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Experimental Section 

Optical transmittance measurements: The transmittance spectrum and absorption 

spectrum of KNBO crystal were recorded at room temperature with a Lambda 900 UV–

vis–NIR spectrophotometer and a VERTEX 70 infrared spectrometer. Polished KNBO 

crystal wafers with a thickness of about 1 mm were used in the experiment. 

Refractive indices and thermo-optic coefficients measurements: KNBO crystal 

crystalizes in space group Pmc21 (No. 26), belongs to the orthorhombic system, 

therefore it is optically biaxial. To measure the three principal refractive indices by the 

auto-collimation method, it is necessary to use two Littrow prisms. The sizes of the two 

prisms are 7 × 5 × 5 mm3 and 4 × 5 × 7 mm3 respectively, and the apex angles of two 

prisms are both 15° (Figure S4b). Four light sources were used in the experiment with 

wavelength 473 nm, 532 nm, 632.8 nm and 1064 nm. For thermo-optic coefficients 

measurements, only light sources with wavelength 632.8 nm was adopted. 

EO modulation and EO coefficient measurement: The EO modulation and EO 

coefficient measurement were performed using a custom-built single beam amplitude 

modulator. A picture of the measurement system is presented in Figure 3a. Laser source, 
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polarizer, sample, two quarter waveplates, analyzer, and photodetector were placed 

along a straight line. Two polarizers are always 0°/90° crossed with each other. A 632.8 

nm He–Ne laser (2 mW) was used as light source. Two quarter wave plates were 

inserted to compensate the initial birefringence of the KNBO crystals. The intensity of 

output light was recorded by a photodetector. For EO coefficient measurement, external 

voltage was applied using a high-voltage power supply (610e, Trek Inc). Vacuum-

sputtered gold was applied to the cuboid samples on each face to act as electrodes.  

Piezoelectricity measurement: We first used a quasi-static d33 meter (ZJ-4AN, 

China Academy of Acoustics) to measure the piezoelectricity of KNBO crystal. 

However, the piezoelectric coefficient of KNBO is below the detection limit (2 pC/N). 

Then, we observe the electric-field-induced strain of KNBO crystal, using a FE testing 

system (TF Analyzer 2000E, axiACCT) combined with a laser interferometer. There is 

no electric-field-induced strain even when the applied electric field is up to 60 kV/cm. 

The value is much higher than the maximum electric field applied in the EO 

measurement (about 10 kV/cm). Electric-field-induced strain generally origins from 

inverse piezoelectric effect or electrostrictive effect, the result suggests that 

piezoelectricity and electrostriction are negligible in KNBO crystal. At last, we attempt 

to measure piezoelectric coefficient with resonant method by a computer-controlled 

Alpha-broadband dielectric/impedance spectrometer (Novocontrol GmbH, Germany). 

No particular resonance peak was observed in the impedance and admittance spectrum.  

Electronic structures and refractive indices calculation: The first principles 

calculations were performed by the density functional theory using CASTEP package. 



Generalized gradient approximation (GGA) was used to character the exchange 

correlation interaction, with the Perdew-Burke-Ernzerhof (PBE) functional. Normal-

conserving pseudopotential was optimized to simulate ion-electron interactions for all 

elements. 

  



 

Figure S1. Photographs of as-grown KNBO crystals. 

 

 

Figure S2. Simulated and measured powder X-ray diffraction pattern of KNBO crystal. 

 

 

Figure S3. (a) UV-vis-IR transmission spectra for KNBO crystal. (b) Absorption 

spectrum for KNBO crystal. 

 

 

Figure S4. Photograph of KNBO crystal samples (a) for EO coefficient measurement, 

(b) for refractive indices measurement, (c) for static extinction ratio measurement. 

Scale bar, 1 cm.  



 

Figure S5. (a) Normalized optical transmission and voltage versus time. The applied 

voltage with a triangle waveform. (b) Normalized optical transmission as a function of 

the applied voltage. 

 

 

Figure S6 (a) Polarization versus electric field curves of KNBO crystal measured at 11 

kV/cm and 20 kV/cm. (b) Current versus electric field curves of KNBO crystal 

measured at 11 kV/cm and 20 kV/cm.  

 

 

Figure S7 (a) AFE crystal with antiparallel arrangement of dipoles, without external 

electric field. (b) Schematic of the change of net polarization Pnet, when a field is 

applied to lateral electrodes in the EO experiments. 

  



Table S1. The fitted coefficients in Sellmeier equation for KNBO crystal based on the 

calculated and experimental refractive indices. The Sellmeier equations is: na
2 (nb

2 or 

nc
2) = A + Bλ2/(λ2-C) - Dλ2, where λ is the wavelength (unit of λ is in μm) and A-D 

are the parameters. 

  A B C D 

Exp. 
na and nc 3.8930 0.068203 0.063892 0.048309 

nb 3.8022 0.063525 0.061481 0.035956 

 

Table S2. The measured, fitted and calculated refractive indices of KNBO. Date have 

been recorded at four different monochromatic sources (473, 532, 632.8, and 1064 

nm).  

Wavelength 

(nm) 

na nb nc 

Exp. Fit. Cal. Exp. Fit. Cal. Exp. Fit. Cal. 

473 2.0758 2.07579 2.0597 2.0459 2.04589 2.0275 2.0758 2.07579 2.0690 

532 2.0471 2.04709 2.0366 2.0196 2.01959 2.0078 2.0471 2.04709 2.0454 

632.8 2.019 2.01899 2.0128 1.9938 1.99379 1.9872 2.019 2.01899 2.0212 

1064 1.9754 1.97539 1.9793 1.9547 1.95469 1.9578 1.9754 1.97539 1.9871 

 

Table S3. The performance parameters of KNBO crystal and other commercial EO 

crystals. 

Crystals Transparent ranges 

Refractive 

indices 
 

EO coefficients 

[pm/V ] 

Thermo-optic 

coefficients 

[ ×10-6/K] 

KH2PO4 177 nm ~ 1.7 μm  

no = 1.5123 

ne = 1.4705 

@ 532 nm 

γ63
a)

 = 9.7     γ63
b)

 = -10.5 

γ41
b)

 = 8.6 
N 

LiNbO3 370 nm ~ 5.2 μm 

no = 2.286 

ne = 2.203 

@ 632.8 nm 

γ33
a) = 31     γ33

b) = 32 

γ31
a) = 8.6     γ31

b) = 10 

γ22
a) = 3.4     γ22

b) = 6.8 

γ13
a) = 11      γ13

b) = 10 

γ51
a) = 18.2    γ51

b) = 32 

dno/dT = 0.9 

dne/dT = 39.1 

KTiOPO4 350 nm ~ 4.5 μm 

nx = 1.7780 

ny = 1.7886 

nz = 1.8880 

@ 532 nm 

γ33 = 36.3 

γ31 = 9.5 

γ23 = 15.7 

γ42 = 9.3 

γ51 = 7.3 

dnx/dT = 11 

dny/dT = 13 

dnz/dT = 16 

RbTiOPO4 350 nm ~ 4.5 μm 

nx = 1.8047 

ny = 1.8188 

nz = 1.9145 

@ 532 nm 

γ33 = 33 

γ31 = 10.9 

γ23 = 15 

N 

La3Ga5SiO14  

no = 1.90988 

ne = 1.92128 

@ 546 nm 

γ11 = 2.3 N 

BaB2O4  189 nm ~ 3.5 μm 

no = 1.6750 

ne = 1.5555 

@ 532 nm 

γ11 = 2.5 

γ22, γ31 < 0.1r11 

dno/dT = 9.3 

dne/dT = 16.6 



KNBO 327 nm ~ 4.3 μm 

nx = 2.0190 

ny = 1.9938 

nz = 2.0190 

@ 632.8 nm 

γc = 3.3 
dnxz/dT = 10 

dny/dT = 18 

a) The measured EO coefficient is the intrinsic EO effect; b) The measured EO 

coefficient is a combination of the inverse piezoelectric effect and the intrinsic EO 

effect; N represents there is no related report. 

 

Table S4. The experimental data of EO coefficient measurements.  

Samples 
Size of sample 

(mm3) 

Light propagation 

direction 

Electric field 

direction 

Half-wave voltage 

(V) 

EO coefficient 

(pm/V) 

1 26.50×2.13×2.13 a axis b axis 1918 3.26 

2 22.30×2.20×2.20 a axis b axis 2300 3.34 

3 2.40×2.40×25.30 c axis b axis 2230 3.31 

 

Table S5. The experimental data of static extinction ratio measurements.  

Samples 
Size of sample 

(mm3) 

Light propagation 

direction 

Maximum transmitted 

light intensity 

(mW) 

Minimum transmitted 

light intensity 

(μW) 

Static 

extinction 

ratio 

A 6×5×5 a axis 1.116 0.51 2188:1 

B 5×5×7 c axis 1.028 0.51 2016:1 

 


