Hamamatsu instruments for optical communication provides four systems. Numerical Aperture (NA) of POF and Near Field
Pattern (NFP) of laser diode can be measured with the optical beam measurement system. Transmission characteristics of POF
and temporal response characteristics of laser diode can be evaluated with the sampling optical oscilloscope. The real-time
optical spectrum analyzer can evaluate the spectrum transmitance of optical fiber coupler. The terabit optical oscilloscope which
features 40 Gbps, 16-channel simultaneous measurement, evaluates a device used for DWDM, and DWDM system.
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Optical Beam Measurement'System

Measure the NA of Fibers

» Overview

The fundamental parameters of fibers include something called the NA. The illustration below shows a system which determines the NA of a
fiber instantaneously and in two dimensions, using an FFP optics. The angle distribution of the fiber output beam is converted to a position
distribution using the FFP optics, and is then imaged using a camera.The camera output is measured and analyzed using the LEPAS-11 to
determine the NA. When measuring a multimode fiber such as an optical plastic fiber, the wide measurement angle range model A3267-12 is used.
When measuring a single mode fiber, high resolution model A3267-15 is used

The C5948-71 CCD camera for laser measurement is used to measure multi-mode fibers, while the C5840-10 near infrared camera, which is
quantitativein the infrared range, is used to measure single-mode fibers.

» System configuration
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———————— Personal computer
LEPAS- 11 (IBM PC/AT or compatible)

* Main specifications

Optics A3267-12 A3267-15
4 Measurement of POF Measurement fiber Multi-mode fiber Single-mode fiber

Wavelength range 635 nm to 1650 nm

Allowable fiber core diameter Within ¢ 1.5 mm

Measurement NA (angle) range 0.7 (x45°) 0.17 (x10°)

Resolution Better than 0.004 (0.2°) | Better than 0.009 (0.05°)

Working distance approx. 2.8 mm

Adjust Fiber Collimators

* Overview
Fiber collimators are one of the basic modules used in optical communications. The fiber collimator is a module that combines a fiber and a lens, and
has a function that produces parallel beams.
When fiber collimators are manufactured, the positions of the fiber and lens are adjusted so that parallel beams can be obtained, and this generally
requires extremely fine adjustments.
The illustration below shows a system in which fiber collimator adjustment is carried out automatically, in a short period of time, using the A3267-10 (or
-09, or -13) high-resolution FFP optics, the LEPAS-11, and a power stage. The divergence angle of the output beam is converted to a position
distribution by the high-resolution A3267-10 (or -09, or -13) high-resolution FFP optics, and an image is formed by a camera connected later in the
sequence.
The camera output is measured and analyzed by the LEPAS-11, and the beam divergence angle is determined instantaneously. The results are feed
back to the power stage through GPIB control, and the lens is moved in tiny increments until the optimum position is reached for the minimum beam
divergence angle.
The C5948-71 CCD camera for laser measurement is used to measure multi-mode fibers, while the C5840-11 near infrared camera, which is quantitative in
the infrared range, is used to measure single-mode fibers.

« System configuration
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» Main specifications software
Optics A3267-09 A3267-10 A3267-13
Wavelength range ® 480 nm to 680 nm 780 nm to 1650 nm
Angle alighment range +15 mrad +2.42 mrad
Angular resolution Within 0.09 mrad Within 0.01 mrad
Max. recieving light beam ¢ 10 mm

@ Please consult with Hamamatsu.



Evaluation’of Optical iberand Laser Diode

Measure the NFP (Near Field Pattern) of Semiconductor Lasers

* Overview
When the beam from a semiconductor laser is focused through a lens or conducted through a
fiber or similar element, it is important to have a clear understanding of the NFP (Near Field
Pattern) of the semiconductor laser.
The NFP of a semiconductor laser is extremely small, with a size on the order of 1 um, so precise
measurement requires an expansion optics with a high rate of magnification.
The illustration below shows a system capable of precise measurement of the semiconductor
laser NFP, using an optics with an expansion magnification rate of 500 times (the A4859-01 NFP
optics).
The A4859-01 output is connected to a measurement camera, and measurement and analysis
are done with the LEPAS-11. Generally, with a magnification rate as high as 500 times, the meas-
urement field of the camera is reduced to an extremely narrow size of around 10 um, making
position alignment difficult when the measurement is begun. In order to solve this problem, with
the A4859-01, a position alignment light path with a magnification of 12.5 times is provided, co-
axial to the measurement light path. This makes it easy to detect the beam, and measurement
can be carried out rapidly.
Up to the 980 nm wavelength range, the C5948-71 CCD camera for laser measurement can be used,
and in longer wavelength ranges, the C5840-11 near infrared camera, which is quantitative in
the infrared range up to 1.65 pm, is used.

» System configuration

Camera cable

Cameras for AC adapter ~ _ _ _ _ _ _ _ _ _
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Dlrive:cirlcui: LEPAS- 11
A Measurement of near-field image of visible semiconductor laser
* Main specifications
Wavelength range 635 nm to 1650 nm
Enlargement magnification Standard: 500 x (optional: 100 x, 200 x, 1000 x)
Position alignment field Approx. 600 pm x 500 pm
Measurement field Approx. 18 um x 13 um @
Incident NA 0.559
Working distance Approx. 8.7 mm @
Reading resolution Better than 0.03 pm @

@ At enlargement magnification of 500 x
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Various types of optics Various types Camera
of cameras controller

Laser beam profiler Personal computer
LEPAS-11

The LEPAS-11 Laser Beam Profiler is the central component at the heart of the optical beam measurement sys-
tem. Configured of a frame grabber board and a dedicated software package, it is installed in a personal computer
(IBM PC/AT or compatible computer) and run from the computer. High-precision, high-speed beam analysis can
be carried out easily, simply by connecting the camera output to a frame grabber board.
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Evaluation of Optical Fiber Coupler

« System configuration
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A Coupling ratio of optical fiber coupler

Filter Testing

« System configuration
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Thin Film Testing

« System configuration

Real-time Optical
Spectrum Analyzer
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A Transmission spectrum of thin film
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Real-time Optical Spectrum Analyzer C8716

Features

e Excellent wavelength reproducibility

e High sensitivity in the IR region
(900 nm to 1600 nm)

e Factory calibrated spectral response and
wavelength axis

Applications

e Filter testing
e Evaluation of optical fiber couplers
e Evaluation of Laser Diode emission

The C8716 real-time optical spectrum analyzer is designed

to characterize the spectral performance of fiber couplers
and filters. A high-performance grating with multi-channel
detector is employed allowing instantaneous results - ideal
for manufacturing and inspection processes requiring high
throughput.

Spectral performance of DWDM components such as
filters, couplers, FBG-VAO, and optical amplifiers can be
easily characterized by the C8716. Its connectorized input
can easily be removed to allow free-space input for bulk
type material input.

In addition, its small and lightweight package is well suited
for OEM and system integration.

Measurement Principle

The light (blue) from the optical fiber is launched onto a high
performance diffraction grating. The spectrally dispersed light
(yellow) is then imaged onto a multi-channel photodetector.
This simultaneous capture of the complete spectrum enables
real-time analysis of an optical component.

Optical fiber

e WDM monitor Photodetector
(512 ch)
Specifications
Type No. C8716-01 C8716-02 C8716-03 C8716-04
Photodetector InGaAs linear image sensor
No. of photosensitive device channels 512 ch
A/D resolution 16 bit
Simultaneous measurement wavelength range 900 t01650 nm 1400 to1500 nm 1450 to 1550 nm 1525 to 1625 nm
Wavelength resolution <3.0nm <0.6 nm <0.6 nm <0.6 nm
Minumun measurement time 9ms
External trigger input TTL level / High impedance
Interface SCsli
Line voltage AC100V to 240V * 10%
Operating temperature +10to+30°C
Dimensional outline 262 (W) x 123.5 (H) x 433 (D) mm




Transmission Characteristics of POF

* Overview

This system measures the transmission characteristics of POF.
It consists of the large detection area model C8188-03, the
picosecond light pulser PLP-02, and the all mode exciter
A8684. All mode light is generated using the PLP-02 and
A8684.
The bandwidth characteristics of a POF can be efficiently
analyzed by the Fast Fourier Transform (FFT) operation,
because all luminous flux of the output light from the POF is -
detected with the C8188-03. e

A Temporal response of reference fiber (length: 1 m): 1 ns/div
« System configuration B b s
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Reference fiber A Temporal dispersion and bandwidth characteristics of plastic
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,c/.)\g\é%rz r Upper: Temporal dispersion 2 ns/div,

Lower: After FFT operation (Vertical: 1 dB/div, Horizontal: 50 MHz/div)

Temporal Response Characteristics of Semiconductor Laser

* Overview

This system measures high-speed pulse waveforms of
semiconductor lasers. A trigger signal is received from the
driver circuit of a semiconductor laser to measure the light of
the laser.

« System configuration

Driver circuit

A Pulse response analysis of visible semiconductor laser for
optical pickup: 1 ns/div, 400 MHz repetition

Semiconductor |
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A Pulse response analysis of visible semiconductor laser: 2 ns/div
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Sampling Optical Oscilloscope C8188

The Sampling Optical Oscilloscope C8188 evaluates response characteristics
' of semiconductor lasers and ultra-high-speed light sources. It performs all
tasks from light detection to signal processing to virtually eliminate
waveform distortion.
' The wide bandwidth models (C8188-01, -11) have a temporal response
characteristic of 20 ps or less and a bandwidth of 20 GHz or more.
The large detection area model (C8188-03) allows easy alignment with
optics and it can collect the entire signal of large aperture sources such as
plastic optical fibers (POF).

Features Optional

e Virtually no waveform distortion
The Sampling Optical Oscilloscope performs all tasks from
light detection to signal processing, eliminating virtually all
the waveform distortions that occur in conventional methods
involving high-speed optical detectors and oscilloscopes,

e NA converter : A8684

This unit is recommended for bandwidth
measurements of optical fibers.

9

such as those caused by reflection or ringing.

FCInput/FC Qutput ~ FC Input/ SMA Output ~ FC Input/ F05 Output
e Wide bandwidth (20 GHz) Input NA 0.2/ Output NA 0.2 AB684-01 AB684-11 A8684-21
The C8188-01 and (C8188-11 have a response Input NA 0.2/ Output NA 0.4 A8684-02 A8684-12 A8684-22
characteristic of 20 ps or less and a wide bandwidth Input NA 0.2/ Output NA 0.65 A8684-03 A8684-13 A8684-33
of 20 GHz or more.

e Large detection area e Optical fiber for all mode excitation : A8685

The C8188-03 collects the entire signal from large aperture
sources such as a 1 mm POF for a highly accurate
measurement with a bandwidth of 2 GHz or more.

e Easy operation
No need to consider matching conditions such as
impedance, which are necessary in conventional methods.

e Control from PC
The Sampling Optical Oscilloscope is controlled from a PC

with a Windows environment to allow easy data storage
and connection to a LAN.

Other Application

e Evaluation of characteristics of optical link
systems

Specifications

Use the A8685 to connect the picosecond light pulser and the
NA converter.
A8685: Core size: 20 mm, Length: 3 m, FC/FC connector

Spectral Response

Radiant sensitivity (mA/W)

10+ >

10° |

I
800 1000
Wavelength (nm)

1200

Type No. C8188-01 C8188-03 C8188-11 C8188-12
Spectral response 350 to 850 nm 350 to 850 nm 400 to 1,300 nm 400 to 1,300 nm
Effective detection area 100 um X 3 mm 1 mm X3 mm 100 um X 3 mm 200 pm X 3 mm

Bandwidth 20 GHz or more 2 GHz or more

20 GHz or more 5 GHz or more

Optical signal input form Fixed slit and FC connector

Fixed slit and FC connector

Fixed slit and FC connector | Fixed slit and FC connector

Temporal resolution (risefall time)| Better than 17.5ps

Better than 175ps

Better than 17.5ps Better than 40ps

Time axis 20 ps/div to 1 ps/div

20 ps/div to 1 ps/div

20 ps/div to 1 ps/div 20 ps/div to 1 ps/div

Number of sampling points 1,024 1,024 1,024 1,024

Minimum sampling interval 2.5ps 2.5ps 2.5ps 2.5ps

Dynamic range More than 1:1,000 More than 1:100 More than 1:1,000 More than 1:1,000
A/D converter 14bit 14bit 14bit 14bit

Waveform calculation function

Fast Fourier Transform (FFT) operation, rise and fall times, maximum/minimum

Cursor function Intensities specified at cursors, intensity ratio, time interval between two specified cursors, area between cursors
Intensity axis Linear
Other functions Data accumulation, data save and load (text format), print
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Measurement Example of 6.4Gb Pattern

» System configuration s
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Terabi Optical Oscilloscope C8660

Due to its bandwidth of 70 GHz per channel, this
device can measure high-speed optical-
communication signals (at 10 Gbps or 40 Gbps)
with high precision.

Moreover, since simultaneous measurement of up
to 16 channels is possible, multi-channel
evaluation of characteristics of DWDM devices can
be performed rapidly.

Specifications
Features
Bandwidth > 70GHz x 16 ch (max.)
e Wide bandwidth measurement of 70 Lenporaliesor < 5ps
pectral resp 300 t01650 nm
GHz or more Optical input i MPO connector: 12 ch (standard), 16ch (optional)
e Simultaneous measurement of 16 ch Simultaneous optical input| 12 ch (standard), 16ch (optional)
(O pti on a|) Trig.input frequency 99.5328MHz or 100MHz
. . . Trig. input level -3dBm to +5 dBm / SMA connector
e Virtually no distortion of waveform Delay range >25ns
Measurement time range 100ps / 200ps / 500ps / 1ns
. . Interfaces USB: Control
A p p I IC a.t' ons IEEE1394: Data transfer
Data analysis Rise time / Fall time / FWHM / Time Difference
e Evaluation of optical device for DWDM Accessori 12 ch MPO-12ch SC connector

e Evaluation of DWDM system

o
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O Product and software package names noted in this documentation are trademarks or registered trademarks of their respective manufacturers.
« Subject to local technical requirements and regulations, availability of products included in this promotional material may vary. Please consult with our sales office
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