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Technology Licenses
The hardware and/or software described in 
this document are furnished under a 
license and may be used or copied only in 
accordance with the terms of such license.

U.S. Government Rights

The Software is “commercial computer 
software,” as defined by Federal Acquisition 
Regulation (“FAR”) 2.101. Pursuant to FAR 
12.212 and 27.405-3 and Department of 
Defense FAR Supplement 

(“DFARS”) 227.7202, the U.S. government 
acquires commercial computer software 
under the same terms by which the soft-
ware is customarily provided to the public. 
Accordingly, Keysight provides the Soft-
ware to U.S. government customers under 
its standard commercial license, which is 
embodied in its End User License Agree-
ment (EULA), a copy of which can be found 
at http://www.keysight.com/find/sweula. 

The license set forth in the EULA represents 
the exclusive authority by which the U.S. 
government may use, modify, distribute, or 
disclose the Software. The EULA and the 
license set forth therein, does not require 
or permit, among other things, that Key-
sight: (1) Furnish technical information 
related to commercial computer software 
or commercial computer software docu-
mentation that is not customarily provided 
to the public; or (2) Relinquish to, or other-
wise provide, the government rights in 
excess of these rights customarily provided 
to the public to use, modify, reproduce, 
release, perform, display, or disclose com-
mercial computer software or commercial 
computer software documentation. No 
additional government requirements 
beyond those set forth in the EULA shall 
apply, except to the extent that those 
terms, rights, or licenses are explicitly 
required from all providers of commercial 
computer software pursuant to the FAR and 
the DFARS and are set forth specifically in 
writing elsewhere in the EULA. Keysight 
shall be under no obligation to update, 
revise or otherwise modify the Software. 
With respect to any technical data as 
defined by FAR 2.101, pursuant to FAR 
12.211 and 27.404.2 and DFARS 227.7102, 
the U.S. government acquires no greater 
than Limited Rights as defined in FAR 
27.401 or DFAR 227.7103-5 (c), as appli-
cable in any technical data. 

Warranty

THE MATERIAL CONTAINED IN THIS DOCU-
MENT IS PROVIDED "AS IS," AND IS SUB-
JECT TO BEING CHANGED, WITHOUT 
NOTICE, IN FUTURE EDITIONS. FURTHER, 
TO THE MAXIMUM EXTENT PERMITTED BY 
APPLICABLE LAW, KEYSIGHT DISCLAIMS 
ALL WARRANTIES, EITHER EXPRESS OR 
IMPLIED WITH REGARD TO THIS MANUAL 
AND ANY INFORMATION CONTAINED 
HEREIN, INCLUDING BUT NOT LIMITED TO 
THE IMPLIED WARRANTIES OF MER-

CHANTABILITY AND FITNESS FOR A PAR-
TICULAR PURPOSE. KEYSIGHT SHALL NOT 
BE LIABLE FOR ERRORS OR FOR INCIDEN-
TAL OR CONSEQUENTIAL DAMAGES IN 
CONNECTION WITH THE FURNISHING, 
USE, OR PERFORMANCE OF THIS DOCU-
MENT OR ANY INFORMATION CONTAINED 
HEREIN. SHOULD KEYSIGHT AND THE 
USER HAVE A SEPARATE WRITTEN AGREE-
MENT WITH WARRANTY TERMS COVER-
ING THE MATERIAL IN THIS DOCUMENT 
THAT CONFLICT WITH THESE TERMS, THE 
WARRANTY TERMS IN THE SEPARATE 
AGREEMENT WILL CONTROL.

Safety Notices

CAUTION
A CAUTION notice denotes a hazard. 
It calls attention to an operating pro-
cedure, practice, or the like that, if 
not correctly performed or adhered 
to, could result in damage to the 
product or loss of important data. Do 
not proceed beyond a CAUTION 
notice until the indicated conditions 
are fully understood and met. 

WARNING
A WARNING notice denotes a hazard. 
It calls attention to an operating pro-
cedure, practice, or the like that, if 
not correctly performed or adhered 
to, could result in personal injury or 
death. Do not proceed beyond a 
WARNING notice until the indicated 
conditions are fully understood and 
met.
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This chapter introduces the features of the Keysight 81491A and 81492A 
Reference Transmitter Modules.
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Safety Considerations

The following general safety precautions must be observed during all 
phases of operation, service, and repair of this instrument. Failure to 
comply with these precautions or with specific warnings elsewhere in this 
manual violates safety standards of design, manufacture, and intended 
use of the instrument. Keysight Technologies assumes no liability for the 
customer’s failure to comply with these requirements.

Before operation, review the instrument and manual, including the red 
safety page, for safety markings and instructions. You must follow these to 
ensure safe operation and to maintain the instrument in safe condition.

Safety Symbols

Initial Inspection

Inspect the shipping container for damage. If there is damage to the 
container or cushioning, keep them until you have checked the contents of 
the shipment for completeness and verified the instrument both 
mechanically and electrically.

The Performance Tests give procedures for checking the operation of the 
instrument. If the contents are incomplete, mechanical damage or defect 
is apparent, or if an instrument does not pass the operator’s checks, notify 
the nearest Keysight Technologies Sales/Service Office.

CAUTION
The WARNING sign denotes a hazard. It calls attention to a procedure, 
practice or the like, which, if not correctly performed or adhered to, could 
result in injury or loss of life. Do not proceed beyond a WARNING sign 
until the indicated conditions are fully understood and met.

The apparatus will be marked with this symbol when it is 
necessary for the user to refer to the instruction manual in 
order to protect the apparatus against damage.

Hazardous laser radiation.
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Line Power Requirements

The Keysight 81491A/81492A Reference Transmitter Module operates 
when installed in the Keysight 8163A/B Lightwave Multimeter, Keysight 
8164A/B Lightwave Measurement System, or Keysight 8166A/B Lightwave 
Multichannel System. 

Firmware Requirements

The Keysight 81491A/81492A Reference Transmitter Module can only 
operate with more recent versions of the mainframe firmware. 

To find the version of your firmware

1 Press Config.

2 Move to [About Mainframe], and press Enter. 
The bottom line shows the firmware revision.

On a Keysight 8163A/B Lightwave Multimeter, you should have firmware 
V5.25 or greater.

On a Keysight 8164A/B Lightwave Measurement System, you should have 
firmware V5.25 or greater.

On a Keysight 8166A/B Lightwave Multichannel System, you should have 
firmware V5.25 or greater.

Operating Environment

The safety information in the Keysight 8163A/B Lightwave Multimeter, 
Keysight 8164A/B Lightwave Measurement System, & Keysight 8166A/B 
Lightwave Multichannel System User’s Guide summarizes the operating 

WARNING
To avoid hazardous electrical shock, do not perform electrical tests when 
there are signs of shipping damage to any portion of the outer enclosure 
(covers, panels, etc.).

WARNING
You MUST return instruments with malfunctioning laser modules to a 
Keysight Technologies Service Center for repair and calibration.
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ranges for the Keysight 81491A/81492A Reference Transmitter Module. In 
order for these modules to meet specifications, the operating environment 
must be within the limits specified for the mainframe.

Storage and Shipment

The 81491A/81492A module can be stored or shipped at temperatures 
between -40 °C and +70 °C. Protect the module from temperature 
extremes that may cause condensation within it.

The recommended storage temperature range for 81491A-085 is +10°C to 
+40°C. If stored outside this range, the module must be conditioned at 
room temperature for at least 72 hours before use.

Environmental Information

Table 1  Compliance and Environmental Information

Laser Safety Information

The laser sources specified by this user guide are classified according to 
IEC 60825-1 (2007)

The laser sources comply with 21 CFR 1040.10 except for deviations 
pursuant to Laser Notice No. 50, dated 2007-June-24. 

Safety Symbol Description

This product complies with WEEE Directive (2002/96/EC) marking requirements. 
The affixed label indicates that you must not discard this electrical/electronic 
product in domestic household waste.

Product Category: With reference to the equipment types in WEEE Directive Annex I, 
this product is classed as a “Monitoring and Control instrumentation” product.

Do not dispose in domestic household waste.

To return unwanted products, contact your local Keysight office, or see
http://about.keysight.com/en/companyinfo/environment/takeback.shtml for more 
information.
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Table 2 Reference Transmitter Module Safety Information

Laser Safety Labels

A sheet of laser safety labels is included with the laser module as required. 
In order to meet the requirements of IEC 60825-1 we recommend that you 
stick the laser safety labels, in your language, onto a suitable location on 
the outside of the instrument where they are clearly visible to anyone using 
the instrument.

Keysight 81491A-135 and 
81492A-135

Keysight 81491A-085

Laser type CW DFB Laser
with built-in isolator

DFB-Laser 850nm MMF 
with built-in isolator

Wavelength range 1310 nm / 1550 nm 850nm 

Max. CW output power* <10 mW <4 mW

Source OUT <35 mW na

Beam waist diameter 9 μm 50 μm

Numerical aperture 0.1 0.1

Laser Class according to 
IEC 60825-1 (2007)- International

1M 1M

Max. permissible CW output power ** 52 mW / 163 mW 5.3 mW 

* Max. CW output power means the highest possible optical CW power that the laser source can produce at 
its output.
** Max. permissible CW output power is the highest possible power that is permitted within the appropriate 
IEC laser class.
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WARNING
Please pay attention to the following laser safety warnings:

•Under no circumstances look into the end of an optical cable attached 
to the optical output when the device is operational. The laser radiation 
can seriously damage your eyesight.

•Do not enable the laser when there is no fiber attached to the optical 
output connector.

•The laser is enabled by pressing the gray button close to the optical 
output connector on the front panel of the module. The laser is on when 
the green LED on the front panel of the instrument is lit.

•The use of the instruments with this product will increase the hazard to 
your eyes.

•The laser module has built-in safety circuitry which will disable the 
optical output in the case of a fault condition.

•Close all unused fiber connections.

•Refer servicing only to qualified and authorized personnel.

NOTE
Laser safety errors might sometimes appear erroneously on calibration of 
the reference transmitter’s operating point in conjunction with the usage 
of an external tunable laser source (TLS). This does not affect the safety 
of the product. 

As a workaround, repeat the operating point calibration and reduce the 
output power of the TLS as appropriate.
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Getting Started with the Reference Transmitter Module

What is a Reference Transmitter Module? 

A reference transmitter is an electrical-optical (E/O) converter, where the 
data input modulates the output of a (DFB) laser.

Keysight's Reference Transmitters are designed to offer excellent eye 
quality for NRZ and PAM4 signal and can serve as universal E/O converter. 
The 81491A supports speed up to 32 Gbaud and  81492A upto 56 Gbaud 
NRZ and 53 Gbaud PAM4. The single-mode (SM) flavors (81491A-135, 
81492A-135) include internal lasers at 1310 nm and 1550 nm. The 81491A 
comes in Multimode (MM) flavor and includes an internal laser at 850 nm 
(MM). External optical input for usage with tunable laser sources is 
available on the SM options.

The separation of the signal source and the modulator is the only way to 
offer a zero-chirp modulation. This is essential for a clean and repeatable 
eye diagram when modulating with an appropriate clean external source 
to fulfill the requirements of the IEEE standard. Another advantage of this 
design, compared with directly modulated transmitters, is the wide 
extinction ratio range that can only be achieved by this architecture. 
Additionally, the reference transmitter has a linear transmission behavior. 
This means that when used with an electrical arbitrary waveform 
generator, Keysight Reference Transmitter Module can be used as an 
optical arbitrary waveform generator.
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The Front Panel

Figure 1 Front Panel of the Reference Transmitter Module: option -135 (left) and 
-085 (right)
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Figure 2 Front Panel of the 81492A-135 Reference Transmitter Module

To insert these modules into your mainframe see your mainframe’s User’s 
Guide.

Optical Connections

The output of the Keysight Reference Transmitter 81491A-135 and 
81492A-135 (single mode) is equipped with an angled contact optical 
connector. The optical source output and optical input connectors are 
angled and should be connected using a polarization maintaining fiber 
(PMF).

The output of the Keysight Reference Transmitter 81491A-085 
(multimode) is equipped with a multimode angled contact optical 
connector.

CAUTION
To avoid excess loss and reflection-induced interferences, use cables 
with same connectors only.
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Figure 3 Angled and Straight Contact Connector Symbols

Unlocking the Laser

You have to unlock the laser before you can switch it on.

You can unlock the laser when you first switch the mainframe by entering 
the password.

If you need to unlock the laser later, perform the following steps:

1 Press Config.

2 Move to [Unlock], and press Enter.

3 Enter the password, and press Enter.

4 Press Close.

Enabling and Disabling the Laser Output

Switch the laser on and off by pressing the Active button on the front panel 
of the module.

The State parameter and the Active LED indicate whether the module is 
emitting radiation.

If the laser is active, the State parameter is On and the Active LED on the 
front panel of the module is lit.

If the laser is inactive, the State parameter is Off and the green LED on the 
front panel of the module is unlit.

NOTE
The default password for the mainframe is “1234”.
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RF Data In

The RF input is a 1.85 mm female RF connector. It is AC coupled. For linear 
operation, the RF input signal should be less than or equal to 200mV for 
81492A-135, 600 mV for option 81491A-135, and 300 mV for option 
81491A-85. This is the linear regime of the E/O converter.

Values outside this range will overdrive the output signal 

If you have applied a signal that overdrives the output

1 Reduce the level of the input.

2 Turn the laser off and back on again.

Accessories

The following diagram provides information on the available options and 
accessories for the most common applications.

CAUTION
Do not apply signals to the Data In that exceed -2V and +2V. Within this 
range, the signal voltage must be less than 2V peak-to-peak.
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Figure 4 Available Options and Accessories

Operation

Setting the Wavelength

1 On your mainframe, move to the channel of the reference transmitter 
module.

2 Move to [λ], and press Enter. 

3 Select the wavelength, and press Enter.

Keysight 8163A/B Lightwave Multimeter, 

Connector
Interface

Ref Tx
Module

Reference Transmitter
Module

8149xA 

Connector Interface 

81000NI

Keysight 8164A/B Lightwave Measurement System 
Keysight 8166A/B Lightwave Multichannel System
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Setting the Optical Attenuation

1 On your mainframe, move to the channel of the reference transmitter 
module.

2 Move to [Att] for the wavelength you are using, and press Enter.

3 Set the attenuation, and press Enter.

Calibrating and Setting the Operating Point

For the best possible results, the operating point for the reference 
transmitter should be as close as possible to the center of the modulator’s 
transfer characteristic. This ensures you can make the best use of the 
linear part of the transfer characteristic.

When you turn the instrument on, a default value is used, and "Unc" or 
"Uncal" is shown on the display.

The reference transmitter also checks its temperature periodically. If the 
temperature differs too much from the temperature at which the last 
recalibration was performed, this is reflected in the modules status line in 
the user interface (“Uncal” for 8164A/B, “Unc” for 8163A/B and 8166A/B).

The instrument can set a first approximation to the best operating point.

1 Press Tx Recal.

To fine tune the operating point

2 Set up your equipment as displayed in Figure 5.

RF Data In

Optical Output

Modulator
Transfer Characteristic

Operating Point
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Figure 5 Operating Point Setup

3 On the signal source, set up a “best case” signal.

4 Turn on the laser of the reference transmitter.

5 Set up the optical sampling scope to show the “eye”. 
The crossing point for the eye should be at 50% ± 1%. 
If the crossing point is in this range, you do not need to adjust the 
operating point and you can start testing. 
Otherwise continue with the following steps.

6 On your mainframe, move to the channel of the reference transmitter 
module.

7 For the wavelength you are using, move to [Oper pt.]. 

OR

1 Press Menu. 

2 Move to [Oper Pt.] for the wavelength you are using, and press 
Enter.

8 Set the value for the offset, and press Enter. 
You can adjust the operating point from -50 to 50.

9 Refresh the results on the optical sampling scope. 
If the crossing point is in the range 50% ± 1% (see Figure 1), you do not 
need to adjust the operating point further and you can start testing.

Mainframe Optical Sampling Scope

Reference
Transmitter

Signal Source
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Figure 6 Modulator bias operating point optimized to eye crossing of 50% ± 1

If the operating point is not optimized (see Figure 7), return to step 8.
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Figure 7 Modulator bias operating point not optimized. 
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2 Warranty Information

All system warranties and support agreements are dependent upon the 
integrity of the Keysight Reference Transmitter Module. Any modification 
of the system software or hardware will terminate any obligation that 
Keysight Technologies may have to the purchaser. Please contact your 
local Keysight field engineer before embarking in any changes to the 
system. 

Remove all doubt

Keysight offers a wide range of additional expert test and measurement 
services for your equipment, including initial startup assistance, onsite 
education and training, as well as design, system integration, and project 
management.

Our repair and calibration services will get your equipment back to you, 
performing like new, when promised. You will get full value out of your 
Keysight equipment throughout its lifetime. Your equipment will be 
serviced by Keysight-trained technicians using the latest factory 
calibration procedures, automated repair diagnostics and genuine parts. 
You will always have the utmost confidence in your measurements.

For more information on repair and calibration services, go to

www.keysight.com/find/removealldoubt

www.keysight.com/find/removealldoubt
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Keysight E-mail Updates

Get the latest information on the products and applications you select.

www.keysight.com/find/emailupdates

 Keysight Direct

Quickly choose and use your test equipment solutions with confidence.

www.keysight.com/find/keysightdirect

Keysight Open 

Keysight Open simplifies the process of connecting and programming test 
systems to help engineers design, validate and manufacture electronic 
products. Keysight offers open connectivity for a broad range of system 
ready instruments, open industry software, PC-standard I/O and global 
support, which are combined to more easily integrate test system 
development.

www.keysight.com/find/open

www.keysight.com/find/emailupdates
www.keysight.com/find/keysightdirect
www.keysight.com/find/keysightdirect
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