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TEMPERATURE DISTRIBUTION
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THERMAL LENSING

3 diff erent effects create thermal lensing:
e thermal changes in index of refraction dn/dT
e refractive inde x changes due to stress
e thermal expansion (curvature in the surfaces)

AN(r) = ANthermal (1) + DMgress(I') + Mexpansion()
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Most cases: AAihermal () > AAexpansion(r)

aMansdll et.al. Appl.Optics 40(3) (2001)




LIMITS ON THERMAL LENSING

First Order:
e Simple Lens:

AT (W) = AT(0) — AT(r = w) ~ 0.1%P
h
~dn dn LPyys W
Remarks:

e Can be included in mode matching calculations

e add some uncer tainty in the mode matc hing calculations
e mode matching depends now on laser power

e bad mode matching for low power alignment states




LIMITS ON THERMAL LENSING

Second Order:

TEM,, Power (corrected)
1 ;

e Higher Order Modes:
0.9 |
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e Allow 3% higher order modes in each EOM = 3 EOMs ~ 10% losses

e > 95% mode matching between MC and CO = FI < 4% HO-modes
(1% goal)




PUMP-PROBE-EXPERIMENT
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MODULATORS:

MATERIALS

A Z PM-Modul ator
_AV A A e Modulation Index scales with ndrm
> ’ > ?’ e Thermal Problems scale with $1¢
- 4\ _ . e Figure of merit: a”;{%"T
=

Crystal | nrpm[pmyV] | 40 11021k [W] | o[cm GQ;;ET[lo‘l“Am] e
LINbO3 3334 3.84 5.6% | <1.5e-32 327 ?

KTP 224° 0.83° 13° | <1e-3° 3513 0.7

RTA 273° ? ? <le-3° ? 4e-3

LiNbO3: ky, E, n; = ne + An', ny == ng + An’.
KTP: ky, E;: KTIOPO4
RTA: ky, E;: RbTIOASO 4

a: Crystal Technology , Inc.

b: Non linear optics Book, KTP: dn/dT=(1.7), 2.5,3.4 e-5 Kato, IEEE J. of QE 28(10) 1992)

¢ Wiechman et.al. Opt. Lett. 18(15) (1993) (Sony)

d: Karlsson et.al. Opt. Lett. 24(5) (1999) (miss p, value, assumed p; = 0).

€: Stolzenberger @ Crystal Associates, Raicol crystals claims < 50ppm/cmfor KTP




MODULATORS: RESULTS

Crystal Pump[W] Poo Pae Ratio Pio Prﬁpt Comments
bare beam 0 711+10| 40+5 5.6%+1% | 51+5| 1.5e-4

RTA (10mm) 0 722+10| 33+5 | 4.6%+1% | 40+5 no housing
RTA (10mm) 45 720+10| 30+5 | 4.2%+1% | 39+5| 2e-4 “
LINbO 3 (40mm) 0 740+£10| 41+5 | 55%+1% | 4045 no housing
LINbO 3 (40mm) 45 641+10| 52+5 8.1%+1% | 22+5 | 1.6e-4 “
LINbO 3 (40mm) 0 768+10 | 30+5 3.9%+1% | 53+5 housing
LINbO 3 (40mm) 45 605+10|110+5 | 18.2%+1.5% || 33+5 | 6.7e-4 “

Thermal lens in RTA: invisib le
Thermal lens in LiNbO 3, w/o housing: visib le, but tolerab le
Thermal lens in LiNbO 3, with housing: unacceptab le

Guidelines for Design:
e RTA (or RTP, KTA, KTP)
e Power management essential = Temperature stabilization with Peltier elements

e Cooperation with Quantum Technology (Lake Mary, FL) (?)




OPTICAL ISOLATION

Two Problems:

1. Birefring ence = reduces Isolation Ratio
2. Thermal lensing

1.two FR-crystal Design compensates birefring ence (Efim Khazanov
et. al. (LSC-conf erence 03/01)

2. negative thermal lens compensates positive thermal lens (UF-
Design)




OPTICAL ISOLATION
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Source: Efim Khazanov et. al. (LSC-conf erence 03/01)




PUMP-PROBE-EXPERIMENT
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THERMAL LENSING AND COMPENSATION

P Poo | Psg Ratio Pio Prlipt Result
ow 771 17 | 2.2% | 62 e Thermal lensing could be
45W (no FK51) 1620|143 | 23% | 16 | 2.1e-4 reduced by a factor 8
OW (w.FK51) [674| 27 | 4.0% | 42 - - :
A5W (w. FK51) |641| 17 | 2.6% | 43 | 8.3¢-4 ’Eneo"’:jrgsdfftor tions/higher - order
20% thermal lensing = 2% HO-modes (Experiment still limited by el-
150W = 12% HO-modes (w/0) compensator lipticity in input beam)

Summary Isolator:
e Two Element Isolator compensates birefring ence
e dn/dT < O element compensates thermal lensing
e Start to look into diff erent materials (BBO ?)
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