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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.

Declaration of Conformity

Declarations of Conformity for this product
and for other Keysight products may be down-
loaded from the Web. Go to http://www.key-
sight.com/go/conformity. You can then search
by product number to find the latest Declara-
tion of Conformity.

U.S. Government Rights

The Software is “commercial computer soft-
ware,” as defined by Federal Acquisition Regu-
lation (“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
software is customarily provided to the public.
Accordingly, Keysight provides the Software to
U.S. government customers under its standard
commercial license, which is embodied in its
End User License Agreement (EULA), a copy of
which can be found at http://www.key-
sight.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
Keysight: (1) Furnish technical information
related to commercial computer software or
commercial computer software documenta-
tion that is not customarily provided to the
public; or (2) Relinquish to, or otherwise pro-
vide, the government rights in excess of these
rights customarily provided to the public to
use, modify, reproduce, release, perform, dis-
play, or disclose commercial computer soft-
ware 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 applicable in any technical data.

Warranty

THE MATERIAL CONTAINED IN THIS DOCU-
MENT IS PROVIDED “AS IS,” AND IS SUBJECT
TO BEING CHANGED, WITHOUT NOTICE, IN
FUTURE EDITIONS. FURTHER, TO THE MAXI-
MUM EXTENT PERMITTED BY APPLICABLE
LAW, KEYSIGHT DISCLAIMS ALL WARRAN-
TIES, EITHER EXPRESS OR IMPLIED, WITH
REGARD TO THIS MANUAL AND ANY INFOR-
MATION CONTAINED HEREIN, INCLUDING
BUT NOT LIMITED TO THE IMPLIED WARRAN-
TIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. KEYSIGHT
SHALL NOT BE LIABLE FOR ERRORS OR FOR
INCIDENTAL OR CONSEQUENTIAL DAMAGES
IN CONNECTION WITH THE FURNISHING,
USE, OR PERFORMANCE OF THIS DOCU-
MENT OR OF ANY INFORMATION CONTAINED
HEREIN. SHOULD KEYSIGHT AND THE USER
HAVE A SEPARATE WRITTEN AGREEMENT
WITH WARRANTY TERMS COVERING THE
MATERIAL IN THIS DOCUMENT THAT CON-
FLICT WITH THESE TERMS, THE WARRANTY
TERMS IN THE SEPARATE AGREEMENT
SHALL CONTROL.

Safety Information

A CAUTION notice denotes a hazard. It calls
attention to an operating procedure, 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 pro-
ceed beyond a CAUTION notice until the indi-
cated conditions are fully understood and met.

A WARNING notice denotes a hazard. It calls
attention to an operating procedure, 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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Safety Symbols

The following symbols on the instrument and in the documentation indicate precautions which
must be taken to maintain safe operation of the instrument.

Caution, risk of danger (refer to this manual for
specific Warning or Caution information)

& Caution, laser radiation

On (mains supply)

Earth (ground) terminal

A Caution, risk of electric shock

o Alternating current (AC)

< I ) Off or Standby (mains supply)
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Safety Considerations

Read the information below before using this product.

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

Safety earth ground

This is a Safety Class | product (provided with a protective earthing terminal). An uninterruptible
safety earth ground must be provided from the main power source to the product input wiring
terminals, power cord, or supplied power cord set. Whenever it is likely that the protection has
been impaired, the product must be made inoperative and secured against any unintended
operation.

Before applying power

Verify that the product is configured to match the available main power source as described in the
input power configuration instructions in this manual. If this product is to be powered by
autotransformer, make sure the common terminal is connected to the neutral (grounded) side of
the ac power supply.
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Regulatory Markings

C€

c E ICES/NMB-001
ISM GRP 1-A

The CE mark is a registered trademark of the
European Community. This CE mark shows that
the product complies with all the relevant
European Legal Directives.

The CE mark is a registered trademark of the
European Community. This CE mark shows that
the product complies with all the relevant
European Legal Directives.

ICES/NMB-001 indicates that this ISM device
complies with the

Canadian ICES-001.

Cet appareil ISM est conforme a la norme
NMB-001 du Canada.

ISM GRP.1 Class A indicates that thisis an
Industrial Scientific and Medical Group 1 Class A
product.

The CSA mark is a registered trademark of the
Canadian
Standards Association.

This instrument complies with the WEEE
Directive (2002/96/EC) marking requirement.
This affixed product label indicates that you must
not discard this electrical or electronic product in
domestic household waste.
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Waste Electrical and Electronic Equipment (WEEE) Directive 2002/96/EC

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

Product category:
With reference to the equipment types in the WEEE directive Annex 1, this instrument is classified
as a “Monitoring and Control Instrument” product.

The affixed product label is as shown below.

I
Do not dispose in domestic household waste.

To return this unwanted instrument, contact your nearest Keysight Service Center, or visit http://
about.keysight.com/en/companyinfo/environment/takeback.shtml for more information.

Sales and Technical Support

To contact Keysight for sales and technical support, refer to the support links on the following
Keysight websites:

- www.keysight.com/find/mta
(product-specific information and support, software and
documentation updates)

- www.keysight.com/find/assist
(worldwide contact information for repair and service)

6 Keysight 778D Operating and Service Manual



Table of Contents

Safety Symbols .. 3
Safety Considerations . ... 4
Safety earth ground ... . 4
Before applying POWEr .. .o 4
Regulatory Markings . ... 5
Waste Electrical and Electronic Equipment (WEEE) Directive 2002/96/EC . ... ... ... 6
Product category: ... 6
Sales and Technical SUPpPOrt ... 6
1 Overview
DESCriptiON L 14
2 Specifications
Specifications ... 16
Swept-Frequency Directivity .. ... 17
3 Installation and Shipping
Unpacking and Inspection .. ... 20
Repackaging for Shipment .. ... 21
Using original packaging .. .. ... 21
Using other packaging .. ... .. 21
Load-Bearing ... . 22
4 Operation
Signal Flow o 24
Coupler TemMpPerature ... .. 24
Power Leveling ... 25
MaintenanCe .. .. 25

Keysight 778D Operating and Service Manual 7



THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK.

Keysight 778D Operating and Service Manual



List of Figures

Figure 2-1
Figure 3-1
Figure 3-2
Figure 4-1

Typical coupling variation with frequency ...................... 17
Care of APC-7 connectors ... ... .. . 20
Load limits for APC-7 connector ... ... .. ... .. ... .. .. .. .... 22
Signalflow . 24

Keysight 778D Operating and Service Manual 9



10

THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK.

Keysight 778D Operating and Service Manual



List of Tables

Table 2-1 Specifications

Keysight 778D Operating and Service Manual

11



12

THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK.

Keysight 778D Operating and Service Manual



Keysight 778D Dual Directional Coupler
Operating and Service Manual

Overview

Description 14

This chapter provides an overview of the 778D dual directional coupler.
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1 Overview

Description

14

This coaxial dual directional coupler has a frequency range extending over four octaves from 100
MHz to 2 GHz. Although the coupling factor increases

6 dB/octave below 100 MHz, directivity remains above 36 dB. Thus, the coupler can be used below
100 MHz as well as above. The usefulness below 100 MHz is restricted only by the amount of signal
source power and/or the sensitivity of the RF detector connected to the coupler.

The unidirectional characteristic of the Keysight 778D dual directional coupler makes it an
important tool in microwave measurement systems. The 778D has the property of inducing, in an
auxiliary line, a contra-directional flow of power which is proportional to the power flowing in the
main guide. This coupler may be used in the measurement of reflection coefficients or SWR over a
very wide frequency range. The relatively constant coupling across several frequency bands and
the stability of coupling with time make the 778D useful, also, as a wideband attenuator or for
power monitoring applications.

To achieve its broad frequency coverage, the 778D’s directivity is optimized for mainline energy
flowing in one direction. This means that there is a preferred orientation for the 778D. To achieve
the measurement accuracies in the specifications, the test device or system should be connected
where the 778D is labeled TEST PORT. To accommodate test devices with Type N or APC-7
connectors, a choice of connectors is available on the TEST PORT (see Options outlined in
Chapter 2, "Specifications").

With the APC-7 precision sexless connector on the output, the coupler can be conveniently
converted to other types of connectors by the use of an adapter. Adapters are available to the SMA
(OSM), TNC, GR900, and others, so that the coupler becomes a versatile device for making
measurements on many different types of connectors. The Amphenol APC-7 is a sexless connector

with very low SWR. This precision connector makes possible the construction of adapters with low
SWR.
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This chapter provides the specifications of the 778D dual directional coupler.
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2 Specifications

Specifications

Specifications for the 778D are shown in the following table.

Table 2-1 Specifications
Frequency range 100 to 2000 MHz (usable below 100 MHz)
Directivity See figure on page 14
Auxiliary arm 0.1 to 1.0 GHz A36dB
B30dB
Auxiliary arm 1.0 to 2.0 GHz A32dB
B30dB
Nominal coupling above 450 MHz is 20 dB.
Coupling attenuation Nominal coupling below 450 MHz is 20 dB increasing with a slope of 0.006
dB/MHz for decreasing frequency.
Coupling variation +1.5 dB from nominal
Cyclical variation Frequency is similar to Figure 2-1 on page 17
Primary Line 1.1
SWR Auxilia:‘/y Arms <1.1
Insertion loss 0.6dB
Maximum main line power o0 Waverage
500 W peak

11533A APC-7 to SMA male
11534A APC-7 to SMA female
11525A APC-7 to Type N male
11524A APC-7 to Type N female

Accessories available adapters[a}

Choice of main line connectors (see options).
Auxiliary Arms have Type N female.

Connectors _ . .
All Type N connectars are stainless steel, compatible with MIL-C-39012 and
MIL-C-71.

Dimension 16-3/4 in long x 4-3/8 in high x 1-3/16 in wide
(425 mm x 111 mm x 30 mm)

Net weight 3-3/41b (1.5kg)

778D (Type N female output, Type N male input connectors)
Options available Option 011 (APC-7 output, Type N female input connectors)
Option 012 (Type N male output, Type N female input connectors)

[a] Adapters from APC-7 to TNC, GR-900, GR-874 as well as the above are available from Amphenol RF Division, Danbury, CN)
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Figure 2-1 Typical coupling variation with frequency

Swept-Frequency Directivity

Directivity (in dB) is equal to:

where

P = Power

(Paux) when Pmain flows forward

(Paux) when Pmain flows reversed

10 log

aux = auxiliary arm

main = main arm

The power input to the main arm is the same for both measurements.
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Unpacking and Inspection 20
Repackaging for Shipment 21
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This chapter provides the information on how to check, install, and return the 778D dual directional
coupler to Keysight Technologies.
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3 Installation and Shipping

Unpacking and Inspection

The coupler was carefully inspected mechanically and electrically prior to shipment. If there is
damage or deficiency, notify the carrier and the nearest Keysight Technologies office. In the event

of mechanical damage, the packing materials and carton should be held for the carrier’s
inspection.

Protect the face of the connectors (especially the APC-7) from damage. Any scoring or
burring of the mating surfaces causes discontinuity; the resulting increase in SWR degrades
performance (see Figure 3-1).

COUPLING

SLEEVE
CONTACTING
SURFACES

Figure 3-1 Care of APC-7 connectors
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Installation and Shipping 3

Repackaging for Shipment

Using original packaging
The same type of containers and materials used in factory packaging can be obtained through
Keysight Technologies.

If the coupler is being returned to Keysight Technologies for servicing, attach a tag indicating the

type of service required, return address, and model number. Also, mark the container FRAGILE to
assure careful handling.

In any correspondence refer to the coupler by full model number.

Using other packaging

The following general instructions should be used when repackaging with commercially available
materials:

1 Wrap the coupler in heavy paper or plastic. (If shipping to a Keysight Technologies office or
service center, attach a tag indicating the type of service required, return address, and model
number.)

2 Use a strong shipping container. A double wall carton made of 2.4 MPa
(350 psi) test material is adequate.

3 Use enough shock-absorbing material (3-4-inch layer) around all sides of the coupler to
provide firm cushion and prevent movement inside the container.

Seal the shipping container securely.

5 Mark the shipping container FRAGILE to assure careful handling.
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3 Installation and Shipping

Load-Bearing

When installing be sure auxiliary equipment supports its own weight. The coupler, particularly the
connectors, is not designed to carry weight. Load limits for APC-7 connectors are given in
Figure 3-2.

AUXILIARY EQUIPMENT <62
\ /‘\ AN

I'd

Y

FULCRUM

POINT ... at
N CONTACT PLANE
/ N TORQUE
BENDING @ 3389 N-m
MOMENT 2-12 ft-Ibs)
2,033 N-m
(1-12 ft-Ibs)

Figure 3-2 Load limits for APC-7 connector
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This chapter provides the information to operate the 778D dual directional coupler.

KEYSIGHT

TECHNOLOGIES

23



4 Operation

Signal Flow

Unlike some other dual-directional couplers, this coupler is polarized. For best performance the
signal must flow through the coupler as shown in Figure 4-1. Observe the TEST PORT designation
on the label. DO NOT reverse the coupler since the directivity may be somewhat lower in the
reverse direction. To test devices with other types of connectors, another coupler with the correct
mating test port connector is recommended. Using an adapter will degrade the effective directivity
of the measurement.

REF LOAD
= =)
ES
INPUT ] / :on:f ] OuTPUT
- I
LOAD AUX.
(TEST)

Figure 4-1 Signal flow

Coupler Temperature

Operate the coupler at normal room temperature and do not temperature cycle the coupler in use
or storage. Heat cycling may degrade the performance of the coupler.
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Operation 4

Power Leveling

The 778D has cyclic coupling variations of up to £2 dB. For this reason it is not recommended for
power leveling that requires flatness exceeding these tolerances. A typical coupling curve is shown
in Figure 2-1 on page 17.

Maintenance

The directional coupler should need very little maintenance besides keeping it clean and protecting
the connector faces.

Keysight 778D Operating and Service Manual 25



4

26

Operation

THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK.

Keysight 778D Operating and Service Manual



KEYSIGHT

TECHNOLOGIES

This information is subject to change
without notice. Always refer to the
English version at the Keysight
website for the latest revision.

© Keysight Technologies 2000 - 2017
Edition 4, July 6, 2017

Printed in Malaysia

00778-90013
www.keysight.com




	Keysight 778D Dual Directional Coupler
	Safety Symbols
	Safety Considerations
	Safety earth ground
	Before applying power

	Regulatory Markings
	Waste Electrical and Electronic Equipment (WEEE) Directive 2002/96/EC
	Product category:

	Sales and Technical Support
	Table of Contents
	List of Figures
	List of Tables
	1 Overview
	Description

	2 Specifications
	Specifications
	Swept-Frequency Directivity

	3 Installation and Shipping
	Unpacking and Inspection
	Repackaging for Shipment
	Using original packaging
	Using other packaging

	Load-Bearing

	4 Operation
	Signal Flow
	Coupler Temperature
	Power Leveling
	Maintenance



