thermal control of the cavity
length. Schemes working on thisvprinoiple have beenvused
by Baihornzg Bennet et’al;i,and Gordon ét a1.4a In brief,
g TEMOQ mode laserbis-seleoted with adjacent axial modé
fépacing of about 600 MHz, so.that normally, two axial modes
.which are pblarized mutually orthogonally, are substained
‘The  output beam is ﬁhen passed through a polqr1Z1ng beam

" gplitter or a wollaston prism and the two orthogonally
polarized beams are received on two photocells. Output of
the photocells are difference amplified and the resulting
signal is fed baok as a heating. current through a coill
wound aréund théllaser_tube. This current thermally -
oontrols the regonator length and locks the laser fre- ;
guencies Qf the‘wa polariZedbeamsszmmetriéally on either

side of the gain profile.

" We have used a modifioatioh of this scheme, which
has  several advantages disoussedllatera
IT. Methods

In our method, schematieally shown in Fig.1 the

output beam is passed through a fbtating polardid and is



then received as a pnotosensgr, Modulated paft of the
vhotosensor response is phase sensitively rectified and then
amplified, the phase reference being‘obtained by chopping a
reference beam falling on a photo transistor. Excursion of‘
thié Basic error signal“is kept normally be tween +4V to -4V,
its value belng Zero When the two polarlzed beams are.-equal
in intensity - a condltlnn to which the servo error signal

locks the cavity length under frequency stabilized,oonditidn,

Fig.2 shows the electronic circuit used for generating -
the error signal. It es sentlally congists of tWo channels.

Signal- channel and Reference ohanne_l°

Signal channel:

.The 1asef béam_after getting intengify modnlated‘by é
rotating polarizer falls on a photoresiStnr. A.C° part of
the output signal of tne photoL951stor is ampllfled by a
bootstrapped 8:+Co ampllfler with a Varlable gain of 1 to 10.
 The output of the a. c.'@npllfler is fed as a common input to
a synchronous switch whose_sw1tch1ng 1nput pulse of +12V to
-12V is derived from the feference*signéii Tne synchronous
switch output is a full wave rectified output and it is fed
to a low pass filter forifiltering the ‘a.c. part. The d.c.
output of the Low passvfiiter is fuffher amplified by a d.c.

amplifier of variable gain from 1 to 10.



“Reference channels

Re ference sduréé iS5a>1amp.ﬁhose 1ight intensity is
chopped by the rotating chopper which rotates alongwith the
polardid és depictedbin'Fign1. The chopped beam is sensed

by a photo~transistor to get the switching reference pulse.

This sWitchihg re ference pulse is passed through a tuned
amplifier which is tuned to chopper frequency. The sine

wave output of the tuned amplifier is .fed to a phase shifter»
consisting of two sections as 0° to 180° and 180° to 360°
‘phééeuéhift'variatiohsn These phase shifters are useful
during‘expéfimeht to adjuét the phase of the reference
switching ﬁﬁiéé prbperlthith the phase of the polarized V
laser beam signal for proper stabilization. The final output
of the phase shifter is fed to a squarer Wthh is a zero
crossing comparator. The squarer output SW1tches from-+12V
~to =12V square pulses and it is fed as a’ SW1toh1ng reference
pulse input ‘for the FET switch 1n001porated 1n the synchronous
switch of the signal channel. Thg wave forms shown in Fig.3,
Which;schematically illustrates thé gehérainn'bf the.ekfbf
“voltage signal; when laser frequency is drifting, If.may”be
noted thet, whatever be the directiong ofﬁﬁhe tWo princible
polarizatiqn modes of the laser, propernphése.relation with
the synchronous switcﬁ Can‘be adjusted with the help of the
phase shiftiﬁg network provided that these direction are

stable and that the rotation freQuenéy also does not vary much.
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I1I. Servo stabilization of laser freguency:

| FrGQﬁencj éﬁabilizatién'af'iaéér can be achieved by
SEervo adjustment 6fvthe caﬁiﬁy dimension. One possibility is
to use"bhe:d;o° error signal as a voltage to piezo electric
tube, oh one face of which one of the end mirrors of the
laser tube is mounted; bThis hoWever:needs a laser tubel
with external mirrors. For the éake,of ruggedness - and
odnﬁenience of field operation we have preferred to use an
Ainternél mirror system in which the cavity length is thermally
controlled. The initial response is slower and the system

takes gbout an hour before stable frequenpy;qutputiis.

. achieved.

The d Ce érror 81gna1 voltagé varying from +4V $o 4V
(Vmax o 12V) 1s oonverted into a curr@nt varlatlon Whlch
varles from 6OO A to 200 mA , by a voluage current converter
as shown in Flg 4. Thls current is then sent through a 0011
of 12" ohmo resistance Whldh is Wound around the laser tube
-as shown 1n Flg 1. h Thus a heqtlng Servo 1oop ig created which

controlls the cav1ty dlmen81on and a Chleves stable frequenoy

operation within one hour.

The voltage to . ourrent oonverter shown 1n Fln 4
bagically oon81sts of two lelSlonS quch as summlng qmpllfler

and a non-inverting Voltqge to current convortor of floatlng



Aiodd.type; The éUmming am§1ifier sums the two inputs such
as the d.c. output éoming'from the"synchronous detector
and a reference d.c. voltage derived from a d.c. voltage
source which can be adjusted by a 100 K potentiometer as
shown in Fig.4. The idea behind the summing ‘amplifier is
o convert the -12V to +12V variation of d.c. voltage to
OV to +12V or any other low value 1inearly, which can
easily be converted by a standard voltage to current
converter of floating load type from 200 to 600 ﬁAo When
the d.c. input 81gna1 for tho voltqge to ourrent converter
is Zero, the current is around 400 mA whlch is the mean
'stablllzlng current persisting oontlnuously around the
laser beam tube. Once the tube is stabilized, thls me an
current can-be adjusted elther low or hlgh for proper
stqblllzatlon around zero error voltage by adgustlng the

' summing umpllfler referbnce d,on voltage input u31ng a

100 K potenfiometer, '

The heafef'cbil is wound around ﬁhedlaser'tube and
the entireTaSsembly is placed within an outé;ihbuéing-with
a conmbrolled wall temperature. The temperatﬁfe cbnﬁrol of
the outer housing wall is simply a heater coil, relay and
a sensing thermistor set +to élose the relay at a nominal
temperature of 40°C. The control of the outer housing wall
temperature Wwas found necessary to prevent drifts due to

sudden changes in the ambient temperatures.



IV, Performance:

" On switching 6n fhé enfire gystem, initially the error
voltage fluctﬁates fairly répidly from +4V to -4V . The
fluotuatibné subsided aftér“ah_houf and the error signal
letagé rémained heér zero for several hours. Over a
period of 6 hours the typlcal Varlatlons of error signal
were + 0. ZV about a mean Value which Wqﬁ near zZero (but not

HCCeSSarlly equal t0 zero)°

V. Estimation of the freguency .stability:

In absence of a very high fésolpfion'Fabry—Pérot of
necessary ré solution qnd.stabﬁlity, dr'a specfrum analyser
to check the relative stability by monltorlng the beat |
frequency: obtained by m1x1ng 81gnals Wlth anoﬁher 51m11ar1y
stabilized laser, we have estlmated theorotlcqlly the utablllty

by monltorlng the error voltage excursions.

Tet I and Ib be the 1nten81t1es of the two orthogonally
polarlzed ax1a1 modes at any tlme t aftor pa581ng through

the rotating polaroid. We can wrlte

‘I = & Cos? (ot + )

1y, = b7 8in® (wt +F)



where 4 = f = Chopper freguency

©
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Tnitial phase

Net infensity incident on photo resistor:

Taking a = b + 5‘ we have

T =124+ 5 (;éiﬁgﬁ) + S‘(figgghl Cos.2 (€Qt'+<#) o

2
f
‘w\w/ \_’,Mg-;s’j

DC ~AC

Under conditions close to sgbtabilization

£<< a or b
and C S .
6~ /v eeo (1)

[

To a first approximation as given by Stephen = |
Jacobs et al.” the outpu’t inténsi%ywdf the laser due to one

mode can be written as

’—’ o 2 é)} .T“B.
I(Y)0=4exp | 41n (:5;55'> ‘J
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where )  : Froquency Wlthln the Doppler profllb at

which the mode oscillates.

D
<
i

j%; j%) being line oentre frequency.

é>‘% = Doppler line width (FWHH)
(typically 1.5 GHz)

LY
Yy

oyt = Vg TVo8 Yy = threshold frequency at which

lasing is just possible.

Taking T (V) = 52
I(¥Y,)= 1
a=> +-8; ékga nnnnn “quasi stabilization
condition.
We have -
T (Y« 3B (AY (AV
Tw| == = - 412 | — 5
\ I-(I))z) + B (A yD)
Now .

(BYDZ = (BYV,)2 = (v, -2 = (Y, -D,)°

(Yq =Y5) (Y +¥, - 2% ).

1l
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If }fz and'yf?z are f?equenéies5symmetricaliy |
situated with respect to line centre and if 'IL' represents
the cavity length such that

ViV =2

0O

and \QO1 - Y% = Inter mode spacing = Q/23;~y1_~))2

then we can write

I

N\O
y1 \91 + AN
- . ')C’ .
))2 = \)’2 + /N
Here A represents the maximum'departure‘from stability

position during an experiment.

I O A VAN S L N

I(Y,) + B 2§ e A0 | 1
e~ L~ 2. = - ——
I (Y,)+ B b(1 + B/,2) N 8/,2)

Thus under quasi stabilization conditions .
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Taking éﬁfyf = Yt yOJz 500 MHz
0/21 = 641 MHz

THZ
474 GHz

It

Yo

b2

~T (Y] )

Observed : AC 1
DC 65
We get

L Lo x 1078

W

The estimate indicates that for an observed AC/DC Value

of 1/g5 the frequency stability is about 2 parts in 10°.

VI. Conclusion:

In conclusion, we.point out the following advantages

of the present scheme over the earlier schemes.
1) No polarizing beam splitters are needed so
that optical layout is simpler,
2) The scheme uses a single photosensor which
minimizes the drift problems.
3) No adjustments are needed to orient the

directions of laser beam polarization axes
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With respect to that of the polarizing

beam splitters.

The present equipment is:deveioped for servo~control
of path difference for a high resolution astronomical
Fourier Transformzspectrometef now under fabrication at

.our labdrétory,
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