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Materials 1. Luminescence Spectra in different Nd3+ ions doped (Pb,La)(Zr,Ti)O3 perovskite 

ceramics

500 550 600 650 700 750
0.0

1.0

2.0

3.0

4.0

5.0

6.0
 4.12 W
 4.23 W
 4.34 W
 4.60 W
 4.86 W
 5.10 W
 5.33 W
 5.59 W

 2.84 W
 2.96 W
 3.10 W
 3.22 W
 3.34 W
 3.46 W
 3.60 W
 3.73 W
 3.86 W
 3.99 W

In
te

ns
ity

 (a
.u

.)

Wavelength (nm)

 0.54 W
 0.66 W
 0.78 W
 0.92 W
 1.06 W
 1.18 W
 1.29 W
 1.42 W
 1.56 W
 1.68 W
 1.82 W
 1.94 W
 2.08 W
 2.20 W
 2.32 W
 2.44 W
 2.57 W
 2.69 W

1.5 mol% Nd3+: PLZT
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Fig. S1 Light emission spectra in 1.5 mol%, 2.0 mol%, and 2.5 mol% Nd3+ doped 

(Pb,La)(Zr,Ti)O3 perovskite ceramics

Materials 2. Light emission intensity at 590 nm and 686 nm in different Nd3+ ions doped 
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(Pb,La)(Zr,Ti)O3 perovskite ceramics
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Fig. S2 Light emission intensity under different pumping power in 1.5 mol%, 2.0 mol%, and 2.5 
mol% Nd3+ doped (Pb,La)(Zr,Ti)O3 perovskite ceramics

Materials 3. Photoinduced scattering effect in different Nd3+ ions doped (Pb,La)(Zr,Ti)O3 

perovskite ceramics



Fig. S3 Photoinduced scattering effect under pumping energy of 10 mJ in different Nd3+ in 1.5 

mol%, 2.0 mol%, and 2.5 mol% Nd3+ doped (Pb,La)(Zr,Ti)O3 perovskite ceramics

Materials 4. The change of effective absorption coefficient in different Nd3+ ions doped 

(Pb,La)(Zr,Ti)O3 perovskite ceramics
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Fig. S4 The change of effective absorption coefficient along with increasing pumping energy in 



different Nd3+ in 1.5 mol%, 2.0 mol%, and 2.5 mol% Nd3+ doped (Pb,La)(Zr,Ti)O3 perovskite 

ceramics

Materials 5. Detail description about the simulation techniques used in the manuscript.

(1) The changes of transmittance (T(λ)) and reflectance (R(λ)) of light under increasing 
intensity of diode laser

Light propagation dynamic process in disordered medium could be described by the diffusion 
equation [1], 

                       (S1)2( , ) ( , )W r t D W r t
t
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Where D is the diffusion coefficient, which could be expressed as , here c is light velocity in 3
tclD
n



vacuum, n is the effective refractive index of the specimen, and lt is the transport mean free path 
length of light in the scattering medium. Discuss the condition of a point source at a depth L, the 
transmittance and reflection of light can be written as the following relations [2]
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And then Eq. (S1) could be solved by the time-reversal method, and the transmittance and reflection 
of light could be expressed as [3], 
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And then the total transmittance and reflection of light in disordered media could be written as 
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Where L is the optical length of the sample, and ze is the extrapolation length of the incoming light 

( ), and ri is the average internal reflection coefficient and can be calculated by Fresnel 
𝑧𝑒=

2
3
𝑙𝑡
1 + 𝑟𝑖
1 ‒ 𝑟𝑖

coefficient. Based on Eqs. (S3)-(S4), we can get the changes of transmittance and reflection of light 
along with the transport mean free length lt. It is worth noting that lt was not constant but vary with 
the pumping intensity in PLZT ceramics, which could be calculated based on the rate equations 
below [4].
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Where N, nc(t), nt(t), and nv(t) represent the total free electron concentration, the concentrations of 
the electrons in the conduction band, the TDT level, and valence band, respectively. Ac and AE are 
the possibilities of electron trapped by traps and escaping from traps. Aa and AR are the cross section 
of absorption and possibilities of electron-hole combination, respectively. According to the Eqs. 
(S5a)-(S5e), the calculation results of the number of the photoinduced scatterers (n) and transport 
mean free path length (lt) were exhibited in Fig. 3(e) in the manuscript. And then, the changes of 
transmittance (T(λ)) and reflectance (R(λ)) of light under increasing intensity of diode laser could 
be simulated based on Eqs. (S3a)-(S5e), as seen in Fig.3(c) in the manuscript.

(2) The effective absorption enhancement

The average time of light resident in the specimen could be estimated as

                                (S6)( ) ( )t tT t dt tR t dt  

In a thin sample which meet the relation of , the average time of light travelling in the tl L=

sample could be written as
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And the average length of light travelling in the sample could also be estimated as
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We can see that the larger ri is, the longer the average length of light travelling in the 
sample is. At this time, light propagation length in scattering media could not be described only 
by the thickness of the specimen, and the absorption law of the specimen also changed along with 
the increased photoinduced scattering events, which could be modified in weak absorption media 
as

                                                      (S9)0(1 ) .lI R I e   

In weak absorption media ( ), the effective absorption coefficient could be written as�𝛼𝐿 ≪ 1
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Where  is the average length of light travelling in each small region, and . il ii
l l

While the reflection of light R could also increase along with the growing number of scattering 
events, as a result, the enhancement factor of absorption coefficient of 1.0 mol% Nd3+ doped PLZT 
ceramics at 804 nm was not just increased but declined at a critical value, as seen the simulation 
result in Fig. 4(a), that’s why there is a threshold beyond which the change in absorption is negative.
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