i\
Established 1981

Advanced Test Equipment Rentals

www.atecorp.com 800-404-ATEC (2832)

Agilent 11970 Series
Harmonic Mixers

This manual provides documentation for the
following harmonic mixers:

K,A, Q,U,V,and W Models

User’'s Guide

Agilent Technologies



Notices

© Adgilent Technologies, Inc. 2011-2012

No part of thismanual may be reproduced
in any form or by any means (including
electronic storage and retrieval or tranda-
tion into aforeign language) without prior
agreement and written consent from Agi-
lent Technologies, Inc. as governed by
United States and international copyright
laws.

Manual Part Number

11970-90040
Supersedes: 11970-90035

Print Date

February 2012
Printed in USA

Agilent Technologies, Inc.
1400 Fountaingrove Parkway
Santa Rosa, CA 95403

Warranty

Thematerial contained in this doc-
ument isprovided “asis,” and is
subject to being changed, without
notice, in future editions. Further,
to the maximum extent per mitted
by applicablelaw, Agilent disclaims
all warranties, either expressor
implied, with regard to this manual
and any information contained
herein, including but not limited to
the implied warranties of mer-
chantability and fitnessfor a par-
ticular purpose. Agilent shall not
beliablefor errorsor for incidental
or consequential damagesin con-
nection with the furnishing, use, or
perfor mance of thisdocument or of
any information contained herein.
Should Agilent and the user have a
separate written agreement with
warranty terms covering the mate-
rial in this document that conflict
with these terms, the warranty
termsin the separ ate agreement
shall control.

Technology L icenses

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.

Restricted Rights Legend

If software is for use in the performance
of aU.S. Government prime contract or
subcontract, Software is delivered and
licensed as “Commercial computer soft-
ware’ as defined in DFAR 252.227-7014
(June 1995), or asa“commercia item” as
defined in FAR 2.101(a) or as“ Restricted
computer software” asdefined in FAR
52.227-19 (June 1987) or any equivalent
agency regulation or contract clause. Use,
duplication or disclosure of Softwareis
subject to Agilent Technologies' standard
commercia license terms, and non-DOD
Departments and Agencies of the U.S.
Government will receive no greater than
Restricted Rights as defined in FAR
52.227-19(c)(1-2) (June 1987). U.S. Gov-
ernment userswill receive no greater than
Limited Rights as defined in FAR 52.227-
14 (June 1987) or DFAR 252.227-7015
(b)(2) (November 1995), as applicablein
any technical data.

Safety Notices
CAUTION

A CAUTION natice denotes a
hazard. It calls attention to an
operating procedure, practice, or
the like that, if not correctly per-
formed 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
oper ating procedure, practice,
or thelikethat, if not correctly
performed or adhered to, could
result in personal injury or
death. Do not proceed beyond a
WARNING notice until theindi-
cated conditionsare fully
understood and met.



In ThisGuide...

This guide contains the following information:

1 General Information

This chapter covers equipment supplied, the mixers and options that are covered in this manual, aswell as
specifications and environmental limitations regarding the mixer.

2 Operation

Refer to this chapter for information on how to make effective use of the 11970 mixers.

3 Service

This chapter covers care and maintenance of the mixer, alist of replaceable parts and accessories, as well
as contact information for additional assistance.



Certification

Agilent Technologies certifies that this product met its published specifications at the time of shipment
from the factory. Agilent Technologies further certifies that its calibration measurements are traceable to
the United States National Institute of Standards and Technology, to the extent allowed by the Institute's
calibration facility, and to the calibration facilities of other International Standards Organization members.

Warranty

This Agilent Technologies instrument product is warranted against defects in material and workmanship
for aperiod of one year from date of shipment. During the warranty period, Agilent Technologies will, at
its option, either repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by Agilent
Technologies. Buyer shall prepay shipping chargesto Agilent Technologies and Agilent Technologies shall
pay shipping chargesto return the product to Buyer. However, Buyer shall pay al shipping charges, duties,
and taxes for products returned to Agilent Technologies from another country.

Agilent Technologies warrants that its software and firmware designated by Agilent Technologies for use
with an instrument will execute its programming instructions when properly installed on that instrument.
Agilent Technologies does not warrant that the operation of the instrument, or software, or firmware will
be uninterrupted or error-free.



LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by
Buyer, Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of
the environmental specifications for the product, or improper site preparation or maintenance.

NO OTHER WARRANTY |S EXPRESSED OR IMPLIED. AGILENT TECHNOLOGIES
SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES.
AGILENT TECHNOLOGIES SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR
ANY OTHER LEGAL THEORY.

Assistance

Product maintenance agreements and other customer assistance agreements are available for Agilent
Technologies products.

For any assistance, contact your nearest Agilent Technologies Office listed on page 63.

This guide uses the following conventions;

Instrument Key Thisrepresents akey physically located on the instrument, or akey with alabel that is
determined by the instrument firmware.

Screen Text Thisindicates text displayed on the spectrum analyzer screen.
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General Information
Introduction

I ntroduction

The Agilent Models 11970K, 11970A, 11970Q, 11970U, 11970V and 11970W are general-purpose
harmonic mixers with very flat frequency response characteristics and low conversion loss. Collectively,
they cover the frequency range of 18 to 110 GHz. The 11970K coversthe 18 - 26. 5 GHz range; the
11970A, the 26.5 - 40 GHz range; the 11970Q, the 33 - 50 GHz range; the 11970U, the 40 - 60 GHz
range; the 11970V, the 50 - 75 GHz range; and the 11970W, the 75 - 110 GHz range.

The overal local oscillator (LO) frequency range of the 11970 Series Mixersis 3.0 to 6.1 GHz. Each of
the mixers employs adifferent LO harmonic, and as aresult has a different optimum L O range within the
overall LO range of the series.

An 81/2 by 11 inch conversion losss table and chart isincluded with each mixer shippment. Thereisalso
electronic mediaincluded that is used to download the conversion loss data into a few of the Spectrum
Analyzers documented in this user’s guide. This conversion loss data table must be employed for
absolute amplitude measurements. Also supplied with each mixer are five screws (four required) for
attaching the mixer RF input flange to the waveguide.

Equipment Supplied

Waveguide Connector Screws

Five hex-head screws are supplied with each mixer. Four are required to make the mixer-to-waveguide
connection, oneisaspare. Use ONLY the screws supplied to attach the mixer to the waveguide. Because
of dlight differencesin the way the mixers couple with the waveguide, the square-flange mixers (11970K
and 11970A) and the round-flange mixer (11970Q, 11970U, 11970V and 11970W) require different
screws.

If your mixer has a square waveguide flange, use four hex-head screws with Part Number 3030-0221. If
it has a round waveguide flange, use four hex-head captive screws with Part Number 1390-0671. The
special balldriver hex screwdriver availablein the Option 009 Mixer Connector Kit simplifies
installation of the waveguide connector screws.

NOTE See Chapter 3, “Service.” for alist of replacement parts.

Mixers Covered by Manual

Serial Numbers

Attached to your mixer is alabel, which shows both the mixer model number and its serial number (two
parts). Thefirst four digits and the letter of the serial number are the serial number prefix; the last five
digits are the suffix. The contents of this manual apply to mixers with the serial number prefixes listed
under “Serial Number Prefixes’ on the title page of this manual.
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Introduction

11970 SeriesHarmonic Mixers

Figure1-1
11970K 11970A 11970Q 11970U 11970V 11970W

Waveguide Screws Waveguide Screws
Part # 3030-0221 Part # 1390-0671

acila

Options

Option 009, shown in Figure 1-2 on page 13, isaMixer Connection Kit. It includes three low-loss SMA
cables (Part Number 5061-5458), one hex-head balldriver (Part Number 8710-1539) for tightening the
waveguide connector screws, and one 5/16-inch open-end wrench (Part Number 8710-0510) for use on
the SMA connectors.

Spectrum Analyzer Retrofit Requirements

»  N9030A Signa Analyzer

— A Diplexer isrequired since the N9030A has asingle SMA external mixer port, and the 11970
series mixers have separate LO and | F ports. The recommended diplexer can be purchased from
Agilent as p/n N9029AE13 or from OML Inc. as p/n DPL.313B.

— Requires Option EXM
To retrofit Option EXM:

Serial Number Prefix
N9030A Frequency Option

<MY/US/SG5138 >MY/US/SG5138
550, 544, or 543 N9030AK-EXM
N9030AK-EXM
503, 508, 513, or 526 N9030AK-HL6

— Software revision must be A.08.01 or later
— USB storage device (>2GB free memory)
— The N9030A does not support the 11970K (LO range limitation).

11
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* PSA Series E4440A, E4446A, and E4448A spectrum analyzers require Option AY Z (LO OUT and
IF IN connectors). The E4443A and E4445A do not support external mixing.

» 856X Series portable spectrum analyzers with options 002 (tracking generator) and 327 (no IF IN on
front panel) do not have external mixing capability.

» 856X Series Portable Spectrum Analyzers require option 008, or FW date code < 920528, for signal
identification functionality.

» Agilent E4407B spectrum analyzers require option AYZ (LO Out and IF IN connections).

» MMSanalyzers using 11970 series mixers must have a front end model 70907A, 70907B, 70909A,
or 70910A, as well as a 70900A/B with firmware new enough for those modules:

Model FW Date Code:
(or newer)
70907A - 860203
70907B - 900314
70909A - 910802
70910A - 910802

* The 11970 Series Mixers are fully compatible with all 8566B Spectrum Analyzers.

12



Figure 1-2

General Information
Introduction

Mixer Connection Kit, Option 009

BALL DRIVER
PART NUMBER 8710-1539

LOW-LOSS SMA CABLE (1 OF 3)
PART NUMBER 5061-5458
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Specifications

Specifications

Specifications for the 11970 Series Mixers are listed in Table 1-1 on page 15 through Table 1-7 on
page 21.

NOTE Supplemental information isincluded only as additional information; they are not
specifications. Nominal valuesindicate expected performance or describe product
performance that is not covered by the product warranty.

Environmental Limitations

The 11970 Series Mixers meet or exceed the environmental requirements of MIL-T-28800C, Type lll,
Class 3, Style C. Specific environmental qualifications for the mixers are asfollows:

Temperature, Non-operating: -400C to 750C

Temperature, Operating: 00C to 550C

Relative Humidity: 95 +5% (up to 300C)

Altitude, Non-operating: Less than 12,195 meters (40,000 ft.)
Altitude, Operating: Less than 3,048 meters (10,000 ft.)
Maximum Vibration Levels: 2 G'sat 5 to 2000 Hz

Maximum Shock: 30 G's

NOTE Unless otherwise stated, all specifications apply for an IF range of 300 to 322.5
MHz as required by the various spectrum analyzers covered in this user’s guide.
Also, the specifications only apply with RF input levels of less than —20 dBm.

14
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Table 1-1 11970 Series Specifications
Description Specifications Supplemental Information
LO Amplitude Range 14to 18 dBm
Bias Requirements None
Maximum CW RF Input Level 20 dBm (100 mW)
Maximum Peak Pulse Power 24 dBm with <1usec pulse
(avg power: +20 dBm)
3 dB Bandwidth DCto 1.3 GHz

Environmental:

Meets MIL-T-28800C, Typelll, Class 3,

StyleC
IF/LO Connectors SMA female
5061-5458 Cable Insertion loss 0.8dB at 2 GHz
1.1dB at 6 GHz

15
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Table 1-2 11970K Specifications

Description Specifications Supplemental Information

RF Frequency Range 1810 26.5 GHz The 11970K is not supported by the
N9030A (PXA)

LO Harmonic Number 6

Odd Order Mixing Product >20 dB (nominal)

Suppression

LO Input Freguency Range 2.951t04.36 GHz

Gain Compression Level (<1 dB) -3 dBm (nominal)

Maximum Conversion Loss 24dB

Calibration Accuracy® 12.0 dB with LO amplitude range of
14.5 dBm to 16.0 dB (nominal)
+3.0 dB with LO amplitude range of
16 dBmto 18.0 dB (nominal)

Spectrum Analyzer Absolute +3.2 dB + frequency response of the

Amplitude Accuracy (using mixer (nominal)

conversion loss data with 14.5 to

16.0dBmLO)

Frequency response (with LO +1.9dB

input power 14.5to 16.0 dBm)

Frequency response (with LO +2.8dB

input power 14.0 to 18.0 dBm)

Displayed Average Noise Level —105 dBm (nominal)

RBW = 1 kHz RBW

Sample detector

Comversion loss corrections On

LO Power 14.5t0 16 dBm

Input SWR <2.2:1 (nominal)

1. Calibration accuracy is defined as the difference between the actual mixer conversion loss and
the calibration vaues provided with the mixer.
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Table 1-3 11970A Specifications

Description Specifications Supplemental Information

RF Freguency Range 26.5t040 GHz

LO Harmonic Number! 8

Odd Order Mixing Product >20 dB (nominal)

Suppression

LO Input Frequency Range 3.27104.96 GHz

Gain Compression Level (<1 dB) -5 dBm (nominal)

Maximum Conversion Loss 26 dB

Calibration Accuracy? £2.0 dB with LO amplitude range of
14.5 dBmto 16.0 dB (nominal)
+3.0 dB with LO amplitude range of
16 dBm to 18.0 dB (nominal)

Spectrum Analyzer Absolute +3.2 dB + frequency response of the

Amplitude Accuracy (using mixer (nominal)

conversion loss datawith 14.5 to

16.0dBm LO)

Frequency response (with LO input | +1.9 dB

power 14.5to 16.0 dBm)

Frequency response (with LO input | +2.8 dB

power 14.0to 18.0 dBm)

Displayed Average Noise Level —102 dBm (nominal)

RBW = 1 kHz RBW For N9O30A:

Sampl e detector 26.5 to 30.45 GHz: —110 dBm (nominal)

Comversion loss corrections On >30.45 to 40 GHz: =108 dBm (nominal)

LO Power 14.5t0 16 dBm

Input SWR <2.2:1 (nominal)

1. When used with the N9030A, harmonic 6 and harmonic 8 used are dependent on the start and
stop frequencies. Harmonic 6 is used from 26.5 to 30.45 GHz and harmonic 8 is used above

30.45 GHz.

2. Calibration accuracy is defined as the difference between the actual mixer conversion loss and

the calibration values provided with the mixer.
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Table1-4 11970Q Specifications

Description Specifications Supplemental Information

RF Freguency Range 33 to 50 GHz

LO Harmonic Number! 10

Odd Order Mixing Product >20 dB (nominal)

Suppression

LO Input Freguency Range 3.27104.96 GHz

Gain Compression Level (<1 dB) —7 dBm (nominal)

Maximum Conversion Loss 28dB

Calibration Accuracy? 12.0 dB with LO amplitude range of
14.5 dBm to 16.0 dB (nominal)
+3.0 dB with LO amplitude range of
16 dBm to 18.0 dB (nominal)

Spectrum Analyzer Absolute +3.2 dB + frequency response of the

Amplitude Accuracy (using mixer (nominal)

conversion loss data with 14.5 to

16.0dBm LO)

Frequency response (with LO input | £1.9dB

power 14.5to 16.0 dBm)

Frequency response (with LO input | 2.8 dB

power 14.0 to 18.0 dBm)

Displayed Average Noise Level
RBW = 1 kHz RBW

—101 dBm (nominal)
For N9030A:

Sample detector 33t0 40 GHz: —108 dBm (nominal)
Comversion loss corrections On >40 to 50 GHz: —106 dBm (nominal)
LO Power 14.5to 16 dBm

Input SWR <2.2:1 (nominal)

1. When used with the N9030A, harmonic 8 and harmonic 10 used are dependent on the start and
stop frequencies. Harmonic 8 is used from 33 to 40 GHz and harmonic 10 is used above 40

GHz.

2. Calibration accuracy is defined as the difference between the actual mixer conversion loss and

the calibration values provided with the mixer.
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Table 1-5 11970U Specifications

Description Specifications Supplemental Information

RF Freguency Range 40 to 60 GHz

LO Harmonic Number 10

Odd Order Mixing Product >20 dB (nominal)

Suppression

LO Input Frequency Range 3.97105.97 GHz

Gain Compression Level (<1 dB) —7 dBm (nominal)

Maximum Conversion Loss 28dB

Calibration Accuracy® +2.0 dB with LO amplitude range of
14.5 dBmto 16.0 dB (nominal)
+3.0 dB with LO amplitude range of
16 dBm to 18.0 dB (nominal)

Spectrum Analyzer Absolute +3.2 dB + frequency response of the

Amplitude Accuracy (using mixer (nominal)

conversion loss datawith 14.5 to

16.0dBmLO)

Frequency response (with LO input | +1.9 dB

power 14.5to0 16.0 dBm)

Frequency response (with LO input | +2.8 dB

power 14.0to 18.0 dBm)

Displayed Average Noise Level —101 dBm (nominal)

RBW =1 kHz RBW For N9030A:

Sampl e detector 40 to 60 GHz: =106 dBm (nominal)

Comversion loss corrections On

LO Power 14.5t0 16 dBm

Input SWR <2.2:1 (nominal)

1. Calibration accuracy is defined as the difference between the actual mixer conversion loss and

the calibration values provided with the mixer.
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Table 1-6 11970V Specifications

Description Specifications Supplemental Information

RF Freguency Range 50 to 75 GHz

LO Harmonic Number! 14

Odd Order Mixing Product >15 dB (nominal)

Suppression

LO Input Freguency Range 3.55105.33 GHz

Gain Compression Level (<1 dB) —3 dBm (nominal)

Maximum Conversion Loss 40 dB

Calibration Accuracy? 12.2 dB with LO amplitude range of
14.5 dBm to 16.0 dB (nominal)
+3.2 dB with LO amplitude range of
16 dBm to 18.0 dB (nominal)

Spectrum Analyzer Absolute +3.4 dB + frequency response of the

Amplitude Accuracy (using mixer (nominal)

conversion loss data with 14.5 to

16.0dBm LO)

Frequency response (with LO input | +2.1 dB

power 14.5to 16.0 dBm)

Frequency response (with LO input | 2.8 dB

power 14.0 to 18.0 dBm)

Displayed Noise Level
RBW = 1 kHz RBW

—92 dBm (nominal)
For N9030A:

Sample detector 50 to 66 GHz: —96 dBm (nominal)
Comversion loss corrections On >66to 75 GHz: =94 dBm (nominal)
LO Power 14.5to 16 dBm

Input SWR <2.6:1 (nominal)

1. When used with the N9030A, harmonic 12 and harmonic 14 used are dependent on the start and
stop frequencies. Harmonic 12 is used from 50 to 66 GHz and harmonic 14 is used above

66 GHz.

2. Calibration accuracy is defined as the difference between the actual mixer conversion loss and
the calibration values provided with the mixer.
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Table 1-7 11970W Specifications

Description Specifications Supplemental Information

RF Freguency Range 75 to 110 GHz

LO Harmonic Number 18

Odd Order Mixing Product >15 dB (nominal)

Suppression

LO Input Frequency Range 4.15t06.09 GHz

Gain Compression Level (<1 dB) —1 dBm (nominal)

Maximum Conversion Loss 46 dB

Calibration Accuracy® +2.2 dB with LO amplitude range of
14.5 dBmto 16.0 dB (nominal)
+3.2 dB with LO amplitude range of
16 dBm to 18.0 dB (nominal)

Spectrum Analyzer Absolute +3.4 dB + frequency response of the

Amplitude Accuracy (using mixer (nominal)

conversion loss datawith 14.5 to

16.0dBmLO)

Frequency response (with LO input | +3.0 dB

power 14.5to0 16.0 dBm)

Frequency response (with LO input | +4.0 dB

power 14.0to 18.0 dBm)

Displayed Noise Level —85 dBm (nominal)

RBW =1 kHz RBW For N9030A:

Sampl e detector 75t0 110 GHz: —88 dBm (nominal)

Comversion loss corrections On

LO Power 14.5t0 16 dBm

Input SWR <2.6:1 (nominal)

1. Calibration accuracy is defined as the difference between the actual mixer conversion loss and

the calibration values provided with the mixer.
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PHYSICAL CHARACTERISTICS

11970K | UG-595/U | 0.17 kg 36 mm 51 mm 90 mm
WR-42 0.361b 14in 2.0in 35in

11970A | UG-599/U | 0.14 kg 36 mm 51 mm 71 mm
WR-28 0.321b 14in 2.0in 2.8in

11970Q | UG-383/U | 0.14 kg 36 mm 51 mm 76 mm
WR-22 0.321b 14in 20in 3.0in

11970U | UG-383/U | 0.14 kg 36 mm 51 mm 76 mm
-M 0.321b 14in 20in 3.0in
WR-19

11970V | UG-385/U | 0.14 kg 36 mm 51 mm 76 mm
WR-15 0.321b 14in 2.0in 3.0in

11970W | UG-387/U | 0.14 kg 36 mm 51 mm 76 mm
-M 0.321b 14in 20in 3.0in
WR-10

1. Waveguide attachment screws enter blind holes in the flanges of the mixers.
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Introduction

Introduction
This section provides information on how to make effective use of the 11970 mixers.

Operating Precautions

Refer to the sections below for specific parametersto follow prior to mixer operation.

WARNING Do not exceed the maximum ratingslisted below or permanent damageto the
mixer will result.

RF Input Power

Use the following parameters:

CW: No greater than 20 dBm. See Gain Compression values for each model number. Use an
appropriate waveguide attenuator if the output power of the unit under test exceedsthe gain
compression value.

Pulse: No greater than 24 dBm at < 1 uSec pulse width

Average: No greater than 20 dBm

L O Input Power
Make sure the LO input power is no greater than 20 dBm.
Electrostatic Discharge

When installing the mixer, you must always connect the SMA cables to the spectrum analyzer BEFORE
connecting them to the mixer. Thiswill minimize the danger of an electrostatic discharge damaging the
mixer diodes.

Waveguide Protective Foam

Do not remove, displace, or damage the white, nonconductive foam installed in the open end of the
waveguide. The foam keeps small objects from entering the waveguide.

Avoiding M echanical Damage

L eave the waveguide flange cap on whenever the mixer is not connected to adevice under test. This
protects the flange mating surface from scratches, which can degrade the mixer's performance.
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Getting Started

The 11970 series of millimeter wave mixers have no bias or back-short adjustments. 11970 Mixers
require an LO power of 14 to 18 dBm at the LO input.

Mixer Connections

This chapter contains connection and operation information listed by Spectrum Analyzer model number

If you are using an 11970Q, 11970U, 11970V or 11970W Mixer, and the shoulder of its waveguide
flange is not properly aligned with the flange of the device under test, amplitude measurement errors can
result. To ensure proper alignment, tighten each of the four flange screws in turn by small amounts,
moving clockwise around the flange.

NOTE 11970K and 11970A Mixers require flange screws that are different from those
used with the 11970Q, 11970U, 11970V and 11970W; 11970K and 11970A use
Part Number 3030-0221 (#4-40 hex head screw). 11970Q, 11970U, 11970V and
11970W use Part Number 1390-0671 (#4-40 hex head captive screw).

25



Operation
Using the Mixers with the E4407B Spectrum Analyzer (Option AYZ)

Using the Mixerswith the E4407B Spectrum Analyzer
(Option AYZ)

The Agilent Technologies E4407B spectrum analyzer contains an extensive menu of functions that help
with millimeter measurements. The following examples explain how to connect external mixersto the
spectrum analyzer, choose the band of interest, store and activate conversion-loss factors, and how to use
the signal-identification functions.

Set up the equipment
1. Connect the signal source and harmonic mixer to the analyzer, as shown in Figure 2-1.

Figure2-1 Harmonic Mixer Setup

SPECTRUM ANALYZER

HARMONIC
MIXER

IC
>

SIGNAL
SOURCE

EI72R

NOTE Agilent 5061-5458 SMA type cables should be used to connect the mixer IF and
L O portsto the analyzer. Do not over-tighten the cables. The maximum torque
should not exceed 112 N-cm (10 in-1b.)

2. Ontheanayzer, press Preset, Factory Preset, if present.
3. Select external mixing by pressing Input/Output, Input Mixer, Input Mixer (Ext).

4. The analyzer frequency band will be set to 26.5 - 40 GHz (A). To choose a different band, press Ext
Mix Band , then press the desired band frequency range/letter key. For this example, we will use band
A, which ranges from 36.5 GHz to 40 GHz.
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Operation
Using the Mixers with the E4407B Spectrum Analyzer (Option AYZ)

Amplitude Calibration

The conversion loss versus frequency data can be entered on your analyzer from one of three sources.

From a Conversion L oss Data Disk, supplied with your mixer.

Data from the calibration sheet supplied with your mixer. The 11970A, Q, and V band mixers
calibrated after May 2011 have two calibration sheets. Use the sheet that contains the text "Not for
use with the Agilent X-Series Signal Analyzers'. An example of the calibration sheet is shown in
Figure 2-20 on page 58.

From conversion-loss data located on the mixer body label.

Using a Conversion-L oss Data Disk

The conversion-loss data for your mixer can be quickly loaded in the memory of an ESA or PSA series
analyzer from afloppy disk. The following process works with the floppy disk provided by the factory
with your new mixer, or with one that you have stored the correction data. This process eliminates the
time consuming and sometimes error-prone process of manually entering the data from a table.

Loading Data

1

6.

Insert the conversion-loss data disk (from the factory or your own) into the floppy drive of the analyzer.

2. PressFile, then Load.

3. Press Type, More, then select Corrections.
4,
5

Press Directory Select, highlight drive -A-, then press Directory Select again.

. Usethe down arrow to select the file. The factory supplied disk has a file with the OTH extension which places

the data in the corrections set “other” location.

Press Load Now to load the conversion loss values into the correction table of the analyzer.

Viewing Data

1
2.

Press Amplitude, More, Corrections, Other (ON) and Edit to view the correction values.

Use the front-panel knob or up/down arrows to scroll through the list of correction values.
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Manually Entering Conversion-L oss Data

1. Theanalyzer frequency band will be set to 26.5 — 40 GHz (A). To choose a different band, press Ext
Mix Band and then press the desired band frequency range/letter key. For this example, we will use
band A, which ranges from 26.5 GHz to 40 GHz.

NOTE To correct for the conversion-loss of the harmonic mixer in use, the analyzer
amplitude correction feature is used.

2. PressAMPLITUDE Y Scale, More, Corrections. Select acorrection set for use with external mixing.
The recommended set to use is Other although any available set could be used.

3. Press Edit to enter the appropriate conversion loss data for the mixer in use. These values are listed
on the mixer, or a calibration sheet that is supplied with the mixer.

NOTE More correction points entered across the band in use will improve frequency
response accuracy. Up to 200 points may be defined for each set.

4. Once the desired correction points are entered, press Return, Correction (On) to activate correction
set Other. Thiswill aso turn corrections on resulting in a calibrated display. It is recommended that
the correction set entered be saved on the internal memory or the floppy drive for future reference.
See the ESA User’s and Programmer’s Reference guide for information on saving correction values.

Signal Identification

The IF output of a harmonic mixer will contain asignal at the intermediate frequency of the analyzer whenever the
harmonic frequency of the LO and the frequency of the RF differ by the intermediate frequency.

As aresult, within a single harmonic band, asingle input signal can produce multiple responses on the analyzer
display, only one of which isvalid (see Figure 2-2 on page 29). These responses come in pairs, where members of
the valid response pair are separated by 642.8 MHz and either the right-most (for negative harmonics) or left-most
(for positive harmonics) member of the pair isthe correct response.
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Figure 2-2
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Identification of valid responses is achieved by simply turning on the signal-identification feature. (instrument
preset selects the Image Suppress signal identification mode.) Press Input/Output, Input Mixer, Signal Ident (On)
and note that now only the valid response (35 GHz) remains.

Press Peak Search to place a marker on the remaining response. The signal-identification routine can introduce
slight amplitude errors which isindicated by the message Signal Ident On,
Amptd Uncal. Refer to Figure 2-3.

After identifying asignal of interest, press Signal Ident (Off) before making final amplitude measurements. Note
that Image Suppress should only be used to identify the fundamental signal and not for accurate amplitude
measurements.

Figure 2-3
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Using the Mixerswith the E4440A, E4446A, or E4448A
PSA Series Spectrum Analyzer (Option AYZ)

The Agilent Technologies PSA Series spectrum analyzers contain an extensive menu of functions that
help with millimeter measurements. Prior to starting this procedure, refer to “ Spectrum Analyzer Retrofit
Requirements’ on page 11 for instrument requirements for the PSA Series spectrum analyzers.

The following examples explain how to connect external mixers to the spectrum analyzer, choose the
band of interest, store and activate conversion-loss factors, and how to use the signal-identification
functions.

Set up the equipment
1. Connect the signal source and harmonic mixer to the analyzer, as shown in Figure 2-4.

Figure2-4 Harmonic Mixer Setup
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NOTE Agilent 5061-5458 SMA type cables should be used to connect the mixer IF and
L O portsto the analyzer. Do not over-tighten the cables. The maximum torque
should not exceed 112 N-cm (10 in-Ib.)

2. Ontheanayzer, press Preset, Factory Preset, if present.
3. Select external mixing by pressing Input/Output, Input Mixer, Input Mixer (Ext).

4. The analyzer frequency band will be set to 26.5 - 40 GHz (A). To choose a different band, press Ext
Mix Band , then press the desired band frequency range/letter key. For this example, we will use band
A, which ranges from 36.5 GHz to 40 GHz.
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Amplitude Calibration
The conversion loss versus frequency data can be entered on your analyzer from one of three sources.

e FromaConversion Loss Data Disk, supplied with your mixer. See “Using a Conversion-Loss Data
Disk” on page 27.

» Datafrom the calibration sheet supplied with your mixer. The 11970A, Q, and V band mixers
calibrated after May 2011 have two calibration sheets. Use the sheet that contains the text "Not for
use with the Agilent X-Series Signal Analyzers'. An example of the calibration sheet is shown in
Figure 2-20 on page 58.

« From conversion-loss data located on the mixer body |abel.

Using a Conversion-L oss Data Disk

The conversion-loss data for your mixer can be quickly loaded in the memory of an ESA or PSA series
analyzer from afloppy disk. The following process works with the floppy disk provided by the factory
with your new mixer, or with one that you have stored the correction data. This process eliminates the
time consuming and sometimes error-prone process of manually entering the data from a table.

L oading Data

1. Insert the conversion-loss data disk (from the factory or your own) into the floppy drive of the analyzer.
2. PressFile, then Load.

3. Press Type, More, then select Corrections.

4. PressDirectory Select, highlight drive -2, then press Directory Select again.

5

. Usethe down arrow to select the file. The factory supplied disk has a file with the OTH extension which places
the datain the corrections set “other” location.

6. PressLoad Now to load the conversion loss values into the correction table of the analyzer.
Viewing Data
1. Press Amplitude, More, Corrections, Other (ON) and Edit to view the correction values.

2. Usethe front-panel knob or up/down arrows to scroll through the list of correction values.
Manually Entering Conversion-L oss Data
1. Theanalyzer frequency band will be set to 26.5 — 40 GHz (A). To choose a different band, press Ext

Mix Band and then press the desired band frequency range/letter key. For this example, we will use
band A, which ranges from 26.5 GHz to 40 GHz.

NOTE To correct for the conversion-loss of the harmonic mixer in use, the analyzer
amplitude correction feature is used.

2. PressAMPLITUDE Y Scale, More, Corrections. Select a correction set for use with external mixing.
The recommended set to use is Other although any available set could be used.

3. Press Edit to enter the appropriate conversion loss data for the mixer in use. These values are listed
on the mixer, or a calibration sheet that is supplied with the mixer.
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NOTE More correction points entered across the band in use will improve frequency
response accuracy. Up to 200 points may be defined for each set.

4. Once the desired correction points are entered, press Return, Correction (On) to activate correction
set Other. Thiswill aso turn corrections on resulting in a calibrated display. It is recommended that
the correction set entered be saved on the internal memory or the floppy drive for future reference.
See the PSA User's and Programmer’s Reference guide for information on saving correction values.

Signal Identification

The IF output of a harmonic mixer will contain asignal at the intermediate frequency of the analyzer whenever the
harmonic frequency of the LO and the frequency of the RF differ by the intermediate frequency.

Asaresult, within a single harmonic band, asingle input signal can produce multiple responses on the analyzer
display, only one of which isvalid (see Figure 2-5). These responses come in pairs, where members of the valid
response pair are separated by 642.8 MHz and either the right-most (for negative harmonics) or left-most (for
positive harmonics) member of the pair is the correct response.

Figure 2-5
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Identification of valid responsesis achieved by simply turning on the signal-identification feature. (instrument
preset selects the Image Suppress signal identification mode.) Press Input/Output, Input Mixer, Signal Ident (On)
and note that now only the valid response (35 GHz) remains.

Press Peak Search to place a marker on the remaining response. Refer to Figure 2-6 on page 33.

After identifying asignal of interest, press Signal Ident (Off) before making final amplitude measurements. Note
that Image Suppress should only be used to identify the fundamental signal and not for accurate amplitude
measurements.
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Figure 2-6
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Using the 11970A, Q, U, V, and W Mixerswith the
X- Series Signal Analyzers (Option EXM)
Refer to “ Spectrum Analyzer Retrofit Requirements’ on page 11 for configuration requirements.

The following examples explain how to, connect the external mixers to the signal analyzer using a
diplexer, choose the band of interest, activate conversion loss correction data, and how to use the
signal-identification functions.

Set up the equipment

1. Connect the signal source, diplexer, and harmonic mixer to the signal analyzer as shown in Figure
2-7.

NOTE The maximum torque for the SMA cables and adapters should not exceed 122
N-cm (10in-1b.)
Figure2-7 External Mixer Setup
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2. Ontheanayzer press Mode, Spectrum Analyzer.

3. Select external mixing by pressing Input/Output, External Mixer, External Mixer, External Mixer
Setup.

4. The defaultis 11970A. To select Q, U, V or W bands, press Mixer Presets, Agilent 11970, then
select the appropriate key corresponding to 11970 frequency band.

5. Press Return twiceto view the spectrum display.

6. Tune the analyzer to the input signal frequency by pressing FREQ Channel, and enter a center
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frequency or a start and stop frequency.

Many responses may appear on screen. Turn on the Signal ID function to identify true signals from
images and harmonics.

Press Input Output, External Mixer, Signal ID Mode, Image Suppress, Signal ID On.
See“Signal ID” on page 38 for more information.

Amplitude Calibration

1. See Loading Conversion Loss Datafor the PXA Signal Analyzer below. Thiswill guide you through

entering the conversion loss data provided with the mixer, into a correctionsfile that can be activated
to provide amplitude corrected measurements.

To access corrections, press Input/ Output, More, Corrections, Select Correction.

Chose a correction from the list. Note that you used one of the Corrections numbered 1-6 when you
entered the conversion loss data into the instrument.

Press Correction On to apply the corrections to the measurement.

NOTE Assure only ONE correction file is turned on because it is possible to turn on

multiple correction files, and if some of the files share the same frequency points,
the correction that results for those shared frequency points will cause
measurement errors. Therefore assure that only the correction file required for the
measurement is turned on, and turn off all other corrections.

L oading Conversion Loss Data for the PXA Signal Analyzer

The conversion loss data supplied with your mixer can be loaded into your signal analyzer from one of
two sources:

By downloading the 70xxxxxx_X.csv file located on the CD ROM disk that is provided with your
mixer. The 70xxxxxx_X.csv fileistransferred from the CD to a USB memory device, and then the
USB memory device inserted into the PXA, and the file transferred to one of the analyzer corrections
array locations. The USB memory device should be scanned for viruses before use.

The mixer ships with a printed copy of the conversion loss data. Find the printed copy conversion
loss data that has the text "For Use with Agilent X-Series analyzers only". The conversion loss data
will need to be manually entered as frequency and amplitude pairsinto the analyzer correctionsfile.
An example of calibration datais shown Figure 2-19 on page 57.

The CD also contains 70xxxxxx_X.pdf files of the conversion loss data that can be printed, and then
manually entered into a Correction array location. You will need to enter the frequency and amplitude
pairsinto the analyzer correctionsfile. An example of calibration datais shown Figure 2-19 on

page 57.
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Down loading the conversion loss .csv filesto the analyzer correctionsarray

1. Install the CD ROM provided with the mixer, into a PC and view the contents of the CD.

2. Locate the 70xxxxxx_X.csv file.

NOTE For the 11970A, 11970Q and 11970V, thisisthe conversion loss file used for
almost all applications. However, for the mixer model numbers listed above, there
are two other 70xxxxxx_.csv files on the CD that may be used in special cases.
As an example, on the 11970Q mixers, the additional two files are
700Qxxxxxx_8.csv and 70Qxxxxxx_10.csv. The 70Qxxxxxx_8.csv file contains
conversion loss data for the 8th harmonic only, and this data allows the 8th
harmonic to be used to adlightly higher tuned frequency than the normal 40 GHz
transition from the 8th to the 10 harmonic. However, only a portion of Q band can
be covered by the 8th harmonic. See the 70Qxxxxxx_8.csv file for the exact
frequency coverage.

The 70Qxxxxxx_10.csv file contains conversion loss data for the 10th harmonic
only, and this data allows the 10th harmonic to be used to alower tuned frequency
than the normal 40 GHz transition from the 8th to the 10 harmonic. The conversion
loss will be worse below 40 GHz compared to using the normal 70Qxxxxx_X.csv
file.

The reason you may want to use one of these special files is when making
measurements that span the normal 40 GHz, 8th to 10 harmonic mixing transition.
Thetwo files provide conversion loss data that allow calibrated measurements
when you need to measure slightly above or below the normal transition
frequency, and want the measurement to be made using a single harmonic.

3. Copy the .csv fileto a USB memory device.

4. Insert the USB memory stick into one of the USB ports on the signal analyzer.

5. It isrecommended that you connect a mouse and keyboard to the signal analyzer.

6. PressInput/ Output, More, Corrections, Select Correction.

7. Choose a correction array from the list of Correction 1 through Correction 6. Correction 1 hasa
provision to store antenna corrections, so if antenna corrections are required, reserve this array for
that use. If you want to seeif anything is aready stored in a particular correction, press Correction,
Edit. To delete a correction table, press Return, assure the Select Correction key corresponds to the
correction you want to delete, and press Delete Correction.

8. Once the correction array number is selected, press Recall, Data (import), Amplitude Correction
and chose one of the correction array numbers.

9. PressOpen, usethe pull down arrow in the "look in" box to navigate to the USB memory stick, and

locate the 70xxxxxx_X.csv file.

10. Select the 70xxxxxx_X.csv file and click Open. The conversion loss data will now load into the

specified corrections array. To view the contents of the corrections array in the conversion loss table,
press Input/ Output, More, Corrections, select the corrections array number, and press Edit. Press
Return to go back to the measurement screen.
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L oading the .csv file automatically populates the Description and Comment fields found under the
Corrections, Properties key. To edit these fields, press Input/ Output, More, Corrections, Select
Correction, select the correction number, press Properties, Description or Comment.

Compensating for |F cable and diplexer loss

The externa diplexer has 1dB of loss at 300 MHz. The cable that connects the diplexer to the signa
analyzer has loss depending on cable length.

1

Press Input/Output, External Mixer, Cable IF Loss and enter the cable loss plus the 1dB diplexer
loss.

Manually entering conversion loss data

1

L ocate the printed copy of the conversion loss data that has the text "For use with Agilent X-Series
analyzersonly".

Or

Insert the CD provided with the mixer into a PC and navigate to the 70xxxxxx_X.pdf file. Thefile
contains tabular and graphic conversion loss data. Be careful to select the correct file since there are
three files provided for the 11970A, Q and V band mixers. Print the 70xxxxxx_X.pdf file to create a
printed copy.

NOTE For the 11970A, 11970Q and 11970V, thisisthe conversion loss file that is used

for amost all applications. however, for the mixer model numbers listed above,
there are two other 70xxxxxx_X.csv files on the CD that can be read and printed
using Windows notepad. See the notes under “Loading Conversion Loss Data for
the PXA Signal Analyzer” on page 35.

Press Input/ Output, More, Corrections, Select Correction.

Choose a correction array from the list of Correction 1 through Correction 6. Correction 1 has a
provision to store antenna corrections, so if antenna corrections are required, reserve this array for
that use. If you want to seeif anything is already stored in a particular correction, press Correction,
Edit. To delete a correction table, press Return, assure the Select Correction key correspondsto the
correction you want to delete, and press Delete Correction.

After selecting the correction number, press Edit. Use the keys provided to enter the frequency and
amplitude (conversion loss) points from the calibration data table. Conversion loss values are entered
as positive numbers.When finished, press Return.

It is possible to add a description and a comment of what the selected correction is, and have this
description appear on the Description or Comment key. Press Properties, and connect a keyboard to
the instrument. For example, press Comment and type 11970V Serial X XXXXXxxXX. Press Done.
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Signal ID

Image Suppress

The Image Suppress mode of Signal ID mathematically removes all image and multiple responses of
signals present at the mixer input. Two hidden sweeps are taken in succession. The second sweep is
offset in LO frequency by 2*IF/N. For each point in each trace, the smaller amplitude from the two
traces istaken and placed in that point in Trace 1. Responses of each trace that lie on top of one another
will remain and are valid signals, others are images and are suppressed.

NOTE This function takes control of and uses Trace 1. Any datain this trace prior to
activating Image Suppress will be lost.

In Image Suppress Mode, synchronization is ensured by first turning off Signal ID, initiating asingle
sweep, then turning on Signal 1D followed by two single sweeps.

I mage Shift

Like the Image Suppress mode, Image Shift is a two sweep sequence. The data from the first sweep is
placed in Trace 1 and the data from the second (L O frequency shifted by 2* IF/N) sweep isplaced in
Trace 2. Signal responses of Trace 1 and Trace 2 that have the same horizontal position are considered to
be in the current band and therefore can be analyzed with the amplitude and frequency measurement
systems of the SA. All other responses are invalid and should be ignored.

NOTE This function takes control of and uses Trace 1 and Trace 2. Any datain these
traces prior to activating Image Shift will be lost.

To synchronize in Image Shift Mode, turn off Signal ID and then initiate a single sweep. Then turn on
Signal ID and initiate two single sweeps. The results of the first sweep after Signal 1D isturned on are
availablein Trace 1. The next sweep is shifted and the data from that sweep isavailable in Trace 2. The

unshifted and shifted data can then be compared.

38



Operation
Using the Mixers with the 856X Series Spectrum Analyzers

Using the Mixerswith the 856X Series Spectrum Analyzers

External millimeter mixers can be used to extend the frequency coverage of the 8560 E-Series and
EC-Series spectrum analyzers. (The 8560E/EC Option 002 and Option 327 do not have external mixing
capability.)

The 8560 E-Series and EC-Series spectrum analyzers contain an extensive menu of functions that help
with millimeter measurements. This example explains how to connect external mixers to the spectrum
analyzer, choose the band of interest, store conversion-loss factors, and how to use the optional
automatic signal-identification functions.

Set up the equipment
1. Figure 2-8 illustrates how to connect an external harmonic mixer to the spectrum analyzer.

Figure2-8 External Mixer Setup
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NOTE Good-quality shielded SMA-type cables should be used to connect the mixer to the
spectrum analyzer to ensure that no signal attenuation occurs. Agilent 5061-5458
SMA-type cables may be used. Do not over-tighten the cables; the maximum
torque should not exceed 112 N-cm (10 in-1b.).

39



Operation
Using the Mixers with the 856X Series Spectrum Analyzers

Select the Frequency Band

2. Specify unpreselected external mixing by pressing CONFIG, then EXT MXR PRE UNPR until UNPR
is selected.

3. To select afrequency above 18 GHz:
a. PressAUX CTRL, EXTERNAL MIXER to set the analyzer to external mixer mode.
b. Enter the desired frequency directly using the center-frequency function.

¢. Noticein Table 2-1 that some frequencies overlap and fall into two bands. To be sure that the
desired band is selected, refer to Table 2-1 and select the desired frequency band, then use the full
band function to enter this band.

d. Inthe external mixer menu, press FULL BAND, then press the step up ! key until the letter
preceding BAND in the active function area corresponds to the desired frequency band.

Table 2-1 External Mixer Frequency Ranges
Freguency Frequency Range Mixing Conversion
Band (GH2z) Harmonic L oss
K 18.0t026.5 6- 30dB
A 26.5t040.0 8- 30dB
Q 33.0t050.0 10- 30dB
u 40.0t0 60.0 10- 30dB
\% 50.0t0 75.0 14— 30dB
E 60.0t090.0 16— 30dB
W 75.0t0 110.0 18- 30dB
F 90.0 to 140.0 24— 30dB
D 110.0t0 170.0 30- 30dB
G 140.0 to 220.0 36— 30dB
Y 170.0 to 260.0 44— 30dB
J 220.0t0 325.0 54— 30dB
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In this example, we'll ook at U-band, which ranges from 40 GHz to 60 GHz, as shown in Figure 2-9.
The LOCK HARMONIC function “locks’ the spectrum analyzer in that band, ensuring that the spectrum
analyzer sweeps only the chosen band. LOCK ON OFF is automatically set to ON when FULL BAND is

pressed.

Figure 2-9 Sdect the band of interest.
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Save the average conversion-loss value

4. Default conversion-loss values that are stored in the analyzer for each frequency band are listed in
Table 2-1 on page 40. These values approximate the values for the Agilent 11970 series mixers. Other
conversion-loss values may be entered into the spectrum analyzer in two ways. The first method lets
you to save the average conversion-loss value for the entire band using AVERAGE CNV LOSS. To

activate this function:
a Press AUX CTRL, EXTERNAL MIXER, AMPTD CORRECT, AVERAGE CNV LOSS.

b. Enter the appropriate average conversion-loss value. On Agilent 11970 Series harmonic mixers,
these values are listed on the mixer, or a calibration sheet that is supplied with the mixer. The
11970A, Q, and V band mixers calibrated after May 2011 have two calibration sheets. Use the
sheet that contains the text "Not for use with the Agilent X-Series signal analyzers'. The U-band
mixer used for this example had an average conversion loss of 23.5 dB, as shown in Figure 2-10

on page 42.
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Figure 2-10 Soreand correct for conversion loss.
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The second method for storing conversion-loss information lets you save individual conversion-loss
data points at specific intervals across the harmonic band, using CNV LOSS VS FREQ.

To view or enter a conversion-loss data point:
a PressCNV LOSS VS FREQ.
b. Enter the conversion-loss data at the frequency shown.

c. Usethe step up 1 key to step through the band, entering the conversion loss at each step.

Signal ldentification

5. ThelF output of a harmonic mixer contains many mixer products (frequencies of LO + source, 2LO
+ source, 3LO * source...nLO + source). As aresult, within a single harmonic band, a single input
signal can produce many responses, only one of which isvalid.

These responses come in pairs, where the members of the valid pair are spaced 621.4 MHz apart (see
Figure 2-11) and the right-most member for the pair is the correct response (for this analyzer, the left
member of apair isnot valid).
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Figure2-11 Signal Responses Produced by a 50 GHz Signal in U Band
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I dentify signalswith the frequency-shift method

6. Signa-identification routines that identify the signal and images are available on instruments with
firmware revisions <920528, or with Option 008. The frequency-shift method of identifying valid
signal s uses the spectrum-analyzer function SIG ID ON OFF. When using thisfunction, smaller spans
will yield more accurate measurements.

a Span down to 50 MHz.
b. PressAUX CTRL, EXTERNAL MIXER, SIGNAL IDENT.
C. PressSIG ID ON OFF until ON is selected.

Any signal not produced by the currently selected harmonic will be shifted horizontally on alternate
sweeps (see Figure 2-12). Therefore, when viewing the display, on alternate sweeps the signal will
appear, then not appear, at the frequency of interest. The correct signal produced by the selected
harmonic will be shifted in avertical direction only, as shown in Figure 2-13 on page 44.
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Figure2-12 ‘Responsefor Invalid Signals
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Identify signalsin wide frequency spans

7. SIG ID AT MKR identifies signalsin wide frequency spans, using harmonic search. SIG ID AT MKR
automatically determines the proper frequency of asignal and displays its value on the spectrum
analyzer.

» Activating SIG ID AT MKR on an image of the signal will yield areading in the active block, as
shown in Figure 2-14. Thetrue signal frequency is given with an identifier that the marker resides
on an image. If the marker is placed on atrue signal, and SIG ID AT MKR is activated, the signal
frequency will appear without the TMAGE notation, as shown in Figure 2-15 on page 46.

8. To activate SIG ID AT MKR:

a. Placeamarker onasignal.

b. PressAUX CTRL, EXTERNAL MIXER, SIGNAL IDENT, SIG ID AT MKR.
9. To exit the external mixer mode, press AUX CTRL, then INTERNAL MIXER.

Figure 2-14 SIG ID AT MKR Performed on an Image Signal
L Z22.E5dE MR —16. 822dEBm
EL -E.5dBm 1@d B 49, 317 GH=z

SlEMNAL FHELILEMC
40000000 GHz (IMAGE

M=
] .
CEMTER G5BE. BEBEAGHZ SPAM . BEBGHZ
FEI 1. @AMHz LEWM 1.@MHz ShP 5@, Bms
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Figure 2-15 SIG ID AT MKR Performed on a True Signal
L 23.5dE MKR —17.E57dEm
FL —-E5.SdEBEm 1Ad B~ S@. AE3GHz

SIGNAL FREQIUENC
39980997 |GH

=H

CEMTER 58. AABGH=z SPFAM 5. BEEGHz
REMW 1. BEMH= VEW 1. B8MH=z SkP 5B8. Bms
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Using the Mixerswith MM S Analyzers

Preliminary Operation

NOTE This section provides information for the Agilent 70907A (or B), however the
operation of the Agilent 70909A and Agilent 70910A issimilar. Minor differences

may be noted, but the necessary deviations from these exact instructions will be
obvious.

Equipment Connection

Connect the equipment as shown in Figure 2-16 Use the following checklist to verify the connections:
+ Agilent 11970 LO IN to Agilent 70907B LO OUTPUT (SMA cable, 5061-5458)

* Agilent 11970 IF OUT to Agilent 70907B IF INPUT (SMA cable, 5061-5458)

Figure2-16 Agilent 11970 Connectionsto the Agilent 71000 Series Spectrum Analyzer

71000 SERIES SPECTRUM ANALYZER
N

70907A/B or
70909A or~4
70910A module

aciZa

a7
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Operation

Band Selection

Use the following key sequence to enter the external mixing mode and to select the desired band of
operation:

MENU
Select Input - choose external mixer input, for example: “IN 2 EM 70910A”
State
ext mixer
fulband KAQUVE
Press the softkey for the desired band.

NOTE The above band selection key sequence must be used to enter the external mixing
band of operation. Do not enter in the center frequency of the band directly.

Amplitude Calibration for a Single Frequency

Enter the conversion loss at the desired frequency from either the data listedon the mixer label, or a
calibration sheet supplied with the mixer. The 11970A, Q, and V band mixers calibrated after May 2011
have two calibration sheets. Use the sheet that contains the text "Not for use with the Agilent X-Series
signal analyzers'. Use the following key sequence to enter the conversion loss values.

State
ext mixer
CONV LOSS

Enter the conversion loss val ue of the desired frequency, then terminate the entry with dB.

NOTE The above procedure is a single-point conversion-loss correction. For an
aternative procedure, avail able by remote programming only, refer to “ Conversion
L oss Versus Frequency Correction” on page 52.
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General Descriptions of Agilent 71000 Series Spectrum Analyzer External-Mixing Functions

ext mixer

Allows access to the following softkey functions that control the measurement range
when an external mixer extends the spectrum analyzer frequency range. The ext
mixer softkey can be found under the State key.

fulband KAQUVE
fulband WFDGYJ

CONV LOSS
SIGNAL IDENT

fulband KAQUVE

and

fulband WFDGYJ Specify the frequency range for measurements made with external mixers. Twelve
frequency bands are available. Table 2-2 lists the start and stop frequencies of each
band and also shows which local-oscillator harmonic (N) is used for the mixing
process. Once a band is selected, the frequency range is locked and the spectrum

analyzer tunes with the local-oscillator harmonic for that band only.

Table 2-2 External Mixing Bands and Associated Mixing Har monics
Band Harmonic Number (N) Frequency Range (GH2)
K 6— 18.0t0 26.5
A 8+ 26.5t040.0
Q 10+ 33.0t050.0
U 10+ 40.0t0 60.0
\% 14+ 50.0t0 75.0
E 16+ 60.0t090.0
W 18+ 75.0t0 110.0
F 24+ 90.0to 140.0
D 30+ 110.0to 170.0
G 36+ 140.0to 220.0
Y 42+ 170.0to 260.0
J 50+ 220.0to 330.0
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CONV LOSS

(conversion loss) Offsetsthe reference level to compensate for amplitude losses at the active input port.

Preset Input

INSTR PRESET

SIGNAL IDENT
(signal identify)

If necessary, use select input to activate the desired input port before specifying its
conversion-loss offset.

To clear the offset, enter a conversion loss of zero.

After the instrument preset, adefault value of 30 dB is activated automatically for the
input port of the external-mixer-interface module.

Setswhich active input port will be selected when the INSTR PRESET is pressed. The
preset input softkey can be accessed by pressing State, then MORE.

Resets to the preset input and to the lowest full frequency range available. (For an
external mixer, thisisband A.) Thisisafront panel key.

Press Frequency, More, sig id options.

Executes aroutine to identify real, in-band signals using either the image (default) or
shift methods.

Several options are available under sig id options:

-SIGID = CF  Placesthe marker on theidentified real signal and centersthe signal
on the display.

- SIG ID MAN OFF Selects manual or automatic (default) mode.
- IMAGE/SHIFT Selectsthe routine to use for identification.

- SIG ID AMPTD A Specifiesthe amplitude difference between the marked signal and
signalstested as images or harmonics (default is 10 dB; applies
only to IMAGE mode.)

- IMAGE N START Determines the frequency range for possible image or harmonic
responses by selecting the lowest and highest local oscillator
harmonic used for mixing, according to the tuning equation below:

Fs=NxF o=*IF
Default is 1.
- IMAGE N STOP See“IMAGE N START” definition above.
Default is 40.
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NOTE See the table below for available frequency ranges and related harmonic numbers.
Usethe IMAGE N START and IMAGE N STOP softkeys for the image
identification only.

Table 2-3 Frequency Ranges and Corresponding Harmonic Numbers
Band/Range Harmonic Number and Sign of 1F (N)
Internal Mixing - Agilent 71210C 29-6.2 -1
6.0-12.7 -2
125-199 +3
19.7 - 22.0/26.5 +4
Internal Mixing - Agilent 71200C 29-6.2 -1
6.0-12.8 -2
12.6-22.0 -4
External Mixing - Agilent 70907A K 180 - 265 +6
70907B A 265 - 40.0 +8
70910A Q 33.0 - 500 +10
70909A U 40.0 - 60.0 +10
V 50.0 - 75.0 +14
E 60.0 - 90.0 +16
W 75.0 -110.0 +18
F 90.0 -140.0 +24
D 110.0 -170.0 +30
G 140.0 -220.0 +36
Y 170.0 - 260.0 +42
J 220.0 -330.0 +50
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Conversion L oss Versus Frequency Correction

The Agilent 71000 Series Spectrum Analyzers with the Agilent 70907A (or B) External Mixer Interface
Moduleinstalled has the amplitude-correction function (AMPCOR) available by remote programming.

Use AMPCOR to compensate for the Agilent 11970 Series frequency-dependent conversion-loss
variations. Up to 200 pairs of frequency-amplitude correction points can be entered, depending on the
amount of available internal memory. The frequency values entered must be in increasing order, or an
error condition results. Whenever AMPCOR is on, the correction values are added to all measurement
results.

The values of the correction points are applied across the active measurement range. Between points, the
correction value are interpolated. When the measuring at frequencies outside of the first and last
correction pairs from memory.

When AMPCOR is executed, the frequency pairs are stored in internal memory. The remote commands
DISPOSE ALL, FORMAT, ERASE, and DISPOSE AMP COR erase the amplitude-correction pairs from
memory.

NOTE DISPOSE ALL, FORMAT, and ERASE erases much more than the
amplitude-correction pairs from memory. Do not use these commands without
referring to the programmer’s manual for the Agilent 70000 and Agilent 70900B
to determine their effect on instrument programming.

Because AMPCOR adjusts | F gain and attenuation, AMPCOR should be used with care when measuring
signals near the compression leve (also at afrequency that is corrected by the AMPCOR command).

To use AMPCOR for the Agilent 11970 conversion loss correction, first set the single-point conversion
loss function to zero with the following command:

OUTPUT 718; “CNVLOSS 0DB;”

Then build the AMPCOR table with frequency conversion loss pairs. The following example program
line shows three pairs of frequency conversion loss valuesfor atypical Agilent 11970V.

OUTPUT 718; “AMPCOR 50GHZ, 49.6DB, 51GHZ, 49.1DB, 52GHZ,48.6DB;”

The conversion loss corrections are activated by the AMPCOR ON command; use AMPCOR OFF to
deactivate the function (be sure to manually enter a single-point conversion-loss value if AMPCOR has
been used).

52



Operation
Using the Mixers with MMS Analyzers

To print out an existing AMPCOR table, use the program listed below:

10

dim A$ (1:20) [30]

20 OUTPUT 718; “CONVLOSS 0DB;”
30 OUTPUT 718; “AMPCOR 50 GHZ, 46.1DB, 52GHZ, 46.7DB, 53GHZ,47.2DB;”
40 !
50 OUTPUT 718; “AMPCOR?;”
60 ENTER 718 USING “%,k”;AS (*)
70 !
80 FOR I=1 TO 10
90 PRINT “Point “;I,AS$ (I)
100 NEXT T
110 END
Line 30: Generatesan AMPCOR table.
Line 60: % specifies that an EOI terminates the entire statement. “K” specifies that an

L g terminates the individual string entry.

Returned values are in the format where the frequency in Hz islisted first, followed by the conversion
lossin dB. See the following example:

Point 1 50.00000000E+9,46.1

Point
Point

52.00000000E+9,46.7
53.00000000E+9,47.2

Point
Point

Point
Point
Point

Point

2
3
4
5
Point 6
-
8
9
1

Point 11

NOTE

For further information, consult the Agilent 70900B L ocal-Oscillator-Controlled
Modules Programming Manual, part number 70900-90284.
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Using the Mixerswith the 8566B Spectrum Analyzer

Set up the equipment

1. Connect the external harmonic mixer to the spectrum analyzer, as shown in Figure 2-17.

NOTE Good-quality shielded SMA-type cables should be used to connect the mixer to the
spectrum analyzer to ensure that no signal attenuation occurs. Agilent 5061-5458
SMA-type cables may be used. Do not over-tighten the cables; the maximum
torgue should not exceed 112 N-cm (10 in-1b.).
Figure2-17 External Mixer Connection
85668
SPECTRUM ANALYZER
AN
0,28 g oo c g IF
o ST 11975A
prs= =22 e AMPLIFIER
Sooos Soa 00 & SSSEH
=Xl
— Waveguide
|3F2|1n4 MHz 11970
———/ ) SERIES
Lo out 18-110 GHz MIXER
| 3-6.1 GHz +9 dBm Typ. rom Antenna
J
3-6.1 GHz +16 dBm
dd31a
CAUTION Before connecting the Agilent 11975A Amplifier, set the ALC switch to ON.
Failure to do so can damage the mixer.
2. Power up the spectrum analyzer and then the amplifier.
3. Adjust the amplifier power to 16 dBm.
4. To access the spectrum analyzer’s millimeter bands, press SHIFT and then the up arrow 1! until the

desired band is displayed on the screen, as shown in Figure 2-18 on page 55. Note that thisis
important because toggling through the bands, causes the band to automatically harmonic lock as

evidenced by the on-screen annotation of “Harmonic 6” changingto “Harmonic 6L”, where “L”

54




Operation
Using the Mixers with the 8566B Spectrum Analyzer

stands for locked, or you could press Shift+z to manually harmonic lock.

Figure 2-18 TYPICAL MILLIMETER SIGNAL DISPLAY
REF: 9'.:9' dBm HARMONIC 14 L
1 dB/
POS PK
CNVLOSS
36, &
dB FULL| BANID
10 (V)
| .l il i

|
i L
1N 11U

START 5@.@F GHz vBW 3 MHz STOP 75. 8 GHz
RES BW 3 MHz ' SWP 83.3 msec

dd32a

A menu of millimeter measurement functionsis accessed by pressing SHIFT, 1, MHz. Even though the
spectrum analyzer isin an external mixer band, the 8566B spectrum analyzer retains full operation
capability (except for use of the RF input attenuator and presel ector).

Amplitude Calibration

Procedure

Each 11970 series harmonic mixer is characterized at the factory and comes with a calibration chart (See
Figure 2-20 on page 58). The horizontal axis of the chart gives the frequency range of the mixer and the
two vertical axis scales are calibrated in conversion loss and in reference level offset.

To correct the amplitude calibration of the spectrum analyzer to account for the conversion loss of the
harmonic mixer, press SHIFT, 1, MHz, which accesses the millimeter menu. Then press SHIFT, 5, MHz
to access conversion loss entry and key in the appropriate value on the spectrum analyzer as shown on
the mixer calibration chart.

For measurements that span the entire band, choose an average value of conversion loss from the
conversion loss chart. For those spectrum analyzers with date codes earlier than 13.8.86, the conversion
lossis changed using the reference level function. Press SHIFT, then REFERENCE LEVEL, then key in
the reference leve offset shown on the right side of the mixer calibration chart.
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Signal Identification

Figure 2-18 on page 55 shows atypical full-band display of asingle input signal. Direct interpretation of
the display is difficult because of the large number of responses produced by several local oscillator
harmonics generated in the mixer. To solve this problem the 8566B spectrum analyzer uses two methods
of signal identification.

The first is an automatic image search in which the spectrum analyzer looks for a signal image within a
preset range of harmonic numbers. This automatic signal identification routine isinitiated by pressing
SHIFT, 3, MHz. Upon completion, one of three messages appears on the CRT: SIGNAL NOT
IDENTIFIED, SIGNAL IDENTIFIED OUT OF BAND (with the frequency), or CENTER (with the
identified signal frequency). The range of harmonic numbers through which the spectrum analyzer
searches can be changed by accessing “ search start HN” and “ search stop HN,” which are SHIFT, 7, MHz
and SHIFT, 8, MHz, respectively.

The second method, manual signal identification, isafast method of verifying that the displayed signal is
atrue signal in the specified band. Press SHIFT, 4, MHz to activate this function. Positive signal
identificationisindicated if the signal in question does not change frequency and is reduced in amplitude
by one to two divisions on alternate sweeps. A failed signal identification isindicated by the signal
disappearing or shifting in frequency.
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Figure 2-19
MODEL: 119700 SER: MY30033018 DATE: 15 Mar 2011

For use with Agilent X-Series signal analyzers only. See other documents/files
for other spectrum analyzers.

n=&/10 IF =322 8MHz L2 Power = 15dBm

I

24 t ' Y

(&

Conversion Loss (dB)
e
L

20
m® W R BB 8 F 3 Y T I ETE S R FB
Frequency (GHz)

Freg. (GHz) Conv. Loss (dB) Freq. (GHz) Conv. Loss (dB)
330 230 420 235
335 233 425 242
0 238 430 244
M5 233 435 243
250 232 4410 241
255 224 445 237
250 224 450 237
3585 221 455 234
arno 24 480 233
ara X7 485 221
3530 24 47.0 228
385 x23 475 230
280 X232 480 228
385 x24 485 221
400 X232 43.0 234
400 245 43.5 235
40.5 242 20.0 237
41.0 243
415 244

Print Date: 15-Mar-11

RECOMMENDED CALIBRATION CYCLE: THREE YEARS
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Figure 2-20

MODEL: 119700 SER: MY30033018 DATE: 15 Mar 2011

Mot for use with Agilent X-series signal analyzers. See other documents/Tiles for
X-series signal analyzers.

n=10+ IF = 321 £MHzZ LD Power = 1608m

]

—.r’“.ll
zﬁj__\_/f\,,\_

23 _'_n\\ " F.

Conversion Loss (dB)

22

21

2 2 8 8 5 8 8 2 3z ¢ 2 8 2 g2 5 83 28

Freguency (GHz)

Freq. {GHz) Conv.Loss (dB) Ref. Lvl Ofs Freq. (GHz) Conv. Loss (dB) Ref. Lvl Ofs

330 249 -5 420 239 -6.1
335 250 5.0 425 242 58
40 257 43 43.0 244 -58
M5 256 44 435 243 57
350 257 43 440 241 -58
355 248 -5.2 4473 237 -6.3
360 248 -5.2 45.0 234 -6.6
3835 247 -5.3 45.5 234 -6.6
ST} 249 5.1 46.0 234 -6.6
ra 252 48 46.5 232 6.8
33.0 253 47 47.0 229 -7
8.5 251 49 47.35 230 -70
39.0 249 5.1 48.0 228 72
39.5 251 4.9 48.5 231 6.9
400 246 5.4 450 234 6.6
405 242 -5.8 48.5 235 -6.5
210 243 57 50.0 237 6.3
215 244 -5.6
Print Date: 15-Mar-11

RECOMMENDED CALIBRATION CYCLE: THREEE YEARS
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M aintenance

The only maintenance required for the 11970 Series Mixersis preventive maintenance. When you are
not using your mixer, cover its waveguide input with its waveguide cap. Also, though the 11970 Mixers
can absorb more punishment than is normal for such devices, you should avoid subjecting them to
unnecessary shock or vibration.

Repairs

The 11970 Mixers are NOT field-repairable. If your mixer fails, DO NOT try to repair it yourself, you
will void the warranty. Instead, notify the nearest Agilent office.

Replaceable Parts

For alist of replaceable parts and accessories, see Table 3-1 on page 62.

Circuit Description

A schematic diagram of a 11970 Series Harmonic Mixer is shown in Figure 3-1 on page 61. The mixer
circuit employs two diodes arranged as an anti-parallel pair. These diodes are the termination for the
open end of the waveguide output. By employing a matched diode pair, even harmonic mixing is
enhanced while odd harmonic mixing is suppressed.

The waveguide input is exponentially tapered in both height and width. The height taper provides
impedance matching between the high impedance waveguide input and the low, dynamic impedance of
the diodes. The width taper creates a high-passfilter response which isolates the LO harmonics from the
standard-height waveguide. Without thisisolation, the LO harmonics would reflect from the
standard-height waveguide back into the mixer and destructively interfere with the desired mixing
product.

L O harmonics are confined to the immediate vicinity of the diode pair by the low-pass filter, which has
asitsfirst element a metal -insulator -semiconductor (M1S) capacitor. This improves the out-of-band
response. The interna diplexer separatesthe 3 - 6 GHz LO signal from the 321.4 MHz IF signal.
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Figure 3-1 11970 Series Mixer Schematic Diagram
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3 = 2 1
MIS
CAPACITOR X
’ [\ J
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Table 3-1 Accessories and Replaceable Parts
Part Number Description
5061-5460: Mixer Connector Kit (Option 009), includes the following three items:
5061-5458 Cable, 1 meter long, SMA male connectors (3 required)
8710-0510 Wrench, 5/16-inch, open-end
8710-0523 Ball Driver, 3/32-inch
3030-0221 Socket Head Cap Screw, 4-40 thread, .375 inches long (flange connecting
screw for 11970K and 11970A)
1390-0671 Socket Head Cap Screw, captive, 4-40 thread, .290 inches long (flange
connecting screw for 11970Q, 11970U, 11970V or 11970W)
11970-40001 11970K Waveguide Cap
11970-40002 11970A Waveguide Cap
11970-40003 Waveguide Cap for 11970Q or 11970U
08486-40103 Waveguide Cap for 11970V or 11970W

62




Table 3-2 Locationsfor Agilent Technologies

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

Americas

Canada
1877 894 4414

Asia Pacific

Australia
1 800 629 485

India
1800 112 929

Malaysia
1 800 888 848

Thailand
1 800226 008

Europe & Middle East

Austria
43 (0) 1360 277 1571

Finland
358 (0) 10 855 2100

Ireland
1890 924 204

Netherlands
31 (0) 20 547 2111

Switzerland
0800 805353

Other European Countries: http://www.agilent.com/find/contactus

Latin America
(305) 269 7500

China
800 810 0189

Japan
0120 (421) 345

Singapore
1800 375 8100

Belgium
32 (0) 2404 9340

France
0825 010 700*
*0.125 Euros/'minute

Israel
972-3-9288-504/544

Spain
34 (91) 631 3300

United Kingdom
44 (0) 118 9276201

Service
Maintenance

United States
1 800 829 4444

Hong Kong
800 938 693

Korea

080 769 0800
Taiwan

0800 047 866

Denmark
4570131515

Germany
49 (0) 7031 464 6333

Italy
390292 60 8484

Sweden
0200-88 22 55
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