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W`TVM�KlQ
M < M ���JI]M
W`MyH
k�Z6\+\OH��rY,'^Z6PrT �xZ�Q
WxK�\^M
H=K�W��XP

'��XHhK'HOcM�K �5P^Z�P^Y)Mbv
�'+V� CBE	9WJ ? .T3 G'JL;�I Z�. 72;<CT@KG . 9 .V3�5687:92;<Q4E	6�J<6 /WZ 92; / 7 . E	M>E'72;<J<; /	56 /Y/ CB@47 Z 68927 . ;<@ / mnC,9 . 7:6 /�P J<6z�O�8���9� 687J<6 - �9� 3p. ; / . E /:/ ;
=	6 / CTM 1 =	6 /�Z C 3�3 6�J<6��!� � CBENJ<6��3���N�z� +
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��� �f� ��������� � � ����� � �����f� 	� � � ��� ��� ����� ��� ��� ���

O �5GOH �JM � :&%'% Kwk �JM�K cM�abG^Z6TVW��XP^K��
vJ2 \ Q��5POP+M
P
T �JM�KdY��XGOH	�^M�K_Q
MuQ
WLKN\^M
HhKNW��5PFQ
M �xZ
R^{XGOHjM
�
vJ25v

� 0� �
��� ��� \ E J \ � \ 2
4��
� 0 : \ � \ 2�� 1 : \ � \ 2 ESE � 0 -��rv`2 \ 2

� 0# �
��� � ��� \ J \ � \ 2 � 4
� 0 : \ � \ 2 E B : \ � \ \ ��� � 0

Z��bM�Y � M
P�78* v4 M I �rQ FM �`MwM�K�T��^Z5KrcM�K�GOH)�fe M �rWLKNTjM
P^Y~M�QrM��^Z6P^QrM]Q�e Z��^K �5HV\OTjW �5P QOZ�P^K ��e G��`TVHhZ��rW�� �`M
T\OH �rY)'OM�M
T|Z cM
T+cM�Z DjG^KNTOcM FZ�\[Z6HjTVW`H|Q
M�I]MSK�GOHVM�K�KN\ MSY)TjH=Z��`MSK'Q
M)��e WJP^Q
WxY)M � B � �fv

0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0
Longueur d’onde en micron

1.5

1.6

1.6

1.6

1.7

1.8

In
di

ce
 o

pt
iq

ue

Axe ordinaire
Axe extraordinaire

	�

��� �
vJ2 ����� 1 ��� �+���$1
��* �"!�����%�#�$.1&%�' � ��� � 1
*)��1&�,��� �(#�* � � :43 3 5

)76��76+* , "p � "p � 6�� � ��� p � 6��.-�8 �� 0/ 6e� � ���1-"6!� 6�� "p �r� �N# � p
2 Z {�cMyP'cM
HhZ�TjW �5Po\^Z�HhZ6IicM
TjHVWLabGOMbk��rGOMwM
PoKNM�Y)TjW �5P3�
v � v`2Xk POMw\^M
HjI]MyT'\^Z5K&Q�e M �r\��`Wxa}G+M
H��e Z6I]\ �`W)R Y
Z6TVW��5P_\^Z�HhZ6IicM
TjHVWLabGOMbv 2 Mw\OH��rY~M�KjKNG^K&Q�e Z6I]\��JW)R�YyZ6TjW �5P]MSK�T|\ � KjKNW4���JMd\^Z6H Q
W �ncM>=HjMyP^Y)MgQ
M m H+cM�abGOM
P^Y)M_abG^Z�P^Q ��eVcM
I]WxKjK�W �5Pu\^Z6H=Z6IicM
TVHjWxa}GOMdMSK�TwK�TVW`I_G��ycM
Mw\^Z6HwGOPOMgZ6I �XHhY)M
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	�
��� ����	��� ����� ��� ����������������� ������ � � ����� �

1

ω2

ω3

ω2

ω

Pompe Idler

Signal

	�

��� �
v � ����� � !���+%�#���+* �+���	�� $ 1&%�')� ��� !�
���+%&1 ���$1
��* � $.1
%�' !
���� � #��	#�%���"$.�+1&%�' �

Q
GiY)'^Z�I]\ K�W`{XP^Z��fk�Y.�5I]I]MdI �5PrTjH+cMUK�GOH �xZ R^{XGOHjM �rv � v 2 eVcMyI]WLKVK�W��XP KNTjWJI G��ycM
MgY��5P^KNM
H4=
�XZ6PrT �`M�K�\+H��5\+HjWycMyTOcM�K'Q
MwY��5''cM
HVM
P^Y)M�QrG-Y,'^Z�I]\]W`P[Y)WLQ
MyP
Tyk}P �5G^K|K��XI]I]M�K��OWJM
P�QOZ�P^K�G+POMY��XP�R^{5G+HhZ6TVW��XPoQ�e Z6I]\��JW)R�YyZ6TjMyGOH �LZ5KNM
H
v
2 M Y.�5PrTjW`PrGOGOIsk {�cM
P'cM
H+cMo\ �XGOH-MyP^K�M
IgM
P^Y)M
H �fe Z�I]\��`W+R�Y
Z�TjW��XP \^Z6H=Z6IicM
TVHjWxa}GOM k�Y��XI7=\OHVM
P^Q �`M�K � �5PO{XGOM
GOH=KlQ�e �XP^Q
M K�W`{XP^Z��^M
T Y��XI]\��ycM
I MyP
T=Z6W`HVM5v�� � �`M�K!K �5PrT Q��5P^Y|K�G[KjY)M
\+TjW4� �`M�KQ�eLpM
TjHVM|Z6I]\��JW)R�cMyM�K!Q
M �LZ&I pM
IgM mfZ��Y��5P8v 2 M Y��5PrTjWJP
GOG+I<\OH+cM�KNM
PrThZ6PrTlGOPgQ�cM�Y
Z �LZ6{XM&TjMyI]\�� =HjM ���`M Q
M3m H+cM�a}G+M
P^Y)M�-fY)'+W`Hj\ 2 W`Ig\ �XHjT=Z6PrT
k��`MSK�HjM
T=Z6HhQ+K �X\OTjWxa}GOMSK�M
P
TVHjM)�LZ �+HhZ6P[Y)'OMBK�WJ{5P^Z �M
T �JM�K �OHhZ�P^Y,'OM�K|Q
M�\ �XI]\^MwQ
M)��e Z�I]\��JW)R�Y
Z�TjM
G+H \[Z6HhZ�I cM
TVHjWLabGOM�K �5PrT&Z]DjG^K�T+cM�K�\��5GOH�Z�I7=\��JW)R^M
H ��e GOPOM �XG ��e Z6GOTVHjMwQ
M�K'QrM
G,� � �5PO{XGOM
GOH|Q�e �5P^QrMbv

��� ��� ����� � �(�"� �����T� �T� ���Q�
O �5G+H'abGOM&TjH �5WxK �5P[Q
M�K WJP
TVM
HhZ�{5WxKjK�MyP
TlM�+UY
Z5Y~M
I]M
PrTzW �OmfZ6GOT|abGOM �`M�K��bM�Y)TVM
GOH=K Q�e �5P[Q
MQ
M�K�TVH��XWLK|Y)'^Z�I]\^K KjZ6TVWLK�mfZ5KjKNM
PrT FZ �xZdY��5P^QrW`TjW �5PuQ�e Z5Y
Y��XHhQ�Q
Mw\('^Z5KNM �

�6�� � ) � # � �6�� ^FM P���� J �6���� � # � -��rv`2X2 2
�!T&QOZ�P^K �`M�Y
ZXKnY.� �`WJP'cM�Z�W`HjM �

6 � � ) � # � �! � - 6 � ^FM P"�#� J 6 ��� � # � 2 �! -��rv`2 � 2
Z��bM�Y � 6 � P

& �$ � FGFYdM�K�T)�xZ �rW`TVM�KjKNM_Q
M �xZ �JGOI]W FM
HjMbkOP���e W`P^QrWLY)MBa}GOM � �5WJT ��e �5P^QrMbk ! �xZ\OG��xKjZ�TjW��XPoQ
M)�fe �5P[Q
M&M
T �! �LZdQ
WJHjM�Y)TVW��XP-Y.�5I]I_GOPOM|Q
MSK�TjH��XWLK �bM�Y~TjM
GOH=K�Q�e �5P^QrMbv
F �
M �rWLKNTjM|Q
MyG,��T&%r\^M�K!Q�e Z5Y
Y.�5HhQdQrM'\('^Z5KNM&Y.� �`WJP'cM�Z�W`HjMSK('
W��xK!K�M|QrWLK�TVW`PO{XGOM
PrT!\^Z�H �`M�K \ ��=�LZ�HjWxKjZ6TVW��XP^K'Q
MwY)'[Z5Y)GOPuQ
M)�JM
GOHhKlTjH �5WLK|Y,'^Z6I]\[K)v 2 �5H=KjabGOM �xZ�\ � �LZ�HjWLKVZ6TVW��5PsQ
M �xZ�\ �XI]\^MM�KNT �5HVT '��X{ �5P[Z��`M FZ Y~M ���JMdQ
G KNW`{5P[Z��lM
T�Q
G Y��XI]\��ycMyI]M)PrThZ�W`HVM&W��lK~e Z�{5W`T Q�e GOP M���M
T&\[Z6HhZQ=IicM
TVHjWxa}GOMBQ
M]T�%r\ M Fhv 2 M T�%r\^M F FnM�K�T ���OTVM
PrG ���XHhKjabGOM �JM�K&\�� �LZ�HjWxKjZ6TVW��XP^KdQ
M�KwY)'^Z�I]\^KK�WJ{5P^Z �9M
T|Y��XI]\��ycMyI]M
PbThZ�W`HVM|K��5PrT Y)H��XWLKrcMyM�K)v
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O �5GOH&P �5TjHVM_Z6I]\ �`W)R Y
Z6TVM
GOH�\[Z6HhZ�I cM
TVHjWLabGOMbkOP �5G^K&Z�� �XP^K&Y,'��5WxK�W GOP Z5Y
Y.�5HhQoQrM�\('^ZXK�MQ
M|T�%
\^M F 'bW �O\^M
HjI]MyTlQ
M&I]WJM
G,�wKrcMy\^Z6HVM
H �`M K�W`{XP^Z��8Q
M �LZ&\��5I]\^Mbv 2 M Y��5I]\ �
cM
I]MyP
T=Z6W�HjM�Z�LZ'I pM
IgMz\�� �xZ6HVWLKjZ�TjW �5P_abGOM �`M'KNW`{XP^Z��rI�Z6WxK�W��bM�KNT!Z��^K��XH	��cM'\[Z6H �`M � :&%'% K abGOWbP9e M�K�T \��`G[KTjH=Z6P^KN\^Z6HVM
PrT�Z�\OH FMSK ��� B679* � B � �fv H M'\��JG^K)k ��e Z6I]\ �`W)R Y
Z6TVW��5P�\^Z�HhZ�I cM
TjHVWLabGOMlP��5P_Y.� �`WJP'cM�Z�W`HjMM
T �LZ Q
W1� cM
HjM
P[Y)M Q
M Q
W4�bM
HV{5M
P[Y)MoM
PrTjHjM �JM�K�Q
M
G,� ���XPO{5GOMyGOHhKuQ�e �XP^Q
M \ MyHjI]M
TVTjM
PrTgQ
MKrcMy\^Z6HVM
H �`M�K'QrM
G,�]WJI]\OG��xK�W��XP^K FZ �xZdK��XHjTjWJMwQ
M)��e Z�I]\��JW)R�Y
Z�TjM
G+H
v
2 M	� : %'% K MSK�T'GOPuY)HVWLK�T=Z���GOPOWLZ��
M�P�cMy{bZ6TVW mVv < �XP�W`P^Q
WxY)M �XHhQ
WJP^Z6WJHjM�M�K�T|KNGO\�cM
HVW`M
G+H FZ��e M �rTjHhZ �5H=Q
W`P^Z�W`HVM�'���� � � # v O �5GOH � �OTjM
P+W`H �fe Z5YyY��5H=Q�Q
M'\('[Z5K�M Q
M'T�%r\ MDFhk �LZn\�� �LZ6HVWLKVZ6TjW �5P�5H=Q
W`P[Z6W`HVM'M�K�T Y)'��XWLKNW`M�\��XGOH �JM'K�WJ{5P^Z �^M
TlK��XP]Y.�5I]\��ycM
I]M~P
T=Z6WJHjMbv 2 Z \��XI]\^M'M�K�T!\�� �LZ6HVWLKrcM
M�5HVT '��X{ �XP^Z��JM
I]M
PrT&KNGOH)��e W`P^Q
WxY)M&M �rTjH=Z��XHhQ
WJP^Z6WJHjMbv 4 M
T&WJP^Q
WLY~M�M�KNTnm��5P^Y~TjW��XP Q
M ��e Z6PO{ �`M��M
PrTjHVM ��e Z��
M�N_M
TwY)M �JGOWlQ
M_\OH �5\^Z�{bZ6TVW��XP QrG mfZ�WLKjY~M�Z6G9v O Z�HwY��5PrTjHVM W �!M�K�T�WJP^Q�cM
\^M
P^Q+Z6PrTQ
M ��e Z6PO{ �`M��DQ�e �5HVW`M
PrThZ�TjW �5P QOZ�P^K �`Md\��xZ6P - ��k % 2 Q�e WJP^Q
WLY~M �5H=Q
W`P[Z6W`HVM �rv E v 2 e ZXY
Y��XHhQ Q
M\('^ZXK�MBY�� �JW`P�cM�Z�W`HVM�Q
M�T�%
\^M Fl\ MyGOT&Z ���XHhK'K)eVcM�Y)HVW`HjM �

� # -����W! � 2 � ! � � ����- ! � 2 � ! � J ��� - ! � 2 � ! � -��rv`2 � 2
Z��bM�Y��fe M � �`W`\[K��
	 qxQ
M Q
M�K�W`P[Q
WLY)MSK \��5GOH �`MwY,'^Z6Ig\]\��5I]\^M �

2
� # 0 -����W! � 2 � �
� ��0 -�� 2

��� 0 - ! � 2 J � Q � 0�-�� 2� # 0 - ! � 2 -��rv`2 � 2
�!P Y)' �5WLKNWLKVKjZ6PrT�GOPOM � �5PO{XGOM
GOHBQ�e �XP^Q
MgQ
M_\ �XI]\^M]M
TwQ
MgK�WJ{5P^Z ��k ��e Z6PO{ �`MgQ�e ZXY
Y��5H=QQ
M�\('^ZXK�MBK�MwQ�cM�Q
G+W`T|Q
M
�
vJ2 �_\^Z6H �xZ HVM �LZ�TjW �5P�KNGOW4�XZ6PrTjM �

� Q � 0 -�� 2 � � #�� 0 -����W! � 2 : ��� � 0 - ! � 2
� # � 0 - ! � 2 : ��� � 0 - ! � 2 -��rv`2 E 2

�!P�HVM
I]\��xZ �Y
Z�P
T�Q+Z6P^K �LZ]HVM �LZ�TjW��XP �rv`2 E � # -����W! � 2 \^Z�H �feVcM�abG^Z�TjW��XP �
vJ2��
k9P��XG^K�YyZ��)=Y)G�� �5P^K ��e Z6PO{ �`M��dQ�e Z5Y
Y.�5HhQgQ
M&\('^ZXK�M�M
P m��XP^Y)TVW��5PUQ
MwQ
W � cM
HVM
P
TVM�Kzm H+cM�abGOM
P[Y)M�KlQ
GuK�WJ{5P^Z �\��5GOH|GOPOM�I pMyI]M�m H+cM�abGOM
P[Y)M�Q
M�\��5I]\^M �
� Q � 0 -�� 2 � - P � '���� )�� ����� P � '���� )�� �
����

2 � 0 : � � � 0 - ! � 2
� # � 0 - ! � 2 : ��� � 0 - ! � 2 -��rv`2]B 2

2 Z R[{5GOHVM��
v ��W�� �`G^KNTjHjM �LZ�HjM �LZ6TVW��XP �rv`2]B \��5G+HnGOP �LZXK�M
H|Q
M�\��5Ig\ M FZ�Br2 E ��*ov
2 Z�R^{XGOHjM �
v � Q �5POPOM �`M�KwY��5G+H	�^M�K_Q�e ZXY
Y��5H=Q Q
M�\('^Z5KNMoY
Z �LY)G �
cM
M�K�\��5GOHgQ
W �ncM
HVM
PrTjM�K���XPO{5G+M
GOHhK�Q�e �5P^QrM_Q
G Y)'[Z6I]\uQ
Md\��5Ig\ M v 2 Z]Q
W1� cMyHjM
P^Y~MdQ
M�m��XHjI]MwM
P
TVHjM �`M�K|Y��5G+H	�^M�KQOZ�P^K �JM0�
WxK�W4� �`M&M
T|Y~M ���JM�K�QOZ�P^K �`M&\OH �rY)'+M�W`Prm HhZ6H �5GO{XM�M�KNT �`WycM
M FZ �LZdQ
WxK�\^M
HhKNW��XPoQ�e W`P^Q
WxY)MQ
M � : %'% Kwv 2 Z0�OW`H+cM)m HjWJPO{5M
P[Y)M�cM
ThZ�P
Tl\��JG^K mfZ�W4���JM'\��5GOH �JM�Kz{5H=Z6P^QrM�K ���XPO{5GOMyGOHhK Q�e �XP^Q
Mbk��e Z6PO{ �`M�Q�e Z5YyY��5H=Q-Q
M�\('^ZXK�MwQ
WJI]W`PrGOM|\ �XGOH Q
M�K�\��5I]\^M�K �bM
H=K ��e W`P
m H=Z6H �5GO{XMbv���5G[K HVM
I�Z�HhabG��5P^K|Z6G[KjK�W abGOM �LZ�Y��XGOH	�^M_Q�e Z5Y
Y.�5HhQoQrM \('[Z5K�M FZ B \S\ ��* \��bKVK FM�Q
M �\��5WJP
T=KzQ�e W`P��[M �
W �5P9k.�`M!\+HjM
I]WJM
H FZ&2 � \ \ ��* Y��XHjHjMSK�\��5P^Q FZ �LZ'Q cM
{�cM
P�cM
HjM�KVY)M
P^Y~M � k �JM�KNM�Y��XP^Q,'+�� J . = 56 SY568@ 5689:6 /2Z 6\@ Z 6 JL6 /iZ X .V3 G /�� ; S @ . J4687�� ='JL6\9 / C,@R7 ".^* > -�- �"! / C,;L7fJ<6�=	C,E	m	J<6 ='6�J . J<CB@ S E	68E'9=�? CB@'=	6e=	6eGnC 3 GO6 +
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20.8 20.9 21.0 21.1 21.2 21.3
Angle interne en degres
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amplification parametrique de type I

	�

��� �rv � ��� � *�� !0� 1
*�$ �/�,* � � 
 #(�"������������� ! #���� �)�(' � !#
 #�% � ! 1 � �"#�$ � '�� � #��	#�%���"$.�+1&%�' �
� ��$.1&%�' � ����% � ����# Br2 E ��*
FZ ��4 \ ��* M�KNT�HjMSK�\��5P^KVZ����JMuQ
M �LZ �`WJI]W`T=Z6TjW �5PuW`P
m6cM
HVW`M
G+HjMgQ
M]P��XTjHjMg\��LZ�{5M�Q�e Z5Y
Y.�5HhQ Q
M\('^ZXK�Mbv4 M
TjTVM R[{5GOHVM]W�� �`G^KNTjHjM_Z�G^KjKNW �xZ �xZ6HV{5M_\��LZ�{5M�Q�e Z6\O\ �`WLYyZ6TjW �5P Q
G Y)HjWxK�ThZ � Q
M � :&%'% K\��5GOH �fe Z�I]\��`W+R�Y
Z�TjW��XPo\^Z6H=Z6IicMyTjHjWxa}G+Mbv��!P M���M
Tyk W ��M�KNT�\��bKVK�W ���`M�Q�e ���+TjM
POWJH �fe M
P^KNM
I ����MQ
M�K � �5PO{XGOM
GOH=K Q�e �5P[Q
M&QrG��rWLKNW4���JM'Z��bM�Y�QrM�K!\ �XI]\^M�KlQOZ6P[K �fe *��F\OH��rY,'OM|M
T �fe W`Prm HhZ6H �5GO{XMZ��bM�Y&Q
MSK�\ �XI]\^M�K'QOZ�P^K �fe WJP
m HhZ�H��5G+{5M�\OH��rY,'OMbv
��� ��� ��� � � �(�"� ���T��� ����� ��	�
2 Z3\��xZ6{XM|Q�e ZXY
Y��5H=QOZ��+W��`WJT+cM'M
P � �5PO{XGOM
GOH=KlQ�e �XP^Q
M Q�e GOP_Z�I]\��JW)R�Y
Z�TjM
G+Hz\^Z�HhZ�I cM
TjHVWLabGOMQ
M|T�%
\^M F!Q+Z6P^KlGOP�Y)HVWLK�T=Z���Q
M � :&%'% KiZ��bM�Y�GOPOM \ �XI]\^M FZ=B
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λ/2

L

M

A

λ/2

F

L.A.R.
BBOBBO

M F

615nm
L.A.R.

RG 780.

C F

BS

L: Lame de verre
F: Lentille

BBO: Cristal sur son support.
A: Système d’alignement

M: Miroir diélectrique Rmax à 615nm et 45° 

BS: lame T=20% R=80%

C: lame de Saphir
L.A.R.: Ligne à retard

750-1000nm
70fs

90fs
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