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Introduction
The Agilent beam manipulator
family of products (N1203C,
N1204C, N1207C and N1206T)
precisely bend or translate 
a laser beam to achieve sub-
nanometer measurements. 
They align laser beams quickly
and easily in order to reduce
measurement errors.

These products are usually
used in combination to provide
precise, independent, stable
control over beam translation
and angle. The precise bending
and translating results in a
properly aligned laser beam,
minimizes Abbé and cosine
errors and ensures maximum
angular measurement range.
Maximum angular measurement
range is achieved by translating
the laser beam to the center of
the remote sensor aperture
when the measurement mirror
is normal to the measurement
laser beam.

Product Description
The N1203C Precision Beam
Translator contains a refracting
window at the center of a metal
ball inside a precision optical
mount. The translator precisely
moves the outgoing beam parallel
to the incoming beam without
changing the angle. It is the
component used primarily to
reduce Abbé errors.

The N1204C and N1207C
Precision Beam Benders contain
a mirror at the center of a metal
ball inside a precision optical
mount. The benders precisely
angle the beam, with a large
degree of freedom around 
90 degrees, without translating 
the beam. The N1204C bends
the beam horizontally and the
N1207C bends the beam verti-
cally. These components are
used primarily to reduce 
cosine errors.

Removable tooling (Agilent
N1206T Tool Kit) allows fast
and easy alignment. Once the
adjustment is completed and
tools removed, the precision
mounts provides long-term 
stability of the setting over
specified temperature, shock
and vibration.
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Features

Thermal Stability
The Agilent N1203C, N1204C,
and N1207C beam manipula-
tors exhibit excellent thermal
stability since all mounting
components of the manipulator
are of the same material. The
optic (refracting window or
mirror) is placed at the center
of a ball which is suspended
symmetrically in a spring nest.
The symmetry of this design
enables the contact points
between the ball and the springs
to remain precisely the same
as the temperature changes.
Hence, as the temperature
changes, there is no rotation
imparted to the ball.

Mechanical Stability
The beam manipulator feet 
are designed not to slip due to
differential thermal expansion
between the stainless steel
housing and an Invar mounting
plate in the presence of an
environmental temperature
change of up to 20°C. Thus,
there will be no unrecoverable
beam displacement due to foot
slippage when mounted to
many materials.

Optical Input/Output Ports
and Adjustment Access
The Agilent N1203C, N1204C,
and N1207C manipulators have
six input and output (I/O) ports.
There is only one mounting
face. From this one mounting,
either horizontal or vertical
bends in any direction may be
accomplished. Adjustment tools
may be attached at any of ten
access ports, allowing two of
the I/O ports for entrance 
and exit of the laser beam.

Adjustment Tool Kit 
(Agilent N1206T)
This kit contains a set of
adjustment levers and an
adapter that are designed 
to make user-desired beam
alignment (by rotating the 

ball/mirror inside the manipu-
lator) accessible from many
different positions.

The tools contained in 
the kit are:

• Agilent N1206A 
Ball Adjustment Lever — 
long (176 mm)

• Agilent N1206B 
Adjustment Lever Adapter

• Agilent N1206F 
Ball Adjustment Lever — 
short (123 mm)

• Agilent N1206G
Ball Adjustment Lever — 
bent (173 mm with 45° angle)

Applications: Cosine
and Abbé Error
Misalignment of the measure-
ment axis (the laser beam) to
the mechanical axis of motion 
results in an error between the 
measured distance and the
actual distance traveled. This
error is called cosine error
because its magnitude is pro-
portional to the cosine of the
angle of misalignment. Cosine
error is common to all position
transducers. If the laser align-
ment is unchanged over time,
the cosine error will not change.
Therefore, cosine error is part
of the accuracy budget, but not
part of the repeatability budget. 
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Abbé error occurs when the
measuring point of interest 
is displaced from the actual
measuring scale location and
unwanted angular motion
occurs in the positioning system.
Abbé error makes the indicated
position either shorter or
longer than the actual position,
depending on the angular offset.

The figure above shows a 
typical system that uses the
principles of aligning each axis
using the beam manipulators.
In this type of multiaxis inter-
ferometric measurements, you
can only align the laser head to
one of the axes, but you still
must have some means of 
angularly steering the beam for
each axis of measurement,
translating the beam (up/down,
left/right) for each axis so that
you can position the beam to
enter the input port of a fixed
interferometer, and reducing
Abbé error.

In multiaxis systems, the laser
beam manipulators allow you
to pick up the beam and move
it around to accommodate each
individual axis of measurement.
Alignment of a multiaxis system
would be impossible if we didn’t
have precision angle adjustments
on bending mirrors and preci-
sion beam translation capability.
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N1203C Precision Beam Translator Specifications

Weight: 920 grams

Materials Used: Martensitic stainless steel, Optical grade glass

Optical Efficiency: 99% typical, 98.7% Worst case

Input/Output Clear Aperture: f19.0 mm

Input Beam Position Tolerance: ±5 mm 
(Note: input beam de-centering may limit translation range. 
See range specification below.)

Beam Translation Range (from input at normal incidence on center of clear aperture):
±3 mm with f9 mm beam 
±4 mm with f6 mm beam 
±4.4 mm with f3 mm beam 

Transmitted Beam Deviation: ±10 microradian maximum

Beam Translation Sensitivity/Resolution: 1.0 micrometer

Thermal Drift: 100 nm per °C

Resonant Frequencies: The natural resonance of the spring-mass system (350 Hz) is 
completely suppressed. The first FFT measured resonance in the 
assembly is at 3.5 kHz. Thus, there is no resonance which could 
disturb laser beam alignment or position in the operating environment.

N1204C Precision Horizontal Beam Bender and N1207C Precision Vertical Beam Bender Specifications

Weight: 920 grams

Materials Used: Martensitic stainless steel, Optical grade glass

Optical Efficiency: 99% typical, 97.5% Worst case

Input/Output Clear Aperture: f13.0 mm

Input Beam Position Tolerance: ±1.6 mm for f9 mm beam

N1204C Angular Beam Steering Range
(from nominal 90°, f9 mm beam centered on f13.0 mm Aperture): 

Yaw: ±6° (using Adjustment Lever and adapter at f25 mm port )
Pitch: ±3° (using Adjustment Lever and adapter at f25 mm port)
Yaw: ±1° (using Adjustment Lever only, at f9 mm port)
Pitch: ±0.7° (using Adjustment Lever only, at f9 mm port)

N1207C Angular Beam Steering Range
(from nominal 90°, f9 mm beam centered on f13 mm Aperture): 

Yaw: ±6° (using Adjustment Lever and adapter at f25 mm port )
Pitch: ±3° (using Adjustment Lever and adapter at f25 mm port)
Yaw: ±0.7° (using Adjustment Lever only, at f9 mm port )
Pitch: ±1° (using Adjustment Lever only, at f9 mm port)

Angular Adjustment Sensitivity and Beam Steering

Resolution: 10 – 15 µradians (better with operator patience)

Thermal Drift: Pitch: 5 µrad per °C
Yaw: 0.5 µrad per °C

Resonant Frequencies: The natural resonance of the spring-mass system 
(350 Hz) is completely suppressed. The first FFT 
measured resonance in the assembly is at 3.5 kHz. 
Thus, there is no resonance which could disturb 
laser beam alignment or position in the 
operating environment.

Angular Adjustment Tool Leverage: Lever rotation : ball rotation = 2.9 : 1
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N1203C/N1204C/N1207C Beam Manipulator Dimensions
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N1206A/F/G: Ball Adjustment Levers



Ordering information

• N1203C 
Precision Beam Translator

• N1204C 
Precision Horizontal 
Beam Bender

• N1207C 
Precision Vertical 
Beam Bender

• N1206T 
Adjustment Tool Kit.
Individual tools can be 
bought separately:

– N1206A  
Ball Adjustment Lever - long

– N1206B  
Adjustment Lever Adapter

– N1206F  
Ball Adjustment Lever - short

– N1206G  
Ball Adjustment Lever - bent

Related Literature

Lasers and Optics 
Users Manual  
(PN 05517-90045)

Agilent N1203C 
Precision Beam Translator, 
and Agilent N1204C 
and N1207C Precision 
Beam Benders 
(PN N1203-90012)
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Engraving

Ø 30 mm

Ø  = Diameter

Ø 25.41 mm

15 mm

N1206B: Adjustment Lever Adapter



For the latest information on
class schedules and locations
visit our website:
www.agilent.com/find/education

By internet, phone, or fax, get assistance 
with all your test & measurement needs

Online assistance:
www.agilent.com/find/assist

Phone or Fax
United States:
(tel) 800 452 4844

Canada:
(tel) 877 894 4414
(fax) 905 282 6495

China:
(tel) 800 810 0189
(fax) 800 820 2816

Europe:
(tel) (31 20) 547 2323
(fax) (31 20) 547 2390

Japan:
(tel) (81) 426 56 7832
(fax) (81) 426 56 7840

Korea:
(tel) (82 2) 2004 5004 
(fax) (82 2) 2004 5115

Latin America:
(tel) 305 269 7500
(fax) 305 269 7599

Taiwan:
(tel) 0800 047 866 
(fax) 0800 286 331

Other Asia Pacific Countries:
(tel) (65) 6375 8100
(fax) (65) 6836 0252
Email: tm_asia@agilent.com
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Agilent Technologies’ Test and Measurement
Support, Services, and Assistance
Agilent Technologies aims to maximize the
value you receive, while minimizing your risk
and problems. We strive to ensure that you
get the test and measurement capabilities
you paid for and obtain the support you
need. Our extensive support resources 
and services can help you choose the right
Agilent products for your applications and
apply them successfully. Every instrument
and system we sell has a global warranty.
Support is available for at least five years
beyond the production life of the product.
Two concepts underlie Agilent’s overall 
support policy: “Our Promise” and “Your
Advantage.”

Our Promise
Our Promise means your Agilent test and
measurement equipment will meet its adver-
tised performance and functionality. When
you are choosing new equipment, we will
help you with product information, including
realistic performance specifications and prac-
tical recommendations from experienced test
engineers. When you use Agilent equipment,
we can verify that it works properly, help with
product operation, and provide basic mea-
surement assistance for the use of specified 
capabilities, at no extra cost upon request.
Many self-help tools are available.

Your Advantage
Your Advantage means that Agilent offers a
wide range of additional expert test and mea-
surement services, which you can purchase
according to your unique technical and busi-
ness needs. Solve problems efficiently and
gain a competitive edge by contracting with 
us for calibration, extra-cost upgrades, out-of-
warranty repairs, and on-site education and
training, as well as design, system integration,
project management, and other professional
engineering services. Experienced Agilent
engineers and technicians worldwide can
help you maximize your productivity, optimize
the return on investment of your Agilent
instruments and systems, and obtain
dependable measurement accuracy for 
the life of those products.

Agilent T&M Software and Connectivity
Agilent’s Test and Measurement software
and connectivity products, solutions and
developer network allows you to take time
out of connecting your instruments to your
computer with tools based on PC standards,
so you can focus on your tasks, not on your
connections. Visit www.agilent.com/find/
connectivity for more information.

Agilent Email Updates

www.agilent.com/find/emailupdates
Get the latest information on the products 
and applications you select.

Agilent Technologies


