Homework 6

1.

If an electric field Eo is applied in the [0,1,0] direction inside ADP, find the principal
axes at Eo=10* V/m (Do not assume that if it is small it is equal to zero.). Use
A=633nm. What is the propagation direction for maximum birefringence and the
value of the birefringence?

A bulk cube of KD*P is placed in one arm of a Mach-Zehnder interferometer to
create a modulator. To couple light through the cube the width of the cube must be
greater than 10mm. Use a wavelength of A=546nm.

a. Design a modulator using the KD*P cube to have the lowest voltage for 100%
extinction. What is the required voltage?

b. An integrated MZ modulator is fabricated from the same material. The length
is still L=10mm but the thickness is now d=10um. Design the modulator and
calculate the voltage for 100% extinction. (An integrated modulator has to
operate with the voltage applied perpendicular to the propagation direction.)

A bulk modulator is designed to modulate a CO; laser, which has a wavelength of
A=10.6um. The modulator is designed to use polarization filtering and uses a cube of
material with dimension of 10mm. Design the modulator and determine the best cube
orientation, and the required voltage range for entire extinction.
a. What is the best material to use? You can only use materials from Table 9.2
that are listed for a wavelength of A=10.6pm.
b. What is the Vn?

For problems 4-6 refer to the Avanex specification sheet and the reference article on

lithium niobate modulators. An x-cut crystal means that the direction normal to the
surface of the wafer is the x-direction of the crystal.

4. A modulator is fabricated using lithium niobate. Calculate the V7 of the modulator as

a function of d/L, where d is the electrode spacing and L is the length of the
modulator. Assume that the modulator is operated in a push-pull configuration. For
the following cases

a. y-propagating using an x-cut crystal

b. x-propagating using a z-cut crystal

Why is the x-cut crystal used for the Avanex modulator?
Estimate the d/L ratio for the Avanex modulator.

An amplitude modulator is configured in a~polarization filter setup. The input

polarization state is given by E = 4¢’*'% + 2¢’°# and the output is passed through a

linear polarizer oriented at 45 degrees. The modulator has a length L and the two
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indices of refraction are givenby n, =n, ——2r, —andn, =n, ——=r,, —, where
2 °d 2 7d

n,=2.286, ne=2.2, 113=9.6pm/V, r33=30.9 pm/V, A=1550nm, &&=1000, and L=2cm.

a. Plot the relative optical power as a function of voltage.
b. What is the extinction ratio (Pmin/Pmax)?
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1. If an electric ficld Eo is applied in the [0,1 0] direction inside ADP, find the pnnmpal
axis. Is it dependent on the magnitude of the electric field Eo? If yes, find the
prmclple axis at Eo=10* V/m. Use A=633nm. What is the propaganon direction for.
maximum birefringence and the value of the birefringence?
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2. A bulk cube of KD*P is placed in one arm of a Mach-Zehnder interferometer to
create a modulator. To couple light through the cube the width of the cube must be
greater than 10mm. Use a wavelength of A=546nm.

a. Design a modulator using the KD*P cube to have the lowest voltage for 100%
extinction. What is the required voltage?

b. An integrated MZ modulator is fabricated from the same material. The length
is still L=10mm but the thickness is now d=10um. Design the modulator and
calculate the voltage for 100% extinction. (An integrated modulator has to
operate with the voltage applied perpendicular to the propagation direction.)
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3. A bulk modulator is designed to modulate a CO, laser, which has a wavelength of
A=10.6um. The modulator is designed to use polarization filtering and uses a cube of
material with dimension of 10mm. Design the modulator and determine the best cube
orientation, and the required voltage range for entire extinction.

a. What is the best material to use? You can only use materials from Table 9.2
that are listed for a wavelength of A=10.6um.
b. What is the Vx?
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—— For problems 4-6 refer to the Avanex specification sheet and the reference article on
lithium niobate modulators. An x-cut crystal means that the direction normal to the
surface of the wafer is the x-direction of the crystal.

4. A modulator is fabricated using lithium niobate. Calculate the V7 of the modulator as
a function of d/L, where d is the electrode spacing and L is the length of the
modulator. Assume that the modulator is operated in a push-pull configuration. For
the following cases

a. y-propagating using an x-cut crystal
b. x-propagating using a z-cut crystal
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7. An amplitude modulator is configured in a polarization filter setup. The input

polarization state is given by E = 4¢’*'Z +2e’*2 and the output is passed through a
linear polarizer oriented at 45 degrees. The modulator has a length L and the two

3 3
. : n
indices of refraction are given by n, =n, ——é"—rn ’] andn, = n, ——2‘—r33 rk where

n=2.286, ne=2.2, 1;3=9.6pm/V, r13=30.9 pm/V, A=1550nm, d&=1000, and L=2cm.

a. Plot the relative optical power as a function of voltage.
b. What is the extinction ratio (Pmin/Pmax)?
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%EO modulation using polarization filtering
$with unbalanced polarizations.
BEEEEEEEELEELIELBLEEILILLFLLLEEIEHLEBHHLBIELL%%
lambda=1.55e-6;

no=2.286;

ne=1.2;

rl13=9.,6e-12;

r33=30.9e-12;

L=2e-2;

d=le-3*L;

El=[4*exp(j*0.1);2*exp(3*0.5)]

pol=1/2*[1,1;1,1];

Vvv=linspace(0,60,101);

for 1lp=l:length(VV)
V=VV(lp);
phix=2*pi/lambda*no*L-pi/lambda*no”3*r13*V*L/4;
phiz=2*pi/lambda*ne*L-pi/lambda*ne~3*r33*V*L/d;

E2=El.*[exp(j*phix);exp(j*phiz)];
E3=pol*E2;
P(lp)=norm(E3);

end

plot(VV,P./max(P))
xlabel ('voltage')
vlabel ('Normalized power')
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