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1. Introduction – 1.1 Beam shape 3

What do we mean by beam shape and beam shaping ?

Beam shape is critical to maximize the energy density 
MOPA can increase energy but can it be used to shape the beam ?



1. Introduction – 1.2 Brightness
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1. Introduction – 1.2 Brightness 5



1. Introduction – 1.3 MOPA and beam shape control 6
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2. Presentation of MOPA system – 2.1 General architecture

oscillator gain 
aperture

main 
amplifier

double pass double pass

2 - 3 mJ 5 - 6 mJ 100 – 200 mJ

MOPA : Master-Oscillator Power-Amplifier 

Oscillator Gain aperture Main amplifier

Repetion rate 
Wavelength

10Hz/100Hz 
1064nm 

10Hz/100Hz 
1064nm 

10Hz/100Hz 
1064nm 

Energy Input energy 
3mJ

Pre-amplification 
6mJ

Amplification 
200mJ

Spatial shape Mutimode Beam cleaning 
near TEM00 Near TEM00

Temporal shape Temporal shape Beam stretching Beam stretching 
Beam compression
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2. Presentation of MOPA system – 2.2 Detailed setup

120W QCW 
200µs 
808nm 
100Hz
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2. Presentation of MOPA system – 2.2 Detailed setup

120W QCW 
200µs 
808nm 
100Hz

protection of oscillator
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2. Presentation of MOPA system – 2.2 Detailed setup

protection of GA

beam size matching  
to main amp
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2. Presentation of MOPA system – 2.2 Detailed setup

6kW QCW 
250µs 
808nm 
100Hz

thermal lensing compensation polarization rotation and thermal birefringence compensation
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up to 200mJ

2. Presentation of MOPA system – 2.2 Detailed setup

450 mm
30

0 
m

m

size of A3 paper : very compact
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2. Presentation of MOPA system – 2.3 Experimental results and performance

E τ M2 B

10Hz 235mJ 600ps 1.4 18PW/sr/cm2

100Hz 190mJ 470ps 1.8 11PW/sr/cm2

V. Yahia and T. Taira, “High brightness energetic 
pulses delivered by compact microchip-MOPA 
system,” Opt. Express 26(7), 8609–8618 (2018). 

Taisuke Kawasaki, Vincent Yahia, and Takunori 
Taira, "100 Hz operation in 10 PW/sr·cm2 class 
Nd:YAG Micro-MOPA," Opt. Express 27, 
19555-19561 (2019). 
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3. Spatial shape control – 3.1 Principle of gain aperture

Gain aperture is a double-pass end-pumped amplifier

➢ end-pumping allows control 
      of spatial gain distribution 

➢ gain shape is matched to TEM00 mode 
size 

➢ TEM00 is amplified and HOM are not 

➢ output beam is cleaned
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3. Spatial shape control – 3.2 Modeling beam shape control 13



I0

Iside

Increase of gain (pump energy) 
triggers pulse rectification. 

➢ Iside/I0                             0.01 – 0.03 

➢ energy increased up to 6 mJ

Characterization

M2 measurement on input and output beams
Huge improvement on brightness

➢ M2 = 3                 M2 = 1.3                  
➢ B = 66 TW/sr/cm2                   B = 512 TW/

sr/cm2  

3. Spatial shape control – 3.3 Experimental results

Calculation Experiments

Effect of gain on beam profile
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3. Spatial shape control – 3.4 Design criterion 15



3. Spatial shape control – 3.4 Design criterion

Evolution of ΔI/I00 as a function of small signal gain g0l (Fin/FS is a parameter)

➢ general trend : ΔI/I00 becomes 
smaller when small signal gain 
increases  

➢ however :   ΔI/I00  tends to 
increase for high values of small 
signal gain  

➢ this effect is smaller when the 
input fluence is small compared 
to saturation fluence

The increase of ΔI/I00  is due to gain saturation causing beam distortion. 
This effect is significant when Fout/FS > 0.5  

Fout/FS < 0.5 can be recast as a condition on small signal gain and Fin/Fs
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3. Spatial shape control – 3.4 Design criterion
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4. Temporal shape control – 4.1 First evidences of temporal shape modification

10Hz 100Hz

Oscillator 430ps 400ps

Gain aperture 600ps 630ps

Main amplifier 700ps 470ps

➢ 10Hz and 100Hz system have different behaviors in terms of pulse duration

➢ pulse duration depends on amplification stage : GA increases pulse duration
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4. Temporal shape control – 4.2 Modeling of the effect

➢ σ and µ control the asymmetry (tail) 
➢ experimentally : τr (rize time) and τf (fall time)

Experimental pulse shape is modeled by log-normal distribution 
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4. Temporal shape control – 4.2 Modeling of the effect

➢ τr/τf is close to 1 
➢ leading edge of pulse grows slowly 
➢ leading edge depletes the gain 
➢ pulse is stretched

Input τr/τf = 0.98  
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Initial!τr/ τf =!0.54
Amplified!pulse
Initial!pulse

670!ps
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448!ps
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448!ps
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➢ τr/τf is < 1 
➢ leading edge of pulse grows fast 
➢ leading edge does not deplete the gain 
➢ gain goes to peak of the pulse 
➢ pulse is compressed

Input τr/τf = 0.54  

Calculation results show a strong effect of input beam temporal shape
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Rise time to fall time ratio

➢ experiments and calculation show 
that compression rate depends on τr/ τf 

➢ it does not depends on initial pulse length 
➢ compression is higher with higher pump 

energy 

4. Temporal shape control – 4.3 Experimental results

➢ pulse compression in 100Hz system  
is due to different oscillator pulse shape

10Hz 100Hz

τr/τf  oscillator 1.31 0.54

final pulse duration 470µs 700µs

Experiments and calculation : results and discussion
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5. Conclusion

Compact MOPA system with gain aperture can amplify and shape the input beam.

Gain aperture device is efficient in supressing higher-order modes contributions. 
Higher gain results in stronger reduction as long as the gain is not saturated.

Beam amplification can lead to both beam stretching and beam compression. 
Calculations and experiments show that beam leading edge slope is critical. 

Preliminary calculation show that gain aperture can also produce compression. 
Combining gain aperture with volume Bragg Grating could allow further control on 
shaping .

Spatial shaping

Temporal shaping

Gain aperture Main amplifier

Spatial shaping
- higher gain lower M2  
- if Fout/FS < 0.5

- M2 nearly stable at 10Hz  
- M2 gets bigger at 100Hz

Temporal shaping - only stretching observed 
- possibility of compression

- τr/τf < 0.86 —> compression 
- τr/τf > 0.86 —> stretching 
- effect is stronger if gain increases

Future work
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