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Preface
Diode lasers can be wonderful things: they are efficient, compact, low cost,high power, low noise, tunable, and cover a large range of wavelengths.They can also be obstreperous, sensitive, and temperamental, particularlyexternal cavity diode lasers (ECDLs). In combination with advanced elec-tronics such as the MOGLabs DLC external cavity diode laser controller,the CES cateye laser described here provides a robust, stable, acousticallyinert, low linewidth and highly tunable laser system.We hope that the MOGLabs CES works well for your application. Pleaselet us know if you have any suggestions for improvement in the laser or inthis document, so that we can make life in the laser lab easier for all, andcheck our website from time to time for updated information.
MOGLabs, Melbourne, Australiawww.moglabs.com
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Safety Precautions
Safe and effective use of this product is very important. Please read thefollowing laser safety information before attempting to operate the laser.Also please note several specific and unusual cautionary notes before usingMOGLabs lasers, in addition to the safety precautions that are standardfor any electronic equipment or for laser-related instrumentation.

CAUTION – USE OF CONTROLS OR ADJUSTMENTS ORPERFORMANCE OF PROCEDURES OTHER THAN THOSESPECIFIED HEREIN MAY RESULT IN HAZARDOUS RADIATIONEXPOSURELaser output from the CES can be dangerous. Please ensure that youimplement the appropriate hazard minimisations for your environment, suchas laser safety goggles, beam blocks, and door interlocks. MOGLabs takesno responsibility for safe configuration and use of the laser. Please:
• Avoid direct exposure to the beam.• Avoid looking directly into the beam.• Note the safety labels (examples shown in figure below) and heedtheir warnings.• When the laser is switched on, there will be a short delay of two sec-onds before the emission of laser radiation, mandated by Europeanlaser safety regulations (IEC 60825-1).• The STANDBY/RUN keyswitch must be turned to RUN before the lasercan be switched on. The laser will not operate if the keyswitchis in the STANDBY position. The key cannot be removed from thecontroller when it is in the clockwise (RUN) position.
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• To completely shut off power to the unit, turn the keyswitch anti-clockwise (STANDBY position), switch the mains power switch at rearof unit to OFF, and unplug the unit.
• When the STANDBY/RUN keyswitch is on STANDBY, there cannot bepower to the laser diode, but power is still being supplied to thelaser head for temperature control.

WARNING The internal circuit board and piezoelectric transducers are at highvoltage during operation. The unit should not be operated withcovers removed.
CAUTION Although the CES is designed and priced with the expectation thatthe end-user can replace the diode and change the alignment, somecomponents are fragile. In particular the filter, piezo actuator, andmirror are very easily damaged. Please take care of these itemswhen working inside the laser.The filter and mirror are hard-coated and can be cleaned but greatcare is needed as with any intracavity laser optics.

NOTE MOGLabs products are designed for use in scientific research labora-tories. They should not be used for consumer or medical applications.
Label identificationThe International Electrotechnical Commission laser safety standard IEC60825-1:2007 mandates warning labels that provide information on thewavelength and power of emitted laser radiation, and which show theaperture where laser radiation is emitted. Figure 1 shows examples ofthese labels, and figure 2 shows their location on the CES laser.
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AVOID EXPOSURE 
LASER RADIATION IS

EMITTED FROM THIS APERTURE
Aperture label engraving

Warning and advisory label
Class 3B

US FDA compliance

Model number: CES
Serial number: A72211001
Manufactured: NOVEMBER 2022
Complies with 21 CFR 1040.10, and 1040.11 except for 
deviations pursuant to Laser Notice No.50, dated 24 June 2007 
MOG Laboratories Pty Ltd, 49 University St 
Carlton VIC 3053, AUSTRALIA 

IEC 60825-1:2007
AS/NZS 2211.5:2006

INVISIBLE LASER RADIATION
AVOID EXPOSURE TO BEAM
CLASS 3B LASER PRODUCT

Wavelength
1500 – 1620 nm

Max Power
50 mW

Figure 1: Warning advisory and US FDA compliance labels.
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Model number: CES

Serial number: A72211001

Manufactured: NOVEMBER 2022

Complies with 21 CFR 1040.10, and 1040.11 except for 

deviations pursuant to Laser Notice No.50, dated 24 June 2007 

MOG Laboratories Pty Ltd, 49 University St 

Carlton VIC 3053, AUSTRALIA 

IEC 60825-1:2007

AS/NZS 2211.5:2006

INVISIBLE LASER RADIATION

AVOID EXPOSURE TO BEAM

CLASS 3B LASER PRODUCT

Wavelength

1500 – 1620 nm

Max Power

50 mW

IEC 60825-1:2007
AS/NZS 2211.5:2006

INVISIBLE LASER RADIATION
AVOID EXPOSURE TO BEAM
CLASS 3B LASER PRODUCT

Wavelength
1500 – 1620 nm

Max Power
50 mW

Model number: CES
Serial number: A72211001
Manufactured: NOVEMBER 2022
Complies with 21 CFR 1040.10, and 1040.11 except for 
deviations pursuant to Laser Notice No.50, dated 24 June 2007 
MOG Laboratories Pty Ltd, 49 University St 
Carlton VIC 3053, AUSTRALIA 

Emission
indicator

Model number: CES
Serial number: A72211001

Manufactured: NOVEMBER 2022

Complies with 21 CFR 1040.10, and 1040.11 except for 

deviations pursuant to Laser Notice No.50, dated 24 June 2007 

MOG Laboratories Pty Ltd, 49 University St 

Carlton VIC 3053, AUSTRALIA 

Figure 2: Schematic showing location of laser warning labels compliant withInternational Electrotechnical Commission standard IEC 60825-1:2007, and USFDA compliance label. Aperture label engraved on the front of the CES lasernear the exit fibre; warning advisory label on the rear and compliance label onside.



Protection Features
MOGLabs lasers includes a number of features to protect you and yourlaser.

Protection relay When the power is off, or if the laser is off, the laser diode is shortedvia a normally-closed solid-state relay at the laser head board.
Emission indicator The MOGLabs controller will illuminate the emission warning indi-cator LED immediately when the laser is switched on. There willthen be a delay of at least 2 seconds before actual laser emission.

Interlock It is assumed that the laser power supply is keyed and interlockedfor safety. The laser head board also provides connection for aninterlock (see appendix B), if used with a power supply which doesnot include such an interlock.
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RoHS Certification of
Conformance
MOG Laboratories Pty Ltd certifies that the MOGLabs External CavityDiode Laser does not fall under the scope defined in RoHS Directive
2002/95/EC, and is not subject to compliance, in accordance with DIREC-
TIVE 2002/95/EC Out of Scope; Electronics related; Intended application
is for Monitoring and Control or Medical Instrumentation.MOG Laboratories Pty Ltd makes no claims or inferences of the compliancestatus of its products if used other than for their intended purpose.
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Extending laser diode and
piezo lifetime

At night, switch to standby:
1. If using the CES to seed an amplifier, first turn off the amplifier.2. Switch the laser diode current off.If using a MOGLabs DLC controller, don’t adjust the current, justswitch the toggle up (off).3. Switch from RUN to STANDBY.

For a MOGLabs DLC controller in standby mode, the temperature controllerwill continue to operate, so the laser is ready for quick startup the nextday. But the laser diode current and piezo voltage will be zero, extendingtheir operating life.In the morning, switch back on:
1. Switch from STANDBY to RUN.2. Switch the laser diode toggle down (on).You don’t need to adjust the current, just wait a few minutes for thediode temperature to equilibrate.

You should switch your MOGLabs DLC into STANDBY mode at nights andweekends and whenever the laser is not being used for more than a fewhours. Many lasers tend to operate only 40 hours during a 168 hour week;thus switching to standby mode can extend the diode and piezo lifetimeby a factor of four.
ix
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1. Introduction

Semiconductor laser diodes are compact, efficient and low-cost, but usu-ally have poor wavelength control, linewidth and stability. The additionof an external frequency-selective cavity allows control of the operatingwavelength over a few nm range, with sub-MHz linewidth and stability.The MOGLabs CES (see Fig. 1.1) is machined from a solid aluminium block,so that the laser is stable, robust, and insensitive to acoustic disturbances.The cavity is hermetically sealed for additional suppression of environmen-tal fluctuations and drift.The MOGLabs CES is a “cat-eye” design (see Fig. 1.2), in which an externalcavity is formed between the exit surface of the semiconductor diode anda cat-eye reflector at several centimetres from the rear of the diode [1–3]. Rather than the customary diffraction grating of Littrow-configurationECDLs, a high efficiency ultranarrow filter is used to select a single externalcavity mode. Without the need for illuminating a large area of a gratingfor feedback, a cat-eye retroreflector can be used to form the external

Figure 1.1: The MOGLabs CES cateye laser.
1



2 Chapter 1. Introduction

cavity. The cateye reflector is inherently self-aligning, so that the laseris extremely insensitive to mechanical disturbance, and also ensures highfeedback coupling efficiency and consequently narrow linewidth.

SAF diodeFilterLens Fibre outLensPZT Mirror

Figure 1.2: Schematic of the cateye external cavity diode laser (ECDL) usingsingle-angled facet (SAF) diode. The external cavity is formed between the facetof the laser diode at the output (fibre) end, and the mirror. One longitudinalcavity mode is selected by an ultranarrow intracavity bandpass filter. A cateyereflector is formed by the piezo-mounted mirror and intracavity lens.
The output beam from the rear facet of a laser diode is collimated with ahigh numerical aperture lens and incident on the filter. The filter trans-mission wavelength depends on the rotation angle. Transmitted light isback-reflected by the cateye lens/mirror combination which efficiently cou-ples light back into the laser diode. More details can be found in refer-ences [1–3]. The usable output is directly and permanently coupled at thefront diode facet to a polarisation-maintaining fibre with FC/APC connec-tor at the output.

1.1 External cavitySemiconductor laser diodes normally have a high reflectivity rear facet anda front facet with reflectivity of only a few percent. The diode cavity iscalled the intrinsic or internal cavity. The external cavity is formed by themirror and the diode rear facet, and when the external feedback is greaterthan that of the front facet, the external cavity determines the lasing wave-length. The external cavity is typically about 40mm long from rear facetof semiconductor to mirror, giving a cavity mode spacing determined bythe free spectral range FSR = c/2L = 4GHz.The laser diode is butterfly-mounted and fixed to the laser barrel. The



1.2 Piezo-electric frequency control 3
collimating lens is rigidly held in a focusing tube, itself mounted in an
x − y translation stage. The filter is fixed to a bearing-mounted rotationassembly with a fine thread screw to adjust the angle. The wavelengthadjuster is opposed by a spring-loaded screw, and the two can be lockedagainst each other to further reduce the effects of mechanical vibration.The filter angle is used for coarse wavelength and mode selection, withinthe gain bandwidth of the laser diode.

1.2 Piezo-electric frequency controlSmall changes to the laser frequency are achieved by controlling the exter-nal cavity length with a piezo electric actuator. For the MOGLabs CES, thefrequency change is about 20GHz over the full 150 V range of the piezo.The bandwidth is limited by mechanical resonances, typically 25 kHz.
1.3 Temperature and currentThe laser frequency is also dependent on temperature and injection cur-rent; the sensitivities are typically 3MHz/µA and 30 GHz/K [4]. Thus,low-noise stable electronics, such as the MOGLabs DLC external cavitydiode laser controller, are essential (see Ref. [5]) to achieve sub-MHzlinewidth and stability.An important aspect of an ECDL is temperature control of the cavity, sincethe laser frequency depends on the cavity length and hence on the ther-mal expansion coefficient of the cavity material [6]. The cavity can bemachined from materials with low thermal expansion coefficient but eventhen the passive stability is inadequate for research applications. Activefeedback of the cavity temperature and piezo cavity length provide flex-ible and stable control. The MOGLabs CES uses a negative temperaturecoefficient (NTC) thermistor to sense the cavity temperature and Peltierthermoelectric cooler (TEC) to heat and cool the cavity material.
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2. First light

The MOGLabs CES laser has a fibre output permanently attached. Greatcare should be taken when handling the laser and being mindful of stressesapplied to the fibre (e.g. bending at tight radii, clamping), stresses ap-plied to the rubber boot connecting the fibre to the butterfly mount andcontamination of the FC/APC connector end where the fibre is exposed.Mount your laser to an optical table using the screws provided. Yourlaser has been carefully tuned to the specifications given in your lasertest report. Please make sure as you continue with this manual, that thediode injection current, temperature and piezo offset (FREQUENCY) matchthose of the test report.It is assumed that a MOGLabs DLC controller has been provided with yourlaser. If a third party controller is used, please set a current limit accordingto the maximum safe operating current stipulated in your test report.For longer wavelength lasers, an IR upconversion card or CCD camerawithout IR filter can be very helpful. Common low-cost security cameras,computer USB cameras, and home movie or still cameras are also goodoptions, although they often have infra red filters which may need to beremoved.
2.1 Standby/RunPlease first check that the MOGLabs DLC has been set to the correct mainssupply voltage by inspecting the red voltage selector above the rear panelIEC power inlet. Then turn the main power switch on. Check the DLCinternal DIP switches match the laser test report specification. Make surethat the laser diode current supply (CURRENT knob) is turned fully anti-clockwise, and that the OFF/MOD, SLOW and FAST lock switches are off(up), and then turn the keyswitch from STANDBY to RUN. The LED statusindicator should be yellow indicating that the thermistor and TEC elements

5



6 Chapter 2. First light

are connected.
2.2 CurrentTurn the laser diode CURRENT adjust to zero (fully anti-clockwise). Notethat it is not recommended to turn the current to zero when turning off thelaser: the soft-start function of the DLC ensures that the current is rampedup slowly and safely to the required current. When first aligning the laserto your experiment, it is important to set the laser output power to a lowvalue for safety.The usable output is directly and permanently coupled at the front diodefacet to a polarisation-maintaining fibre with FC/APC connector at theoutput. To measure the power output, use a power meter and sensor witha suitable fibre connector adapter, preferably an integrating sphere typesensor to avoid the saturation typically observed with Si photodiode basedsensors and small spot sizes.Adjust the diode current to 5 – 10 mA and check that the diode voltage(VOLTAGE selection on main control knob on DLC) is the same as listed in thediode data sheet. If in doubt, please contact MOGLabs before continuing.The laser threshold current is defined as the current at which the output is1 mW. Adjust CURRENT to achieve 1mW output, and if the threshold differsfrom that in the test report by more than 10 mA please refer to section 4.3.Above threshold, the laser power vs. injection current is well approximatedby a linear curve function (see figure 2.1). Initially the current should beset above threshold, but well below the maximum operating current, untilthe laser is fully aligned with your experiment.
2.3 TemperatureThe optimum temperature has been set by MOGLabs and should not re-quire adjustment. Once the diode current is set, allow 5 minutes for thetemperature to reach equilibrium. When the laser is not needed for ex-tended periods, for example overnight, turn the laser diode off and the



2.3 Temperature 7
keyswitch to STANDBY. In standby mode, the temperature controller re-mains active, so that stable operation can be achieved more quickly thanwhen the DLC is powered off. It is not necessary to change the CURRENTsetting when turning the laser diode on and off.
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Figure 2.1: Sample laser diode power-current characteristic curves.
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3. Operation

Your laser has been carefully tuned to the specifications provided in thelaser test report. In most cases, the laser will perform as expected oncethe current, temperature and piezo settings are adjusted to those in thetest report.
3.1 PowerAdjust CURRENT and compare the output power from the fibre to the laserpower vs. injection current curve provided on the first page of your lasertest report. Use a power meter and sensor with a suitable fibre connectoradapter, preferably an integrating sphere type sensor to avoid the satura-tion typically observed with Si photodiode based sensors and small spotsizes. The threshold current and slope above threshold should be similar;if not, refer to section 4.3.
3.2 WavelengthOnce the power measured is comparable with the test report, the wave-length can be adjusted with reference to a wavemeter or spectrometer.Increase CURRENT to the value recorded in the laser test report. If themeasured wavelength is within 0.1 nm of the desired wavelength, the cur-rent and piezo (FREQUENCY) can be used to make small changes. If theprecise wavelength cannot be reached with current and piezo adjustments,then the wavelength should be adjusted using the λ adjustment screw (seefigure 3.1). Ensure that the spring plunger is not locked against the armof the filter spindle. For larger wavelength changes, release the spindle-clamp lock screw, then rotate the filter spindle and re-clamp.Note that the cateye lens focus is wavelength dependent, so whenever thelaser wavelength is changed substantially (more than say 5-10 nm), werecommened also optimising the current threshold (see sec. 4.3).

9



10 Chapter 3. Operation

λ adjust

Spring plunger

Filter spindle

Filter alignment mark

Fibre outFocus

Spindle-
clamp lock 

Figure 3.1: CES key components for wavelength and focus adjustment. Filterangle adjustment, showing the primary (fine) wavelength adjustment screw andcounter-acting spring plunger; filter alignment mark and spindle locking screw forcoarse wavelength adjustment; rear cateye focus adjustment for current thresholdoptimisation; fibre output.
After the target wavelength has been achieved, SPAN can be adjusted toincrease the width of the piezo scan. Adjustments of the SPAN knob shouldbe gradual, and careful adjustments of the diode current may be requiredin order to maintain single-mode operation. Confirm that your laser iscapable of reaching the mode-hop free scan range (MHFR) specified inthe laser test report. If the MHFR is less than specified, proceed tosections 3.3 and 4.1.

3.3 Mode-hopsMode-hops are a frequent occurrence with external cavity diode lasers. Amode-hop is a discontinuity when tuning or scanning the laser wavelength.As the laser wavelength is varied, usually by changing the cavity lengthwith a piezo, competition between the wavelength determined by the dif-ferent wavelength-dependent cavity elements can lead to a mode hop: ajump in laser wavelength to a different external cavity mode. Wavelength-



3.4 Scanning 11
dependent elements include the external cavity, the laser diode internalcavity between the rear and front facets of the diode, the filter, and thegain bandwidth of the laser diode.The different wavelength-dependent characteristics are shown schemati-cally in figure 3.2. The net gain is the product of semiconductor gain, filterresponse, and internal and external cavity interference. The net gain canbe very similar at adjacent external cavity modes. A small change in thelaser cavity optical path length, the diode internal cavity mode frequency,or the filter angle, can lead to the overall gain being greater at a modeadjacent to the mode in which the laser is oscillating, and the laser thenhops to that higher-gain mode. See Ref. [6] for a detailed discussion.

384.0 384.1 384.2 384.3 384.4 
Frequency (THz) 

External cavity

Diode cavity 

Diode gain 

COMBINED 

Filter

Figure 3.2: Schematic representation for the various frequency-dependent factorsof an ECDL, adapted from Ref. [6], for wavelength λ = 780 nm and external cavitylength Lext = 15mm.
3.4 ScanningThe external cavity length is controlled by a piezo actuator moving the ex-ternal cavity mirror (a partially reflective output coupler for MOGLabs CELor a high reflectivity mirror for MOGLabs CES). The cavity length changeswith piezo voltage, and for a large change, the laser will usually hop toa neighbouring cavity mode. Figure 3.3 is a schematic of the net gain
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variation with laser frequency, showing two adjacent modes of very similargain. Figure 3.4 is a measurement of the frequency of a laser scanningproperly, and with a mode-hop at one edge of the scan.
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Figure 3.3: Combined gain for an external cavity diode laser, including the inter-nal and external modes, the diode laser gain, and the filter response. The broadfeature is the frequency selectivity of the filter, and the smaller peaks are theexternal cavity modes (see fig. 3.2). The laser will easily hop between the twohighest external modes with similar net gain.

Figure 3.4: Frequency of a laser scanning properly (left) and with a mode-hopat one edge (right).
The mode-hop-free scan range (MHFR) can be optimised by careful ad-justment of the injection current, which affects the optical path length ofthe diode and hence the frequency of the cavity mode.



4. Troubleshooting

4.1 Scanning adjustmentAchieving a wide continuous mode-hop free wavelength scan requires care-ful optimisation of the control parameters, including laser diode current,focus, and feed-forward current bias. The laser has been carefully tunedto the wavelength and scan range specified in the laser test report. Theinstructions below describe how to achieve the maximum mode-hop freerange (MHFR).The first step is to confirm that the laser is indeed scanning, for exam-ple with a wavemeter such as the MOGLabs Fizeau wavemeter (FZW),MOGLabs economical wavemeter (MWM), or a Fabry-Perot cavity.
1. Slowly increase SPAN while monitoring the frequency change witha wavemeter.
2. If there is no change in scan range, then disable feed-forward currentbias using DIP switch 4 in the DLC. If there is no evidence that thelaser is scanning with bias disabled, then the piezo has failed; pleasecontact MOGLabs for assistance.
3. If the laser scans with bias disabled, adjustment of CURRENT andBIAS (once DIP switch 4 is enabled again) can be used to increasethe scan range. Slowly increase SPAN, and use small adjustments ofCURRENT and piezo offset FREQUENCY to suppress mode-hops.
4. Increase SPAN to the maximum before mode-hops are evident.
5. Observe the CHAN B Current output to measure the BIAS; that is, thechange in diode current over the scan range. If the peak-to-peakvoltage of CHAN B Current is significantly less than that specified inthe laser test report, BIAS adjustment is required. For a CES laser, theBIAS is typically set to maximum negative value (fully anti-clockwise).

13



14 Chapter 4. Troubleshooting

4.1.1 BIAS optimisationIdeally the frequencies of the external cavity mode and the intrinsic laserdiode mode are identical (see figure 3.2). The external mode frequencyis controlled by the piezo. The intrinsic diode mode frequency can becontrolled by adjusting the laser diode current.The diode injection current can be “automatically” adjusted as the laserfrequency is changed, using a “feed-forward” or current bias which changesas the piezo voltage is changed. Feed-forward current bias adjustment isa feature of MOGLabs DLC controllers. Each laser requires a differentchange in diode current for a given change in piezo, and the ratio can beadjusted with the BIAS trimpot on the DLC controller.Optimisation is straightforward. With the laser frequency scanning, theBIAS control is adjusted until the maximum mode-hop-free scan range isobserved. Small changes to the injection current optimise the scan rangenear the nominal centre frequency. A fast Fizeau wavemeter, an atomicabsorption spectroscopy signal, or a Fabry-Perot cavity can be used tomonitor the laser frequency while varying the different control parameters.
1. Ensure that BIAS is enabled (DIP switch 4).2. Referring to the laser test report CH A FREQ in the Tuning tests (final

tuned wavelength) section, adjust SPAN while monitoring CHAN A Freqand CHAN B Current on a dual-channel oscilloscope. Confirm thatthe peak-to-peak voltages on the two sawtooth outputs match thevalues specified in the laser test report by first matching CHAN A Frequsing SPAN only. Now adjust BIAS until the peak-to-peak voltagefor CHAN B Current agrees with the CH B CURRENT in the laser testreport, noting also the sign/gradients should agree with the lasertest report.3. Reduce SPAN to zero. Adjust the laser diode CURRENT to find therequired laser wavelength and approximate output power.4. If the wavelength is close but not quite correct, small adjustmentsof either CURRENT or FREQUENCY may be required to find a better



4.1 Scanning adjustment 15
lasing mode. If more significant wavelength adjustment is required,mechanically rotate the filter (see section 4.2).

5. If the wavelength is within a few picometres (GHz) of the target,increase SPAN while observing the wavelength scan as shown infigure 3.4.
6. Increase SPAN until a mode-hop is evident. If using absorption spec-troscopy to monitor the laser wavelength, it can be helpful to observethe derivative, for example the demodulated error signal (CHAN B Er-ror on a MOGLabs DLC).The mode hop should be at one edge of the scan; if so, adjust FRE-QUENCY so that the scan no longer ’clips’ this mode hop (i.e. the scanis free of mode hops), and continue adjusting in the same directionuntil a mode hop is observed on the other edge of the scan.
7. Adjust FREQUENCY to the mid-point between the two extremes.
8. Increase SPAN and adjust FREQUENCY until mode hops are evidentat both edges of the scan.
9. Adjust diode CURRENT by small amounts to suppress the mode hops.Increase SPAN and adjust CURRENT and FREQUENCY until the modehops cannot be suppressed.

10. Adjust the BIAS trimpot to suppress the mode hops. Typically for aCES laser the BIAS trimpot should be fully anti-clockwise. Repeatthe steps above: increase SPAN, adjust CURRENT, FREQUENCY andBIAS, and repeat until no further improvements can be made.
11. If the MHFR is substantially less than expected (refer to the factorytest report), it may be helpful to optimise the focus; see section 4.3.
12. If the MHFR is still less than expected, it may be helpful to changeto a different intrinsic diode mode by increasing or decreasing CUR-RENT. Alternately rotate the filter slightly to alter the net gain sothat one cavity mode has higher gain than those adjacent.
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4.2 Filter adjustmentThe primary control of wavelength is the filter rotation angle, which canbe adjusted while the laser is operational. A MOGLabs Fizeau wavemeteror high-resolution spectrometer is almost essential, though with patienceit is possible to find an atomic resonance by carefully adjusting the filterangle while scanning the laser.Note that the cateye lens focus is wavelength dependent, so whenever thelaser wavelength is changed substantially (more than say 5-10 nm), werecommened also optimising the current threshold (see sec. 4.3).To change the wavelength:
1. Set the laser current so that the output power is sufficient, takingcare to ensure that the internal cavity power is below the maximumrated for the bare diode i.e. without feedback, if applicable (seefigure 2.1).

For adjustments of greater than 1nm:2. Unlock the filter so that it can rotate, by turning the spindle-clamplock screw anti-clockwise, for example one full turn.3. Rotate the filter assembly spindle using an allen key or hex balldriver in the hex socket in the centre of the shaft, making sure thatthe notch does not align at 0◦ to the laser body.4. Re-lock the spindle-clamp.5. Optimise the cateye focus (refer sec. 4.3).
For adjustments of less than 1nm:6. Check that the spring-plunger is engaged but not locked against thebrass arm of the spindle clamp. That is, the pin should be visiblyprotruding from the spring-plunger screw, and touching the brassarm.7. Adjust the filter angle using the fine thread λ adjust screw, actingagainst the spring-loaded plunger opposite to the λ adjust screw.
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8. The laser will hop between external cavity modes as the wavelengthis adjusted, through cycles of dim and bright output.9. It may be necessary to adjust the spring plunger, so that pressure ismaintained on the brass arm of the spindle clamp, without lockingcompletely.10. Once the laser is operating near the desired wavelength, adjust thediode current and the piezo voltage to achieve the exact wavelengthrequired. If the CURRENT adjustment has shifted the wavelength to amode further away from the desired wavelength, use the fine screwadjustment method to correct the wavelength.

The filter transmission wavelength shifts with rotation according to
λ(θ) = λ0

√1 −
(sin(θ)

neff
)2 (4.2.1)

where θ is the angle of incidence, λ0 is the filter wavelength at normalincidence and neff ≈ 1.7 is an effective refractive index. The sensitivityto rotation of the fine tangential wavelength adjustment screw is about0.5 nm to 1 nm per turn.
4.3 Threshold optimisationThe lasing threshold, at which the overall gain exceeds losses, should beas low as possible to maximise the output power and also the scan rangeand frequency stability. The lowest threshold is achieved by optimisingthe focus of the cateye lens (see figure 3.1). The cateye lens focus iswavelength dependent, so whenever the laser wavelength is changed sub-stantially, we recommened also optimising the threshold. Note also thatthe gain curve of the SAF laser diode has a current-dependent wavelengthshift; optmising the cateye lens focus at low currents does not necessitateoptimised feedback at higher/operating currents.If the CES output wavelength is near a diode gain edge, the current thresh-old can be much higher than expected and hence difficult to optimise. Forthis reason, a general approach to threshold optimisation is:
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1. Increase the laser diode current to the maximum safe current speci-fied in the laser test report.
2. Optimise the CES output power by adjusting the cateye lens fo-cus. The cateye lens focus is adjusted by rotating the threadedlens holder (see figure 3.1), using the tool provided with the laser, awrench or a flat-blade screwdriver.

If it is not possible to obtain the output power expected, first ensure thefilter angle is not set to a wavelength at or beyond an edge of the diodegain curve by using e.g. a MOGLabs FZW Fizeau wavemeter (refer tothe laser diode manufacturer datasheet for the gain curve). If the outputwavelength is well within the gain curve, a more involved procedure tooptimise the cateye lens focus is described below:
1. Ensure the DLC is off or on standby.
2. Take note of the filter angle by marking on the laser barrel thealignment of the filter assembly notch (the mark on the aluminiumspindle, not the mark on the brass clamp) relative to the laser barrelnotch. Take a photo from above, so that you can restore the originalfilter angle if needed.
3. Loosen the spindle-clamp lock screw and rotate the filter spindlesuch that the filter alignment mark (the mark on the aluminium spin-dle, not the mark on the brass clamp) is aligned with the laser barrelnotch. Tighten the spindle-clamp lock screw back onto the spindle.
4. Unscrew and remove the two socket head cap screws either side ofthe filter spindle.
5. Undo the spring plunger and wavelength adjust screws until theyare well clear and no longer touching the brass filter adjust clamp.
6. Gently prise the filter assembly from the laser barrel (see figure 4.1).If necessary, use pliers to gently grip the brass adjuster, or flat bladetweezers to lever the brass adjuser, or turn the laser upside down
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so the assembly drops out (be very careful not to stress the fibreoutput). Excessive force should not be required. If the filter seemsstuck, it’s because the filter angle isn’t quite aligned.

Figure 4.1: Removing the intracavity filter assembly.
7. Connect a fibre-coupled power sensor and power meter to monitorthe laser output power. An integrating sphere type sensor is muchpreferred due to the tendency for small spots size to saturate pho-todiode based sensors.
8. Turn the DLC on and adjust CURRENT to 5-10 mA above the thresholdspecified in the laser test report. You should have at least 1 mWof output power, otherwise increase the current further, but do notexceed the maximum safe current specified in the laser test report.
9. Adjust the cateye lens focus to optimise the output power by rotatingthe focus knob using the tool provided with the laser, a wrench or aflat-blade screwdriver.

10. Iterate reducing the injection current to obtain 1mW, followed byfocus adjustment of the cateye to optimise power, until the minimumcurrent threshold is achieved.
11. Turn off the current, reassemble the laser and adjust the filter angleto approximately the angle you require for your desired wavelength,as noted at the start of this enumerated sequence with a photo ormark on the laser barrel.
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12. Turn on the current to the maximum safe current specified in thelaser test report and fine-adjust the filter angle to achieve the de-sired wavelength by monitoring on e.g. a MOGLabs FZW Fizeauwavemeter.
13. Increase the laser diode current to the operating current if not al-ready exceeded, then do a final optimisation of the CES output powerat this wavelength by adjusting the cateye lens focus.



A. Specifications

Parameter Specification

Wavelength and peak power960 – 1080 nm 200 mW, no isolator1080 – 1200 nm 100 mW, no isolator1170 – 1270 nm 10 mW, with isolator1250 – 1390 nm 70 mW, with isolator1420 – 1520 nm 40 mW, with isolator1510 – 1610 nm 40 mW, with isolator1860 – 1970 nm 7 mW, no isolatorLinewidth Typically < 25 kHzFilter 0.2 to 0.4 nm bandpassTuning range Diode dependent, up to 100 nmFull range may require multiple filters
Sweep/scanScan range > 20 GHzMode-hop free > 10 GHz; typically 20GHzPiezo 3 µm @ 150 V, 100 nF (typical)
FibrePolarisation Polarisation maintaining > 20 dB (100:1)Connector FC/APC

21
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Parameter Specification

ThermalTEC ±14.5 V 3.3 A Q = 23W standardSensor NTC 10 kΩ standard; AD590, 592 optionalStability at base ±1 mK (controller dependent)Cooling Optional: 4 mm diam quick-fit connections
ElectronicsProtection Diode short-circuit relay; cover interlockconnection; reverse diodeIndicator Laser ON/OFF (LED)Connector MOGLabs Diode Laser Controller single ca-ble connectModulation input Active (AC and DC coupled)
Mechanical & powerDimensions 108 × 70 × 83 mm (L×W×H), 1 kgBeam height 58 mmShipping 420 × 360 × 260 mm (L×W×H), 3.1 kg
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Figure A.1: Dimensions of CES laser head.
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B. Laser head electronics

Within the laser head there are two electronic circuit boards, the B1080and B1085/B1086. B1085/B1086 is a flexible circuit board that connectsdirectly to the B1080 laser headboard. B1085/B1086 acts as mount for theSAF butterfly laser diode and has connection for a thermistor. B1080 has aDVI-D DL socket for connection to the MOGLabs DLC laser controller anda connector for the B1085/B1086 flexible circuit board. It also includespassive protection filters, a laser-on LED indicator, and an SMA connectionfor direct diode current modulation.
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B.1 SMA inputThe SMA input provides AC or DC coupling high bandwidth active cur-rent modulation for wide bandwidth frequency stabilisation and linewidthnarrowing, for example using a high finesse optical cavity or polarisationspectroscopy. Note that connection to the SMA input will reduce the diodecurrent by about 2.5 mA with zero input voltage. Ground connection isdirect or buffered; the latter is about 10% slower but reduces problemswith ground-loop noise.
B1080Input range ±2.0 V maxInput coupling DC (direct)AC/DC (buffered)AC time constant 15 µs (10 kHz)Phase delay < 20 ns (direct)
< 30 ns (buffered)Gain bandwidth (−3 dB) 20 MHzInput impedance AC buffered: 1 kΩ at10 kHzDC buffered: 1 kΩDirect: 1 kΩCurrent gain 1 mA/VLaser diode voltage 2.5 V max
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B.2 Headboard connection to controller
Note The MOGLabs laser cable is a digital DVI-D DL (dual link) cable. Thereis a bewildering assortment of apparently similar cables available. Most

computer display DVI cables will not work because they are missing impor-tant pins; see diagram below. Only high quality digital dual-link DVI-DDL cables should be used.
Pin Signal Pin Signal Pin Signal1 TEC – 9 DIODE – 17 DISC +2 TEC + 10 DIODE + 18 DISC –3 Shield 11 Shield 19 Shield4 TEC – 12 DIODE – 20 STACK +5 TEC + 13 DIODE + 21 STACK –6 Tsense − 14 Relay GND 227 Tsense + 15 +5V in 23 NTC –8 16 Interlock out 24 NTC +

1 8

17 24

18

1724

LASER Socket: DVI-D DL (Dual Link) Plug: DVI-D SL (Single Link)
Do not use SL cables

Missing pins

Figure B.2: Headboard connector. Note that the pinout is different to that of thematching connector on the rear of the DLC controller.
A 10 k thermistor should be connected to NTC+ and NTC–, but an AD590or AD592 temperature sensor can be instead be connected to Tsense. Pin15 should be connected to a +5V supply. To activate the laser diode,relay GND (pin 14) should be grounded to open the relay that otherwiseshort-circuits the diode current. +5 V (pin 15) is internally connectedto pin 16 (Interlock), normally with a permanent connection but on someheadboards (see above), a connector is provided to allow connection to acover-activated microswitch to disable the laser when the cover is removed.
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