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Warranty

Newport Corporation guarantees its products to be free of defects
for one year from the date of shipment. This is in lieu of all other
guarantees, expressed or implied, and does not cover incidental or
consequential loss.

Information in this document is subject to change without notice.
Copyright 2012, 2001-1998, Newport Corporation. All rights reserved.

The New Focus logo and symbol are registered trademarks of
Newport Corporation
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Operation

Introduction

The New Focus model 400X and 406X series of electro-
optic phase modulators provides an efficient means
for optical phase modulation in the DC to 250 MHz
frequency range. These versatile phase modulators
can be operated with low to moderate drive voltages,
and their 2-mm apertures make them compatible with
most laser sources. Other features of these devices
include their high modulation frequency, low
insertion loss, good RF shielding, and high optical-
power handling capability. The model 400X and 406X
series consists of modulators classified according to
operatingwavelengths, optical-damage thresholds
and electronic drive requirements. The operating
wavelengths are determined by the anti-reflection
coating applied to the surfaces of the electro-optic
crystals. Three standard wavelength ranges are
offered: 360-500nm, 500-900nm and 900-1600nm.
Regarding electronic drive requirements two types of
modulators are offered; broadband and resonant.

e Models 4002, 4004 and 4006 Broadband Phase
Modulators utilize MgO-doped lithium niobate
crystals and can be operated at any frequency from DC
to 100 MHz.

e  Models 4062 and 4064 KTP Broadband Phase
Modulators can be operated at any frequency from
0.01 MHz to 250 MHz.
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e  Models 4001, 4003 and 4005 Resonant Phase
Modulators utilize MgO-doped lithium niobate
crystals and operate at a single user-specified
frequency anywhere in the range 0.01 to 250 MHz.
These devices can only be operated at their resonant
frequency but require much lower drive voltages.

e  Models 4061 and 4063 Resonant Phase Modulators
utilize KTP crystals and operate at a single user-
specified frequency anywhere in the range of 0.1 to
250 MHz. These devices can only be operated at their
resonant frequency but require much lower drive
voltages.

The broadband phase modulators are appropriate for
applications where modulation over a broad
frequency range is required. For applications requiring
phase modulation at a single frequency, the resonant
phase modulators are preferred because much higher
phase shifts can be achieved with a given drive
voltage.

All of these devices employ electro-optic crystals
where an applied electric field induces a change in
the crystal’s refractive index. The Model 400X series
phase modulators use magnesium-oxide-doped
lithium niobate (MgO:LiNbO3) crystals as the electro-
optic medium. MgO:LiNbO3 is nonhygroscopic, and
so these modulators can be left on an optical table for
indefinite periods without requiring a sealed
enclosure.

Model 406X series phase modulators use Potassium
Titanyl Phosphate (KTP) as the electro-optic medium.
Compared with lithium niobate, KTP crystals have
higher optical-damage thresholds and reduced
optical wavefront distortion. However, KTP crystals
require slightly higher drive voltages.

Performance specifications for the 400X series phase
modulators are listed in Table 1 on page 16.

Performance specifications for the 406X series phase
modulator are listed in Table 2 on page 17.
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Quick Start

This section presents a brief introduction to using
your high-frequency phase modulator.

e Align a collimated optical beam through the
mechanical apertures of the modulator. For all Models
400X and 406X the beam should be polarized
vertically with respect to the modulator casing.

Be careful not to exceed the maximum recommended optical
power, or damage to the electro-optic crystal could result. (See

CAUTION' yage 11 for a discussion of optical damage.)
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e Drive the modulator with a 50-Q RF driver tuned to the
modulator’s resonant frequency. RF powers from 0.1
to 0.5 watts should be sufficient to allow observation
of sidebands. Generally, an optical spectrum analyzer
with suitable finesse and free spectral range is used to
observe the modulation sidebands.

To prevent damaging the electro-optic crystal, do not
exceed the modulator's maximum RF drive power (see

awtiot  Table 1 on page 16 and Table 2 on page 17 for
maximum RF power).

If the modulator is not driven at or close to its
resonant frequency, most of the RF drive power will be
CAUTION!  reflected, which could cause damage to the driver.

Using the Modulator

When used properly, the 400X and 406X series phase
modulators can provide efficient phase modulation
with extremely low unwanted amplitude modulation
and insertion loss. The key to obtaining this pure
phase modulation is good optical alignment of the
beam to the crystal’s propagation axis, and accurate
polarization orientation of the laser’s electric fi eld
with the crystal’s electro-optically active axis.

Aligning an Optical Beam Through the
Modulator

To align the module to the optical beam:

1. Usethe 1/4-20 (M6 for metric versions) tapped hole
located on the base of the module to mount it on an
adjustment-positioning device for alignment. We
recommend the New Focus Model 9071, 9071M
9081, or 908 1 M tilt alignerbecause of its tilt and
translation capabilities.

2. 2.Turn on the optical beam, and orient the beam so
it is vertically polarized on the input aperture (see
Figure 2). It is important to carefully align the
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polarization since the crystals used by New Focus
are cut so that the beam propagates along the
y-axis of the crystal. This orientation minimizes the
effects of acoustic resonances but makes it critical
that the optical beam be linearly polarized vertically
along the z-axis. If the polarization of the optical
beam is not properly aligned, the modulators will
impose a polarization rotation as well as a phase
modulation which can lead to unwanted amplitude
modulation if the modulator is followed by any
polarizing optics.

3. Position and align the module so that the beam
passes through the 2-mm input and output
apertures, clearing them without clipping. The
beam to be modulated should be collimated with a
waste size of less than 2 mm, and such that the
Rayleigh range is at least the length of the crystal.
To avoid damage resulting from excessive optical
intensity, the optical power should be kept below
the damage thresholds listed in Table 1. Typically, a
good beam size is 250-500 um.

Figure 2 shows a phase modulator being driven by a
source tuned to f,. The module is mounted on a
Model 9071 tilt aligner, and the input beam is
vertically aligned.

A
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Setting Up the Electrical Modulating Input
Signal

Using an SMA cable, connect the SMA jack on the
modulator to a modulating source appropriate for the
type of modulator (resonant or broadband) you are
using.

Since the optical alignment of the modulator can be disturbed
by the SMA cable, ensure that the SMA orientation is not
obstructing the alignment and use a strain relief on the cable.

The Models 4001, 4003, 4005, 4061 and 4063 resonant
modulators are tuned to a specific frequency and
require very low drive voltages, such as that from a
simple crystal oscillator or a function generator that
has an output impedance near 50Q2. The reflected
power from resonant phase modulators at their
specified resonant frequency is very low compared to
broadband modulators.

The Models 4002, 4004, 4006, 4062 and 4064,
broadband modulators require large drive voltages
and have a bandwidth dependent on the impedance
of the modulating source. The source must be able to
drive an open circuit without causing damage to the
source.

10
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Preventing Photorefractive Damage

The electro-optic crystals used in these modulators
are susceptible to optical damage through the
photorefractive effect. Photorefractive damage
becomes more of a problem for high optical powers,
short wavelengths, and tightly focused beams. Table 1
on page 16 and Table 2 on page 17 list maximum
average power levels above which optical damage will
occur.

The photorefractive damage process can occur
gradually over days or hours, or, for high optical
powers and short wavelengths, this effect can occur
over seconds. A damaged crystal will distort a beam,
usually by elongating it in the vertical direction. If
operating close to the damage threshold, it is a good
idea to monitor the transmitted beam periodically for
indications of optical damage. Photorefractive
damage can be partially reversed by carefully
annealing the crystal; please contact New Focus for
details on this procedure.

11
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Principles of Operation

The Electro-Optic Effect

Operation of New Focus electro-optic phase
modulators is based on the linear electro-optic (or
Pockels) effect—the linear dependence of the
refractive index on the applied electric field. The effect
of an applied electric field on a crystal’s refractive
index is described by a third-rank tensor ry. The
induced refractive index change caused by an external
electric field has the form

An=%n’1,,E

where An is the change in the index of refraction, ne is
the unperturbed index of refraction, r33 is the
appropriate element in the electro-optic tensor, and E
is the applied electric field. We use magnesium-oxide-
doped lithium niobate (MgO:LiNbO?3) and Potassium
Titanyl Phosphate (KTP) in these modulators because
they have a wide spectral-transparency window, a
large coefficient, and low RF losses.

These phase modulators consist of an electro-optic
crystal of length [ with electrodes separated by the
crystal thickness d. The electric field is applied along a
crystal axis transverse to the direction of optical
propagation. Modulation is induced onto the laser
beam by aligning the polarization of the input beam
with the crystal axis along which the electric field is
applied. An electronic signal is then directly
modulated onto the laser beam through the electro-
optic effect.

13
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For the Models 4002, 4004, 4006, 4062, and 4064
broadband phase modulators, the input electronic
signal is applied directly across the crystal’s
electrodes. So, the optical phase shift obtained by
applying a voltage V at the input SMA connector is

3
Ap=21 (% n, rgg) Ly

where A is the free-space wavelength. A commonly
used figure of merit for electro-optic modulators is the
half-wave voltage, Vy, which is defined as the voltage
required to produce a phase shift of 180°. Substituting
into the preceding equation yields

P =
T iyl

For the Lithium Niobate-based broadband phase
modulators, such as Models 4002, 4004 and 4006, Vrt
is typically 210 volts at 1.06 pm, corresponding to a
modulation depth, 3, of 0.015 radians/volt. Note that
at other wavelengths these values change
proportionately. So, at 532 nm Vm is 105 volts, and f is
0.03 radians/volt.

For KTP-based broadband phase modulators, such as
Models 4062, 4064 and 4066, Vpi is slightly higher,
typically 230 Volts at 1.06 pym with proportional
dependence on wavelength similar to Models
4061and 4063.

For Models 4001, 4003, 4005, 4061 and 4063, resonant
phase modulators, the crystal is combined with an
inductor to form a resonant tank circuit. On
resonance, the circuit looks like a resistor whose value
depends on the inductor’s losses. A transformer is
used to match this resistance to the 50-Q driving
impedance. Putting the crystal in this resonant circuit
results in a voltage across the crystal electrodes that
can be more than ten times the input voltage across
the SMA connector. This leads to reduced half-wave
voltages and larger modulation depths when
compared to the broadband modulators.

14
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For the resonant phase modulators, the peak phase
shift obtained by applying a sinusoidal signal of
average power P at the input SMA connector is

_om (1y3p )1
A(i)-f(ine r33)3 /2PQJ%

where Q is the quality factor of the tank circuit, L is
the inductance, and C is the crystal capacitance. For
the resonant phase modulators Vit is typically 16 volts
at 1.06 pm, corresponding to a modulation depth 8 of
0.2 radians/volt.

Creating Sidebands

A sinusoidal waveform applied to the modulator will
produce frequency sidebands which are separated
from the optical carrier by the modulation frequency.
These modulation sidebands can be observed by
looking at the beam with an optical spectrum analyzer.
Given an induced peak optical phase shift of A (in
radians), the fraction of power transferred to each of
the first-order sidebands is [J (A¢) ], where ] is the
Bessel function of order 1. The fraction of power that
remains in the carrier is [] (Ad)]>, where ] is the Bessel
function of order 0.

For example, imposing a sinusoidal phase shift of
peak amplitude 1 radian to a cw laser beam will
transfer 19% of the initial carrier power to each of the
first-order sidebands and leave 59% of the power in
the carrier. Note that the maximum power that can be
transferred to the first-order sidebands is about 34%,
and this requires a peak phase shift of 1.8 radians. For
the broadband phase modulator, at 1.06 pma 1.8
radian phase shift is achieved with about 120 volts.
For the resonant phase modulator, a 1.8 radian phase
shift requires an input peak voltage of about 9 volts
(0.81 W average power).

15
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Characteristics

Specifications

Table 1: Model 400X Series Specifications

4001 4002
4003 4004
4005 4006
Wavelength 360-500 nm (4005) 360-500 nm (4006)
500-900 nm (4001) 500-900 nm (4002)
900-1600 nm (4003) 900-1600 nm (4004)
Type Resonant PM Broadband PM
Operating Frequency” 01-250 MHz DC-100MHz
(single frequency)
Modulation Depth 0.27-0.80rad/V (364 nm) 40 mrad/V (364 nm)
0.2-0.6rad/V (5632 nm) 30 mrad/V (532 nm)
0.1-0.3 rad/V (1000 nm) 15 mrad/V (1000 nm)
Max Vr 3.8-11.7V (364 nm) 79V (364 nm)
5-16V (632 nm) 105V (632 nm)
10-31V (1000 nm) 210V (1000 nm)
Material MgO:LiNbQ, MgO:LiNbQ,
Max Optical 0.1 W/mm? (364 nm) 0.1 W/mm? (364 nm)
Intensity™ 2 W/mm? (532 nm) 2 W/mm? (532 nm)
4 W/mm? (1064 nm) 4 W/mm? (1064 nm)
Aperture 2mmx2mm 2mmx2mm
RF Bandwidth 2-4 % of center 100 MHz
frequency
Connector SMA SMA
Impedance 50 Q 20 pF
Max. RF Power 1TW 10W
Max VSWR 1.5 N/A

*Resonant modulators must be specified to a single frequency.

**Ina | mm beam.

16
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Table 2: Model 406X Series Specifications

4061 4062
4063 4064
Wavelength 500-900 nm (4061) 500-900 nm (4062)
1000-1600 nm (4063) | 1000-1600 nm (4064)
Type Resonant PM Broadband PM
Operating Frequency” .01-250 MHz DC - 250 MHz
(single frequency)
Modulation Depth 0.16 - 0.3 rad/V (5632 nm) 26 mrad/V (632 nm)
0.08 - 0.16 rad/V (1000 13 mrad/V (1000 nm)

nm)

Max Vz 10-31V (5632 nm) 115V (5632 nm)
19-58V (1000 nm) 230V (1000 nm)

Material KTP KTP

Max Optical 10 W/mm? (632 nm) 10 W/mm? (5632 nm)

Intensity™ 20 W/mm? (1064 nm) | 20 W/mm? (1064 nm)

Aperture 2 mmx 2 mm 2mmx 2 mm

RF Bandwidth 2-4 9% of center 250 MHz

frequency

Connector SMA SMA

Impedance 50 Q 10 pF

Max. RF Power 2W 10W

Max VSWR 1.5 N/A

*Resonant modulators must be specified to a single frequency.

**Inal mm beam.
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Definitions of Specifcations

Optical Throughput

Optical throughput is determined by the absorption
and scatter in the electro-optic crystal, and by the
quality of the anti-reflection coatings on the end
faces. Low optical losses are critical in applications of
the New Focus phase modulators, so great care is
taken to ensure insertion loss is minimized.

Modulation Depth

This describes the magnitude of the phase
modulation imposed on the input laser beam by the
modulator. This depth is optimized by alignment of
the input beam’s polarization with the crystal active
axis.

Residual Amplitude Modulation (RAM)

RAM is noise in a phase modulation system, and
therefore must be minimized. Quality of crystal growth
and excellence in the finished crystal design and
manufacturing are essential to the elimination of
RAM. Experimentally, precise alignment is required to
prevent RAM from occurring.

Return Loss

The return loss indicates the quality of impedance
matching between the driving source and a resonant
phase modulator. Resonant modulators are designed
to have impedances very close to 50 Q at resonance,
and a high return loss indicates a good impedance
match between the driving source and the modulator.
With a high return loss, power transfer to the
modulator is optimized, and reflected power, which
can harm RF drivers, is minimized.

The return loss indicates the fraction of RF power
reflected from the modulator back to the driver when
the modulator is driven at its resonant frequency. For

18
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a power reflection coefficient R, the return loss in dB
is—-10 logR. All New Focus resonant phase
modulators are tested by measuring return loss versus
frequency around the modulation frequency. The
results of this test are provided in the specifications
table above.

Voltage Standing Wave Ratio (VSWR)

VSWR, like return loss, is another way to specify the
quality of impedance matching between RF driver and
resonant modulator. It is defined as the voltage ratio
between the maximum and minimum of the standing
wave that occurs because of an impedance mismatch.
AVSWR value of 1 indicates a perfectly matched
system. Given a return loss RL (in dB), the VSWR can
be found from

]+10-RLN20

VESWR = 1-10FRL/20

19
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Customer Service

Technical Support

Information and advice about the operaion of any
New Focus product is availabe from our applications
engineers. For quickest response, ask for “Technical
Support” and know the model number and serial
number for your product.

Hours: 8:00-5:00 PST, Monday through Friday
(excluding holidays).

Toll Free: 1-866-NUFOCUS (1-866-683-6287)
(from the USA & Canada only)

Phone: (408) 980-5903

Support is also available by fax and email:
Fax: (408)987-3178

Email: techsupport@newfocus.com

We typically respond to faxes and email within one
business day.

Service

In the event tht your modulator malfunctions or
becomes damaged, please contact New Focus for a
return authorization number and instructions on
shipping the unit back for evaluation and repair.

21
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Performance Data

Model Number:

Serial Number:

Frequency:

Wavelength:

Input RF Power:

Return Loss:

VSWR:

Q:
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400412 Rev J.indd 22 10/3/13 11:31 AM



23

400412 Rev J.indd 23 10/3/13 11:31 AM



24

400412 Rev J.indd 24 10/3/13 11:31 AM



