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Analysis of electrooptic-crystal-based Fabry-Perot resonators
for high-speed spatial light modulators

Kuniharu TAKIZAWA*

ABSTRACT : An electrooptic (EO) -crystal-based Fabry-Perot (FP) resonator, which is suitable for a
high-speed spatial light modulator, is proposed. The FP resonator serves as a light modulator with an
extremely low drive voltage and a high extinction ratio. It is revealed, by analyzing both the linear
EO effect and the inverse piezoelectric effect of various EO crystals, that three kinds of EO crystal
configurations are suitable for the FP resonator. One of these is applicable to the isotropic crystals,
point group 23 and 43m, another well fits for the uniaxial EO crystals, point group 42m, 3m and 4mm,
and the other fits for the biaxial crystal, point group mm2, and for the point group 3m. The EO
crystals suitable for the FP resonator are as follows; ferroelectric crystals, such as LiNbO3, LilOs,
BaTiOs3, and sillenite compounds, such as Bi12SiO20 and Bii2TiO20, and compound semiconductors,
such as GaAs and GaP.
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Fig. 1. Schematic diagram of a FP-SLM. d, is the thickness of the
EO crystal, and d,, is the thickness of the photoconductor. Vj, is
the drive voltage.
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Fig. 2. Equivalent circuit of the FP-SLM. R, and C, are the
resistance and the capacitance, respectively, of Lhe photoconductor
and C, is the capacitance of the EO crystal. V), is the voltage
applied to the EO crystal.
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Fig. 3. Multiple reflection of light in the FPM consisting of an EO
crystal and dielectric multilayer film mirrors at normal incidence.
The figure was drawn schematically to show each optical ray. L
is the thickness of the EO crystal.
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Fig. 4. Cross-section view of the dielectric multilayer film mirror.
High and low refractive-index layers are stacked alternately. n,
and n, are the refractive indices of the high and low refractive-
index layers. n, and n, are the refractive indices of the external
layers.
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Fig. 5. Dependence of the intensity of the output light I of the
FPM on phase difference 6 between two successively reflected rays
for various values of reflectance R. A is the point at which 8 = =
rad and I is maximum. +L is the optical loss of the FPM.
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Fig. 6. Relationship between extinction ratio Eg and the reflec-
tance R for various values of yL.
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Fig. 7. Schematic diagram of the optical system that separates
incident beam I; and output beam Ir. (a) Simple structure with
half-mirror HM but a large optical loss. (b) Requires a PBS and
a quarter-wave plate QP but has a small optical loss, provided that
linearly polarized light is employed for the input.



Table 1. Isotropic EO P:
Piezoelectric Strain
Point  EO Coefficient Wavelength Coefficient d, Relative Dielectric
Material  Group ry (pm/V) no’rq; (pm/V)  Refractive Index (nm) (pC/N) Constant
Bi;,Si0,, 23 5.0 81.98 2.5504 633 40 56
Bi;GeO, 23 3.40 52.8 2.5405 633 31 40
Bi;,TiOy, 23 5.17 85.77 2.5504 633 47
GaAs 43m -144 53.63 3.455 1150 -2.7 12.5
GaP 43m -0.97 35.17 3.3098 633 11.1
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Fig. 8. Schematic diagram of the FPM consisting of an isotropic
EO crystal. Both the circularly polarized light and the applied
electric field propagate along axis X,. P is the electric vector of
the linearly polarized light passing through the PBS shown in
Fig. 7.
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ity of the output light I, of the
FPM shown in Fig. 8 with optical loss yL = 0.001 on the electro-
optically induced phase difference 36 for several values of reflec-
tance R.

Fig. 9. Dependence of the int
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Fig. 10. Dependence of the intensity of the output light I of the
FPM shown in Fig. 8 with a reflectance R = 0.9 and an optical loss
YL = 0.001 on electro-optically induced phase difference 86 for
several values of p. p denotes the deviation from the phase-
matching condition.
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Table 2. Uniaxial EO Material Parameters

EO Coefficient Wavelength  Pi ic Strain Relative Dielectric
Material Point Group (pm/V) Refractive Index (nm) Coefficient (pC/N) Constant

LilO, 6 ria = +64 di =13

ra3 = +4.2 dys =493

ry = +3.1 n, = 1.8830 d3; =173 k=179

rsy = +7.9 n, = 1.7367 633 dyy = +92.7 k; =64
LiNbOg 3m ria=+9.6 dys = +74.0

rz; = +6.8 dgp = +20.7

rs; = +30.9 n, = 2.2868 dj, = —0.86 k, = 84.6

rs, = +32.6 n, = 2.2030 633 dgg = +16.2 kg = 28.6
LiTaO, 3m ri3 = +8.49 dyg = +26

rep = —0.2 dy; = +8.5

rag = +30.5 n, =2.1774 ds =-3.0 k, =536

re; = +20 n, = 2.1818 633 dyy = +9.2 ky =434
PbsGe,0,, 3 ry, = 0.276 d,, =01

rs =109 dy =02

ra =235 dis=3

r33 =152 dyy =2

ry =0.62 n, = 2116 dj; =5.2 ky =22

re; = 6.1 n, = 2151 633 dyy = 6.2 k; =36
KH,PO, 42m ry =86 n, = 1.5100 d, =128 ky =432

reg = —10.5 n, = 1.4684 556 dgg = —20.9 ky =208
KD,PO, 42m rg =88 n, = 1.5079 k, =58

res = —26.4 n, = 1.4683 546 dys = +58 k; =48
(NH)H,PO, 42m ry =23.76 n, = 1.52662 dy, =176 k, =558

reg = —8.51 n, = 148079 546 djg = —48.3 ky =153
BaTiO, 4mm ra =24 d,s = 587

rss = 80 n, = 2.4037 633 dg, = -34.7 ky = 2920

rs; = +1640° n, = 2.3607 dgz = 85.7 ky = 168

“Wavelength, 546 nm.
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Fig. 12. Dependence of V/V, of the FPM shown in Fig. 11 with
R = 0.9 and yL = 0.001 on intensity Iy, of the output light.
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Fig. 13. Dependence of V/V,, of the FPM shown in Fig. 11 with
I = 0.8 and yL = 0.001 on reflectance R.
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Fig. 14. Dependence of the intensity I of the output light of the
FPM shown in Fig. 11 with R = 0.9 and yL = 0.001 on electro-
optically induced phase difference 38 for several values of p.
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Fig. 15. Schematic diagram of the FPM consisting of a uniaxial
EO crystal. Both the circularly polarized light and the applied
electric field propagate along axis X;'. P is the electric vector of
the linearly polarized light passing through the PBS shown in Fig. 7.
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Fig. 16. Dependence of electro-optically induced phase differ-
ences 86y, and 36y, of the FPM shown in Fig. 15 consisting of a
LiNbO; crystal on rotation angle £.
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Fig. 17. Dependence of the intensity I of the output light of the
FPM shown in Fig. 15 with R = 0.9 and yL = 0.001 on the electro-
optically induced phase difference 56 for several values of p.
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Table 3. Biaxial EO Material Parameters®

EO Coefficient

Piezoelectric Strain Relative Dielectric
Material Point Group (pm/V) Refractive Index Coefficient (pC/N) Constant

KNbO, mm2  r;=+28

roz = +1.3

rss = +64 n, = 2.280 ky = 160

rez = 380 n, = 2.329 k, = 1000

ey = 105 ng = 2.169 ky =55
Ba,NaNb;O,s mm2 r;=15 dys = 32

re3 =13 doy =45

ras = 48 n, = 2.326 dg = 6.8 k, =238

reo =92 n, = 2.324 d3 = —6.9 k, = 228

rs; = 90 ng = 2.221 ds3 =34 ks =43
L(COOH)H,0 mm2 rjy=-1.0 dys = -15.0

ras = +3.2 day = +1.2

ras = —2.6 n, = 1.3645 dyy = —2.1 k=45

reg = +10 ng, = 1.4784 dyp = —6.7 ky=5.0

rey = +24 ng = 1.5163 dyy = +9.2 k3 =60

“The wavelength in all cases is 633 nm and the point group is mm2.
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Fig. 18. Dependence of electro-optically induced phase differ-
ences 36y, and 88y, of the FPM consisting of Ba,NaNbs0, 5 biaxial
crystal on rotation angle £.
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Table 4. Half-Wave Voltage of EO Materials®

Point Half-Wave Voltage [2r%r;| [2n,°r15 — 4n,d3, Wavelength
Material Group (\2) (pm/V) (pm/V) |3n| & (deg) (nm) Configuration

Bi,,Si0,, 23 3820 166 - - - 633 Fig. 8
Bi;,GeO,, 23 5860 111 - - - 633 Fig. 8
Bi,,TiOy _23 3690 172 - - - 633 Fig. 8
GaAs 43m 9680 119 - - - 1150 Fig. 8
GaP 43m 9000 70.3 - - - 633 Fig. 8
KH,PO, 2m 7670 72 - - - 556 Fig. 8
KD,PO, i2m 3020 181 - - - 546 Fig. 8
(NH)H,PO,  42m 9020 60.6 - - - 586 Fig. 8
PbsGe,0,, 3 4160 152 - - - 633 Fig. 8
LilO,3 6 1040 (810) - 610 (780) - - 633 Fig. 11
LiTaO, 3m 6650 (2480) - 95.2 (255) - - 633 Fig. 11

7780 (1670) - 81.4 (378) - - Fig. 11
LiNbO, 3m 1510 (1670) - 418 (378) 101 (0) 633 Fig. 15
BaTiO, 4mm 4020 (425) - 160 (1490) - - 633 Fig. 11
Li(COOH)H,0 mm2 54,600 (145,000) - - 11.6 (4.36) 44.2 (46.3) 633 Fig. 15

33, is given by Eq. (54). The values in parentheses are the results calculated with the hypothesis in Section 8.
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