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Module Objectives

— Provide an overview of the new Broadband Millimeter Wave VNA
— Give you background on the key performance criteria
— Provide information to help you configure a solution

— Share additional resources available
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Millimeter Wave Application Space
Target Markets and Customers — On wafer Device Characterization

Commercial Automotive radar

Wireless backhaul
ERTR

802.11 AD
Wireless HDMI

Radar/EW
Next Gen wireless
communications “5G”
Secure communication system
' Cusy W\A;\I.\ITNT.V
Millimeter Wave imaging Aer05pace Defense
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Millimeter Vector Network Analyzer
Agenda

— Product Overview / Key features
— Detailed Component Features

— Key Product Performance Criteria
— Key Software Application

— Summary
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N5290/91A Product Overview
System Architecture

Network Analyzer is the
measurement engine

Required Test Set Controller
interfaces to modules

Frequency Extenders provide
frequency conversion and signal
coupling

Network Analyzer

~ g—— Frequency Extenders
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N5290/91A Product Overview

N5291A 900Hz — 120 GHz mmWave Network Analyzer System
N5290A 900Hz — 110 GHz mmWave Network Analyzer System (no need of export
license)

PNA: 2-port, 26.5/67 GHz
e PNA-X: 4-port, 26.5/67 GHz

New N5292A 2/4 port | s
test set controller

Keysight Design and Compact frequency extender module
N5293AX03 / N5295AX03 (110GHz/120GHz)
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N5290/91A Product Overview
N5290/91A Pre-Configured Solutions — What's New

Complete 2/4 port broadband NA system up to
125 GHz with

* NEW remote heads and controller

* NEW 1.0-mm USB power sensor

« NEW 1.0-mm mechanical cal kit

Key Features

Wide frequency range 900 Hz ( 500 Hz) to 120 GHz ( 130GHz)

Excellent System performance (dynamic range, port power, noise floor, etc.)
Guaranteed and traceable performances from 900 Hz (500 Hz) to 120GHz ( Typical 125
GHz)

Excellent transmission and reflection stability

Built-in DC bias tees 1A, 50V

Simple cabling between compact test heads and instrument

PNA-X applications available (spectrum analyzer, mixers, differential, etc.)

New 120 GHz accessories (cal kit, power sensor)

Complete on-waver solutions with Cascade (WMS Program) — 4 heads easily mounted
on Cascade prober
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Millimeter Vector Network Analyzer
Agenda

— Product Overview / Key features
— Detailed Component Features

— Key Product Performance Criteria
— Key Software Application

— Summary

KEYSIGHT

TECHNOLOGIES 8

THNGE|IEAIE



Detailed Component Features
PNA/ PNA-X B Series

— Widescreen (12.1") multi-touch display

— New simplified user interface
» Part of converged VNA software for ENA, PNA, modular
« Same Ul as ESO080A ENA

— PNA-X test set configurations now consistent with PNA

— New software-application license structure

« Former software options now have separate
model numbers (e.g. Option 010 — S93010A)

e Can be ordered with instrument or added later

« Transportable licenses now available
— Upgrade path available from A to B.

— Dark-gray Keysight color scheme

KEYSIGHT
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Detailed Component Features
N5292A Millimeter Wave Test Set Controller

v’ Dedicated connector interface

v’ Support for existing OML/VDI extenders

v' Require external power supplies for VDI / OML Frequency extenders
v Direct IF access from extenders
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Detailed Component Features
N5293/95AX03 Frequency Extenders

Key Features:

* N5293AX03 (- 110 GHz), N5295AX03 (- 125 GHz)

« Keysight Design with compact size and weight

« |EEE 287-2007 compliant Imm connector with traceable calibration
* Ruggedized metal housing and ruggedized 1mm connector

« Attached 48 inch cables to connect to the test set controller, N5292A.

Indicator light when Simplified rear connections
powered on and active easy access to Bias-T

Convection cooled heads.
“T———No additional thermal
management required.
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TECHNOLOGIES 11



Wafer-level Measurement Solution (WMS)

! /—_, —_ E =
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N5290A/91A mmWave solution
+Cascade Probe Station
+WaferPro Express SW

« Guaranteed Configuration
« Guaranteed Integration
« Guaranteed Support

KEYSIGHT
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Millimeter Vector Network Analyzer
Agenda

— Product Overview / Key features
— Detailed Component Features

— Key Product Performance Criteria
— Key Software Application

— Summary
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N5290A/91A Key Performance Criteria
Average Dynamic Range Across all Ports
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N5290A/91A Key Performance Criteria
Typical Max power at Test Port
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N5290A/91A Key Performance Criteria
Typical Noise Floor Across All Ports
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N5290A/91A Key Performance Criteria
24 Hr 1-Port Magnitude stability 110 GHz
System Stability
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Key Product Performance Criteria
Why is stability Important?

Cirift Impact On Calibrated Measurements
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Key Product Performance Criteria
Transmission Magnitude Stability

Transmission Magnitude Stability After 24 Hrs @ 25 deg C
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Key Product Performance Criteria
Transmission Phase Stability

Transmission Phase Stability After 24 Hrs @ 25 deg C
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Key Product Performance Criteria
Reflection Magnitude Stability

Reflection Magnitude Stability After 24 Hrs @ 25 deg C
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Key Product Performance Criteria

Reflection Phase stability

Reflection Phase Stability After 24 Hrs @ 25 deg C
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Millimeter Vector Network Analyzer
Agenda

— Product Overview / Key features
— Detailed Component Features

— Key Product Performance Criteria
— Key Software Application

— Summary
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Key Software Application
Supported Measurement Applications

SW Appl. Description
S93007A  |Automatic Fixture Removall
S9309xxA [Spectrum analysis (up to 90 GHz)
S93093A Spectrum analysis up to 120 GHz
S93094A Spectrum analysis beyond 120 GHz
S93029A Noise figure measurements?!?
S93086A Gain-compression measurements !
S93080A Frequency-offset measurements?
S93087A Intermodulation Distortion Measurements
S93082A Scalar mixer/converter measurements?
S93089A Differential I/Q device measurements
Notes:

1. Start Frequency is from 900Hz, others are from 10MHz.
2. NFX for converters

KEYSIGHT
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Learn More About Applications from Help
http://na.support.keysight.com/pna/help/latest/help.htm
I

@ What's New

KEYSIGHT PNA Series Network Analyzers

Option Supported Model Application

L ~
D Adrmmstratlve Tasks TECHNOLOGIES HE|p — P E——
> Quick Start Se60104 ENA
1. Set Up a Measurement . ] 210
2. Optimize a Measurement .ﬂ Se302en  * | PNA Noisa Figure and No'se Figure
3. Calibrate a Measurement = . H20 on Converters
4. Analyze Data ! {:}&" PNA Frequency Offset
5. Output Dala Quick Start 1. Setup 2. Optimize 3.( 050 ENA
ng_’am_m'”g 530834 * | PNA Frequency Convertar (FCA)
Applications Soz0EZA SMC Only
Networking the PNA , — -
Product Support \ 1 5230268 PHA n ._J"’GI'ESS!OF
IF Access 0 0 .,e-?a.-;r-ssm ="
System Settings ] Se3087A * | PNA £IMD
b Tuterials 4. Analyze Data 5. Print/Save System Settings Prog WD an Converters
Specifications 1M Spact
. B M Specirum
2] Glossary Critical Information >

IM Specirum on Conwverters

Rev A.10.49.0| sozcesa PNA Source Phase Contral

W=

PNA Applications PN/ coaomon = | Pra Differential IQ
: - utorials Product St 58200004 = | PNA Specirum Analysis, up to 8.5
Links to PNA App Notes Links to Ye GHz
50302014 = | PNA Specirum Analysis, up to 13.5
GHz
still IOOKIng for answers? SR20802A & | PNA Specirum Analysis, up to 26.5
Post your question at the Keysight Discussion Forums GHz
. o B ., 20208044 = | PHA Specirum Analysis, up to 43.5
See the very latest online PNAHelp at http://na support keysight.com/pna/help GHz !
28208054+ | PHNA Specirum Analysis, up to 50
GHz
S820007A = | PNA Specirum Analysis, up to 67
GHz
S23003A & | PMNA Exiend spectrum analysis o
110 GHz
5230844 & | PNA Extend specirum analysis
beyond 110 GHz
S034804 PHA TMEA
5930264 FHA Integratad Pulse
Ho2
SOSTO0A ENA Measurement Wizard
) Agsistant

KEYSIGHT TS EIEA0|E
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Key Software Application
AFR Enhancements

S93093A Spectrum analysis up to 120 GHz
S93094A Spectrum analysis beyond 120 GHz
S93029A Noise figure measurements?!?
S93086A Gain-compression measurements !
S93087A Intermodulation Distortion Measurements
S93082A  |Scalar mixer/converter measurements?
S93083A  |Vector mixer/converter measurements?!
S93089A Differential 1/Q device measurements
KEYSIGHT

TECHNOLOGIES
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AFR Fixture Impedance Refresher
Fixtures that are 50 Ohms (system Z0) keep measurements simple

Fixture Fixture

Z0 =50 Ohms UT =50 Ohms Z0 =250 Ohms
Calibration and Calibration and
Launch connector Launch connector

Fixture Impedance at cut plane (2X thru) = 50 Ohms

Remove the fixture effects and ZO0 still = 50 Ohms - life is good

KEYSIGHT TS EIEA0|E
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AFR Fixture Impedance Refresher

Fixtures that are NOT 50 Ohms (system Z0) act like impedance
transformers

‘ -
S ‘-k_Y_P R
Z0 =50 Ohms UT = 50 Ohms Z0 =50 Ohms
Calibration and Calibration and
Launch connector Launch connector

Fixture Impedance at cut plane (2X thru) = 45 Ohms

Remove the fixture effects and Z0 changes

KEYSIGHT TS EIEA0|E
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AFR Fixture Impedance Refresher

Fixtures that are NOT 50 Ohms (system Z0) act like impedance
transformers.

- DUT -
. "L-H" o

Z0=450hms DUT =50 Ohms Z0 = 45 Ohms

We should really change Z0 = 45 Ohms
itis NOT 50 Ohms anymore

KEYSIGHT TS EIEA0|E
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Accuracy Enhancement for AFR

Automatic Fixture Removal (AFR V2014.7.14.1)

1. Describe Fixture | 2. Specify Standards | 3. Measure Standards | 4. Remove Fixture | 5. Save Fixture

=]

This 5 step wizard characterizes and removes the fixture effects from your measurement.
My fixture inputs are:
Single Ended

@ Differential
My measurement is: Current Fixture and DUT Assumptions
2 Port Fixture Match : A = B
Fixture Length: A = B
@ 4 Ports DUT Z0: will be set to System 20

Muttiport |8

~) Advanced Settings
After fixture removal set Calibration Referance Z0 to:
@ "System 20"

) Measured Fixture Z0
)|s0 | ohms
Set "System Z0" to Calibration Reference Z0
[¥]1want to correct for Fixture Match A = B
[C]1want to correct for Fixture Length A = B

7] My fixture is band limited(use Bandpass time domain mode)

My ct ization fixture  DUT 1t fixture |
—

[ Net | [ Bit | [ Help

Changes

1. Describe Foture | 2 Specty Standards | 3, Messure Standards | 4. Remove Fodure

Far oy cabbration standards | e

Cpen

Shat

) Advanced Settings
Ity thu foture hae
& Knavwn thiu length = 0 ns
Linknawn thiu kergth computisd using raflacts,

Unkngwn thiu kenglh computied wing fadured DUT misasus ermeénts

5. Save Fiture

1. Diescribe Fintune | 2. Speciby Standards | 1 Measure Standards | 4. Remowve Fodure | 5 Save Fodure
Maasure of Load Cal Stardards:

Fituure A O i | Load. |Measue

=) Caboulated Focture Characteristics

Irpedance

& S0.355% Echit .

Length

Fochure A 0523085 g« Foduee B 0523065 ms = LO4G130ns

Tab 1: add another checkbox “My Characterization fixture # DUT measurement
fixture” under advanced settings.

Tab 2: (if checked in tab 1) show another standard, and it must be checked.

Tab 3: need measure the additional standard.

KEYSIGHT
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Accuracy Enhancement for AFR

1. DvscrbeFsture | 2 Speciy Standnds | 3 Massur Standards | & Rement Ferise |5, Sov Fuure | - | 1. Deseribe Future | 2 Specity Standards | 3. Measure Standards | 4 Remove Fture | 5. Save Fsture |

Select ports to be comected Select File farmat to save fidure datx:

PNAPet  Apply Apply  PMA Post
Touchstone 2
Citafibee
Sebect el T b it ,
St Mame  Channels  Cal TypeiPons. Select conmction method by Choose port assignment for saved fidure files:
Turning on Fisturing/de-embedding for chanmelis) ) PLTS Format
. e ADS Format
(=) Advanced Choose the directory and base names for saved files:
] Enable Extrapolation Save fixture files to directory: | CAUsers\gfamrelNDecuments | Browsa..
I Compereate for power
I Promet for new calsat nameds) with a base file name: Fusture ]
171 Apphy AFR to other selected cabiets: Mate: Suffic 'L and "2 will be appended 1o the bage file name for the two fidures.
Back | Ned | | Exit | hep | Sawe Foture Files

KEYSIGHT THSZE[YAH0|IE
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Key Software Application
Spectrum analysis

Description

AlL1tomAti I n Reamnvall

S9309xxA [Spectrum analysis (up to 90 GHz)
S93093A Spectrum analysis up to 120 GHz
S93094A Spectrum analysis beyond 120 GHz

930294 \oISe figure measurements
S93086A Gain-compression measurements !
S93087A Intermodulation Distortion Measurements
S93082A Scalar mixer/converter measurements?
S93083A Vector mixer/converter measurements?
S93089A Differential 1/Q device measurements
KEYSIGHT

TECHNOLOGIES
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Millimeter Wave Spectrum Analysis
Option Overview

— There are two options and are currently available. These are options S93093A and
S93094A for the PNA / PNA-X used in a millimeter wave solution.

» Option S93093A allows customer to make SA measurements from 10 MHz to
110 GHz using our single sweep and banded extenders to 110 GHz.

» Option S93094A allows user to make SA measurements in THz banded
frequencies above 110 GHz.

— Option S93094A
» Highest frequency band evaluated is to 750GHz- 1.1 THz

» Support on broadband solution is limited to configurations in which both the
PNA/PNA-X and the test set controller both have either have 2 or 4 ports.

— Also requires a source power calibration.

— Each configuration requires a IF receiver calibration.

FeoLoES . TrG EIAAO|E



Fully Calibrated Millimeter Wave Spectrum Analysis
Key Features _ Match Corrected Source Power Calibration

— Provides fast, broadband spurious searches
— Works on standalone instruments and with millimeter extenders
— Adds multi-channel spectrum analysis (multiple receivers/frequencies)
— Provides calibrated spectrum analysis
» Takes advantage of PNA calibration and fixturing features

» Works for on-wafer or in-fixture situations
— Guided power Cal with integrated power table
— Power table stored in same directory as IF Cal
— Source power cal is accessible through Cal All function

— The guided power cal uses the power table to calibrate the Reference and Test receivers of
the mm-head.

— Test receiver cal is used in SA mode.

— The power corrections are “match-corrected” during the guided-power-cal, to get precise
readings.16
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Fully Calibrated Millimeter Wave Spectrum Analysis
Key Features _ Match Corrected Source Power Calibration

=-| Marker/Analysis Stimulus Utility Help
Measure ’

o Res BW 10.000 kHz
)
Format >
Scale >
Display >
Avg >
Cal ’ Start Cal Calibration Wizard..
Scale... Correction on/OFF Cal A&hannels
Cal Wizard... Power Cal . Cal Preferences..
Manage Cals »
Properties...

Port Extension ...
Interpolation ON/off

Fixtures
Cal Kit...
ECal

System Z0...

Also new in mm-wave is the support for
Cal All Channels with SA mode.

>Ch2: SA Start 500.000 GHz — RBW 10 kHz/VBW 10 kHz

Stop 750.000 GHz

Averaging
Restart

eraging
Factor

Averaging
on | OFF

Smoothing b

— | ResBW
Auto ‘ 10.0000 kHz

== | Video BW

Auto | 10.0 kHz,1

More 4

Cont.~ Ch2 Tr2 B No Cor 9.79 s

LCL

2015-10-02 14:16

KEYSIGHT
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Fully Calibrated Millimeter Wave Spectrum Analysis

Key Features _ Match Corrected Source Power Calibration
|

Rowercalat M‘I v |Use Multiple Sensors I Sensor Settings... AVESI:ge

Sensor IStan Stop Adapter |Connector ICaI Kit | ~
v | 500.000000GHz £ 750.000000GHz 2] [[Juse |Ignored = = [Remove] Averaging

PowerTable [\ Restart

. Accuracy — A q The power sensor name for
‘ Add Sensor | Tolerance: 0.050 dBm '\“ orof Readings: 5 El sensor #1 was notrecognized:

Ga9ab\

Averaging
Factor
Averaging

on | OFF

Tr 1 S11LogM 10.00dB/ 0.00dB —_—

e

| <Back Cancel ’ ‘ Help ‘

Smoothing »
I | ResBW
Auto | 10.0000 kHz

= | Video BW
B LogM 10.00dBm/ 0.00dBm Auto| 10.0 kHz,1

More 4

A e S A AN e e et NN L S b P b N M Nl

Cont.~ Ch2 Tr2 B No Cor 9.80s LCL 2015-10-02 14:19

KEYSIGHT TS EIEA0|E
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Fully Calibrated Millimeter Wave Spectrum Analysis
Accurate Amplitude Measurements of Spectral components

E File  Trace/Chan Response Marker/Analysis Stimulus Utility Help

;,l J Marker 1 [

B LogM 10.00dBm/ -30.0dBm Tr 2 R1,1LogM 10.00dBm/
20.00 >1.  77.000000000 GHz -14.80 dBm Max
1 77.000000000 GHz -15.09 dBm <tracking>
1000 - STD Channel 1
Reference Receiver Min
0.00
Measurement of Source
Peak [ 2
Target
-30.00
-40.00 SA Channel 3 .
Tracking
Measurement of ON | off
-50.00 . e
Source Signal Power
i Band [ 2
-60.00
-70.00 Search...
-80.00 M
>Ch3: SA Start 75.0000 GHz — RBW 1kHz/VBW 1kHz
3 Ch1: Start 75.0000 GHz — Stop 79.0000 GHz
Cont. \ Ch3 Tr3 B C 1.31 s | ExtRef | SrcPwrCal* LCL 2016-03-11 13:42
KEYSIGHT AI|0|E
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Measure Spectrum a DUT Port
Full De-embed of fixture loss

E File  Trace/Chan Response Marker/Analysis Stimulus Utility Help — | J
< - = Power
) Port 1 Power Level -20.00 dBm B
B —
D . Tr 2 Uncalibrated LogM 10.00dBm/ 40.0dBm No Fixture Dembe..., LogM 10.00dBm/ 40.00Bm [R—
evice
! 40.00 T 52500000000 GHz 3926 dbm| |
Plane >1 92.500000000 GHz -24.97 dBm
: f : 30.00 Power
| s ler
: : Device : : 20.00
Coaxial Coaxial ;
ceiver B
Interface 2 | | Interface 10.00 Recelvec Bl Atten
| | 66 Power and
V.00
TESTFIXTURE Attenuators...
-10.00 o
=
-20.00 dBm
20.00 =
Port 2
—
-30.00 11.00 dBm
Port 3
—
11.00 dBm
Port 4
—
11.00 dBm
RBW 10 kHz/VBW 10 kHz
RBW 10 kHz/VBW 10 kHz
99 RBW 10 kHz/VBW 10 kHz
Cont. \ Ch3 Trl NoFixtureDembed G 32ms | ExtRef | SrcPwrCal* LCL 2016-03-11 15:35

KEYSIGHT TG E|YAI0|E
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Enabling Spectrum Analysis with Standard channel
Key Features _ Gain Deeper Insights to S-Parameter Behavior

— Quickly & easily add SA channel with DUT in the same test condition
* Preserve frequency range and stimulus settings at the marker

« Refer to active trace with the marker to choose the sources and receiver

— Enables users to deeper insights to standard S Parameter behavior

File  Trace/Chan Response Marker/Analysis Stimulus Utility Help

bl ]
Tr 1 R1,110.00dBm/ 0.00dBiir 3 Tr 2 S11LogM 10.00dB/ 0.00dB
00 >1 00

40.00 1 8 00
3000 S21 Marker To SA S11 Marker To SA Function

Marker 1 80.0000120000 GHz U

T 1

ot 1 N |
H“”-J‘F”\” e A i it il (“N‘
HM H”UHW ‘ i } ’w! T

TGBLgM1L00dB / 30.(HBm

B Ch3: SA Start 75.0000 GHz Stop 85.0000 h3: SA Start 75.0000 GHz Stop 85.0000 GHz
KEYSI G HT Cont. — Ch3 Tr4 A C 227ms | SrcPwrCal* LCL 2015-10-05 09:54 T G E mlj 0 E
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Multi-channel Spectrum Analysis
Fully Characterize the DUT with a single connection

File  Trace/Chan Response Marker/Analysis Stimulus Utility Help

;)I ‘J Marker 1 93.0000000000 GHz

7 R1,110.00dBm/ 0.00dBm Tr 8 B LogM 10.00dBm/ -80.0dBm
1 92,000000000 GHz |-14.02 dBm 20.00 1 92.000000010 GHz | -4.92 dBm

Sl N R 5 ST - =2 93000000000 GHz | -5.05dBm
P

ne 1 Input Spectrum R1: Input on Port 1 U
n@utput Spectrum

40.00

SA Start 90.0000

,Jr 4 A10.00dBm/ 0.00dBm Tr 2 C 10.00dBm/ 0.00dBm
$1- | 930p0000000 GHz -1502dBm[fl  0.00 1. | 92500479990 GHz |-64.66 dBm
o - 00 5 03

Jgo

A: Match on Port 1

5 4000 Reflected Spectrum
e 2 Input_Spectrum R3: Input on Port 3 - C: Match on Port 3

1
S 7Y PEDT TR RPN SYOT RO I YD ST R T\ FTR
0.00 kst gy iV dbesmaig iy WNMWM‘M«WWW

>Ch2: Start 75.0000 GHz—
Ch5: SA Start 92.5000 GHz

Ch1: SA Start 00 GH Stop

Cont. » Ch2 Trb6 R3,3 CA 3-Port SrcPwrCal LCL 2015-10-05 16:31

Port 1:91.5t092.5 GHz, -15 dBm

Port 3: 92.5t0 93.5 GHz, -15 dBm
KEYSIaAT . TrGEIdA0|E



Integrated Stimulus Response Spectrum Analysis
Understanding Pulse Spectral Behavior

Utilize the pulse gated spectrum analysis to understand low power DUT behavior

File  Trace/Chan Response Marker/Analysis Stimulus Utility Help

Y Marker 1 97563343427 ps - m

’Tr 2 BLogM 10.00dBm/ 20.0dBm :
0 >1 92.500000100 GHz -14.66 dBm
Max
Min
Peak >
) }.'_""“\""".‘ﬂ""v"‘/vlJ\‘Q‘w”x}h‘pk,}\n’.ﬂﬂ'ﬂ/ﬁs,.,\_.-*"\'Jvl"-‘nvhl‘a‘-.nﬂPh'""“"““""\“\"‘{. om Target
Ch3: SA Start 75.0000 GHz —
Compression
10.00
0.00 Tracking
-10.00
10.00 on | OFF
Bandwidth »
Search...
>Ch1: Start 0.00000 s CW 925000GHz ~~  Stop 200.03
Cont. = Ch1 [ln6l B,1 CA 3-Port ExtRef | ExtTrig | SrcPwrCal* | P LCL 2016-03-11 16:09

Pulsed Modulated 92.5 GHz Spectrum
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Key Software Application
Noise figure measurements

S93029A  [Noise figure measurements!2

SW Appl. Description
S93007A  |Automatic Fixture Removalt
S9309xxA [Spectrum analysis (up to 90 GHz)
S93093A Spectrum analysis up to 120 GHz
Y3094 A NE ) DEVONQ () (S

S93086A Gain-compression measurements !

S93087A Intermodulation Distortion Measurements

S93082A Scalar mixer/converter measurements?!

S93083A  |Vector mixer/converter measurements?!

S93089A Differential 1/Q device measurements
KEYSIGHT

TECHNOLOGIES
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Noise Figure Definition
Noise figure is defined in terms of SNR degradation:

_(SIN)  (N)) N, +KT,BG
(SN (GXxN)  KT.,BG

(noise factor)

NF =10 x log (F) (noise figure)

KEYSIGHT TS EIEA0|E
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Noise Figure Measurement Techniques

— Y-factor (hot/cold source)

« Used by NFA and spectrum-analyzer-based solutions

» Uses noise source with specified “excess noise ratio” (ENR)

 Measures noise figure and gain of DUT I+28V
:

— = ———

Diode on = T

Thot _Tcold

290K

Excess noise ratio (ENR) =

— Cold source (direct noise)

» Used by vector network analyzers (e.g. PNA-X)
» Uses cold (room temperature) termination plus separate gain measurement
 Allows single-connection S-parameters and noise figure (and more)

« More advanced error correction yields higher measurement accuracy

TeEoLos s ’ TrGEIZA01E



Y-factor and cold source positioning

Y-factor method provides cost-effective and accurate noise figure measurements for
many devices

» Excellent measurement accuracy when using low-ENR noise sources
connected directly to DUT

* Measurement uncertainty usually increases if these conditions cannot be met

» Has been considered as industry standard for the NF measurement

Keysight cold source uses more advanced error-correction methods
* Provides excellent accuracy in all cases, and for the widest variety of devices

» Especially useful for in-fixture, on-wafer, or automated-test environments,
where Y-factor measurement uncertainty is often significantly higher

» Also has measurement speed advantage

FeoLoES . TrG EIAAO|E



Noise Figure Measurements with Y-Factor Method

What you want for
< good NF accuracy
= B (especially with low-
ENR noise source

On-wafer

Noise source environment

On-wafer

multi-instrument & = ERE
(ATE) environment o Ev

Noise source

multi-instrument
(ATE) environment

Noise source

Any electrical network between noise
source and DUT degrades accuracy

FeoLoES ’ TrG EIAAO|E




Noise Figure Measurement Options 028, 029 / S93029A

File TracefChan Response Marker/Analysis Stimulus Utility Help

Channel 1 IF Bandwidth [ 1.0 kHz = —
521 LogM 2.000dB/ 5.0048 Tr 2 521 LogM 10.0048/ 6.50dE Tr B B.1LogM 10.00dEm/ -E0.0dBm

Ti 3 511 Log 50008/ Q0DGE T 4 522 Loghl 50008/ 0.00dE 000 [ tign distorfion ET [ 1000000 FFE 00315 B
1500 [ Gw i/Pdsedb-paraeters ST SO0 GHE T a| a2 t1o00jooMHE E7ere o
13m 1. | 5O00f00 GHE 44353 de( || -20.00 ALy e gl S11
T EOUOMOGHE |55 d R | 4sssbinGHE 4T dem
- 3000
=1
sm ] 4000
700 5000 & 52
son |l " e e
3m — \
00 ¢
=] s12
100 | 8000 \ J
00 ff ] a0 ) \iﬂ
a0 M by A, fiEs22
W A00.00 s
500 W K V_ NIk
>ChT Stal 250000 Gz ——— Stop 7HG000GHE: ||| -110.00
Che: Stat 0.00000 s — Cw 500000 GHz Stop 53.467 ys || Bl Ch2 Receivers Start 4.93761 GHz— Siop 5.00261 GHz
-
Tt & Compin2] Logh 10.00dBm/ 00068 521 Logh 1.000dB/ 6.00d8 Tr10 NF LogW 0.500dB/ 500d8  Tr11 521 LogM 5.000d8/ 0.00d8 S-Parameters...
Ti 8 521 Phase 0500/ 125" Tr 9 Complain2i Logh 10,0068/ 0. 7112 511 Loght 500043/ 0.0048
50.00 [ Gain ¢ompredsion & AM-PH 51 | SO00PO0GHE 75968 dBm) 7.50 [ Moise|figure 5 -parafeters >1; | COOOMOGHE 23918 d8
. 10 | Gooohod GHE 10235 dB 1. | GooohooGHE o503 ce
.00 T [ SUUOIIUGHE 447965 8 Balanced
m 650 Parameters...
. 200 a0 - _—
ECal module used as an impedance tuner removes | .. A | Measurement
the effects of imperfect system match* oz
€ efects of Impertect system source matc gy AN [ [ S I A B ——
S A Y PO i Al = _—
20 — i [ —— More b
L
.
— Measure key amplifier parameters u P o =
4000 - 7
. . . 5000 [ch3 1t 05 i Setup
Ch3: GLA Starl 450000 GHz —— Stop S.H0000GHz || 250 |Ch 4 Swpe 616
O Z WI a S I n g e C O n n eC I O n El  Ché Stat 30000 dBm——  Cw 500000 GHz Stop 50000 dBrm Chd: NFCS Start 400000 GHz ——— Stop 600000 GHz
Cont cHIL:B2l ]G 2Port LeL

— Achieve the highest measurement accuracy of any solution on the market
— Typically 4 to 10 times faster than the NFA

—Works on amplifiers, and frequency converters with external or embedded LOs
* External ECal required for 8.5/13.5/26.5 GHz units with Option 029, or any unit with Option 028.

Internal tuner is standard for 43.5/50/67 GHz units with Option 029.
KEYSIGHT THG EIA0IE
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PNA-X's Unique Source-Corrected Technique
Vector Noise Calibration (VNC)

— PNA-X varies source match around 50 ohms using an internal or
external ECal module (source-pull technigque)

— With resulting impedance/noise-figure pairs and vector-error terms,
very accurate 50-ohm noise figure can be calculated versus frequency

(Z1, F1), (Z,, Fy), ...

Z’'s measured during cal
F's measured with DUT

KEYSIGHT TS EIEA0|E
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Example NF Measurements of Unmatched Device

5
4.5 1

With the PNA-X, you don’t have

to worry about source match!

PNA-X method using sourge correction

Y-factor method \

AN

|
¥
A

ol v W

RRAVA

;M. fer . \

Fa)

v

\

Under-sampled data

0.5
401 points Noise source: SNS 4002A (14 dB ENR)
o+ -+
0.50 2.69 4.88 7.06 9.25 11.44 13.63 15.81 18.00
Freq (GHz)
KEYSIGHT
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Cold Source Measurement Science
Calibration

ot

U] 0.|
Y

B
P

st

— Calibration requires standard S-parameter error
coefficients plus noise-receiver characterization

Use noise source
or power meter
for receiver
characterization

—~

» Choice 1: Use Calibration Wizard (or Cal All Channels) to combine coaxial and
on-wafer calibration (noise receiver characterization requires coaxial standard)

— Noise receiver can be characterized using a noise
source or power meter

— On-wafer calibration

» Choice 2: Calibrate completely with coaxial standards and de-embed wafer probes
(s2p files for probes can be obtained from Cal Plane Manager feature)

» Choice 3: Merge WinCal and PNA-X coaxial noise calibration for higher accuracy

— Differential devices require de- embedding of baluns or hybrid couplers With s2p files

Balun?g Sssll Ssd12 Ssch
SQp SdledeZ? SchZ !

KEYSIGHT Ses21Sca22 Secz THSEYAH0IE
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Key Software Application
Gain-compression measurements

SW Appl. Description
S93007A  |Automatic Fixture Removalt
S9309xxA [Spectrum analysis (up to 90 GHz)
S93093A Spectrum analysis up to 120 GHz
S93094A

Spectrum analysis beyond 120 GHz

O . OWA

S93086A Gain-compression measurements !

Noise figure measurements?-2

S93087A Intermodulation Distortion Measurements

S93082A Scalar mixer/converter measurements?

S93083A Vector mixer/converter measurements?

S93089A Differential 1/Q device measurements
KEYSIGHT
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What is Gain Compression?

— An industry-wide figure-of-merit that indicates the crossover
point between linear and nonlinear operation

— Defined as the input or output power that causes DUT gain
to drop by specified amount (usually 1 dB)

— Simplest measure of nonlinearity g

» Uses one signal at input

Saturated

* Only measures fundamental frequencys
= output power

at output (harmonics are ignored)

Output Po

» Easily measured with a VNA
using a power sweep

Compression region

Linear region
(slope = small-signal gain)

Input Power

FeoLoES . TrG EIAAO|E



Gain Compression Application (GCA)
Option 086 / S93086A

GCA provides fast and accurate amplifier and converter gain-
compression data, at multiple frequencies, with a simple setup

— Measure many times faster than current

File Trace/Chan Respcnse Marker/Analysis Stimulus Utility Help

methods with GCA's SMART Sweep et vater 1 EOETRER )
14.60 e — K9 T 20.J996 gom [-1.0000 a8 |
. ] 13.60 R: -21.0000 dBm 10.603 dB|||
— Achieve the highest measurement
accuracy of any solution in the market |
by using match-corrected power ; R 1
measurements with specified tolerance | . || ™
— Works on amplifiers, and frequency
converters with N 1= N R g
external or embedded LOs ol o SR e )
Gain compression is typically a 2-D —— % |lm_sge somwen— (o o A (e )
) o Hold  CH 1‘§2\ __woCor N . _ / ——
measurement Swept power + Swept . >cn1:?€ﬁunu dBm —\l (AT&UJOOU GH?R\ - |(Stnp 50000 B
frequency Hold  CH1: Soee________ bo-eBr N /'/
KEYSIGHT TG E|°él7-||0|§

TECHNOLOGIES 53



GCA's SMART Sweep: A Better Way!

— lIterates input power in a smart way to find compression
point faster than a linear power sweep

— Takes fewer (but smarter) data points

— Utilizes a curve-fitting algorithm to estimate
compression point to decrease number of iterations

File  Trace/Chan Response Marker/Analysis Stimulus Utility Help
| File Trace/Chan Response MarkerfAnalysis Stimulus Utility Help ~ Linear Input Power S Power
: = - = = | . i3
| File Trace/fChan Response Marker/Analysic Stimulus Utility Help
| File Trace/Chan Response Marker/Analysis Stimulus Utility Help 12,00 fr1 Compln21 Logh 2.000dBn 0.00dBm L] CcmpOuQTwLogM 2203[?354':; OOOGB”; 08 db W
A . {amz I~ m
File Trace/Chan Response Marker/Analysis Stimulus Utility Help >1 5.000 GHz 8.53 dBm Power
) Target [-1.000 dB EH | 10.00 oo
Il sc21 LogM 1.000dB/ 8.00dB | - L [ P R | ON | off
1300 A 20.425 ﬂBm -1/00 dB Max - 8.00 —
1200 R.| -29.415dBm 874 dp| |
6.00
Min il »— —_—
11.00 JEES—— | Power and
400
Peak |- | | Attenuators...
10.00 P - (Gain Compressn
at=mT =~4. _ 200 Gain Compressh
- ~ |
000 [———1 - S N *  Target . Setup...
S
R - || 0.00
R [ -=J>
K Start Power
8.00 "'\ s W \\ Compression | || f_f/——/&//_\
M 200 —
N_l- | » e
7.00 Tracking | | Stop Power
on | OFF " -4.00
6.00 M
Bandwidth »[|— | 6.00 More L4
5.00 -
— | | 800 |Ch1Itr05 ..
200 S = 1 >Ch1-GCA Start 475000 GHz — — Stop 525000 GHz
200 | ch1l Tr2 CompOut21 CA GCA 2P SrcPwrCal* LCL | 2016-11-07 15:14
1 >Ch1: SMC Output Start -30.000 dBm — GW 8.00000 GHz Stop 0.00000 dBm B

E— GCA results: compression versus frequency
GCA SMART Sweep concept

KEYSIGHT TS EIEA0|E
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Traditional Two-Dimensional (2D) Sweeps Also Available

Channel

Gain Compression Setup :

Frequency | Power | Compression

Sweep Type Data Acquisition Mode

[ Fie Trace/Chan Response Marker/Analyss Stmulus Utilty Help
File Trace/Chan Response Marker/Analysis Stimulus Uty Help
[ File Trace/Chan Response Marker/Analysis Stimulus _Utilty Help

@) Linear Sweep
) Log Sweep

(C) Segment Sweep

Sweep Settings
Number Of Points 201 B

Start 4.000000000 GHz E

Center 5.000000000 GHz E

) SMART Sweep
@ Sweep Power Per Frequency (2D)
) Sweep Frequency Per Power (2D)

LOtalbzu"}bgr of Pgin_tS: 4222-!' (100001) File Trace/Chan Response e Stmulus_Utiity Help F
umber of Fower Foints: Trace 1 Target [-1.000 dB - - -
[ W 521 LooM 1.000dB/ 10008 -
15.00 >A1: 24.632f dBm {1.0000 dB
Com pression Method : oo 25,0000 dBm [10.299 dB. Max [ i
Compression from Linear Gain 1 dB w M
13.00 !
1200 peak  f—[ [
1100 Target =1 .
1000 . Tracking | | ] o
. 4 on | OFF
IF Bandwidth  100.000 kHz |§| 200 S [
< -
800 4
\ gandwidth »—f
Stop 6.000000000 GHz |§| 700 \ -
! search.. (= |||
6.00 | |
Span 2.000000000 GHz |2 o .
1 >Ch1: Start -25.000 dBm — CW 5.00000 GHz Stop 5.0000 dBm
Hold CH1: 821 No Cor LCL

KEYSIGHT
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[ Fle Trace/Chen Response Marker/Anaysis Stimulus Utiity Help
[ Fle Trace/Chan Response Marker/Anaysis Stimulus _Utiity Help
| Fle Trace/Chan Response Marker/Analysis Stimulus Utiity Help

Power

File Trace/Chan Response Marker/Analysis Stimulus Utiity Help

) Power Level |-25.00 dBm
B 521 LogM 10,0008 00008

[5]

i

Power

5000

40.00

g
3

3000

i

2000

|
|
i

1000

Start Power
-20.00
Stop Power

I_‘II_-_‘I__lL_lL;lt_lL_lL_H:I-

30.00

-

More
40,00

50,00

1 Cm center 500000 GHz — Span 2 00000 GHz

Conl. — Chl Trl 521 CA 2-Port LOL 2016-09-15 16:30

Power

Frequency =
55

» Frequency
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Safe-Mode Algorithm Prevents Overdriving DUT

SMART Sweep Safe Mode

Safe Mode Off

Coarse Increment:  3.000 dB Izl
Fine Increment: 1.000 dB Izl
Fine Threshold: 0.500 dB Izl
M

ax Output Power.  30.000 dBm Izl

oK ] | Cancel | | Help |

Safe Mode On

Compression

Safe Mode prevents overdriving the
DUT, but is slower than normal mode
(more data points are needed)

KEYSIGHT TG E|YAI0|E
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Gain Compression Methods

Frequencyl Power  COmpression |

—Campressj

(@ Compression from Linear Gain

(" Compression from Max Gain

Level: |1.nu B E
Back Off [10.00 4B E

Delta X |1D.DD dB E /Delta WE
Fram hax Pout: I 0.100 dB E

(" Compression from Back Off
¥/ Compression

(" Compression from Saturation

20 Sweep SMART Sweep

Tolerance:

ID.DED dB E
Maximum lerations: IEU E

[~ Show Iterations

|_ Carnpression) Feint Intermelatien

Safe Mode... |

End of Sweep Condition:

IDefauIt hd l
ID.DDD msec E

Settling Time:

o |

Caticel Al

Help

KEYSIGHT
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Gain (S21)

Compression
from max gain

Compression
from linear gain

v

Pin
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Compression From Back-off

Uses gain versus input power data array

— Starting from max input power, looks
for pair of data points where the delta
input power (back-off level) gives the
desired compression

— If multiple pairs fit this criteria, pair
with highest input power is used

— Works for 2D and SMART sweep "=
10
9.5

=]

Gain (dB)

8.5
3

G-

KEYSIGHT

TECHNOLOGIES

—Compression Method

(= Compression from Linear Gain

Level |1.nndB B

{~ Compression from Max Gain

Coarvrmen o ot

(" XM Compression

. [
Back Oft | 20.00dB
— ‘

(' Compression from Saturation Delta ¥: I]U,UUdBE 1 Delta Y. |||nn
—20 Sweep —SMART Sweep
Tolerance: ID.DED dBE
[¥ Carmprassion Paint Interpolation Maximum terations: Igg E
Bachkoff Method

e e——

Cumprefsiun Lewvel =1 «B \

K

J

Backoff = 10 db»

Input Power {(JdBm}

TG EIEAHOIE
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X-Y Compression

Uses output power versus input power data array

— Starting from max input power, looks
for pair of data points where the delta X
and delta Y match the specified values

— If multiple pairs fit this criteria, pair with
highest input power is used

— Works for 2D and SMART sweeps

Output Power {(Bmj

KEYSIGHT

TECHNOLOGIES

Frequency | Fower Compression |

rCDmpI’BSSiDn Methad
(7 Compression from Linear Gan
 Compression from Max Gan
T Compression from Back OFf

Level: [100E E

(& X/¥ Comgression Back Off |m.uu dBE
Pl ssshlasas Defiax; [1000cB] JDeta: [900c8 [
—20 Sweep —SMART Sweep
Tolerance: ID.DED dBE
[¥ Compression Point Interpalation VIR — Iggia
10
o
G o Y I
4 //
9 Delta ¥ = 9 B
0
2 -
Dehla X =10 dB >
T
-G
Input Power (<«dBmi)
oll | |
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Compression from Saturation

— Defined by the point that is lower from the max output power by a specified value

— Works for 2D and SMART sweeps

Gain Compression Setup : Channel 1 X |

Frequency | Fower COrmpression |
—Compression Method

MaXI mum Pout (" Compression from Linear Gain

¢ (" Cornpression from Max Gain Lewvel: I 1.00 dB E
(" Compression from Back OFf Back Off I 1000 dB E
%/ Compression Defta % [10.00cB E /Detia: [20025 E

From MaX POUt / \ (@ Compression from Saturation From hax Pout: I 0100 dB E

SMART Swesp

2D Swisep
|7 [T Carnpression Paint Interpelation Tolerance: I 0.050 dB E

Output power

heximum lterations I20 E
[~ Show Iterations Safe Mode... |

Compressmn point

End of Sweep Condition: IDefauIt - I
Settling Time: ID.DDD msec E

Apply Help

Input power ||

TeEoLos s “ TrGEIZA01E



GCA Calibration

— Combines source power calibration (using a power meter) with
S-parameter calibration, using a guided Calibration Wizard

— All receivers are calibrated for absolute power measurements

— On-wafer calibration: alignment of power sensor and wafer
probe calibration planes is automatic (no need for s2p files)

GCA Calibration: Select DUT Connectors and Cal Kits il
DUT Connectors Cal kit This selection adds a one-port

Cal Method: 2-Port Defined Thru, TRL . .
M probe =] calibration at the power-sensor

Port2 | [LRM probe 2| [fLrmtest =]
reference plane

[LPh test

Fort1

LRk pro ke

Source Cal Settings...

Power Cal Settings for Port 1 - X |

Fower cal at: IPorﬂ - l Fower Meter Settings... |

[ Modify Cal: Change Cal Method, standards. |

[v De-emhed adapter

Power Sensor Connector Cal Kit
[APC 35 male x| |n4s91-50004 ECal 03015 =
ACCuracy
’il'olerance: I 0.100 dBm E hdax Number of Readings: IEE
< Back Cancel | Help |
KEYSIGHT TG E|0'||7-“0|E
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Key Software Application
Intermodulation Distortion Measurements

SW Appl. Description
S93007A  |Automatic Fixture Removalt
S9309xxA [Spectrum analysis (up to 90 GHz)
S93093A Spectrum analysis up to 120 GHz
S93094A Spectrum analysis beyond 120 GHz
S93029A

Noise figure measurements?!?

S93082A Scalar mixer/converter measurements?

S93083A Vector mixer/converter measurements?

S93089A Differential 1/Q device measurements
KEYSIGHT

TECHNOLOGIES

62

THNGE|IEAIE



What is IMD?

— Provides a more-sophisticated look at device
nonlinearity than gain compression or harmonics

« Uses two signals at input

« Measures multiple signals at output
(usually odd order)

— Shows in-band distortion
performance than cannot be T
fixed by adding harmonic filters

Harmonic distortion

T :

f, 2f, 3f,

f;’ f, 2f, 3f,
B D piitl i tti
f2

v

Intermodulation distortion

FeoLoES . TrG EIAAO|E



Traditional Approach For CW and Stepped IMD

Use separate signal sources, combiner, and spectrum analyzer

P

— Takes a long time to measure many frequency or power points
— Inefficient: data between desired spectral products is discarded
— Requires a program to synchronize instruments

— Separate network analyzer is required for S-parameter measurements
KEYSIGHT THG EIA0IE

TECHNOLOGIES 64



Swept IMD Application
Option 087 / S93087A

— Provides fast and accurate IMD measurements by taking advantage of PNA-X's
internal combiner, and two internal sources with high power and low harmonics

— Easy to set up and calibrate with simple, flexible user interface

» Measures tone powers, IMD products (dBm or dBc), and intercept points of

Order 2, 3, 5, 7, Or 9 File TracefChan Response MarkerfAnalysis Stimulus Utility Help
P o ﬁ'
« Sweep center frequency, tone spacing, | .. moo .l G o van e
tone power, or LO power u ——— —— |
» Includes simple SA mode for settingup | — — ——
and trouble-shooting measurements 8 i — i
(not as fast as SA measurement class) -
— Works on amplifiers, and frequency o I I
converters with external or embedded LOs | -- Lo |
sz C(I;T—I :S TIE;; = No Cor S LCL
KEYoenT TrGE[HAHOIE

TECHNOLOGIES 65



IM Spectrum Measurement Class
Original spectrum analyzer application

— Spectrum analyzer mode helpful to look at IM products or spurious signals
— Includes software preselection algorithm to eliminate image signals

— Gaussian filters provide good selectivity

File TracefChan Response Marker/Analysis  Stmulbs  Utity  Help

Res BW [IGE k] \
Tr 1 Oulpu|\|_DqM1UDDdBm -T0.0dEm

File Trace/Chan Response MarkerAnalysis  Stimulus  Utility  Help

SR 100,000 kHz Bl Average
IM Spectrum
- Output LogM 10.00dBm/_0.00dBm

wnl AN s || A R (N
=m +  Gaussian >A3: | 20000000 MHz  #8.000 dB Restart
oo -y - . | ‘ -10.00 R | 4995000 GHz 45147 dBm

" digital filters | J o S Averaghg
0o - } Factor
4000 /\ \\ /} /\ 2000

- ] fis i A'A‘ c G Averaging
P L am“\w” A A PO P Y foupe 5000 on | OFF
O VT T O U [ Y A TR )
00 i w ‘ u | v \' V v \Tl ¢ Continuous -40.00
-110.00

1 ChT: PS Start 499700 GHz — Stop 500300 GHz q

Restart -50.00 N o Smoothing P

- Normal PNA-X Menual 000

-3000 |

Trigger

0o | dlgltal filters \

)
snow ““ l ]“\ 0 \ esolution
, I IRl | -
I M" ! il 000 1 1T TN | AT
) ; . Il P

-90.00 “
; Favorites 100.00 Setup
2 >ChZ Receivers Start 493700 GHz — Stop 5.00300 GH: 1 >Chl: PS Start 4.98000 GHz — Stop 5.02000 GHz
| Hod  cHz & No Cor Lol Hold  CH1: Output No Cor F LeL

KEYSIGHT TS EIEA0|E
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IMD Sweep Types

Center Tone spacing
Sweep Type frequency (Fc) (DeltaF) Tone Powers LO
Sweep Fc Swept Fixed Fixed N/A ——
fl &= f2
Sweep : : Dl
DeltaF Fixed Swept Fixed N/A H
Fixed Fixed (Coupled or N/A ? De';taF ﬁ
Sweep
uncoupled) Ho & 1
cw Fixed Fixed Fixed N/A Eﬂ
fl 5 f2
Segment Swept (as defined Fixed Fixed N/A E‘M
on segment table) T
LO (IMDx) Fixed Fixed Fixed Swept A T T
5 e 12
KEYSIGHT

TECHNOLOGIES
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Flexible IMD Parameters

IMD Setup : Channel 1

Frequency | Povyer |

—Sweep Type

(" Sweep DeltaF

(" Power Sweep
C

(" Segment Sweep fo

—Sweep Settings

Startfc: | 469.939500 bHz EI Stop fc |'
Centerfc: |4?n_nnnnnn MHz H Span fc
Fixed Deftam: | 6.000000 MHz [il

Murnber Of Paints: |75 tain Tone [FBW: I-

=

IM Tane IFEAMW: I-

Build IMD Parameters

Param.
Name

7] PwrMain

M3

O

[] o3

=

IIP3

Pwr2

Select All

v

b L

Channel Number

Tone Measure
Type Select Order At

[Tone Power 'l [Avg V] {1 VI [DUT out v]
|IMD Relative to Carrier v | [avg v/ 3 | |ourour v
|Output Referred Intcpt. Pt. v | [Avg v|[3  ~|[ourour v|
[Input Referred Intcpt. Pt. 'l [Avg v] {3 '] {DUT ouT VJ
[Tone Power V] Avg v '2 V] [DUT ouT VJ

LO\;J

High

Min

O

Create In New Window

v | Auto-Create Windows

=

Cancel

o

sl

Help

KEYSIGHT
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IMD Calibration

— Guided calibration wizard steps user through calibration steps

— Very similar to GCA calibration: requires power meter and S-parameter calibration

— A couple of choices are available to trade-off calibration time with accuracy

— Match correction only available during calibration, but not during measurement

— Also can be performed on-wafer

IMD Calibration: Select Tone Products

— Cailbration Mode

(® hatch corrected Response Cal
(" Response Only (Normalization)

— Tone Power Cal

—Select Product Tones

-

Al

ke Product: |3rd Order Proglucts |

(& Calibrate at all frequencies

v

R

Cal all frequencies

Include 2nd Order Products: [
(" Calibrate only at center fraquencies
[¥ Enahle LO Power Calibration; \\
>
< Back I Text > | Cancel |

KEYSIGHT
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Key Software Application
mixer/converter measurements

S93082A

SW Appl. Description
S93007A  |Automatic Fixture Removalt

S9309xxA [Spectrum analysis (up to 90 GHz)
S93093A Spectrum analysis up to 120 GHz
S93094A Spectrum analysis beyond 120 GHz
S93029A Noise figure measurements?!?

S93086A Gain-compression measurements !
S93087A Intermodulation Distortion Measurements

Scalar mixer/converter measurements

S93083A

S93089A

Vector mixer/converter measurements?
Differential I/Q device measurements

KEYSIGHT
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What are Mixers and Converters?

— Both provide frequency translation: F, # F,,
— Used to translate from RF to IF (down convert) or IF to RF (up convert)

— Mixers ®

« Can be passive (diodes and baluns) or active (e.g. Gilbert-cell) é\/}
» Require an LO signal to switch diodes or transistors on and off LO

» By definition, are non-linear components, but expected to behave linearly

— Converters 35: : l ; { _L/L '
« Combine mixers, amplifiers and filters | —_ > e >

« May have single or multiple stages of conversion iy ~ '

LO

« May contain embedded LO(S)

— Both are integral components for satellite, radar, and EW systems

— Require similar tests: conversion loss/gain, group delay, port match, compression...

FeoLoES . TrG EIAAO|E



Understanding Phase Measurements

A

- whatis the prase o tis sna> | /\ \ A AN AAAL AL -

— Absolute phase doesn’t exist!
— Phase is always measured relative to something

* Time reference 3 t A

A

T, Jv% t

ANN .

- Another signal of identical frequency AVAAVARY,
(incident signal or from reference mixer)

« Straight line or parabola (e.g. deviation from linear phase)

« An arbitrary trace point (AM to PM conversion, phase versgs drive) /V

» Mixer output phase depends on phase Tl i
of input and LO signals P
LO
S ” TrG EIZA0IE



Understanding Group Delay
Requires phase versus frequency

Frequency () tg Group delay ripple

-

A

‘ Average delay

Phase ¢

Frequency
Group Delay (ty) =
— Calculated from phase versus frequency response

d¢ _ -1 _d¢
d w 360° df — Group-delay ripple indicates phase distortion
in radi L ,
¢ i radians — Average delay indicates electrical length of DUT
(V) in radians/sec
¢ in degrees — Aperture (Aw) of measurement is very important

f inHertz (w=2nf)
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Measuring Phase for Mixer/Converter Test

— Different measurement classes required for different measurements

— Most widely used is SMC+Phase
» Used to be that SMC was magnitude only, and VMC was required for phase
 Later, phase capability was added to SMC

« SMC+Phase used for deviation from linear phase and absolute group delay
— VMC useful for phase shifters or comparing phase/delay among DUTs

— DIQ or FOM useful for comparing phase between multiple channels or paths

Power
sensor

(815161 ]l o] o] 5
B
Toe s B G

Reference
mixer

5} e’

A > Calibrati
DUT m%cdille m?’:errﬁ ”gr‘ oAl ECal
] _ module
Scalar Mixer/Converters (SMC) Vector Mixer/Converters (VMC)
KEYSIGHT THSEIHAAI0|IE
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SMC+Phase Calibration Choices for Phase/Delay

— Choice 1: Mixer with known delay
» Uses fixed value of delay (average of mixer delay versus frequency)
» Delay can be determined from educated guess, simulation, or measurement
— Choice 2: Characterized mixer
» Uses actual delay data versus frequency
» Uses same characterization method as VMC (based on reflection measurements)

» Requires reciprocal mixer, plus filter for selecting desired conversion product

— Choice 3: Comb generator

SMC Calibration Setup

[ ] USeS a tWO—tier approaCh’ gWaveg@ejln—FixturejOn—WaferSetup
. B Independent power cals for input and output ports. (no thru)
Where tler One IS a power Additional Power Cal Steps
plus phase calibration S

« Second tier typically requires
S-parameter calibration only

< Back [ MNext = l [ Cancel | [ Help l
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Phase Reference Characterization Wizard (Tier 1)

« Performed at VNA test ports to eliminate adverse cable effects
« Typically done over full frequency range of instrument
* Due to stability of instrument, can be done infrequently
File TracefChan ]m Marker/Analysis Stimulus Utility Help
Channel 1 Measure > | Power Level [-15.00 dBm E
« Includes power calibration CEEn
(using power sensor) calibration R -
reference Start Cal Calibration Wizard...
———== ; o g8 | ? Correction onfOFF Call Preferences.... . .
planes Cal Wizard... Power Cal 5 Elr:g'rs::;:ctenzatlon Wizard...
it BN  Prcse Reference Characterization Wizard... |
Properties...
v Interpolation ON/off . 222
Fixtures
Cal Kit... ® U
¢ ECal »
-’ 4 System Z0... ¢ oPwr
Q #
- . Measurement
S Class...
More 4
Sl P Favorites
Stop 26.5000 GH=z
Cont.  CH1: SC21 No Cor LCL
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SMC+Phase Calibration Wizard (Tier 2)

— S-parameter calibration only, at end of cables or probes

— One-step cal if ECal connectors match those of DUT

File Trace/Chan | Response MarkerfAnalysis Stimulus Utility Help

Channel 1 Measure » ‘ Power Level | -15.00 dBm El

Format »
i-r ¢4 SC21 Delay 10.00ns/ 0.00ns
Scale Y

Display
Avg

Calbration Wiard.-

v Correction ON/off

Tr 1 SC21 L

Scale...
Cal Wizard... Power Cal 4
B Manage Cals

Mixer Characterization Wizard...

Phase Reference Characterization Wizard...

Properties...

P .
Interpolation ON foff eaiy

Fixtures
Cal v N i Polar

2o SMC Calibration: Step 1 of 1

Sys

Mol SParameter Calibration

Connect M4691-60004 ECAL 0301510 pors 1 and 2

-40.00
Select [Measure] when connections hawve been made.

-50.00
H  -chi:sme Output Start 842.500 MHz —

Cont.  CH1: SC21 C SMC 2P

« Back |

heasure

Cancel

‘ Help ‘

KEYSIGHT
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Key Software Application
Differential I/Q device measurements

S93089A Differential I/0Q device measurements

KEYSIGHT

TECHNOLOGIES

SW Appl. Description
S93007A  |Automatic Fixture Removall

S9309xxA [Spectrum analysis (up to 90 GHz)
S93093A Spectrum analysis up to 120 GHz
S93094A Spectrum analysis beyond 120 GHz
S93029A Noise figure measurements?!?

S93086A Gain-compression measurements !
S93087A Intermodulation Distortion Measurements
S93082A  |Scalar mixer/converter measurements?
S93083A  |Vector mixer/converter measurements?!

78
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Differential and I/Q Devices Application
Option 089 / S93089A

— Combines source phase-control with receiver frequency-offset mode

— Provides accurate phase control of multiple sources, eliminating the need
for hybrid couplers and baluns

— Tunes receivers to arbitrary set of output frequencies

— Sweeps frequency, o oo i
phase, or power

Source Attenuator
-2.000 C”E [¥] Auto range source attenuator

-5.000 diZ]
nal

— Performs match correction |

— Defines user parameters ]
L

Lo

— Controls external RF,
ARB, and DC sources
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Step 1: Define Frequency Ranges

Ranges need to cover source and receiver frequencies

Mixer measurements:

Measurement Set Up {.} / R F1 I F1 LO
o
V 4
Frequency Range I I iFi .
equency Rang Differential amplifier:
Range Name Settings .
Input, harmonics
F1 15.4750000000 GHz - 16.9250000000 GHz
F2 CW Freq 17.6900000000 GHz
F3 2.2150000000 GHz - 765.0000000000 MHz [ Edit | Frequency Range
Range Name Settings
F1 1.0000000000 GHz - 4.0000000000 GHz
F2 2.0000000000 GHz - 8.0000000000 GHz
l New l l Remove F3 0000000000 GHz - 12.0000000000 GHz | Edit |
Sources " range senos I i
Frequency
Source Name State Frequency Power Phase
op v
Port 1 Act_lve F1 -5.00dBm N/A st 3000000000 Gz ]
Port 2 Active F1 -5.00dBm N/A Stop: 12.000000000 GHz [£]
Port 3 Active F1 -5.00dBm N/A IFBW 100.000 kHz El
Port 4 Active F1 -5.00dBm N/A
Coupling
Port 1 Src2 Off F1 -5.00dBm NfA ¥lCoupleto  |F1 -
MXG N5182B Off F1 -5.00dBm NfA Offset ¥lup
Multiplier 3 E
Divisor 1 E
Output = Frequency*Multiplier/Divisor + Offset
[ OK ] l Cancel l l Apply l l Help
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Step 2: Define Controlled Sources

Note: do not manually set Port 1 to zero

degrees. It will get set automatically when
configured as the reference port.

KEYSIGHT

TECHNOLOGIES

Test Receiver b3 -
Reference Receiver |83 A

Match Frequency Range: F1

External Device Configuration: MXG_NS (x|
External Devices Properties
] | Name: MXG_N5183A
Differential I/Q Setup : Channel 1 E Device Type: s ~
— Driver: [acMxa -
Measurement Set Up @ ¥ Active - Show in Ul Device Properties.
10 Configuration
Interface: -
Frequency Range P Beftosh
Range Name |Settings Selected:  USB0::2301::7937::my50142527::0::INSTR
F1 15.4750000000 GHz - 16.9250000000 GHz i 7| Enable 10
F2 CW Freq 17.6900000000 GHz ‘ New | Remove OK Cancel \ Help
F3 2.2150000000 GHz - 0.7650000000 GHz [ Edit |
¥
Source Configuration:Port 3 u
New l l Remove ] l Save... l Load... l Source State lAl::tive ']
Frequency Range F1 v
Sources Power
[] Sweep Power Source Attenuator 5dB E
Source Name State Frequency Power Phase - Start Power -15.00 dBm
— Acive = 15.0008m /A E Auto range source attenuator
Port 3 Active F1 -15.00dBm NA[ Edit | e -15.00 dBm D Power and
Port 4 Active F1 -15.00dBm N/A Leveling Mode [Internal v] Attenuators...
Port 1 Src2 Off F1 -15.00dBm N/A Phase
MXG N5182B Active F1 -10.00dBm N/A Phase State l Controlled v] Refer To
ESG E4433B Active F1 -10.00dBm N/A I
= ["|Sweep Phase P Control Param. laS 'l / la1 Vl
Start Phase 00.000 *J 2
Add Source Phase Control
Stop Phase 90.000 ® D Setup...
i Match Correction
[ L3 I [ Cancel l l Apply l l B I | [ Match Correction On |

Select Freq.
Range...

| o

|| cancel || Hep |

81
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Step 3: Define Trace Parameters

File [yicle=/®:" Response Marker/Analysis Stimulus Utility Help
New Trace...

Trace ’
Channel

New Trace...
Trace Max
Measurement Class...

30.00

20.00

10.00

[ Tr & Dif OPwr F310.00dB/

[ IPwrF1
] OPwrF1
[] GainF1

=al F1
b2 F1
= b2 Fi/al Fi

["] Create in New Window

Edit Parameters... l

ok | |

Cancel

| |

Help

|

X

Parameters Properties
IPwrF1
OPwrF1
Parameter Name T Out 2nd dBd | = (b2_F2-b4_F2)/(b2_F1-b4_F1)
Receiver  Frequency Receiver Frequency
t2 ~r ~f [~ [ ~r -
the  ~fm ~f [ ] [~ -y
New H Remave ” Save... H Load... ]
[ OK H Cancel H Help

»” 4.00000 GHz

LCL
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Step 4: Define X-Axis

File  Trace/Chan Marker/Analysis Stimulus Utility Help
Measure v IPwrF1 width 10.0 kHz Average
< Format D OPwrF1 D Differential IQ
Tr 1 IPwrF1 Scale v GainF1 5.000dB/ -25.0dB A i
; veragin
Display Y+ OPwrF3 " tirtg
Avg g . 750.000 MHz -10.05 dB =
Cal || [ s 90.000° 14,66 o3| {{EE—_—".
Embedded LO... veraging
Fact
Select X-Axis... acer
Averaging
[ SV A on | OFF
Select X-Axis
X-Axis Domain X-Axis Source SWEEP 5
F v F1 v
l duensy I | | Smoothing P
‘Power
Phase
DCValue

Select X-Axis

IF
X-Axis Domain X-Axis Source ndwidth
|Phase v| lPort 3 ']
. Port 1 More >
Ch1: DIQF1 Start 750.000 MHz — \ Apply H Port 2 Cancel \
Ch1: DIQPort3 Start -180.00 " — ' Port 4
>Ch3: DIQPort 3 Start -180.00 ° Port1Srcy  NEMMSME
Ch3 sl OPwrF3 CA 4-Port SrcPwrCal* LCL
KEYSIGHT |o-|| | |E
TECHNOLOGIES 33 THG E =7'| 0 —_—



Step 5: Calibrate All Channels Using “Cal All”

File  Trace/Chan Marker/Analysis Stimulus Utility Help
) Measure cwW Frequency |1200000000GH2 B Freq

Port Extension ...
Interpolation ON/off

Format v Differential IQ
Scale v
Display v
Avg 4 o _
Cal ’ Start Cal v Calibration Wizard...
il v Correction ON/off Cal All Channels... N
Power Cal R Cal Preferences
Manage Cals v -
Properties...

Fixtures v
Cal Kit...
CalPod

Differential IQ
Setup...

Enable Channel Measurement Class

7 1 Differential IIQ 1236 . F’°” 2

v 2 Differential I/'Q 1236 ’ Ezgi —_——
v 3 Differential I/Q 1236 7JIMXG N5183A

v 4 Differential I/'Q 1236 Bl —_
v 5 Differential I/Q 1236 \

\ LCL 2014-07-29 16:16

Select these ports
for all channel

< Back Mext = l | Cancel | | Help |
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Summary

— Provide easier access to accurate, repeatable measurements at ever-higher
frequencies and wider bandwidths.

— Delivers metrology-grade precision that ensures unparalleled system-level
performance.

— Characterize and optimize new-generation devices from 900 Hz to 120 GHz

— PNA-X offers a unique combination of hardware and software that is well suited to
the needs of A/D supply chain customers measuring active devices

— Innovations in measurement science and calibration give big competitive advantage

— Flexibility and range of applications and measurements means setup complexity
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Thank You

Questions ?

e-mail : tshwang@tmgate.com
Tel ;: 02-6925-1236
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