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ABSTRACT The principle of a new kind of laser frequency-stabilizing and frequency-lock-
ing systems is introduced, emphasising on its design ideas of center-ring frequency-locking u-
nit and auto-search locking unit. It can be used for the frequency stabilizations such as pulsed
lasers, cavity frequency-doubling and OPO cavity locking techniques. The frequency-drift of
the stabilized pulsed-laser is less than 1 MHz.
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The new laser frequency-stabilizing and frequency-locking system consists of three parts.
a reference Fabry-Perot confocal cavity, a specially designed center ring frequency-locking u-
nit and an auto-search locking unit. We will emphasize on the design ideas of the latter two

parts.
1. Center-ring frequency-locking unit

A single frequency laser light transmitting through a F-P confocal cavity will form an in-
terference pattern, a series of concentrie rings on a screen. When the frequency of the inci-
dent laser-light is monotonously sweeping, the interference rings will shrink towards their cen-
ter or expand outward. This phenomenon is taken to be the basis of designing and manufactur-
ing the concentric-ring bi-detector shown in Fig. 1. The bi-detector is composed of two parts:
the inner part A is a round photo-cell with a diameter of 2mm, the outer part Bis a ring-type
photo-cell with an inner diameter slightly larger than 2 mm and an outer diameter of 4mm.

The out puts of the two photo-cells are connected in series with their polarities reversed. The
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bi-detector is placed on the screen with its central circle coinciding with the central spot of the
interference pattern. When the laser operates at the resonance frequency of the F-P cavity »,
» the voltages induced on the two parts of the bi-detector will balance to each other. Howev-
er, if the laser frequency deviates away from », , the balance will be breaken and an error )
signal Uy = U, — U, , caused by the detuning, will appear. If the frequency of the laser light
is made to sweep, the discrimination signals will be obtained from the bi-detector as shown in

Fig. 2. The design details of the bi-detector, are described in Ref. [17].
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Fig. 3 Diagram of laser frequency-stabilizing and lockiné unit
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Fig. 4 Diagram of locking an OPO cavity

Fig. 3 is a diagram of the laser frequency-stabilizing and locking unit. The F-P is a confocal
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reference cavity with length / =102mm and fineness F = 40. The error-signal of detuning
taken from the bi-detector D is amplified and feedback through a servo-circuit to the piezoelec-
tric element attached to the cavity mirror of the laser cavity or fed to the optical index modula-
tion crystal inside the laser cavity to compensate the change of the optical length of the laser
cavity and the laser frequency is locked to the resonance frequency »,of the reference F-P cav-
ity. The way to lock a frequency-doubling or an optical parametric oscillation (OPO) cavity
is similar to this, the only difference is that instead of sending the feedback to the laser cavity,
it is sent to PZT to control the change of the length of OPO cavity in this way to make the
central resonance frequency v, of the confocal cavity tracing and being locked to the frequency
v, of the input laser light. The process is shown in Fig. 4, where the lens L is used for mode-
matching. The focal length of lens L is determined by the beam parameters of the laser light

and the F-P confocal cavity parameters. In our experiment, it is taken to be f =200mm.
2. Auto-search locking unit

Fig. 5 is the schematic diagram of the auto-search locking unit. Ain Fig. 5 (a) is the in-
ner-circle detector of the bi-detector D , Cpzry is the equivalent capacitance of the piezoelectric
element attached to the cavity to be controled. Cpzr , together with T;and SCR, forms a boot-
strap sawtooth voltage searching circuit. When the laser frequency is out-of-locking, there
will be no signal, and T is cut-off. The source V/;, will charge Cpzr, with a current Jeparge and
thus a monotonously increasing voltage is generated across Cezr . Therefore a frequency
searching process begins with the increasing Ve,zr until to a point. At this point A receives light
signal again be cause the constant-current source T, begins to work and discharges through

Cpzr, With a current lLsse - Evidently Veezr, will keep constant when I e = Ienarge and thus locking
is achieved. If out-of-locking occurs once more, the above-mentioned process will repeat once
again and the frequency is locked anew. In this searching process there comes the point that
Vepzr, =V, then SCR is triggered. Then the whole procedure begins once again with Vepzr,
starting from value zero as shown in Fig. 5 (b) .

Dyt 2CZ5A/400 v

™~ Vip =200V .
W, =100kQ =Cl =10uF L 3
= y i
e ) .-!ﬁ T, :3DD15 ya /
3 k() 7
200k<; SCR; CJ: o %Psp /' /-
10A . / /
=

GOOV‘T’ ?snsz

T YR, =

C, =0.01 pF 22kQ t
(a) )

Fig. 5 Schematic diagram of the auto-search locking unit
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When the system is used in the case of pulsed laser frequency stabilization, the light sig-
nal from the xenon lamp or from the laser light is used to trigger the sawtooth wave generator
to carry on the aynchronous frequency sweeping. Thus, the frequency of laser light is quickly
searched and brought to the resonance frequency », of the F-P confocal reference cavity (the
inner part of the bi-detector lies in the central light spot of the interference fringe) and then is
locked there through a close-loop servo-locking
system. The transmission curve of the F-P confocal
cavity as detected by the inner part of the bi-detec-
tor is shown in Fig. 6. As the F-P confocal cavity
has very high dispersion in its confocal interference

spot, high sensitivity is ensured. With the aid of a

quick and accurate auto-search system and of a pre-

Fig. 6 Transimission curve of a confocal cavi- Cisely adjusted servo-feedback system a frequency-

ty with frequency locked stabilized laser output can be obtained. Numerical

prgcessing of the results shows that, in the duration

of a light pulse, the drift of laser frequency » relative to the F-P resonance frequency », is less

than 1 MHz, i.e. |»— v | <{ 1 MHz. The pulsed laser frequency-stabilization equipment and
its data processing is depicted in Ref. [2].
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