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Optical parametric oscillation in the molecular organic crystal NPP rN-(~-nitroph~nyl)-~ -prolinol] 
is reported at a pumping wavelength of 670 nm with pulse duration of 60 ns, and improved 
performance over the earlier demonstration at 592.7 nm pump wavelength (puke duration 1 ns). The 
pumping scheme is simplified, the oscillation threshold substantially decreased by more than an 
order of magnitude to 0.5 MW/cmz, with the benefit of an increasingly wavelength noncritical 
configuration as the pump wavelength is shifted towards the infrared. 

The interest in optical parametric oscillators (OPO)l ini- 
tially spurred by the diversity 0F applications ranging from 
spectroscopy, environmental monitoring, and telecommuni- 
cations, has been recently revived’,” bv technological ad- 
vances pertaining to laser pumping sources and nonlinear 
crystals. The former are more stable and flexible in terms of 
pulse duration and emission wavelength while the diversity, 
efficiency, and optical quality of nonlinear materials has ben- 
efited frwn two decades of research in the realm of inorganic 
crystals such as ,kL13aB3,04 iRROj and LiB,OS (LUO)“‘” as 
well as organic crystals.” Furthermore, new dcvclopmcnts 
based on quantum phenomena related to the specific statisti- 
cal properties of the coherent emission of pairs of photons 
have contributed to this upsurge of activity. 

Among currently developed nonlinear crystals, organic 
molecular cr-ystals stand out in view of their high nonlinear- 
ity> and high damage threshold in the. pulsed regime. Ad- 
equate spectral tailoring is achieved in the case of the parani- 
troanilinr family, for pumping in the visible or near infrared 
with optical emission in the wavelength range encr,mpassing 
optical fiber transmission windows. 

Whereas the first demonstration of an organic crystal- 
based cT)PO made use of urea: its displaced transparency 
towards the near ultraviolet (UV) and ensuing low nonlinear- 
ity, absence of phase matching in the near infrared (IR), to- 
mether with practical problems linked to hygroscopy did not .5 
qualify urea for practical applications in the near IR. Among 
members of the more adequately tailored paranitro- 
aniline family, NPP [N-!4-nitrophenyl)-I,-prolinol] stands 
out in view of its high nonlinearity (rl,f,-57 pm/V at I.340 
mnl,” its suitability for parametric amplification in the fem- 
tosecond regime”‘” and more recently, the first demonstration 
of near IR optical parametric oscillation in an organic crystal 
at a pumping wavelength of 592.7 nm and pulse duration of 
1 ns*‘J-Il il I hese remarkable properties result from the “opti- 
mized” arrangement” of the chromophore units in the mono- 
clinic unit cell. However, the initial pumping system consist- 
ing of two synchronized, frequency mixed Nd”+:YAG lasers, 
respectively, at 1331) and 1064 nm was rather involved, leav- 
ing room for simplification and eventual shifting of the 
pumping wavelength towards the red so as to achieve a bet- 
ter conversion yield at telect,mmunicrttian wavelengths while 
decreasing the pump absorption as reported hereafter. 

As compared to the earlier scheme at 592.7 nm, we re- 
port here a simpler pumping source at 670 nm: in initial 
experiments” the 592.7 nm pump was obtained by type II 
noncollinear sum-frequency generation of 1064 and 1338 nm 
Nd”‘:YAC lasers in KTP giving light pulses of 1 ns duration 
with an energy of 0.41 mJ at a repetition rate of 5 Hz. The 
@ussian) pump beam radius, qj, was 0.5 mm. In current 
experiments, the 670 nm pump is generated by frequency 
doubling a 1330 nm Q-switched Nd”+:YAG laser in a crystal 
of KTP, producing a maximum output of 2 mJ at 670 nm, 
with pulses of 60 ns duration at a repetition rate of 5 Hz. The 
radius of the pump beam, w,,, on the NPP crystal was mea- 
sured by an optical multichannel analyzer (OkfA) to be 1 
mm. The OPO cavity is resonant at both signal and idler 
wavelengths in order to reduce the oscillation threshold.‘” 
The input mirror is curved with a radius of 2000 mm and a 
transmission at the pump wavelength greater than 95%. The 
output mirror is planar with a reflectivity at 1.3 pm of 85%, 
thus leading to a semiconfocal design of the cavity. 

Rather than cutting the crystal at normal incidence with 
respect to the phase-matching direction, it was preferred to 
benefit from the availability OF the as-grown (XV) principal 
dielectric plane coinciding with the (101) cleavage plane, 
with the type I phase-matching direction in the (.XZ) plane at 
the fundamental wavelength h=l.34 pm accessible at an 
angle 8=32.69” with respect to the normal to the surface. 
tlowever, as a result of the reflection losses in such a con- 
figuration, only a part of the incident energy is useful, thus 
increasing the risk of damage at the entrance face of the 
crystal. Therefore, in order to reduce the angle of incidence, 
the NPP crystal was immersed in an indes-matching liquid 
filled cell with refractive indice n = 1.303, thus reducing the 
angle of incidence in the crystal, down to an internal value of 
tl’=24”. The minimum cavity length L, as limited by the 
physical size of the liquid cell, is 25 mm. The NPP crystal 
dimensions are 5X2X3 mm3 with 3 mm along the Z axis. As 
a result of refraction in the crystal at shorter signal or longer 
idler wavelengths, the three wave vectors of the pump, sig- 
nal, and idler beams are not exactly collinear. Tuning of the 
OPO is obtained in a type I phase-matching t.PMj configu- 
ration by rotating the crystal about its Y axis parallel to the 
pump polarization direction. 

For the pump wavelength at 592.7 nm, the degenerate 
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FIG. 1. Angle tuning curves of the NPP-based GPO: the points are rxperi- 
mental data and the solid cmves are calculated from the Sellmeier equations 
(Ref. 6). The phase matching configuration tends to be 0 noncritical at 
X,=592.7 nm pump wavelength. X-noncritical phase-matching configura- 
tions prevail for a pump wavelength shifted towards the infrared. At 670 nm 
the range of experimental data points is limited by the reflectivity of the 
cavity mirrors. 

PM direction of the OPO is close to the Z axis making it less 
angle critical and thereby Limiting the walk off of the signal 
and idler beams, with a tuning range extending from 0.9 to 
1.7 pm (see Fig. 1’“). 

For the longer pumping wavelength (670 nm), the PM 
direction is far from that of the Z axis, leading to a walk-off 
angle of the order of 11.4” at the degenerate PM configura- 
tion, so that the interaction length for which the conversion 
efficiency remains significant is shorter than the physical 
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FIG. 2. Total output energy of the NPP-based OPO near degeneracy as a 
function of the pump energy at 6711 nm. The length of the crystal along the 
propagafion coordinate is 3 mm, and the cavity length is 25 mm. 

3656 Appl. Phys. Lett., Vol. 64, No. 26,27 June 1994 

TRIKE 1. Comparison of the performance of the NPP-based OPO in the 
two pumping configurations. 

Pump wavelength 
Pump duration @WIIhji) 
Repetition rate 
Crystal thickness 
OPO cavity length 
Pump peak intensity 
Pump beam radius tiij 
Energy per pump pulse 
Emitted maximal energy 

[signal and idler) 
Yield 
Threshold intensity 

First OPG Present OPO 

5927 nm 670 ml 
1 ns 60 ns 

5 Hz 5 Hz 
1.9 mm 3 mm 
12 mm 25 mm 

7 1 MWkm’ 2.3 MWkm’ 
0~5 mm lmm 
0.41 mJ 2 mJ 

20 p 90 p.r 

5$g* 4.5% 
11 MWkm’ 0.47 MW/cm* 

length of the crystal. The interaction length tends to decrease 
away from degeneracy as a result of the increased walk off. 
The measured spectral tuning range is shown in Fig. 1. The 
range of experimentally available emitted wavelengths is 
presently limited by the reflectivity of the cavity mirrors 
which is high only in the vicinity of dege.neracy. 

Figure 1 also shows the quasivertical outlook of the tun- 
ing curves at longer pump wavelength due to the strong dis- 
persion of the refractive indices. In this case the PM configu- 
ration is more angle critical, which enables the full tuning 
range to be. covered by a very small rotation (,l@) of the 
crystal about the Y axis whereas the spectral accep:ptance is 
very large (i.e., X noncritical). This Iast feature is of great 
interest for short pulse applications where group velocity dis- 
persion needs to be minimized.s It is, however, largely re- 
sponsible for the broad bandwidth of the OPO output mea- 
sured to be of the. order of 40 urn at degeneracy, although 
other factors, such as the linewidth of the pump laser, the 
divergence of the pumping beam, and the cavity parameters 
also contribute. 

For the 670 nm pump radiation the oscillation threshold 
intensity is less than 0.5 MW/cm” close to degeneracy at a 
minimal cavity length of 25 mm. This threshold intensity is 
considerably smaller than the value of 11 MW/cm* observed 
at a pump wavelength of 592.7 nm. The reduction by a factor 
of more than 20 mainly originates from the improved trans- 
parency of the crystal at 670 am, which permits the use of 
longer pump pulses and hence benefit from an increased 
number of round trips within the OPO cavity. Note that no 
correction has been made for re.flection of the 670 nm pump 
beam. The threshold intensity compares very favorably with 
the 10 m/cm2 typical of pulsed OPOs based on inorganic 
crysta1s.l” 

The total energy output of the OPO for both signal and 
idler near degeneracy increases with input pump energy as 
shown in Fig. 2. For longer pump wavelengths, the NPP 
crystal becomes more transparent,‘O thus further increasing 
the damage threshold and opening the way to longer pump 
pulse duration. We obtained a yield of approximately 5% in 
both configurations, but the energy per pulse for the pump at 
670 nm rises to 911 IrJ, as compared to 20 ,YJ for the pump at 
592.7 nm. The performance of the OPO in the two pumping 
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configurations at 592.7 and 670 nm is summarized and com- 
pared in Table 1. 

In conclusion, we have demonstrated the successful op- 
eration of a NPP-based GPO pumped at 670 nm, in a sim- 
plified and hence applicable configuration. Although the ef- 
fective nonlinear coefficient is smaller than in the earlier 
592.7 nm m~figuration, the oscillation threshold is reduced 
by a factor of more than 20 down to a remarkably low value 
of 0.5 MWkm” as a result of the increased transparency at 
670 nrn. The tendency towards X-noncritical operation as the 
pump wavelength is further shifted to the infrared opens up 
interesting possibilities, in particular in the realm of subpi- 
cosecond operation. 
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