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The wavelength dependent losses within the cavity arise from changing
butput coupling, off-axis reflections of the signal from the grating and
crvstal faces, and from optical absorption within the LiNbOB,
particularly of the idler, which leads to a reduction in parametric gain.
Two LiNbO3 absorptions are prominent, and significantly affect the
output of the OPO at certain wavelengths. The increasing absorption for
wavelengths longer than about 3.8}1m is due to lattice absorption, and
this, being a fundamental property of LiNbhO

length 1limit of any LiNbO

3’ determines the long wave-
3 OPO. The sharp falls in output around 2.87p m
and 1,69 ym are due to absorption of the idler at 2.87}Jm by OH impurity

present in the LiNbO The infra-red transmigsion of one of the OPO

crystals is shown in3figure 4,2, OPC crystals obtained from variousg
sources have shown the OH absorption to varying extents. For all the
crvstals tested in the system, the OH absorption has been strong enough
to prevent oscillation over 25cm'-1 bands around the idler wavelength of
2.87};m and the corresponding signal wavelength of 1.69 pym, with reduced
outputs over bands of 1500m-1. Claims have been made for LiNbO3 crystals
free from OH impurity. With crystals containing the impurity, the tuning
gaps can bhe. covered by down-conversion or second harmonic generation,
although with an inevitabhle loss in power.

At a signal frenuencvy of about 6650cm-1, the 46.50 cut crystal
is set close to face normal, depending on the vertical tilt angle of the
crystal..rhe near-axis reflections of hoth sign=l and idler from the
crystal faces can lead to a noticeable increase in OPO output power,
although no significant change in the linewidth or absolute frequency
has been observed. The effect is more pronounced with uncoated LiNbOS,
or crystals anti-reflection coated for 1.4pm. This effect can be of use
in initial alignment of the OFO.

Plots of the OPOs output away from any LiNbO3 absorptions as a .
function of pump power are shown in figure 4.3. The pump limit of 2J/cm
is set to prevent crystal danage. The outputs compare well with those
obtained bylother workers (e.g. (18) ) under similar conditions. When the
cavity losses increase due to absorption or misalignment, the threshold
rises and the efficiency decreases.

Figure 4.4 shows the down-converted outputs ohtained using a 10mm
long crystal of proustite (type IIb phase-matching) and a 24mm long crystal

of CdSe. The outputs produced from both crystals are lower than calculated.
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FIGURE 4.2

Infrared transmission of a typical 5cm long

LiNbO3 0PO crystal,
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Insertion of the etalon into the OPO to narrow the linewidth results
‘typically in a 10-30% drop in output energy from both the OPO and down-

converter, and also a slight reduction in tuning range.
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4.2 Linewidth and Beam Divergence

Like the output energv, the linewidth of the signal idler or
down~converter output is easily measured at spot frequencies. Most of
the linewidth measurements made on the system have involved either
observing the transmission of one of the outnputs through a scanning
monochrometer, or scanning the OPO while measuring transmission through
a fixed optical filter or absorption line. Since information is acquired
point by point, many pulses are redquired to obtain the linewidth profile,
and pulse to pulse variations in profile or frequencv mav not show up
properly.

When operated without an etalon, the linewidths of the signal
1 (FWYHM), The pulse to pulse

frequency stability has been determined to be hetter than 0.5cm-1.

and idler are usually in the range 3-4cm

Operation of the OPO with the intracavity etalon reduces the linewidth

of the signal to around 0.1cm-1, and the linewidth of the idler is
reduced to a similar value when the pump is suitably narrowed. Figure 4.5
shows the idler linewidth, as monitored by manually tuning the 0OPO

etalon over a narrow gas absorption line.

No attempt has been made to control the length of the OPFO cavity,
and hence fine tune the longitudinal modes of the cavity, since the mode
spacing, at 0.02cm-1, is several times smaller than the etalon narrowed
linewidth of the device. Fine tuning of the cavity modes is unintentionally
achieved by rotation of the LiNbO3 crystal, Theory (e.g. 33) tends to
indicate that the longitudinal modes of the OPO will not develop strongly,
at least during the build up phase of the resonant field, because of the
high gain and small number of cavity transits involved. If cavitv modes
do appear, as has been seen with dye lasers (26), they may present
problems if the OPO is being used to investigate samples which have fine
structure of the order of 0.02cm-1.

The linewidth of the down-converted output is determined bv those
of the zignal and idler., Figure 4.6 shows an absorption scan of CO2 gas,
taken with the down-converted output, although with a 0.5cm™ ! linewidth
since in this case the linewidth of the pump was not narrowed.

The measured beam divergences of about 4 milliradians (full angle
to half intensity) are several times the diffraction limit of imm diameter

beams at the signal and idler wavelengths, Details of some of the
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FIGURE 4.5

0.1 cm 1 resolution scan of an absorption
line in methane gas, taken using the idler
output of the OPO, with manual tuning of
the etalon. - :
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FIGURE 4.6

Double beam absorption spectrum of CO2 gas,

‘between 650 cm—1 and 690 cm—l, taken using

the output from the CdSe down-converter.
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measurements are miven in (32). The signal heam profile, as observed hy
Burns on 'Bolaroid' film, is very irregular, much more so than the
irregularly shaped nump beam, The CERL OPO however produces near
circular burns on 'Polaroid', and has a measured heam divergence of

2.7 mrad (vertical) x 1.1 mrad (horizontal) (34).
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4.3 Tuning Control Performance

The main problem encountered in tuning control was that of
mistracking, while scanning, between the LiNbO3 crystal phase-matching,
the grating and the etalon. The major uncertainties responsible for the
differences between the calculated tuning curves and those actually
observed were in the values of the refractive indices of the LiNbOS,
the length of the arm in the grating drive mechanism and in the thickness,
and hence the free spectral range, of the etalon. In each case, more
accurate tables for use in the internal tuning calculations were generated
on an external computer; these new values incorporated corrections
derived fton the observed errors..

Imperfect tracking hetween the grating and LiNhO,_ crvstal results

3
in phase migs-match, and hence a fall in outrut, and also in a nulling
in frenuency towards that of verfect phase-matching. Conditions mav also

favour a slightly non-collinear interaction in the LiNbO with resulting

3’
distortion of the output beam profile. These effects can be corrected by
manual adjustment of the LiNbO3 angle. In contrast, imrerfect tracking
between the etalon and grating (and LiNbOé) results in the oscillation
appearing periodically on two adjacent modes as the OPFO is tuned. The
spectral output of the etalon narrowed OPO is shown in figures 4.7 and
4.8, In figure 4.7, the tuning rates of the grating and etalon differ by
about 1%, due to an error in the value of etalon thickness used in the
calcnlations of the tuning tables, and the transfer of output energy
between adjacent modes can be clearly seen. When two etalon modes are
anpproximately equally spaced from the grating frequency, the division of
energy into each mode varies from pulse to pulse. The etalon tuning rate
was corrected in the trace shown in figure 4.8,

With the final versions of the data tables, the tracking between

the grating, LiNbO_, and CdSe down-converter is such that following

3
accurate alignment and calibration of the svstem the non-linear crystals
do not require additional adjustment to obtain maximum output throughout
the tuning range, and the OPO output frequency is accurate to hetter

-1
1. With the etalon, a tuning ranre in excess of 400cm near

than < 2cm”
degenerate is possible without the appearance of unwanted etalon modes.

The tuning range with an etalon is smaller further away from degenerate,
because of frenuency pulling resulting from slight inaccuracies in the

L)‘.NbO,3 angle., A 300cm-'1 scan range has however been noted around 3.3}Jm.
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FIGURE 4.8

Spectral characteristics of the signal of the intracavity
etalon narrowed OPO, showing good tracking between the etalon
and grating. The traces were obtained by scanning the OPO over
a fixed frequency monochrometer. No fine adjustments were made
to the etalon between runs. The measurement at 4970 em™l was
missed because of an interuption to the experiment.
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The dead reckoning hetween the stevner motors ~nd computer has
‘proved satisfactory during both normal operation, and also during normal
interruptions of the power supnlv., The motor positions have only heen
lost following carelessness bv the system user, or long unexpected power
failures.

The maximum tuning rate is determined by the need to run the
common stepper motor oscillator at a frequency within the start-stov
range of each of the motors, and to be away from motor resonances.\Access
times can be particularlv slow when the CdSe down-converter is in usé; ‘
becauge of the wide anmular range of the crystal, and the fine step sizew:“
of the motor used. On the CERL OPQO, where the stepner motors are each

run from independent oscillators with acceleration to the highest

nossible speed, the longest access time is of the order of 12 seconds.
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4.4 Experimental use of the OPO Svstem

The outputs of the OPO and down-converter have been used as the
source in a number of spectroscopic experiments. These were performed
mainly to gain further information on the performance and shortcomings
of the svstem. The results ofAsome of these experiments are given below,

The absorption spectrum, shown in figure 4.9 is of the water
content of the atmosphere at normal pressure, around 1.9)Jm, taken
using an optoacoustic detector. The signal linewidth was O.1cm-1, although
the time constant of the data acquisition electronics was such that the
effective resolution was 0.2cm-1. The scan, in which the etalon, grating
and LiNbO3 were under the complete control of the tuning computer, toock
20 minutes to complete, but with a 20 pps laser, as against the 3 pps
ore used, would have heen reduced to 3 minutes.

The detector used in the water vapour trace (figure 4.9) was an
enclosed oprtoacoustic cell, but the strength of the acoustic signal
arising from the high OFPO output rermits the simpnle use of an open
microphone, placed near to the beam, Figure 4,10 shows the absorption,
around 3.4};m, of methane, detected in a natural gas flame hy a small
microrhone positioned to the side of the flame. The noise on the trace
is probably a function of the sienal processing rather than just
fundamental acoustic or electrical noise., Dual beam ratioced scans of
the infra-red transmission of the flame were also made (figure 4.,11),
demonstrating the use of the system in spectroscopically difficult

samples,
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FIGURE 4.11

Dual beam spectra of a natural gas flame.
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4.5 Optical Damage and Cther Effects

The main danger while operating the system ig that of ontically
induced damage to components. A series of measurements estahlished that
pump intensities of 2J/cm2 (at the centre of the beam) could be safely
handled in double-pass by the OPO crystal and good quality mirrors. A
pumn beam of good snatial quality, and with a peak intensity of 2J/cm2
pumps the OPO efficiently, without rigk of damage to comnonents. In two
vears of operation, surface damage has occurred occasionallv on the OFO
crvstal, but has been attributed to excessive pumping levels, or to hot
spots in the pumn beam. The OFO mirrors have been similarlv damaged.

When the OPO is tuned to a strong atmospheric ahsorption line,
such as water vapour at I.Q}Jm, absorntion of the signal or idler leads
to an audible "ticking", emanating from hoth the OPO cavitv and the path
of the output beam, The effect can be nmarticularlv impressive while
scanning, with a quiet pump laser operating at 20 pps. The absorption
does not appear to significantly affect the output generated by the OFO,
but attenuation is noticeable in the output over a path length in air
of greater than 1 metre. One strong water vapour ahsorption line lies
close in wavelength to three times that of the visible He-Ne laser, and
has on occasions caused confusion when the OPO has been aligned and

optimigsed at this wavelength.

In addition to the 3-wave parametric coupling between pump, signal
and idler, two other NLO processes can be observed in the LiNbO

At about 1.85};m, the LiNLO

3 crystal.

3 is phase-matched for type I second harmonic

generation of the signal, giving rise to an additional, e-~polarised

|
|
!
|
l
i
1
]

output at ~0,925pym (35). This effect does not noticeably reduce the |

signal and idler outputs. Low efficiency S.H.G. of the pump also occurs,
this being independent of the frequency to which the OPO is tuned, and

results in a low intensity green beam propagating along with the OFO

outputs. This S.H.G. is mainly due to an unphase-matched coupling between
the e-ray 1.06 ym beam and the e-ray second harmonic. Although the
coherence length of this interaction is only about 1}Jm, the d-coefficient
is four times greater than that responsible for parametric oscillation

and o-ray S.H.G.
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CHAPTER 5

Further Development

5.1 Continuation of Development

The tunable infra-red system degcribed in this thesig, and
currently in use at Southampton University, has shown the capability
offered by the Nd:YAG pumped LiNbO3 optical parametric oscillator and
down-converter as a source, in the areas of difficult I.R. spectroscopy
and photochemical excitation, and it has shown the additional versatility
given to such a system by digital processor based electronic control.
Several spectroscopic and photo-excitation experiments using the system
are described by Tupper (10).

Now that the various components of the svstem have been working
together for gome time, several short-comings in the design and system
integration are apnarent. Some of these have arisen from the somewhat
piecemeal way in which the svstem was developed, while others are due
to components hehaving differently from what was expected. The system
would gain considerably from the input of a few new ideas, and complete
redesign and reconstruction, with the advantage now that reference can
he made to a working svstem.

A major redesign was done for the OPO built and supplied to
CERL. However, most of the changes were made to rectify 'individual'
weaknesses in the Southampton design, and no fundamental changes in
overall design philosophy were made. The CERL device still therefore
lacks complete harmony between the optics, mechanies and electronics.

The CERL OPO has been at the Laboratories at Leatherhead since March 1978,
and in the ensuing period, the general behaviour of the device while in
overation has been observed, and several parameters measured. The most
noticeable improvement over the Southampton OPO is that of the divergence
of the output beam, which has been measured as being a factor of two
smaller in both vertical and horizontal planes than the Southampton OPO.
This can probably be attributed to the improvement in the quality of the
beam from the pump laser (J K System 2000). However, some problems, not
previously encountered on the Southampton device, remain to be overcome,
particularly in connection with 0.1cm-1 idler operation. Overation of the

CERL OPO, including the full minicomputer control, is easier that that of
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the original, in part due to the higher repetition rate of the pump laser,
‘and also tthe use of a V.D,U. for communication,

The final engineering of the system must be the responsibility
of a commercial manufacturer rather than that of a university research
group. Following an order for an OPO from Cambridge University's
Department of Physical Chemistry, J K Lasers Ltd have executed much of
the necessary design and engineering work on the device, based on the
designs of the CERL and Southampton OPOs. The company has produced and
delivered a device considerably simpler in concept and design than that
at Southampton, by the introduction of a new optical and mechanical
layout, while maintaining the same level of performance. In this device,
the pump is introduced into the cavity by reflection from the 45o beam~
splitting dielectric mirror, thus eliminating the need for a wide-~band
dichroic reflector, At present, this OPO is manually tuned,.but provisicn
exists for incorporation of stepper motors, driven by electronic control.

Ag an additional part of the design effort for the JK OPQ, a
microprocessor-based control svstem was developed at Southampton, using
the 'same software concepts as are used in the minicomputer svstem.
However, the use of a special function kevhoard and displav simplifies
communication with the orerator, and the use of read-onlv memorv for
program and data table storage turns the microorocessor into a compact
dedicated OPO controller. One of the features of this controller is the
front panel 'digital knob', connected to a rotarv shaft encoder, which
allows fine tuning of the system frequency or motor position in a manner
similar to the fine tuning of a radio. The microprocessor at present
lacks control of the etalon, memory retention in the event of power
failures, and several other refinements, but it still represents a
considerable step forward, removing the need for specialised knowledge
to operate the minicomputer, as well as reducing the physical size,

cost and complexity of the controller,
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5.2 Future Improvement

One feature which could he added to the two computer controlled
systems is the addition of accurately positioned sensors on the stepper
motor drive mechanisms. These would allow automatic calibration when the
svstem is switched on, thus removing the need for non-volatile memory.
They would also remove any uncertainty regarding the use of motor dead
reckoning over a long period of time. Microswitches or optical sensors
monitoring both linear and rotary movement of the leadscrews could be
used to obtain adequate accuracy in calibhration. Alternatively, linear
or rotary position encoders could be used to give an absolute read-out
of the actual drive positions at all times. The motor drive electronics
could be redesigned to reduce power dissivation while the motors are
static.,

The two most significant parameters of the output beams of the
LiNbOs'OPO and down-converter which are capable of considerable
improvement are the linewidth, which is still a factor of ~100 greater
than the Fourier Transform of the pulse length, and the divqrgence_éf
the output beams, which is about five times greater than diffractiéh
limited. Sinegle longitudinal mode operation of a Nd:YAG pumped LiNbO3
OPO has been reported in the USA (36), with a linewidth of aporoximately
0.01cm_1. Such a device has the additional comvlexity of remuiring, for
fine tuning, adjustment of the cavity length, althoush pres=sure tuning
could be used in this connection,

The present large heam divergence is due to the lack of transverse
mode control within the eavity. The divergence and transverse mode
structure are determined by the effects of phase-matching and beam overlap
within the crystal. One method which was tried for control of the
transverse modes w;s the insertion of circular apertures of varying sizes
in front of the grating. These apnear to have had little effect on the
beam divergence, but narrowed the linewidth of the OPO slightly.

The grating tuned L-shaped cavity has been usgsed for most of the

1.06’)m pumped LiNbO,_ OPOs constructed world-wide. However, other cavitv

configurations are p:ssible, and may offer some advantages, particularly
in assisting improvement of the linewidth or mode structure of the
output. One interesting configuration is the ring-cavity OPO, in which
the return path through the crvstal is eliminated. Rinmg cavities can

have the pveculiar pronerty of having a shorter cavity ;ransit time than
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that of the shortest two mirror cavity formed around the same crystal,
'since the physically longer return path is in air. With angle tuning,
there is a problem of beam shift and overlap (figure 5.1(a) ), although
the cavity can remain in parallel alignment as the crystal is rotated.
Reflective diffraction gratings cannot be easily used as line narrowing
elements in a ring cavity, but there is a large amount of space available
in the return path for the insertion of transmission tuning elements,
such as birefringent filters and etalonsg, and also for mode control
apertures, which could be used in conjunction with focusing elements
(figure 5.1(b) ). Angle tuned ring-cavity oscillators have been

demonstrated using proustite and LiNbO_ as the non-linear materials (37).

An alternative approach to tra:sverse mode control of the OPO
which may prove of value is the use of a geometrically counled unstable
resonator cavity. The use of a dichroic output couﬁler reflecting only
the signal would result in the idler emerging without the hole, which is
a characterigstic of the output of most unstable resonator devices.,

The LiNbO3 crystals currentlv available are notentiallv capable
of handling pump energies of a few joules provided the pump beam diameter
is suitably large. It is unlikelv that all this energv can be used
successfully in the pumping of an OPO of the current desiegn, without
severe degradation of the output heam. One techninue for increasing the
energy of the tunable output is to follow a well-behaved LiNbO3 OPO
similar to the present design by one or more high energy stages of
optical parametric amplification, using 1.06 gm pumped LiNbOB. This has
been done in the USA (38). It may also be possible to use the high
energy O0.P.A. in conjunction with many other kinds of infra-red tunable
source covering the range 1.4}Jm to 2.1 pm (or 2.1 pm to 4ym). Likely
candidates are the CW colour centre laser, and down-conversion from
tunable dve lasers. In hoth these casesg, the initial tunable sourée is
better develoved than the 1.06)Jm pumped OPO in terms of beam divergence
and linewidth. To maintain a narrow linewidth during amplification, a
frequency narrowed pump is required, otherwise hoth the signal and idler
outputs of the 0.P.A. may acaquire linewidths of the same order as that

of the pump®*, The LiNbO,_ optical parametric amnlifier can be used in a

3
predictable way to generate high energv pulses from the 1.06*)m pump,
and the outputs can be mixed in a down-conversion stage to generate

outputs of wavelength longer than can he generated in LiNbOS.

* The assumption that a broadband pump will not broaden the linewidth
of the signal is only valid in the low gain limit of an OPA.
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Ring cavity configurations

a — basic 3-mirror cavity, showing effects
of crystal rotation.

b - 4-mirror cavity, with spatial filter.
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APPENDIX 1

OPO Alipnment Procedure

A1.1 Alignment without Etalon

The OPO and down-converter have to be positioned so that the
pump beam passes through the mirrors and non-linear crystals, for all
possible angles of the crystals. Both the LiNbO3 and down~-converter
crystals have limited centering facilities to allow fine adjustments
of their positions to be made. Allowance has to he made for beam walk-of?f
in the ecrystals,

The main reason for using collinear operation of the OPO is
simply that the signal and idler otherwise emerge at differing angles,
with the angle of the idler being wavelength dependent. The angle of
emergence of any output generated in a subsequent down-conversion stage
is even more strongly affected. The threshold of oscillation of the OFQ
increases for misalignments greater than a few milliradians. This appears
to be due to the reduction in signal acceptance angle and hence effectively
to an increase in diffraction loss rather than to a reduction in beam
overlap within the crystal. The one occasion on which non-collinear
working of the OPO has heen found useful was when the OPO was pumped by
the far field of an unstable resonator laser without an isolator (19),
in which case the slight vertical tilting of the OPO cnvity nrevented the
1.06 pm radiation reflected from the OPO mirrors re-entering the Nd:YAG
oscillator and causing instability of the laser,

For collinear operation, both the output mirror and the 1,06|Jm
total reflector are required to be alighed exactly perpendicular to the
pump beam. This is easily done by tracing the return path of the 1.06]Jm
beam, or in the case of a simple oscillator-amplifier pump configuration,
by optimising the output of the free running laser cavity formed around
the amplifier Nd:YAG rod by the OPO mirrors and the laser oscillator
mirrors, with the isolator temporarily switched off.

For the grating to remain in perfect alignment with the rest of
the cavity as it is tuned, the grooves of the grating must be angled so
that they are exactly parallel to thé axis of rotation of the grating,
and perpendicular to the cavity axis., Only one adjustment is however
provided for the grating. The grating and the 45o mirror must therefore

be adjusted to obtain best tracking between the incident and reflected
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beams, One method to do this is to align a 633nm helium-neon laser to
the OPO output mirror (which has alreadv heen aligned to the Nd:YAG
pump beam) and compare the horizontal angles of the second, third and
fourth reflected orders of the 633nm beam from éhe grating as the
grating, disconnected from its drive, is rotated.

Alignment is achieved by observation of the relative positions
of these three orders as adjustments are made simultaneously to the
grating and 45o mirror angles, until all three reflections indicate good
horizontal alignment. This procedure takes time and patience but is only
required when the grating or the pump beam direction has been changed.

The second stage of alignment involves the setting of the stepper
motors and the computer to a common starting point, so that dead reckoning
can subsequently be used. In the case of the grating, this can be set by
using one of the appropriate computer commands to independently rotate
the grating to the position at which the 3rd order of the 633nm line of
a helium-neon alignment laser is reflected, this corresponding to an
OPO signal wavelength of 1.899}Jm. The computer is informed of the
wavelength setting of the erating by the use of an 'Origin' command.
A gimilar procedure can be followed for initial setting of the LiNbO3
and down-converter crystals, bv rotating the crystals to their face
normal angles and entering the corresnondirg frenuency or wavelength,

or an estimate if these are not known exactly.
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A1.2 Initial Operation of the OPO

[y

With the alignment of the OPO carried out properly, little
difficulty is usually encountered in obtaining efficient parametric
oscillation with the OPO tuned to about Z}Jm and the pump intensity
set to about 1.5J/cm2. The most usual cause of no or weak oscillation
is that the LiNbO3 is slightly off angle, and this can be finely tuned
by using an appropriate computer command. If such fine tuning of the
LiNbO3 improves the performance of the OPO, the computer requires to be
informed of the corrected position of the LiNbO3 crystal,

The output energy of the OPO can sometimes be enhanced by fine
adjustment of the ansle of the 1.06pm total reflector, so as to obtain

exact phage-matching in both directions in the LiNbO,.. This mirror is

the most critical of the OPO mirrors in terms of aliznment. Some
improvement can sometimes also be had by adjustment of the 45o mirror
angle, but adjustment of the output mirror is likelv to affect tuning
and collinearity.

The alignment procedure outlined above will at best calibrate
the OFO at 1.899 ym to an accuracy of a few wavenumbhers. A more accurate
calibration can be obtained by tuning the OPO to correspond to an
absorption line or optical filter of known frequency, and informing the

computer of the exact frequency by the use of the 'Origin' command,
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A1.,3 Ftalon Alicnment

.

.

Initial installation of the etalon requires that the electrical
zero, as determined bvy the computer, is set to be equivalent to normal
incidence of the etalon. This is ideally also set close to the
mechanical centre position of the galvanometer. This definition of the
optical and electrical zero is required because of the square root
relation between the etalon angle and detuning. The adjustment of the
etalon zero angle can be made either on the drive amplifier, or by use
of the appropriate computer command.

The second adjustment required of the galvanometer and drive is
that of internal loop gain. The calculations in the lookup section of
the computer program and the programs used to generate the tables assume
a value of 213 bits/radian of etalon angle. Basic measurement of the
angle of the etalon against numerical drive can be used in setting the
drive amplifier gain. More accurate setting of the gain can be.achieved
by tuning the OPO onto a narrow gas absorption line and noting the
drive positions of the etalon, on both sides of face normal, for which
different modes give an output corresponding in frequency to that of the
absorption line. These values obtained can be comnared with the expected
values, and the percentage error noted and corrected.

When setting the OFO to a particular freauencv or freauencv range,
the etalon usually reguires to he fine tuned so that ore of its modes is

central to the frequercy defined by the grating and LiNbO_. Fine tuning

of the etalon is achieved through computer commands whichsvary a

frequency offset, used during calculation of the etalon angle. Estahlishing
whether the OFPO output is centred in frequency on one etalon mode, or
gspread between 2 modes, is not particularly simple, because the total

OFO output varies in amplitude by less than 10% while the etalon is

fine tuned from mode to mode. This change in amplitude is of the same

order as the normal medium term power fluctuations in output, and is
therefore difficult to identify.

One method of aligning the OPO etalon is to observe the spectral
output of the OPO directly, using a detection system such as a scanning
Fabry-Perot etalon or monochrometer with a fixed detector, while adjusting
the etalon angle until a single mode output is obtained. An alternative,

quicker method involves the tuning of the OPO (including the etalon) so

that some of the output corresponds to a2 gas absorption line or narrow
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band filter close to the centre of the required frequency range. The
érating and LiNbO3 crystal can then be tuned together using a special
command which leaves the etalon angle fixed. The frequencies at which
power is transferred to adjacent etalon modes and therefore away from
the absorption line frequency can then be used to determine the correct
frequency to which the grating and LiNbO3 crystal should be set, If the
OPO is to be used in the 1.9}/m region, water vapour absorntion in the
atmosphere can be used to provide the absorption line, using the audible
ontoacoustic "tick" to determine the energv at the absorption lines

1

frequency, providing there is little atmospheric absorntion 3.5¢cm

either side of the ahsorption tine used,
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AFPENDIX 2

Computer Commands

Listed helow are descriptions of the commands accepted by the tuning

control minicomputer. The following abhreviations are used throughout:

v Frequency (in cm-i)

Usually, wavelength (in }Jm) is also accepted.

n Integer (usually of either sign).

+ 4+ = = The command is followed hv a seauence ofﬂ
+ and -~ signs, Each '+' increments the
appropriate parameter bhv the stated amount,

while each '=' similarly decrements it.
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A MOTCR MOVE CO‘MANDS

In this group, 1 refers to the grating motor

2 refers to the LiNbO3 motor

3 refers to the down-converter motor

MOVEtl n ) The appropriate motor is moved by the stated
MOVE2 n 3 numher of steps. Subsenquent tuning commands
HMOVE3 n ) are unaffected.
Mi n )
M2 n ; Shortened forms of ahove,
M3 n )
IMOVE1 n ++ == ) Incremental move of specified motor
IMOVE2 n + - - ; by the stated number of steps
)

IMOVE3 for each + and -,

=]
+
!
I

M1 n + 4+ ~=~= )
2 N 4+ + = = ; Shortened form of above.
)

IM3 n + + - -



B TUNING COMMANDS

SET

SCAN \J1 \% VvV

RESCAN

RE

ISCAN VY + + - -
IS pY T

SWITCH vi vz

WAIT n

_.9 1-

The motors and etalon are set to positions

corresponding to the specified frequency.

The OPO is set in frequency to 1%, then is
incremented in frequency bv Eé every - laser
pulse (unless altered by WAIT command) until
\3 is exceeded. )g can be negative (reverse
scan).

Shortened form of scan.

Initiates a scan using the last defined values
of )q \3 3%.
Shortened form of RRSCAN,

Incremental scan for rapid fine tuning.

Shortened form of ISCAM,

Tunes the OPO alternatively to \)1 and \2 on

each laser pulse (unless modified by WAITY

This determines the number of lager pulses

for each paint in a SCAN or SWITCH sequence.
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c ORIGIN COMMANDS
In this group 1 refers to the grating motor
2 refers to the LiNbO? motor
3 refers to the down-converter motor
ORIGIN1 V ) These inform the computer of the frequency
ORIGINZ2 V ; corresponding to the physical setting of the
ORIGIN3 V ) specified motor. This position is used as the
reference for further tuning,
ORIG1 V )
ORIG2 W ; Shortened forms of above,
ORIG3 V )
ORIGIN ) This informs the computer of the frequency

corresronding to the phvsical settings of
the three steprer motors, These positions

are used ags the references for further tuning.

ORIG YV Shortened form of above.
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D ETALON COMMANDS

EBIAS n Sets the etalon angle offset to a new value,
and moves the etalon by an amount corresponding
to this change.

FN Sets the etalon to the nominal face normal
angle (as defined by previous EBIAS command)

FBIAS hY4 Sets the etalon frequencv offset (in cm-i)
to a new Qalue, and tunes the etalon by an
amount corresponding to the change.

IFB VYV o+ 4 - - Incremental chance in etalon freaquency offset
(cm-i). The etalon is also moved by an amount
corresponding to the change.

ISNE VYV + 4+ = = Incremental scan with etalon angle fixed. The

stepper motors are tuned as normal, but the
etalon frequency offset is adjusted to main-

tain the etalon at a fixed angle.



)

E STATUS COMMANDS

LOOKUP Y/

LooK YV

STATUS

STAT

PSTAT

RSTAT

~04~

Prints the motor and etalon positions
corresnonding to the specified frequency

on the teletype. The motors remain static.

Shortened form of ahove.

Prints current frequencv, motor positions and

etalon parameters on the teletypewriter.

Shortened form of above.

Punches status information onto paper tave

(for permanent storage).

Reads status information from paper tape.
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F INPUT / OUTPUT COMMANDS

In this group

LIST V Y

LI VW

N¢

CHANGE m VW

OUTPUT m

INPUT m

refers

refers

=
1t

refers
refers

refers

4 8 3 2
1}
A D W N -

refers

Lists all the

to the grating data table

to the.LiNbOS-data table

to the down-conv. data table

to the FSR data table

to the frequency offset data table

to the slope data table

table entries hetween \% and V),

. Shortened form of LIST.

Allows examination and change of entry-table m

at frequency V .

Dumps table m

onto paper tape.

Loads table m from paper tape.
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