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Motivation

What is Residual Amplitude Modulation? (RAM)

Term used when using EOM as a phase modulator.

Amplitude modulation of the light field at the phase modulation
frequency.

What effect does RAM have on the experiment?

EOM is used for phase modulation in a PDH cavity locking system.

RAM induces an offset on the error signal in PDH feedback.

Proposed Solution

It is possible to reduce the RAM induced by providing a DC offset to
the modulation signal and controlling the temperature of the crystal.

Our solution is to create an active feedback system to control this DC
offset, and the temperature of the EOM.
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Motivation pt.2

This DC Bias and temperature control has been implemented in
practice before and reach supression of 1 × 10−6, but as far as I know
this was only in fiber coupled EOMs. [1]

Fiber EOMs have a Vπ usually around 6-12 volts, and have less RAM
in general due to better alignment.

Free space EOMs on the other hand have a Vπ on the order of
hundreds of volts which makes supressing this RAM more difficult in
practice.

In lab here we use the free space variant, so high voltages must be
used for the DC Bias.
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Bias Tee Introduction
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Figure: Bias Tee (Model ZFBT-4R2GW-FT) with Soldered BNC connector /
Transfer Functions of Bias Tee in Regular Use
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Fitting Bias Tee to Model
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S31 Fit Results 
C is approx 208.41 ± 3.35 nF
L is approx 623.75 ± 34.13 H
Cr is approx 4.76 ± 0.33 K
Lr is approx 530.23 ± 1.98 
Var(Residual)=0.0007

S32 Fit Results 
C is approx 458.63 ± 9.27 nF
L is approx 532.18 ± 2.74 H
Cr is approx 182.05 ± 9.72 
Lr is approx 2.94 ± 0.05 
Var(Residual)=4e-05

NonLinear LSQ Results 
C is approx 211.6 ± 1.41e-08 nF
L is approx 694.11 ± 0.00022 H
Cr is approx 831.31 ± 9032.58 
Lr is approx 3.05 ± 0.27 
Var(Residual)=0.00044

Bias Tee Analysis Fitting to Single C and L 
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Figure: Fit of Data to Single Capacitor and Inductor
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EOM Driver
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Prototype test results from Version 2:
Vin from RF generator = 0.19Vp-p
Vout from RF monitor = 192mVp-p
Frequency corresponding to Vout max = 20.9 MHz
Measured coupling ratio of RFout to RFmon at 18.5 MHz (with 
scope probe loading) = 155
Extrapolated Vout at 20.5 MHz = Vmon * 155 = 29.8Vp-p
Calculated voltage gain = Vout/Vin = 29.8/0.19 = 130 at 
20.5MHz

L3 should be adjusted in value to be within the tuning range of 
L4 at the desired operating frequency.  The connection between 
P1 and the target EOM must be short and the reactance of this 
transmission line becomes part of the tuned circuit

Revision History:

V1 - Initial Release
V2 - Text and component value changes:  
U2 buffer is now labeled with a part number
C6 changed from 1pF to 0.5pF
Cadd was added to make a voltage divider to limit the 
input signal to the RF buffer
The quiescent voltage shown on the emitter of Q1 has 
been changed to reflect actual in situ measurement
The original version of PCB still corresponds to this 
schematic, but next time the the board is ordered:
Add Cadd
Do better on power connector
V3 - Fixed the need for adding Cadd, which became 
C14.  Added this to the layout.
Looked at better power connector.  Opted to increase 
hole and pad size and move connector
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Figure: EOM Diver Schematic (DCC: D1200794-v3) and Transfer Function
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Tuning the EOM driver with Bias Tee

2 × 107 3 × 107 4 × 107 6 × 107
60

40

20

0

20

40

60

80
M

ag
ni

tu
de

 [d
B]

Comparison of Transfer function of EOM Driver with Simulation
Simulation Driver+BiasTee+EOM
SN:06+Dummy EOM+Bias Tee
37MHz

107 1082 × 107 3 × 107 4 × 107 6 × 107

Frequency [Hz]

500

0

500

Ph
as

e 
[°

]

Figure: Simulated vs Measured TF of EOM driver with Bias Tee
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Loss in Gain due to Bias Tee
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Figure: EOM Driver with Bias Tee vs without Bias Tee
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Reduction of Gain with Power
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Figure: Change in Voltage at EOM with increasing input power
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Setup to Measure RAM
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Figure: Residual Amplitude Modulation Measurement setup
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Temperature Sensor Characterization

Figure: Differential Temperature Measurement Setup
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Temperature Sensor Nosie Characterization
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Figure: Simulated vs Real AD590 Noise Density / Integreted Noise Sum of
Temperature Sensing Board (DCC:D1800304-v1)
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Future Work
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Figure: Example of possible shape for transfer function of new EOM driver

Scott Aronson (UF) Active Reduction of RAM in EOMs 8/22/2019 14 / 15



Thank you, Questions?
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