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ωCARSωlo

Detector

• Δφ = π/2 
   ⇒ Ιout∝ Im{χ(3)} 

∝ Conc 
• Δφ = 0 
   ⇒ Ιout∝ Re{χ(3)} 
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Local-oscillator
signal

CARS signal

Aim: To control the phase difference between the
local-oscillator (φlo) and the CARS (2φp-φs) signals

Stabilize the interferometer⇒
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 A short review of interference

 Mach-Zehnder interferometer

 Stabilizing the interferometer

 Data acquisition & Calibration

 Generation of error signal

 Feedback scheme

 Stabilized output

 Looking ahead!
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Optical Interference - A Review

Two types of inteference
 Interference due to Division of Wavefront
 Interference due to Division of Amplitude

Young’s Double-Slit Expt.
Division of wavefront

Michelson interferometer
Division of amplitude

Interference



Vishnu Krishnamachari Group Seminar: March 17, 2006

Contents

Interference

Mach-Zehnder

Stabilization

What’s next

BERKELEY•DAVIS•IRVINE•LOS ANGELES•MERCED•RIVERSIDE•SAN DIEGO•SAN FRANCISCO•SANTA BARBARA•SANTA CRUZ

Department of Chemistry
UNIVERSITY OF CALIFORNIA, IRVINE

Mach-Zehnder Interferometer

Collinear Geometry

 Plane wave from arm 1:
E1(x,y,z,t) = A e-ikz e+iωt

 Pl ane wave from arm 2:
E2(x,y,z,t) = A e-ik(z+2*Δl) e+iωt

         = A e-ikze-iΔφ e+iωt

 Intensity at the detector:
Iout ∝ |E1 + E2|2

= |E1|2 + |E2|2 + 2|E1||E2|cos(Δφ)

where k = 2nπ/λ
Detector

1

2

z

x

Mach-Zehnder
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Mach-Zehnder Interferometer

Collinear Geometry

 Intensity at the detector:
Iout(Δφ)  ∝ I0 + Imodcos(Δφ)

 If Δφ =0:
Iout(Δφ)  ∝ I0 + Imod

 If Δφ = π/2:
Iout(Δφ)  ∝ I0

 If Δφ = π:
Iout(Δφ)  ∝ I0 - Imod

Detector

1

2

z

x

Mach-Zehnder
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Mach-Zehnder Interferometer

A plane wave:
E(x,y,z,t) = A e-ikz e+iωt

Non-Collinear Geometry

x

z
θ

Mach-Zehnder
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Mach-Zehnder Interferometer

 Plane wave from arm 1:
E1(x,y,z,t) = A e-ikxsinθ e-ikzcosθ e+iωt

 Plane wave from arm 2:
E2(x,y,z,t) = A e-ikz e-iΔφe+iωt

 Intensity at the detector at the plane z =0:
Iout  ∝ |E1 + E2|2
       = |E1|2 + |E2|2 + 2|E1||E2|cos(kxsinθ - Δφ)

Position of detection

Path difference between
the arms

Non-Collinear Geometry

Detector

1

2

z

x
θ

Mach-Zehnder
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Mach-Zehnder Interferometer

 Intensity at the detector at the plane z =0:
Iout(x, Δφ)  ∝ I0 + Imodcos(kxsinθ - Δφ)

 At x =0:
Iout(0, Δφ)  ∝ I0 + Imodcos(Δφ)

 At x = x’ = π/2ksinθ:
Iout(x’, Δφ)  ∝ I0 + Imodsin(Δφ)

Non-Collinear Geometry

Δφ  ∝
Iout(x’, Δφ)−I0

Iout(0, Δφ)−I0
tan-1 (           )

Mach-Zehnder
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Mach-Zehnder Interferometer

Mach-Zehnder
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Free-running Output

Free-running output of one of the photo-diodes

Mach-Zehnder
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How to Stabilize?

Acquire intensities
and calibrate

Determine Δφ and
generate an error signal

Covert the error
signal into a voltage
signal for feedback

Feed this signal to the
piezo

Computer
processing{

{Electronic
circuitry

1.

2.

3a.

3b.

Stabilization
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Data Acquisition & Calibration

 Data Acquisition:
 NI-DAQ board & C++/LabView
 Acquisition speed - up to 9kHz (typical 4kHz)

V or Δφ or t

I

 Calibration:
 Set photo-diodes “π/2 out-of-phase”
 Determine the

 dc levels and amplitudes
 Normalize the outputs to ±1 amplitudes

dc levels π/2

Done in 2 seconds!!

Stabilization
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Phase Unwrapping & Error Signal

(Vpd1 - dcpd1)/amppd1

(Vpd2 - dcpd2)/amppd2
( )Δφ = tan-1

−π/2 +π/2 +3π/2−3π/2

Δφ

Δφ

Verr = α(Δφ − φdesired)

Stabilization
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Electronic Feedback

Verr Vpiezo

Integrator Buffer

Stabilization
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Electronic Feedback

Verr Vpiezo

R

C

a
b

c
Vb = 0
Va = Verr

I  = -Verr/R  = C d(Vc - Vb)/dt = C dVpiezo/dt

Vc = Vpiezo

Vpiezo = -1/RC ∫ Verr dt

Stabilization

Verr

Vpiezo

t

t
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Stabilized Interferometer

Stabilization
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Stabilized Interferometer

Stabilization
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Characteristics - Time Response

Verr = α(Δφ − φdesired)

Stabilization
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a = 0.99
t0 = 1.67
τ = 0.062

Characteristics - Time Response

a = 0.98
t0 = 1.67
τ = 0.034

Stabilization
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Characteristics - Noise

Stabilization
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What’s Next?

What’s next
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What’s Next?

Wedge to disperse lo and r

What’s next
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Conclusion

 Mach-Zehnder interferometer

 Collinear and non-collinear interferometers

 Stabilization of the interferometer

 Calibration and generation of error signal

 Integrator as an electronic feedback element

 Low resonance frequency of piezo

 Slower feedback response


