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1 Introduction 

Laser beams are used in various measuring, information, and industrial applications. It is 

often required that the intensity and thus optical power of the beam remains unchanged in 

time. But the perfectly stable optical source does not exist. 

There are various factors that add noise to the optical signal. Some of these factors depend 

on the laser signal generation. The low frequency noise is often caused by a temperature de-

pendence of the laser generation. It is interesting, that even spatial fluctuation of the beam 

caused by instabilities of optical components contributes to optical power fluctuations.  

We ideally want to supress the noise in the whole frequency spectrum. This is technically 

impossible due to a finite response time of the stabilization device. Therefore, we need to 

make a compromise between stabilization speed and an additional noise that the stabilization 

adds by compensating the fluctuations faster than its own response time. In the result, the sta-

bilization always reduces the noise with frequencies lower than its own response frequency, 

but adds additional noise to the frequencies higher and even comparable to its response fre-

quency. 

The feasible way how to control a stabilization procedure to the experimental device is to 

use a personal computer or a microchip as a regulation controller. It is also advantageous to 

regulate the optical signal after it leaves the laser source. This will make the procedure inde-

pendent on the design of the particular laser source.  

The proposed stabilization scheme is used to stabilize laser signal in various physical ex-

periments. The demands are to provide a stable optical source in the range of tens of seconds 

and more. Examples of applications can be found in [8] and [9]. 

The theoretical analysis in Chapter 2 discusses various attributes of noise and the theoreti-

cal design of stabilization device. The experimental setup is presented in Chapter 3. Chapter 4 

explains the computer algorithm controlling the stabilization device. In Chapter 5 the stabili-

zation is applied to different optical outputs and the results are discussed.  Finally, a possible 

improvement of the device is proposed in Chapter 6. 



 2 

2 Theoretical approach 

Purpose of this chapter is to describe a noisy laser power output and to develop a method 

to compare a noise for different laser sources. The power output is generally random time-

dependent signal with complex properties. We begin with characterizing the noise in the fre-

quency spectra and then we will try to mathematically evaluate the amount of noise in the sys-

tem. Finally, the theoretical model of stabilization device will be presented. 

2.1 Frequency spectrum of noise 

The frequency spectrum represents an important quality of noisy signal. We can character-

ize particular types of noise according to their frequency behavior. Important noise is the 

white noise which is characterized by the flat spectral power density. The noises whose inten-

sity spectrum follows the  

  
af

1
 (1)  

dependence with a as the parameter are also significant. Some of them are also known as 

flickering noise (1/f) and random-walk noise (1/f2). In a long period of time the non-stationary 

drift is the most significant contribution to the source noise. Different types of noise spectral 

power density are plotted in Fig.1.  

 
Figure 1: Example of noise spectra. The 10Hz value of stabilization response and 50Hz value 

of detector response are chosen only for demonstration purposes.  
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When considering stabilization of any signal we must keep in mind that it is technically 

impossible to stabilize the source in the whole spectrum. This is due to the finite response 

time of the stabilization device or the used detector as can be seen in Fig.1. Actually, the sig-

nal acquisition response (detector response) and the stabilization response are generally dif-

ferent. Thus the stabilization device can detect fluctuations that cannot be stabilized. The dif-

ference between stabilization response and regulation response could cause serious problem 

in real stabilization scheme which leads to resonant oscillations in the stabilized output. For-

tunately, it can be compensated by the regulation algorithm. 

2.2 Time domain characterization of noise 

An example of an output power time evolution of a typical unstabilized laser is shown in 

Fig.2. The evaluation of the power time evolution is needed to determine how much noise is 

in the source and eventually how much the applied stabilization device improves the stability 

of the source. To compare different stabilization approaches we need a mathematical descrip-

tion with simple results. 

 

Figure 2: Unstabilized laser power output. The sampling is 1 sample/s. Output is measured 
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directly from laser with no optical components in the way. The power drift is approximately 

0.5% per hour. 

To describe fluctuations of the measured power we use following properties. 

Standard deviation 

The standard deviation, defined as 
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where n is the number of samples, Pi is the power value of i-th sample and P  is the mean 

power of whole set, gives us some basic understanding of the power output fluctuations. 

However, the deviation defined as (2) does not provide us with the time characteristics of the 

fluctuations. For example, take the standard deviation of the two sine waves with different 

frequencies. The standard deviations of both waves are equal, but the waves aren’t the same. 

Thus we may choose a floating window in which we compute the standard deviation. There-

fore, we divide the measured dependence into windows. For each window we compute the 

standard deviation and as a result we take the mean value of these standard deviations. This 

results in the definition of deviation as 
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where n is the number of samples, k is the size of window, Pi is the power value of i-th sample 

and Pj is the mean value of power in the j-th window. Different sources will be compared, so 

the deviation in (3) must be taken relatively, that means 
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where P  is the mean power value of the whole measured ensemble. 

For the measured power output shown in Fig.2 the equation (4) gives the value of 

-5
,10 102.1×=∆ rel  or -5

,60 103.4×=∆ rel  for floating window set to 10 samples (seconds) or 60 

samples (seconds), respectively. 

There arises a problem what is the best window size to choose. Fortunately, there is a bet-

ter method designed for characterizing noise and stability in clock systems, called Allan vari-

ance and it could be easily adapted for any other type of time evolving quality we are inter-
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ested in. 

Allan Variance 

The Allan variance (AVAR) is a method of analyzing a time sequence to pull out the intrin-

sic noise in the system as a function of the averaging time. The equation for the two sample 

variance may be written as follows 
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where P(τ)i is the power mean value of the i-th window.  

We explain the idea of the AVAR in the following way: The long time sequence of data is 

divided into windows, based on an averaging time τ. The data in each window are averaged. 

Then the difference in average between successive windows is squared.  Now we have n-1 

values, where n is the number of windows. We average this set of values, divide it by two and 

as a result we get an Allan variance. This can be done for various averaging time τ. The coef-

ficient 1/2 adjusts Allan variance to the same dimensions as a classical variance. 

We need to compare different sources, therefore we can take the AVAR relatively to the 

mean power 
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P
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Figure 3: Allan variance of the time sequence of output power plotted in Fig.1. The variance 

reaches its minimum ( ) 5
, 104.1 −×=τσ relP  for τ = 5 s. 

It can be seen from Fig.3 that the AVAR of unstabilized source reveals the minimum vari-

ance for a certain window size. At short averaging times the high-frequency white noise 

dominates in the sensor and in the source. The variance decreases while averaging over longer 

times. For a certain averaging time the drift noise of the source prevails and the variance starts 

to increase. The more detailed explanation can be found in [2]. 

Both the minimum AVAR value min,Pσ  and the size of the time window τmin corresponding 

to this minimum describe the source precisely. The time window corresponding to the mini-

mum variance can be interpreted as a time period of a greatest stability of the source (it repre-

sents average time of the smallest power deviation). The value of the AVAR describes the 

magnitude of fluctuations. This provides us a good tool for evaluating and comparing differ-

ent sources and stabilization approaches. 

2.3 Model of stabilization device 

The effort is to stabilize any optical source. Therefore the stabilization design must be in-
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dependent on the laser beam generation. We will apply the stabilization to the laser beam us-

ing optical components right after the beam leaves the laser. To achieve this we will use a 

simple feedback stabilization technique that can be seen in Fig.4. 

 

Figure 4: Schematic design of feedback noise-reduction. 

We deal with the optical beam thus we need an optical power attenuator. Optical power at-

tenuation can be feasible realized by means of polarization filtering.  

 
Figure 5: Realization of power attenuation by means of polarization filtering. The angle φ of 

halfwave plate rotation represents the actuation parameter. 

The scheme of polarization attenuation can be seen in Fig. 5. The polarization of incoming 

beam can be characterized by Jones vector [4] 
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The beam then propagates through a rotated half-wave plate. The half-wave plate can be char-

acterized by 

 
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matrix in Jones calculus. The half-wave plate is rotated by angle φ which serves as an actua-

tion parameter. The rotation can be described by a matrix 

 






 −
=

ϕϕ
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rotM . (9)  

By passing through the rotated HWP the polarization of the beam is changed. In the case of 

the linearly polarized incoming beam, the plane of the polarization is simply rotated. The out-

put beam with rotated polarization then passes through a linear polarizator with fixed orienta-
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tion. The polarizator can be characterized by a matrix 

 
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where θ is the angle of the fixed linear polarization. The outgoing beam can be then character-

ized as 

 
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With Jones matrices defined for all optical components we can evaluate the polarization of the 

outgoing beam matrix using equation 

 InrotHWProtPOLOut MMMMMM ⋅⋅⋅⋅= −1 . (12)  

In the realized setup the incoming beam is polarized vertically and the polarizator POL is also 

set to vertical polarization which yields the parameters  

 
2

,1,0
πθ === ba II  (13)  

and the output polarization state given by equation (12) yields  
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The power transmittance of the polarization attenuator is then defined as 
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By varying the rotation angle φ of HWP the incoming optical power can be attenuated. The 

relation (15) can also be measured and the measurement result shown in Fig.6 corresponds to 

the theoretical prediction.  



 9 

 

Figure 6: Measured dependence of power transmittance on HWP rotation angle. There are 

also two possible working points marked. 

The power attenuator is controlled by regulator which sets the initial working point of the 

attenuator (from now on, the reference to working angle means the angle of working point 

and the reference to working power means the power of working point). The regulator deter-

mines the working point in such way that the device is able react to both power increase and 

decrease. The value of working power depends on particular stabilization requirements. It can 

be seen from Fig.6 that the working angle choice will result in different attenuation depend-

ence. In the case of the working point PW1 the attenuation raises with decrease of the rotation 

angle φ but in the case of the working point PW2 the attenuation raises with increase of the ro-

tation angle φ. This must be considered when designing the stabilization algorithm. 

We will use a digital computer as a regulator and the attenuation dependence on Fig.6 must 

be scanned to the computer. Scanning can be done by measuring a few points in the attenua-

tion dependence and then fitting the equation (15) into the data. 
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Figure 7: Example of linear interpolation in the digitalized attenuation dependence. The Pw is 

the working point, Pi and Pi-1 are the successive points in the scanned dependence. PA is the 

required interpolated point. T and φ are the transmittance and rotation angle for the given 

point, respectively. 

There is also a second solution closer to the digital nature of the regulator. The attenuation 

dependence can be scanned by computer. After placing the working point, the computer can 

scan proximity of the working angle in predefined range by constant angle steps. However, 

the regulator should evaluate the response angle exactly for the accurate response to the at-

tenuator. Therefore we can linearly interpolate the values between adjacent points in the 

scanned region. The scheme of linear interpolation can be seen in Fig.7 and it is given by 

equation 

 ( )
1
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−
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−
−
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ii
AiiA PP

PP
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3 Experimental setup 

Our approach is suitable for stabilizing any laser source. The intensity and thus power of 

the laser beam is regulated in the free space. Therefore the input to the regulator must be ad-

justed according to type of the stabilized laser.  

3.1 Continuous-wave diode laser with fiber output 

The diode laser FOSS-01-3S-5/125-810-S-1 (OZ OPTICS) with fiber output emitting near 

infrared beam with typically 800µW power at wavelength of 813nm. For the layout of the 

setup see Fig.8. As was said before, the regulation proceeds after the beam leaves the laser 

cavity. This laser has a fiber output, therefore we need to collimate the guided beam to free 

space. The single-mode fiber (SMF) is used to guide the beam to collimator (output coupler). 

The beam at laser output is linearly polarized but the guidance through a single-mode fiber 

changes polarization, and we need the regulated beam to be polarized vertically. Therefore the 

polarization controller is inserted. For proper adjusting of the incoming beam polarization we 

insert a horizontally set polarizator into the way of the incoming beam and we measure the 

beam intensity behind the polarizator. Then we adjust the polarization controller. The polari-

zation of the incoming beam is vertical, when the measured intensity is minimal. In our case 

we measured minimum intensity 0.511µW and maximum intensity 51.9 µW with background 

noise (169 ± 2) nW. This results in visibility 98.7% which is sufficient for our purpose. 

 

Figure 8: Scheme of stabilization setup in the case of diode laser. 

The vertically polarized beam then passes through the iris diaphragm. Diaphragms are use-

ful for verifying the beam position during the setup augments. The combination of motor con-

trolled half-wave plate (HWP) and the polarizator POL represents the regulation actuator. We 

used a 800 nm HWP mounted in a SR50CC rotation (Newport). The rotation is controlled by 

SMC100CC driver (Newport). After passing through the rotated HWP, the beam propagates 
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through calibrated polarizator POL fixed to vertical polarization. The intensity of the outgoing 

beam is then splitted by beam splitter BS. The used beam splitter (BS) is the 3mm fused silica 

plate tilted by a small angle from the perpendicular direction of the outgoing beam. Because 

the reflection occurs on both plate surfaces, approximately 6% of the beam power is reflected 

to the detector (DET).  As the detector we used a FieldMaster GS power meter with 50mW 

LM-2 silicon detection head (Coherent). Control of the FieldMaster detector and SMC100CC 

driver is done by a personal computer.  

3.2 Pulse DPSS laser 

We used the DPSS (diode pumped solid-state) titanium-sapphire laser MIRA 900 (Coher-

ent). This laser can work in CW (continuous-wave) as well as in pulse regime. In pulse regime 

it provides femtosecond pulses which are tunable from 700 nm to 980 nm with repetition rate 

of 76 MHz. MIRA laser is pumped by Verdi V-8 CW solid state diode-pumped laser that emits 

light at wavelength of 532 nm. The beam from MIRA laser can reach average power up to 1 

W and peak power of generated pulses up to several thousands of kilo watts. The wavelength 

used for stabilization experiment was 800 nm.  

The MIRA output is a free space propagating beam. We guide the beam from MIRA to 

about 5 meters distant stabilization setup located at another table. Thus the beam is coupled 

into the single-mode fiber HP780 (Nufern) and guided to the collimator in the stabilization 

setup. The 800 mW MIRA power output is reduced by polarization attenuator to the 10 mW 

which represents the fiber coupler input powerInP . The adjustment of the coupling setup re-

sults in the output power mWPOut 3.6=  entering the stabilization device. The coupling effi-

ciency given by InOut PP=η is then 63%. The coupling efficiency should be theoretically in-

creased to 85%. For purposes of testing the stabilization device, the coupling efficiency is not 

a crucial parameter and further improvement is unnecessary. For additional explanation of 

MIRA laser beam coupling see [3]. 
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4 Computer implementation 

Both a sensor and a regulation device are controlled by the personal computer with Linux 

operating system. The stabilization program is written in ANSI C programming language and 

compiled by GNU C compiler (gcc 3.4.6). The program has two input/output data ports, these 

are the power meter (FieldMaster GS with 50mW LM-2 silicon detection head), further re-

ferred as meter, and the motor controller (Newport SMC100CC), further referred as motor. By 

reading the measured power value the program evaluates a proper response, which is send to 

the motor. Both communication lines with the motor and the meter are provided by RS-232 

interface, therefore, we used a Linux core libraries ioctl.h and termios.h. Compared to more 

common technique of using standard C I/O functions scanf() and printf() this gives a better 

control over the port hardware and data transmission. The program is designed to output the 

measured power and a response to the screen and to a file for developing purposes. For under-

standing the program function, more detailed description of the important functions follows. 

4.1 Main program function 

Because the program is written in C language, the main() function is 

called right after the program is executed. The initialization is done by func-

tion init() that disables the line-buffering on standard output (this has to be 

done because of the progress bar functioning properly) and prints the wel-

come message. 

Functions init_meter() and init_motor() prepare the meter and motor de-

vices for operation. Function scan_reg retrieves the regulation dependence 

and sets the motor device to the working point. The function regulation() 

performs the desired stabilization. All these functions are described in fur-

ther details in next paragraphs.  

In this program the main() function does never return a value (because 

the regulation proceeds in an infinite loop), so the program termination can 

be done by the SIGINT system call (CTRL+C). 

init()

init_meter()

init_motor()

scan_reg()

regulation()

return 0

main()
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4.2 Meter initialization

Measurement device initialization begins with testing 

the meter presence. Request to send identification string is 

sent via serial port to meter, then the serial input is read 

and received string is compared with the one written in 

program. If the strings differ, then the message is written 

to standard error output (on screen) and the program is 

terminated. Otherwise, program writes confirmation mes-

sage that meter is found and finally it sets the meter sensi-

tivity to proper wavelength. 

 

 

4.3 Motor initialization

init_motor()

return 0

Is motor
present?

exit(0)

errorPrint
motor OK

+

-

Reset motor

Ready?

Get
motor status

Print
“.”

Move to
home

-

+

-

Ready?

Get
motor status

Print
“.”

+

 

Motor initialization begins by testing 

the motor presence in the same way as 

the meter presence was tested. 

When it is confirmed that the motor is 

present, the RESET command is sent to 

the driver. In the following loop program 

sends a status request to driver, reads the 

received status string and compares it 

with the “ready from RESET” string. If 

they differ the program writes dot on the 

screen progress bar and waits a constant 

time. 

Eventually the strings finally match 

and the homing command is sent, setting 

the motor to initial position. The waiting 

loop works just as the previous one. As 

the motor is set to HOME, the function 

ends with return 0.

init_meter()

return 0

Is meter
present?

exit(0)

error
Print

meter OK

+

-

Set proper
wavelength
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4.4 Scan of the regulation dependence 

Initially, the matrix for 

storing the measured power 

on angle dependence is cre-

ated, also with the range and 

step variables. The maxi-

mum range is set to one step 

more than 90 degrees, be-

cause we are using the 

λ/2 plate as regulator, and in 

this range we will surely find 

both maximum and mini-

mum transmittance (Fig.6). 

In order to proceed fast, the 

big steps are used. In our 

case the big step was 5 de-

grees.  

The first scanning loop 

scans the dependence to de-

termine the optimal working 

point placement. It starts by 

reading the power value at 

the initial angle, then the 

value is compared with so 

far measured maximum and 

minimum values, eventually 

stored as one. This is just an ordinary search for maximum and minimum. For time-saving 

purposes, if the maximum value has been already measured and at least three measurements 

proceed, the program quits the loop. If not, the motor is turned one step further. The loop quits 

eventually if the whole matrix was measured. 

After quitting the loop, the direction of dependence direction is determined and stored, be-

cause with rise of angle the power either decreases or increases (further explanation in Section 

2.3, Fig.6 and below). Also the working point is evaluated. 

scan_reg()

Set step&range
for initial scan

Motor out
of range?

Read power

Check
power max&min

Move motor
by step

Enough
values measured
and power max

found?

-

+

-

+

Set direction

Set working angle

Set step&range of the
working angle
proximity scan

Move motor to
upper border

Motor out
of range?

Read power A

Move motor
by step

-

+

Read power B

Save mean value of A&B
to the regulation table

Evaluate the actual
location and save it to

the regulation table

Move motor to
the working point

return 0
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Next scan is done in order to measure the proximity of working point, so that the program 

should know how to regulate. The size of the scanned area is given relatively from the work-

ing angle by the constants defining its upper border for power increase and lower border for 

power decrease. In our case, upper_border = 7˚, lower_border = 3˚. The regulation depend-

ence is saved to global variable reg_tab (regulation table), which is array of structures. The 

individual structure contains angle position and appropriate power value. The size of this ar-

ray is evaluated from 

 ,
__

)_(
step

borderupperborderlower
tabregsize

+=  (17)  

where step variable is step of the scan in degrees. In our case, step = 0.2˚. 

Because the scanning of this dependence is essential for stabilization, the range and step 

must be set accordingly to provide good performance. It must be considered, that the scanning 

takes some time and the power we are trying to stabilize is fluctuating. Either the measure-

ment should be as fast as possible or the regulation curve for the particular regulator (half-

wave plate) should be measured using very stable source and stored for example to file. How-

ever, in our case the program and setup is meant to be universal and to stabilize long-time dis-

tortions, so the first solution is chosen.  

First, the motor is set to the upper border, because it is closer from the last motor position 

(due to the design of the first scan, the last motor position is most likely near the transmission 

maximum). The loop starts by measuring the power value two times and then their mean 

value is saved to regulation table. This has to be done in order to diminish the effect of fluc-

tuations on the measured regulation dependence. The actual motor position is saved to the 

regulation table together with power,.  Motor is then moved by step towards the lower border. 

The loop ends while the whole regulation table was measured. After that, the motor is set to 

the working point. 
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4.5 Stabilization loop 

This function is essential to the stabilization process itself. It begins with setting the de-

sired sustained power value stab_pwr, which is chosen to be the power value of the working 

angle set in the regulation table. Also the initial table position and other initial variables are 

set. 

Regulation loop is infinite, because we do not need to quit the stabilization in other way 

than by terminating the program. It starts by acquiring the power value act_pwr. If the power 

value seems to be misread (the communication with FieldMaster GS meter lacks any kind of 

transmission error check and it sends sometimes a flaw value with +/- 1e-06 error for un-

known reason) or if the fast peak of power is read (our device is unable to stabilize such short 

bursts), the power value is read again. This is determined by evaluating the absolute differ-

ence between actual power read and the desired sustained power value and comparing the re-

sult with fixed number, which is determined empirically. In our case the program evaluates 

inequation 

  ,05-0.08e__ >− pwrstabpwract  (18)  

Speed of stabilization is slowed down a little bit, but if we did not insert this condition, the 

stabilization will suffer from occasional oscillations due to errors in power reading.  

After the power is read, the acquired power value is tested to be in the non regulation level. 

This is done according to inequation 

 ,_____ pwrstablevelregnonpwrstabpwract ⋅<−  (19)  

where non_reg_level is the non regulation level constant. If the inequation is true, then the 

program leaves the position of motor as it is. 

For the best performance of the stabilization it is important to set the non_reg_level which 

means the percentage of stab_pwr value in which the stabilization device will not cause any 

action to stabilized output. It has to be done, because stabilization device isn’t able to stabilize 

short-time fluctuations and without this setting it will create additional noise. Magnitude of 

this level depends on particular stabilized source. Result of the different non_reg_level setting 

can be seen in Fig.9. We empirically determined non_reg_level value to be 0.0008 (0.08% of 

stabilized power) for OZ OPTICS diode laser and 0.0011 (0.11% of stabilized power) for 

MIRA laser.  
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Figure 9: Different non_reg_level settings for OZ OPTICS diode laser. The red line indi-

cates the sustained power value and green lines are the boundaries of the no regulation area. If 

non_reg_level is set to 0%, then the regulator adds unnecessary noise to the output. On the 

opposite, if non_reg_level is set to 0.125%, then the regulation didn’t take place and the 

power oscillates between no regulation area borders. 

The program continues in going through the regulation table. The purpose is to find an ap-

propriate response in regulation table to actual power deviation from sustained power value 

stab_pwr. First thing in the loop is to check if we run with table index out of maximum range. 

If we do, there are two options considered, either to extrapolate the regulation table depend-

ence to desired point or to simply set the maximal power output. The second possibility was 

chosen, because we generally won’t deal with fluctuations that big and because the speed of 

motor is very slow and it will take a long time to move the motor to compensate such power 

deviation. However, the program version with extrapolation was also created. 

Next statement is essential for the cycle. It checks the variable table position according to 

inequation  

 ,
__

__].[_
step

pwrstabpwract
pwrtblsetpoweritabreg

−−>−  (20)  

the reg_tab[i].power stands for the power selected by cycle; set_tbl_pwr is the table power 

corresponding to actual motor position.  The cycle runs variable i in the way that the value in 

reg_tab[i].power is increasing. The inequation compares the changing table power difference 

with the negative power difference on the power output divided by variable step, explained 

below. 

If the statement (20) gets to be true, it means that the response to the measured power fluc-

tuation should be found in regulation table in the position between (i-1)th and ith items. At first 

the program checks if the variable i isn’t 0 (that means the table minimum), if it is then the 

table is either extrapolated or the minimum output is set. We choose the second solution, simi-
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larly as in previous case of getting out of table maximum. Generally, when the statement (20) 

is true, it doesn’t mean that the actual response is the table value (this is further discussed in 

chapter 2.3). For the higher accuracy the program linearly interpolates the needed response 

position value from (i-1)th and ith table item using the equation 

 
poweritabregpoweritabreg

locitabreglocitabreg
pwrdifflocitabreglocact

].1[_].[_

].1[_].[_
_].[__

−−
−−⋅−= , (21) 

where the diff_pwr is the table quantization step. 

 






 −−−−=
step

pwrstabpwract
pwrtblsetpoweritabregpwrdiff

__
)__].[_(_ . (22) 

This causes the regulation to act very quickly to the power fluctuations; stabilized power 

level is often achieved in 1 or 2 stabilization steps.  

The variable step in (20) is important, because it prevents stabilization procedure from os-

cillating (mentioned in Section 2.1). It works like this: If the measured power continues to in-

crease or decrease, the value of the step is set to 1. Otherwise, if the power decreases after the 

previous increase and vice versa, the step value is increased, so the response is lower than the 

actual fluctuation. This solution prevents the regulation from oscillation, because the eventual 

resonant feedback response is diminished quickly to minimum. Also the existence of the non 

regulation level helps in this case, but the oscillation prevention works even with the 

non_reg_level set to zero. 

After the response is calculated, table power corresponding to the response position 

act_loc is stored to set_tbl_pwr, although this doesn’t mean that the power value is one of the 

table values. Corresponding table power value is saved according to equation 

  pwrdiffpoweritabregpwrtblset _].[___ −= . (23) 

Then it is determined, if the power continued to increase/decrease and the variable step is set 

accordingly. 

Now the program has found the proper response to deviation, so the actual power in 

act_pwr is stored to variable prev_pwr and finally the motor is given the command to move to 

act_loc to compensate the power change. 
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5 Stabilization performance 

A stabilization device is characterized by a time delay between two reactions. The pre-

sented device is characterized by the minimum delay between detection of variation in the 

input signal and the response Tmin = (187.9 ± 0.3) ms. This time delay is caused mainly by the 

long waiting time of the data transfer from meter. The empiric value of communication time-

out with meter is 90ms. The average delay Tavg depends on the size of the compensation step, 

on the setting of non_reg_level variable and on the particular stabilization. This delay is addi-

tionally caused by the motor reaction and the motor controller transfer delay.  The empiric 

value of communication timeout with motor is 30ms. The average regulation delay will be 

evaluated individually for each output as a mean value of response times in one hour of meas-

ured data. The value of no regulation level roughly determines the size of the stabilized output 

fluctuations.  

5.1 Continuous-wave diode laser 

We applied the presented device to stabilize a diode laser (OZ OPTICS). The unstabilized 

power time evolution of this laser was measured and it is shown in Fig.2. The effect of stabili-

zation of the power output of the laser and Allan variance of power time evolution is shown in 

Fig.10. The sustained power value is WPsust µ51.31= , that is 76.3% of maximum power. No 

regulation level is set to 0.08% of Psust. In each of the following graphs of power evolution the 

approximately 6% of total power is measured by detector DET (Fig. 8). 

 

Figure 10: Stabilized OZ OPTICS diode laser source power output and its Allan variance. The 

green lines specify the no regulation interval. The horizontal line at 5
min, 104,1 −×=Pσ  repre-

sents the minimum AVAR value of the unstabilized source (compare with Fig.3).  

When comparing Fig.2, Fig. 3 and Fig.10 we can say that the stabilization proceeds suc-

cessfully within the time range we are interested in. In the short times the stabilization device 
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adds a small amount of noise to the power output. For longer times the AVAR of the stabilized 

source is always smaller than the minimum AVAR of the unstabilized source. The average 

regulation delay was measured to be Tavg = (220 ± 70) ms. 

5.2 DPSS laser in pulse regime 

We stabilized the output of MIRA 900 laser at 800 nm in pulse regime with repetition rate 

76 MHz. MIRA was started approximately 7 hours before the measurement. The sustained 

power value is Psust = 89.26 µW that is 79% of maximum power. The no-regulation level is set 

to 0.11% of Psust. The average regulation delay was measured to be Tavg = (250 ± 110) ms. 

 

Figure 11: Unstabilized output of MIRA 900 laser in pulse mode and its AVAR. The power 

drift is about 3.3% per hour. The AVAR reaches its minimum value 5
min, 1034 −×=Pσ  for τ = 

4 s. 

 

Figure 12: Stabilized output of MIRA 900 laser in pulse regime and its AVAR. The green lines 

specify the no regulation interval. 
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5.3 DPSS laser in pulse regime with temperature variations 

The laser MIRA 900 in the same regime as in chapter 5.2 was stabilized. The temperature 

in the laboratory was lowered by 3 degrees prior to the first measurement start. The laser was 

running approx. 5 hours before the measurement. The sustained power is Psust = 255 µW, that 

is 84.7% of maximum power. The no-regulation level is set to 0.13% of sustained power. The 

average regulation delay was measured to be Tavg = (580 ± 250) ms. This is caused mainly by 

large fluctuations of source and it results in much longer motor movement to compensate. 

 

Figure 13: Unstabilized output of MIRA 900 laser and its AVAR. The power drift is about 

7.3% per hour. The minimum AVAR value 5
min, 1082 −×=Pσ is at τ =20.7 s.  

The output power of laser in environment with changing temperature tends more to fluctuate. 

The fluctuations increased in both short and long times, see Fig.13. Although the time of 

AVAR minimum raised from τ = 4 s for normal environment to τ =20.7 s for environment 

with varying temperature, the minimum AVAR value increased from 5
min, 1034 −×=Pσ  to 

5
min, 1082 −⋅=Pσ , respectively. This means that the relative size of fluctuations increased 

more than 2 times. 

 

Figure 14: Stabilized output of MIRA 900 laser and its AVAR. 
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6 Possible improvement 

The problematic serial communication with FieldMaster power meter and the long time de-

lay in communication was discussed in Chapters 4 and 5. Further, the motor and meter needs 

to be connected to and controlled by a personal computer. The stabilization program is far 

from using all the computer performance and it occupies the computer which can be used to 

another purposes. 

 

Figure 15: Stabilization device controlled by microchip. The Si PIN photodiode S3883 

(Hamamatsu) is used as a detector. 

The idea is to replace the FieldMaster power meter (detector) and eventually both the de-

tector and the computer (detector + regulator) with an electronic circuit controlled by a micro-

controller (Fig. 15). The layout of the designed circuit is shown in Appendix A. The micro-

controller PIC18F1230 (Microchip) is chosen. PIC18F1230 is equipped with USART module. 

The USART provides resources to communicate with other RS-232 devices; these are the per-

sonal computer and eventually motor controller. Further, PIC18F1230 contains 10-bit A/D 

converter, which is used to convert the signal from S3883 PIN photodiode (Hamamatsu) to a 

digital representation. Additionally, the 8kB flash memory of PIC18F1230 is sufficient for 

storing the code of the stabilization program. More information can be found in manufac-

turer’s datasheet [5]. 

The S3883 PIN photodiode current must be converted to voltage and amplified prior to en-

tering the microcontroller’s A/D converter. There we use the transimpedance amplifier previ-

ously assembled in the laboratory (see Appendix B for the schematic of the amplifier). 

The developed microcontroller circuit is shown in Appendix C. The circuit can work either 

as a detector with computer connected to RS-232 on board or as a detector and a regulator 

connected to motor controller. The difference is only in the microcontroller control software. 

LASER coupler 

POL BSλ/2IRIS IRIS

motor control

OUT

polarization 
controller

SMF

µ PC 
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The circuit was designed and mounted and basic control software was written, but in the 

time of writing this thesis it is not properly tested. 

7 Conclusion 

The working stabilization device is presented in this thesis. The performance of the stabili-

zation is sufficient for stabilizing all tested laser sources. The minimal response time that the 

device needs to regulate the power output is Tmin = (187.9 ± 0.3) ms. The stabilization is effec-

tive in the range of seconds and more. The typical use of the developed device is to stabilize 

laser sources for the optical experiments. Occasional oscillations of the stabilization are suc-

cessfully reduced by a control algorithm and the magnitude of oscillations is in the range of 

unstabilized noise. 

The Allan variance is presented as a powerful tool for characterizing both the magnitude 

and the optimal measurement time of the optical power noise. The optical power stability im-

provement caused by the stabilization can be described by comparing the minimum Allan 

variance in the required time window (e.g. the mean time of measurement in the experiment). 

For the demonstrating purposes we take the time scale of 30 s. The output of DPSS laser 

measured in Section 5.2 improved from relative Allan variance value 51086 −×  for unstabi-

lized source to value 5108.4 −×  for stabilized source. The average size of fluctuations in the 

time range of 30 s was reduced 18 times. The measured results confirm the feasibility of Allan 

variance for describing the signal noise and mean level drift. 

The proposed scheme can be improved by replacing the FieldMaster GS power meter and 

eventually the personal computer with microcontroller circuit which results in much shorter 

response time Tmin. 
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Appendix A: Microcontroller board schematic 
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Appendix B: PIN voltage amplifier schematic  
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Appendix C: Layout of the mounted microcontroller board  
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