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Theoretical Study on Nonvolatile Holographic Recording in LiNbQ;:Fe:Mn
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Abstract Based on the two-center model, the steady-state nonvolatile two-step, two-color holographic recording
performance with low-intensity continuous-wave light for LiNbO3: Fe: Mn is studied theoretically. The contributions
to the space charge fields from the different electron transfer processes between the deep-trap centers (Mn*" /Mn®")
and the shallow-trap centers (Fe?" /Fe’" ) are compared numerically. It is found that the direct electron exchange
between the Mn®*" /Mn®" and the Fe*" /Fe®" levels through tunneling effect dominates the amplitude of the total
space charge field. This direct electron transfer process plays a key role in the two-step, two-color holography
performance also. In addition, the amplitude of the space charge field of deep-trap centers (Mn?" /Mn®" ) dominates
the amplitude of the total space charge field is proved theoretically.
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Fig. 1 Band diagram of the two-center model for LiNbO; :
Fe : Mn crystals. CB and VB represent the
conduction band and the wvalence band,
respectively. Note that the arrows indicate the

possible electron transfer processes involved in the

two-step, two-color holography in LiNbQO, : Fe: Mn
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Table I Parameters in the theoretical analysis of the two-step, two-color holographic recording in LiNbQO; : Fe: Mn

Parameters related to Mn in LiNbO; : Fe: Mn

Parameter Np /m™* Nj /m~* Sup /(m?*/]) yp /(m*/V) Gup /(m]/V) N, /m~*
Value 3.8X10* — 3.6X107° 2.4X107"1 —3.05X10°* 3.4X10%
Ref. [11] — [11] [11] [11] [11]

Parameters related to Fe in LiNbQO; : Fe: Mn

Parameter Ns /m™* N¢ /m™* Sus /(m*/]) Sks /(m?* /] Gus /(m]/V)  Ggs /(m]/V)  ys/ (m*/V)
Value 2.5X10% - 3.8X107° 3.3X10°° —3.68X10°% —2,12X10°* 1.65xX10 "
Ref. [11] - [11] [11] [11] [11] [11]

Parameters related to Mn and Fe in LiNbO; : Fe: Mn

Parameter  Sps /(m’/])  yps /(m*/V) o/ (m*/Vs) € m q/m! T /K
Value 3.22X10°% 1.7X10°% 7.5X10°° 28 0.1 2.9X10° 293
Ref. This paper This paper [11] [11] — — —
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