Formations and Applications of
High-Performance Phase-Conjugate Mirrors in
Cu-doped (K0.5Na0.5)0.2(Sr0.61Ba0.39)0.9NbXO6

Photorefractive Crystals

S&g: en

HhRE: BERKZEXRFREFRIFMER
NFH: 2008-04-11

F—7— K (Ja):

*—7— K (En):

{ERZE: Zheng, Yujin

X=ILT7 KL R:

FiriE:
http://hdl.handle.net/10297/1540




K& - (%)
F4oEE
FNMNEF T
FAIR G5 OHA
FAIR G DB
B SR 0%k
FA X EH

wWXEERR

&8 F & (PE)

m & (I %)

THFEE 158 %5

FRL 9 £ 9 A26H

FHAAHNGE 4 558 1 HEY

BFHENER EFRALE

Formations and Applications of High-Performance Phase-
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Optical phase conjugate is a technique for reversing both the direction of propagation and the overall phase

factor of an incident light wave. The process can be regarded as a unique kind of "mirror" with very unusual

image-transformation properties. A beam reflected by a phase-conjugate mirror (PCM) retraces its original

path. This retroreflecting property of phase-conjugate waves is very useful in applications, such as optical

information processing, optical computing, optical communication, optical interferometer and adaptive optical

interconnection. In this thesis, a stable self-pump phase-conjugate mirror (SPPCM) and high-performance double

phase-conjugate mirrors (DPCMs) in Cu-doped (Kg s Nag 5)g 2 (Stg.61 Bag 30)0.9 Nb,Og (Cu:KNSBN) crystals are

studied in detail. A new type of multiple PCM is formed, which is used to achieve the real-time orthoscopic

projection of a three-dimensional object. An all-optical routing switching dynamic interconnection is also pre-

sented.

In chapter 1, an introduction on optical phase conjugation and the outline of the thesis are given.

In chapter 2, a theory of two-wave mixing are described, which is used to explain the self-generated fanning
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effect in a SPPCM. The dynamic instability in the SPPCM is further investigated. The dynamic instability
originating from the competition between the self-generated fanning effect and the SPPCM formation is ana-
lyzed and proved. The theory and experiment results show that the self-generated fanning effect in a photorefractive
crystal can be decreased by the incident of the ordinary-polarized component of a partially extraordinary-polar-
ized incident light beam. The dynamic instability of the SPPCM can be eliminated by restraining the self-
generated fanning effect.

In order to reveal the performance of DPCM, a theory of four-wave mixing for a DPCM is given in chapter 3.
It is shown that large coupling strength corresponds to high phase-conjugate efficiency. How to form a high-
performance DPCM is demonstrated in a Cu:KNSBN photorefractive crystal. Based on the high diffraction
efficiency of four-wave mixing and the low light losses including absorption and scattering 1oss inside the
crystal, and specular reflection loss on the surfaces of the crystal, a high-performance modified-bridge DPCM is
formed with a 1ow incident power (milliwatt order) in a Cu:KNSBN crystal. A phase-conjugate transmissivity
as high as 63% with 97% relative stability is observed in Brewster angle incidence. The efficiency of the
modified-bridge DPCM is the highest value in the reported DPCMs to our knowledge.

In chapter 4, two kinds of bridge DPCMs with the symmetrical geometry and asymmetrical geometry are
formed in Cu:KNSBN crystals. These Cu:KNSBN bridge DPCMs have high efficiencies. For the crystals with
different absorption coefficients, the optimum incident geometries of forming DPCM are different. The crystal
having a large absorption coefficient is suitable for forming the symmetrical-bridge DPCM. The crystal having
a small absorption coefficient is suitable for forming the asymmetrical-bridge DPCM. Even if at very low
incident power, these bridge DPCMs still have high efficiencies.

In chapter 5, a new type of multiple PCM consisting of two PCMs, which performs two phase-conjugate
operations on the incident light wave, is demonstrated in a CuzKNSBN crystal. The stable phase-conjugate light
output is produced by use of the suitable incident geometry (a SPPCM and a bridge DPCM) with the optimum
incident conditions. A phase-conjugate reflectivity as high as 105% is measured. A good fidelity of phase-
conjugate image is observed. Moreover, under two phase-conjugate operations on the image-bearing light wave,
the real-time orthoscopic projection of a three-dimensional object is achieved by using the high-efficiency
multiple PCM.

Another exciting application of PCM is presented in chapter 6. An all-optical switching dynamic intercon-
nection is demonstrated by using the arrangements of the multiple DPCMs in a Cu:KNSBN crystal, and a
partial reflection mirror. The transition of the ON and OFF states for dynamic interconnection between the two
light beams is dominated by a control beam with a very low power (milliwatt order). Further, an all-optical
routing swiching dynamic interconnection is successfully realized. The routing dynamic interconnections are
switched via the incidence of the different control beams.

In this thesis, many aspects for the formations of PCMs and their applications are studied, which are useful

for the development of the phase-conjugate technique.



wm X BE R R ORE

AR SR ASHEE DR R 2 BET 2 HTNA A TH D, ZDTNA AR, HRAMERET
52 EDERINDIPE K DRFRIIBVWTEELEFHZ R LT 5, KL TidCu-doped (Kos
Nags) 0 (Sro61 Bag o) 09 Nb,Og [Cu:KNSBN] 7 #+ N ) 75 7 7 4 T#EEICB VT, K% BCRhEhL
MR ER OB MR BB EOREFEIIOVTERR L, #R5DEHICOVTRRT WS,

BIRRIFERT, 74 M) 7I 7714 TREGEAMARETE L LTHEAT 2 HEB L UERICONT
AR, T ERICHERTA27-0ICBRIREBEBIC, FROTRLBWIZOWTERL T
%, 28 Tld. Ce:KNSBN#E &% AV, HOBEMMHEREICBITISZ 5 M3 v 7 RREROREIR
EHBICHT AIREREBRTVS, NS ERERLEZAVA LI WVHCRET 7=V
MREIRTEL L 2R L ERIIBVCGEHA L, ALEMZ2 ERWICHRTELZ L 2R L,
3T Tld. CuKNSBNRRIZBW T, BURZEMHEERESED L ) TR INE NITONWTH
B L OEBRIYICKET L7zo Cu : KNSBN#EED 7)) 2 A ¥ — ASAEICBWT, ROBEER T
KEVEATEE CEMRBERE - EVALRBOREAITETH S, ZOFEICBNT, LS
EBEN63% . HAFREENITIW L o720 HEAETIE, JRINEA R L 5 2D DCu:KNSBNHH &k 12
BWOBE —EMAMRREORE R ASTBRICOVWTHERTVS, ZOFIRIZBWT, EBHEIS0
% L& <. 0.2mWDFTV ASHEHEEIC BV TH MAHIREIFEIB0% E RSV, ESETIE, —ED
Cu : KNSBN#S &2 B\ T, HTHREMARLEE L BRI EAAHBREE & 25 B 5 B A RIS
FE2MMOMAAIBIREIC L VR L, ZBOXAGFEHT TEEREZR L, ZORESMHRE
DRI RA105% & & & . TV BREL X CERERFRIFCH o7z, EHICTOMHEREE
AR L. ERBRICBY 2 ZRIEWHROERTEN % ET L. BeETIE, —EORKRICBITL2EED
B —EMARREE AV ARFETHBATER 1 FIv 243X T a VIZOWTRL
TEY., SLRERLZZODAFHAE -2 2PV BRI LICL T, AM v F U T 2ELTEHZ
LHTMEETH B I LR LTz BIBIARHETHONREORERTH 5,

PlEd X 512, REFFEICBV CEERE & B O35 8 & “EVALRFEOREA I =X
A, BRBRRUREREDERERICOVTRET 5 &I, BRRE[FL-OOBHETEICEL T
FHMICERUTBY ., CORRNECHEROILAOTREREZA L TVb, Lo TARIIEL(THE)D
N ERGTRISLEDLVWLDERET S,

—107—



