Laser locking with

QubeCL and QubeDL

ppgSense Appnote no. 2

ppgSense s.r.l

ppgSense Development Team

Revision 1.0 , 2025.05.29

UBE

CL
W\ sysTEM




UBE
ML
W sysTeEM

Each QubeCL and QubeDL laser driver may be built in different configurations, allowing it
to perform many different operations, from the most basic ones such as current sourcing and
temperature stabilization and control, to the most advanced ones.

Particularly, each Qube may be equipped with one locking module, making it capable of actively
control and stabilize the wavelength of the driven laser exploiting one of three different locking
techniques, one for each available module.

ppgSense Appnote no. 2

The first available locking module is the LIA (Lock-In Amplifier), which enables the Qube
to lock a laser to a molecular absorption line.
The PLL module allows a Qube to perform an offset-lock to another laser source, used as a
reference.
Lastly, the PDH module enables a Qube to lock a laser to a high-finesse optical cavity
exploiting the Pound-Drever-Hall technique.

This Application Note describes how to use a Qube equipped with the right locking module
to lock a laser to the desired reference.
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1 Frequency lock to a spectroscopic line with LIA module

An easy way to stabilize the frequency of a laser is to lock its frequency to an atomic or
molecular transition. An advantage of this method is that the optical transitions can be quite
narrow, typically on the order of a few MHz, however, the thermal Doppler broadening will
considerably increase the width of these transitions.

To avoid the Doppler broadening effect, an optical scheme such as the one shown in fig. 1
can be used, saturation spectroscopy allows to achieve a sub-Doppler resolution in order to
identify the central frequency of the transition with more precision.

The laser beam to be stabilized is divided into two parts using a beam splitter. Most of the
laser radiation is transmitted and is called "pump" beam, a small fraction of the laser radiation
is reflected and is called "probe" beam. The two beams have counter-propagating paths and
overlap in the cell containing the reference gas. The probe beam is detected after the cell by
a photodetector.

This configuration allows to identify the Lamb dip, result of the saturated absorption pro-
cess,and using a common modulation spectroscopy technique it is possible to obtain the error
signal for the laser frequency correction.
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Figure 1: spectroscopic line lock using LIA module
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Using the lock-in module (LIA) installed on the Qube System, it is possible to directly acquire
the spectroscopy signal from the photodetector and apply the correction to the laser for
frequency locking. In this configuration, the Qube is able to perform internally all the necessary
operations to control the locking procedure:

1. Current modulation with frequency and amplitude control

2. Signal demodulation with amplification and integration-time control
3. Processing of the error signal by using a PID controller

4. Addition of the correction current directly to the laser bias current

The Qube Control Software allows to keep under control all the parameters for the optimization
of the locking procedure.

OUTPUT

N Output from photodetector

must be connected to SIGNAL IN

terminal, this is the modulated signal
that will be processed for locking.

SIGNAL

SIGNAL OUT
can be connected to an oscilloscope
input to monitor the loop error behavior.
INPUT This F)utput mus_t be connected to an
high impedance input.

Figure 2: LIA terminals explanation
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2 Offset phase lock with PLL module

Frequency locking between two lasers is a technique for transferring the frequency and phase
characteristics of a reference laser to a target laser.

It is commonly used in spectroscopic applications and in metrology.

The figure shows a possible optical scheme for an implementation of an offset phase lock
between two Quantum Cascade Lasers anyway the Qube System can work with any type of
diode laser.
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Figure 3: PLL laser lock setup

The reference light is superimposed on the target light using a beam splitter.

The overlap of the beams is detected with a wide band photodiode and generates a beat signal
at the frequency difference between the target light and the reference, the beat-note frequency
is usually in the hundreds of MHz.

The beat-note frequency is a function of the phase difference between the target light and the
optical reference and it is constant only if the frequency difference between the target light
and the reference light is exactly zero, any phase change will result in a variation of the signal.
To perform an offset lock, the beat note is mixed with a local RF reference signal with
frequency w,rser, at this point the signal obtained from this procedure will be constant only
if the frequency difference between the target light and the optical reference is exactly wyf fset,
this is the final error signal used for offset frequency locking.

Using the PLL module integrated in the QuebeCL System, it will be sufficient to send the
photodiode signal to the RF IN input and the module will add the correction signal directly
to the laser current for frequency/phase stabilization, through the Qube Control Software it is
possible to keep under control all the parameters for the optimization of the locking procedure.
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Reference Signal

must be connected to LO IN terminal.

the signal can come out of a function generator or
generated internally in the QubeCL.

The input impedance is 509.

OUTPUT

DOER Divider Monitor

can be connected to an oscilloscope
input to check the correct operation
of the internal counter.
The output can drive 502 load.

Phase Monitor
can be connected to an oscilloscope

input to check the internal PID correction signal.
The output must be connected to an

high impedance input.

Beat Note from photodiode
must be connected to RF IN terminal.
The input impedance is 509.

OUTPUT

Figure 4: PLL terminals explanation
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The Pound-Drever-Hall technique is a method to match the emitting optical frequency of a
laser to a resonance of a Fabry-Perot cavity. However stable the laser and cavity may be, both
the length of the cavity and the frequency of the laser vary over time. PDH locking technique
uses the light reflected from the cavity to create an error signal that can be used to correct the
laser frequency or change the length of the cavity so that they stay matched and transmission
is maximized.

In the PDH technique the laser frequency is modulated, modulated light consists of a carrier
frequency and two sidebands. The light reflected from the cavity is measured using a fast
photodetector, the reflected signal consists of the two unaltered sidebands together with an
out-of-phase carrier component.

The photodetector signal is mixed with a local oscillator, which is in phase with the light
modulation. After phase shift and filtering, the resulting electronic signal has a dispersive line
shape that can be used as error signal for active stabilization.

For high-fineness cavities, the frequency spacing of the sidebands can be of the order of MHz,
in this situation the modulation can be applied directly on the laser current, without the need
for external electro-optical modulators.
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Figure 5: PDH cavity lock setup

The PDH module accepts in input directly the signal coming from the photodiode, processes it
and applies the correction to perform the lock directly on the laser current. The Qube Control
Software allows to keep under control all the parameters for the optimization of the locking
procedure.
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OUTPUT

Hold signal

accepts a TTL level signal.

When the level is high, the system
no longer processes the error and

keeps the control signal on the laser constant.

Monitor Out

can be connected to an oscilloscope
input to check the loop error behavior.
The output must be connected to an
high impedance input.

INPUT

OUTPUT

——

HOLD . Output from photodiode
must be connected to SIGNAL IN
terminal, this is the signal input that will

be processed for the locking procedure.

External Reference, if present

must be connected to REF IN terminal.

If you decide not to use the internal modulators,
you can use this input to demodulate with an

OUTPUT

external generator.

Figure 6: PDH terminals explanation
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4 Customer support and useful contacts
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The ppgSense staff can be reached for any problem or request concerning the Qube devices.
To address any malfunctions or request help while working with our Qube , please write an
email to qube.support@ppqgsense.odoo.com, our staff will reply to the raised ticket as soon
as possible.

To obtain quotations, support or updates concerning the purchase of our instruments, please
write an email to info@ppqgsense.com.

All the available documentation concerning both the Qube and all our other products can
be found on our website: www.ppqgsense.com.
The Technical Resources section of the website contains the user manuals, datasheets, brochures
and application notes to help users working with the most advanced functionalities of the Qube

ppqgSense s.r.l.
Viale L. Ariosto 492/B
50019, Sesto Fiorentino (FI)
Italy
+39 055 80 23 943

S ENSE
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