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Requirements for WALES-Laser-Transmitter

Wavelengths [nm] I. 935.906 / 935.561 / 935.684 / 935.840
II.          943.284 / 943.442 / 943.083 / 942.650

Pulse energy [mJ] 75

Pulse duration [ns] < 200 

Repetition rate [Hz] > 50

Pulse-to-pulse interval [ms] 10

Linewidth [MHz] < 160

Beam quality [M²] < 2

Polarization (linear) [%] > 99

Tuning range [GHz] +/- 10

last update 2004



Spontaneous Raman-Scattering
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Stimulated Raman-Scattering

Stokes radiation of first and higher orders
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Stimulated Raman-Scattering

f2 = 100 mmf1 = 100 mm

Energy-meter
Monochromator

Raman-Crystal

F1

CCD-
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ps-Nd3+:YAG-Pump laser:

λP = 1064 nm /  532 nm

Ep = 10 mJ /  4 mJ

τp = 110 ps /  80 ps



Raman-Laser

f2 = 100 mmf1 = 100 mm

Monochromator

Raman-Crystal

F1

CCD-
Sensor

IC OC

Energy-meter

ns-Nd3+:YAG-Pump laser:

λP = 1064 nm

Ep = 275 mJ

τp = 8 - 12 ns



Raman-Laser

Generated spectrum without resonator:

Generated spectrum with resonator:

Anti-Stokes-Raman-Laser!
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Anti-Stokes-Raman-crystals for water vapour detection with Nd:YAG pump laser

Wanted wavelength 
[nm]

Nd:YAG pump wavelength & 
linewidth [nm]

Possible material Raman-line 
attributes

943,284
943,442
943,083
942,650
935,561
935,684
935,906
935,561
935,684
935,840
943,284
943,442
943,083
942,650
935,906
935,840
943,284
943,442
943,083
942,650

1064.1 ± 0.5

1064.6 ± 0.5

AANP ASt1

BiB3O6 ASt2

AANP ASt1

BiB3O6 ASt2

1052.1 ± 0.5 ASt2

AANP or 
β-BaB2O4

ASt1 or 
ASt2

BiB3O6



Raman-crystals for anti-Stokes-generation with 
Yb:YAG pump laser

Wanted
wavelength

[nm]

Pump laser
wavelength

[nm]

Raman
wavelength

[nm]

Line 
attribution

Raman
crystals

935.561
.
.
.

943.442

Yb:YAG
(1020 – 1050)

921.58
.
.
.

960.08

ASt1

Ba(NO3)2

Na2SO4

KAl(SO4)2

PbWO4

KGd(WO4)2

NaY(WO4)2

Ca3(NbGa2)·
Ga3O12

ZnWO4

YVO4



Yb:YAG + barium nitrate or lead tungstate

barium nitrate Ba(NO3)2 :

1037,3 nm 
Raman shift: 1047 cm-1

935,7 nm ∆ν = 0,42 cm-1

gR = 10 cm/GW

lead tungstate (PbWO4) :

1021,8 nm 
Raman shift: 901 cm-1

935,7 nm ∆ν = 4,3 cm-1

gR = 3.1 cm/GW

(∆λ ~ 0.4 nm)



Schematic Setup for Seeder Amplification

Seed Laser
Raman Material

Pump Laser
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Stokes-Raman Crystals for CO2-detection with Nd and Yb pump laser

Wanted 
wavelength

[nm]

Pump 
wavelength & 
linewidth [nm]

Raman-crystal Raman-shift & 
linewidth of 

material [cm-1]

Generated 
wavelength [nm] 
and attribution

1052.1 ± 0.5 C16H15N3O4 1588 ± 1.5 S2: 1580.1 ± 1.1
α-C14H12O 3065 ± 9 S1: 1580.2 ± 1.1
Ba(NO3)2 1047 ± 0.4 S3: 1599.4 ± 1.2
C13H10O 3070 ± 6.5 S1: 1601.9 ± 1.1
α-C14H12O 3065 ± 9 S1: 1600.6 ± 1.1
Y(HCOO)3·2H2O 1377 ± 5.4 S1: 1610.2 ± 0.8
LiHCOO·H2O ~ 1377 S1: ~ 1610.2 ± 0.8
Ca(HCOO)2 ~ 1377 S1: ~ 1610.2 ± 0.8

1357.2 ± 0.5
α-XAl(SO4)2

X: K, NH4, Rb, Tl
990 - 992 
± 4.1 - 5.3

S1: 1567.9 - 1568.4
      ± 0.7

1035 ± 15 C13H10O 1650 ± 4.5 S2: 1571.9 ± 35

1570 - 1610

1064.6 ± 0.5

1318 ± 0.5

1073.8 ± 0.5



Stokes-Raman-conversion efficiency

• First-Stokes-efficiency up to 70 %:
P. G. Zverev, T. T. Basiev, A. M. Prokhorov, „Stimulated
Raman scattering of laser radiation in Raman crystals“, Opt. 
Mater. 11, 335 – 352 (1999)

• Second-Stokes-efficiency > 30 %:
G. M. A. Gad, H. J. Eichler, A. A. Kaminskii, "Highly efficient
1.3-µm second-Stokes PbWO4 Raman laser", Optics Letters, 28, 
Nr. 6, 426 - 428 (2003)



Advantages and Drawbacks

Optical Parametric Oscillator OPO

+ broad tuning range
→ universal materials for many

wavelengths

− frequency selection required

− only negative frequency shifts

− optical resonator required for
high conversion efficiency

Stimulated Raman Shifter SRS

○ tuning range:                                     
1nm for crystals, 20nm for glass
→ special material for each wavelength

+ direct injection seeding

+ positive and negative            
frequency shifts

+ high gain
→ single pass amplification of seed

− needs further engineering



Summary

- Anti-Stokes-Raman-shifting to water absorption lines at 935 and 942 nm

is possible with: Nd:YAG-pump laser (3 crystals)

Yb:YAG-pump laser (10 crystals)

- Anti-Stokes Raman-laser with 12 mJ output energy

and 6.4 % efficiency has been demonstrated with Ba(NO3)2.

- Calculations show that Raman-amplification of 100 mW seed beam

to 30 mJ in 10 ns is possible with 100 mJ pump beam.

- Stokes-Raman-shifting to CO2-absorption lines at 1570 to 1610 nm 

is possible with: Nd:YAG-pump laser (11 crystals)

Yb:YAG-pump laser (1 crystal)

- First-Stokes efficiency up to 80 %
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