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What is intermodulation distortion (IMD)?

* A measure of nonlinearity of amplifiers.
» Two or more tones applied to an amplifier and produce additional intermodulation products.

» The DUT’s output will contain signals at the frequencies: n*F1 +m *F2.
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Third-order Intercept Point (IP3)

 The third-order intercept point (IP3) or the third-order intercept (TOI) are often used as figures
of merit for IMD.
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IP3 can be calculated by the equation using
P(F1): Power level of low tone low-side IM3:
P(F2): Power level of high tone IP3 (dBm) = P(F1) + (P(F2) - P(2*F1-F2))/ 2

P(2*F1-F2): Power level of low-side IM3 signal
P(2*F2-F1): Power level of high-side IM3 signal

When high-side IM3 is used, the equation is:
IP3 (dBm) = P(F2) + (P(F1) - P(2*F2-F1))/ 2
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Intermodulation Distortion
Solution with ENA

2X SG + SA

* Using two SGs and a SA with CW signals.

* It requires a controller to synchronize
instruments.

 If many frequencies must be tested, test time
Is increased dramatically.

* ENA with frequency-offset mode (FOM) option
can set different frequencies at the source and
receiver.

* Real-time swept frequency IMD measurements
can be performed.

» Source power calibration and receiver calibration
is available with VNA for accurate absolute power
measurements.
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VNA features

Frequency Offset Mode (E5072A Option 008)

* Sets different frequency range for the source and receivers.
« Can be used for harmonics or intermodulation distortion (IMD) measurements with the VNA.

Normal Sweep Frequency-offset Sweep

Source E Receiver E Source E Receiver H
(Port 1) 1 (Port 2) (Port 1) n (Port 2) 2

f1

Source and receiver are tuned at the same Source and receiver are tuned at the different
frequency range. (i.e. S-parameter). frequency range (for harmonics, IMD test etc.)
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IMD Measurement

Configuration of IMD measurement with VNA Measurement example (sweep delta)

E5072A Network Analyzer

I s = O @008 & GPIB 1Active ChiTrace 2Response  3Stimuls 4 MkrfAnalysis 5 Instr State Resize
—» 1 1000 - Main Tone (5G) Main Tone (ENA)
= VO ! P E{1) Log Mag 200.0m d& / Ref 18.00 dEm Trl B(1) Log Mag 200.0m d& / Ref 19.00 dem
: A - +9-09 =550, 00000 PRz 17,547 den 2000 T 100000 bz 18,993 dam
& USB/GPIB o o
e
18.60 19.60

10 MHz REF p— Interface . e ———————
— (i.e. 82357B) 15:22'\5 19.00} «
| . = f1(SG) o f2 (ENA)

18.00
Stop 1.02 GHz £ 1: Start 1. Stop 1.02 GHz
5t0p 980 MHz £ 2: Start 1. Stop 1.02 GHz

JEUEDU
cuNsuLn

Stop It MHz Stop 080 Mz
Stop 1.02 GHz TN EREGE TFBW 1 kHz Stop 1.02 GHz PC | RC ofs
Att t IM Tone P3
enuator Trl 8(1) Log Mag 500.0m d& / Ref -2.500 dBm Trl B(1) Log Mag 200.0m dB ,/ Ref 29.40 dsm
. 0.000 30.40
: 1 940.34091 MHz -3.2983 dBm -,

1o Opt'onal -500.0m 30.20
-1.500 29.80

-2.000 29.60
-2. 500 afl  29.c0p Sneep Dete? T T
2,000 1 29.20 DiahaF Frequency Sart stom
{ - F1(SG) 980 980 MMz

> Lo IM3 | oo el ld = 5Es

-4.000 28.80 W m we fw
_4.500 5. 50 A

Foadre 1000 e
-5.000 = 28.40 e m o L

Stop 1.02 GHz

GHz
Stop 940 MHz Stop 940 MHz

f_IM S iy
- t); Start 090 MHz 5t0p 980 HHz (Ct £ 000 MHz Stop 980 Kz
(E N A) 3/s IFBW 1 iz Stop 1.02 GHz PC | RC ofs TFBW 1 kHz Stop 1.02 GHz ofs
f I M Hold ExtRef’ 2012-03-09 16:53

f2 (ENA) E Combiner
Power levels of main tones and IM products in

swept frequencies can be monitored with the
VNA's absolute measurements.
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Measurement Procedure

Power calibrations for IMD measurements
1. Perform source power cal with a connected power sensor. (power cal for receiver cal)
2. Perform receiver cal for the receiver B by connecting thru between port 1 and port 2.
3. Connect external components including a combiner. Perform source power cal for E5072A and
SG at the calibration reference (DUT’s input).
4. Connect DUT and perform measurements.

Combiner
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IMD Measurement Wizard for the E5072A

Key Features:
* Measurement macro running on the E5072A with intuitive GUI

* Quick setup of two-tone IMD measurements

E5072A IMD Measurement Wizard (Ver 00.44)

« Control all necessary equipments from E5072A

Intermodulation Distortion Measurement

1 H *Caution*
- MXG (Connected Vla G PI B/USB Inte rface) ;;r‘::firih:inrs:ﬁﬁ::rr;{)doggﬁitnwﬁ:a(gx;i;lgtl:l:) is [5tep1/3] Stimulus Parameter Setup
— Power meter & sensor (connected via GPIB/USB interface) ;;:;“:E;;g{:;i;ggég;g;a;;;g;;s;wv [Stezzﬁj Ca\?rlgéiomt
interface (i.e. 3 - Recelver Lallbration
— USB power sensor (connected directly to the ENA’'s USB port) - Power Calibration for Main Tones
. . . . — e|sG [step3/3] Comnect Device and Measure
» Guided calibration wizard ] I
- Attenuator
H = (Optional)
 Various measurement sweep types - | |
Fixed F1, Swept F2
— Fixed F1 and Swept F2 combiner  DUT - |
—_ Sweep FC Setup 5G Control Satup PS Contral Sweep DeltsF ‘

— Sweep DeltaF

. Available at: www.aagilent.com/find/enavba
* Various IMD measurement parameters

— Absolute power of fundamental tones (in dBm)
— Power levels of IMD products (absolute in dBm), Low or High-side IM (3rd, 5th, 7th)
— Calculated third-order intercept point (IP3)
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http://www.agilent.com/find/enavba

IMD Measurement Wizard
Overview

Peripherals Setup Stimulus Parameter Setup
(SG, Power sensor) (IM order, frequency, NOP, IFBW etc.)

Introduction

ES5072A IAD Measurement Wizard (Ver.01.00)

E5072A IMD Measurement Wizard

E5072A IMD Measurement Wizard (Ver. 0|
I" o: E5072A IMD Measurement Wizard Interm
1 H 1 E5072A IMD Measurement Wizard
Intermodulation Distortion Measurement Power Sensor Setup [step1/3]
*Caution™® = Intermodulation Distortion Measurement
- The ENA Fi Offset Made (Option 008) i RAY r Sansor i
e e o e emeres) S [otep1{3] Stimuus Parameter Setup e | B A GRREERIRE =7 1 wcocaremens i &
- An external signal generator is necessary [step2/3] Calibration E50724 IMD Measurement Wizard e |
connected to the ENA with the USB/GPIB = - -
interface (.. 62357). - Recelver Callbration = et 1 SG Set Intermodulation Distortion Measurement
- Power Calibration for Main Tanes ] erna etup QU [step1/3] Stimulus P: ter Setup for S DeltaF
N Connect ENA USB port and external SG GPIB port with a USB/GPIB interface R step: IULERATANEERSSUPORSES PlLE
|56 [step3/3] Cornect Device and Measure (i.2. Agilent 823578). = — Frequency Setup
|:} E5072A Connect 'E]TlA 10 MHz reference output and external SG reference inpu o DeltaF Order 3rd
@ BNC cable. - A )
—T e o Aftenuator SG GPIB address § | DeltaF Start Delta [ e
(Optional) IT « LolM_LoFz, | Stop Delta |—4O MHz
Fixed FL, SweptF2 I sSG f1 f:: 1] DelfaF Fixed fc 1000 MHz
- e} Al - [ NOP 21 B
o e
Combiner  DUT Sweep fo | R J.US L \ MMn S0 e
[ 1] Connected 1 1 f' 2 2! 1M Max O M
Setup 5G Control Setup PS Control | Sweep DeltaF | — ES072A <
- IFBW
Main Tone IFBW | 1 ~| Hz
IM Tone IFBWW 1k~ Hz
Return
Back Mext Done.

. . . , _ Measurement Result
Calibration (Receiver cal) Calibration (Power Cal)

Aemomse JSemuus <Micjarsiyzs S b State
Tog wag 100.0n 48 . ReT 18,20 dbw TTI B(1) Log "ag 500.0m a8 . RET £0.00 dbw

T 1.0000000 Ghz 18.853 dam

Pout (F2 from ENA)

e 4

Pout (F1 from SG)

Intermodulation Distortion Measurement

Intermodulation Measurements
[step2/3] Calibration  (Power Calibration of Main Tones) H

[step2/3] Calibration  (Receiver Calibration)

Source Fort: 1
- Power Calioration for Receiver callbration | [ Recebver Calibration | [ ENA 56 N
Source Fort; 1 Receiver R1 ]’ ﬂ SG Target Power (dBm) Target Power (dBm) L .
By i & — E5072A 20/ 20 Y Ty—
Tolerance Tolerance (4 .| e P [Show pregueny Seug)
0.1 a8 01 8 ol | soge | come o
Throughamnnestion Power Sensor Max Iteration Max Iteration e
v Combiner 10 10 Sweep DetaF
FREEEEEE Rev Stas Fower Offcet Fower Offcet o
|—1 Loss Compen B! d8 d8 { .
outar
Man Iteration Impart File | oN RL: l I—‘_{ I &
o Take cal sweep| Take Cal sweep| T |t _____A
LT CiEL Take Cal Sweep Take Cal Sweep -
o 8
“
Note: Source power of the SG is adjusted to get target power on the last frequency point.

- | ok |7 o Back Next Done
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IMD Measurement Type

E50724 IMD Measurement Wizard

Intermodulation Measurements
[step1/3] Stimulus Parameter Setup for Swept Frequency

—— ] [ Fredenysstp
J I - e
I t d t Fu | Fm F1 (5) [ me
niroaucton 1 F2 (ENA) Min MHz

S mee seew w1 Fixed F1, Swept F2

F2 Fi Fz F1 ,— EE
Measurement Wizard (WVer 00 44) - un [MMn - Mz
|_.| 1M Max MHz
- - -  LoM_LoF2_F2Up  HIM_LoF2_F2Down i
Intermodulation Distortion Measurement

Main Tone IFBVY -| Hz

*Caution™ IM Tone IFBWY | Hz
- The ENA Frequency Dffset Mode (Option D08} is i _
required for Intermodulation measurements. [Step 1/31 Stimulus Parameter Setup _Iﬁa‘k _IDV"E
- An external signal generator is necessary i i
connected to the ENA with the USB/GPIB [Stepzl?)J Cal \bréthﬂl
S S - Recelver Calloraion
- Power Calibration for Main Tones Intermodulation Distortion Measurement
P lle [step3/3] Connect Device and Measure [step1/3] Stimulus Parameter Setup for Sweep fc
[ FrequencySetp
E5072A Crder 3rd +| [Lo~
Start f
- o Attenuator e 1000 prg
4 {Optional) Ston fe 1100
DeltaF Certter fc 1050 MHe f
B 2. Sweep fc
Fixed F1, Swept F2
1 Fixed DeltaF 20 MHz
g 2| P 2
- ™M M IV
combiner  DUT Sweep fc . oo e
[ IFBW
Main Tore IFBW | 1| ~| Hz
Setup SG Confrol Setup PS Control Sweep DeltaF MTore FEW | 1k = He

Back. HNext Done
% &

Intermodulation Distortion Measurement
[step1/3] Stimulus Parameter Setup for Sweep DeltaF

'

E50724 IMD Measurement

~FrequencySetp
Order 2 <] [0~
DeltaF Start Delta 0 Mz
Stop Dela 0 Mz
3.5 DeltaF
t Fixed fc 1000 MH . owee elta
i NOP B
1 IM Min S0 M
1’ o 2 20| | MMax U Mhe
=
[ IFRW
Main Tore IFBW | 1| | Hz
IM Tone IFBW 1k > Hez




IMD Measurement Type
1. Fixed F1, Swept F2

» One of the main tones from the SG is fixed at a certain frequency (F1), while the other F2
from the ENA’s source is swept.

(1-1) Lo IM (Fixed F1, downward-swept F2) (1-3) Hi IM (Fixed F1, upward-swept F2)

7 IM Main Tones Main Tones =~ IM
Fl I:2 I:1 FZ
I:IM I:IM
(1-2) Lo IM (Fixed F1, upward-swept F2) (1-4) Hi IM (Fixed F1, downward-swept F2)
T IM Main Tones Main Tones =~ IM
Fa Fq Fo Fy
F
IM F|M

A4

A4
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IMD Measurement Type

2. Sweep fc

Stimulus setup

ES072A IMD Measurement Wizard

DeltaF DeltaF 1

—— ——
|

L s

1 g f2 g 12

Intermodulation Distortion Measurement
[stepl/3] Stimulus Parameter Setup for Sweep fc

Freguency Setup
Order

Start fc
Stop feo

Center fo

Span fc

Fixed DeltaF
NOP

I Ivlin

IM Mo

IFBW

Main Tone IFBW

IM Tone IFBWY

Back

Id «| | Lo~

1000 MHz
1100 MHz
MHz
MHz
20 Mz
21 pts
MHz
MHz
1kl x| 2
ik = Hz
‘ Mext |

 Center frequency of the main tones is swept
in the frequency range, while the delta
frequency is fixed.
» 3rd, 5th, or 7th-order IM product can be
tested for either high-side or low-side.

Measurement Result

1Active ChfTrace 2Response 3Stmulus 4 MkrfAnalysis 5 Insir State Resize

Main Tone (5G) Main Tone (ENA)
Trl B(1) Log Mag 200.0m de& / Ref 18.80 dem Trl B(1) Log Mag 200.0m d8 / rRef 19.40 dsm

19-90 756, 60000 MRz 17,898 [dem 20-40 7 5700000 Gz 19.037 [d8m

19.40 L 20.20

19.20 20.00

19.00 19.80 t
18.80 19.60

18.60p qfl 1940y 4
18.40 19.20

18.20 P Fl SG 19.00 P(F2 ENA)
18.00 ( y ) 18.80 1

17.80 18.60

17.60 18.40

Port 1: Start 1.01 GHz

Stop 1.11 GHz | Port 1: Start 1.01 GHz Stop 1.11 GHz
Port 2: Start 990 MHz Stop 1.09 GHz tart 1.01 GHz Stop 1.11 GHz
LO (Ctrl): Start 990 MHz Stop 1.03 GHz MHz Stop 1.09 GHz
1| Start 1.01 GHz IFBW 1 kHz Stop 1.11 GHz PC | RC ofs TFBW 1 kHz Stop 1.11 GHz _PC | RC ofs

IM Tone P3

Trl B(1) Log Mag 1.000 d& / Ref 0.000 d&m E(1) Log Mag 50.00m dB , Ref 28.35 d&m

5. 000 1 970.00000 MHz -2.1691 dEm 2860 >1  970.00000 MHz 28.501 dBm

4.000 28.55

3.000 26.50 ¥,

2.000 o 2s.as

1.000 28.40

0.000) Wl zs.35p O I P3 "
-1.000 28.30

-2.000 28.25

-3.000 P (LO I M 3) 28.20 it
-4.000 28.15

-5.000 28.10

Port 1: Start 1.01 GHz 5top 1.11 GHz Stop 1.11 GHz

POrt 2: Start 970 MHz Stop 1.07 GHz Stop 1.07 GHz
L0 (Ctr): Start 990 MHz St0p 1.00 GHz t Stop 1.09 GHz
2 [Ghart 101 GHZ FBW 1 kHz Stop 1.11 GHz PC | RC [l < stert 1.01 GHz Stop 1.11 6Hz EAEARF

E5072A1.. E|® Hold | Run | ExtRef 2012-05-23 14:12

P(F1) P(F2)

P(Lo IM3)

displayed to calculate output IP3 of the DUT.

 Output power of the main tones and IM power level is



IMD Measurement Type
3. Sweep DeltaF

Stimulus setup Measurement Result

E50724 IMD Measurement Wizard (=113 F5072A Network Analyzer
- LActve ChiTrace  2Response 3 Stmuls 4 Mkr/Analyss 5 Instr State Resize
H H H Main Tone (SG) Main Tone (ENA)
IntermOdUIatlon DIStortlon Measurement P 5(1) Log Mag 200.0m dB / Ref 18.00 cBm Trl B(1) Log Mag 200.0m dB / Ref 19.00 dBm
19.00 20.00
1 1 980.00000 M 17.847 d
[step1/3] Stimulus Parameter Setup for Sweep DeltaF 1550 M[iz_ 17847 [dem 105y | *1 [1.0100000 GHz 18.995 dem
Frequency Setp 18.60 19.80
18.40 19.40
il
Ordler rd +| | Lo~ 18.20 19.20 M
>
DeltaF 18.00) z 19.00 “
) Start Defta a0 MHz s0 1550
! ] Stob Delta 40 MHz 17.60 18.60
3 17.40 18.40
DeltaF i : : ]
Fixed fc 1000 ™MHz 1520 ] 18,20
i NOP 21 nts 17.00 18.00 L
Port L: Start 1.01 GHz Stop 1.02 GHz | Port L: Start 1.01 GHz Stop 1.02 GHz
i Port 2: Start 990 MHz Stop 980 MHz | Port 2: Start 1.01 GHz Stop 1.02 GHz
| I Min MHz | LO (Ctr): Start 290 MHz Stop 080 Mz | LO (CErl): Start 900 MHz Stop 380 MHz
1’ 1 1 2 2 M Masx MHz 1 Start 1.01 GHz IFBW 1 kHz [SLRRERett pC | RC |07 | ofs [l 2| start 1.01 GHz TFBW 1 kHz Stop 1.02 GHz PC | RC ofs
fe Tri B(1) Log Mag 500.0m d& , Ref -2.500 dsm Tr1 B(1) Log Mag 200.0m dB ; Ref 29.40 dsm
FEWW 0900 515, 37001 WRz —3/2083 dem #0-40 157500000 WAz 29.875 dEm
-500. 0m 30.20
Main Tone IFBW | 1 «| Hz -Loooo 30.00 i
-1.500 29.80
IM Tone IFBW ik x| Hz 3,000 29.50
-2. 500 Wil  29.40p a4
-3.000 L 29.20
h
Back ‘ et | -2.500 29.00 O I P 3
-4.000 0 28.80
-4.500 28.60
-5.000 = 28.40
Port 1: Start 1.01 GHz Stop 1.02 GHz | Port 1: Start 1.01 GHz Stop 1.02 GHz
POTT 2: Start 970 MHz stop 940 Mz l§f Port 2: Start 970 MHz Stop 940 MHz
LO (Ctrl): Start 990 MHz stop 080 1z Jl LO (Crrl): Start 900 MHz Stop 080 [MHz

3/ Start 1.01 GHz IFBW 1 kHz Stop 1.02GHz PC | RC ofs 4 |Start 1.01 GHz IFBW 1 kHz Stop 1.02 GHz ofs

* Delta frequency between the main tones is e R
swept in the frequency range, while the center P(F1)  P(F2)

frequency is fixed.
« 3rd, 5th, or 7th-order IM product can be P(Lo IM3)
tested for either high-side or low-side. T

 Output power of the main tones and IM power level is
displayed to calculate output IP3 of the DUT.




Summary

« IMD measurements can be performed with the combination of the ENA
(E5072A with option 008) and connected SG.

« Test time can be reduced when swept-frequency IMD tests are necessatry.

IMD measurement wizard is offered for the ENA that provides:
*Various sweep types to fully characterize the DUT
*Quick and easy measurements with intuitive GUI
*Step-by-step power calibrations

=3
Intermodulation Distortion Measurement Intermodulation Distortion Measurement
[step1/3] Stimulus Parameter Setup for Sweep DeltaF
[step1/3] Stimulus Parameter Setup Frequency Setup
Ordler - -
[sten2/3] Calibration , 3rd Lo
DeltaF Start Dela M
- Receiver Calibration \ rt Ciel 20 z
- Power Callbration for Main Tones Stop Defta 40 MHz
[step3/3] Connect Device and Measure De']‘a': Fixed fe 1000 MHz
[ NP 2 o
1 1M Min MHz
1’ oo f2 2| IMMax MHz
fc
‘ Fixed F1, Swept F2 | FRIA
- Main Tone IFBW | 1| «| Hz
Sweep fe ‘ IMTore FEW | 1k~ He
eep Delf ‘
Back | et |




Resources

« Application Notes
— Amplifier and CW Swept Intermodulation-Distortion Measurements (1408-9)
— Making Accurate Intermodulation Distortion Measurements with the PNA-X (1408-17)
— Basics of RF amplifier measurements with the E5072A (5990-9974EN)

« E5072A Literatures
— Configuration Guide (5990-8001EN)
— Data Sheet (5990-8002EN)
— Quick Fact Sheet (5990-8003EN)
— Technical Overview (5990-8004EN)

« Web Page:
— ENA Series: www.agilent.com/find/ena
— E5072A Product page: www.agilent.com/find/e5072a

— Passive intermodulation (PIM) solution page: www.agilent.com/find/pim
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http://cp.literature.agilent.com/litweb/pdf/5988-9474EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5988-9474EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5988-9474EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5989-7265EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5989-7265EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5989-7265EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5990-9974EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5990-9974EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5990-9974EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5990-8001EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5990-8001EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5990-8001EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5990-8002EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5990-8002EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5990-8002EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5990-8003EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5990-8003EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5990-8003EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5990-8004EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5990-8004EN.pdf
http://cp.literature.agilent.com/litweb/pdf/5990-8004EN.pdf
http://www.agilent.com/find/ena
http://www.agilent.com/find/e5072a
http://www.agilent.com/find/pim

Appendix
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Test Configuration
Using the external combiner

GPIB § ~ ; : : seeboe @ REFIN
— - B 18 oooe 92%%2922 <+
USB/GPIB 5 e '
Interface ——
(i.e. 82357B)
U5 REF OUT
Attenuator
' , , g (Optional)
: = - — .

ot

LPF

(Optional) « YSB/GPIB interface (i.e. Agilent 82357B) is necessary to control the
SG from the ENA firmware.
» 10 MHz reference is connected between the instruments.
* A high-isolation combiner is recommended.
« An optional LPF is needed to eliminate source harmonics from the ENA.
* An optional attenuator is needed to protect ENA's receiver.
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Test Configuration 2
Using the internal bridge as a combiner

*The E5072A’s internal bridge can be used as a combiner for two-tones.
*No external combiner is required in the test setup.

Configuration - Test setup E5072A Block Diagram

- REFIN

USB REF OUT X X
USB/G X
Interfa »

(i.e. 823578 Port 2 2 - - IZ'

S
LPE L CPLR ARM
optional) ) (<+12dBm) Attenuator
b @ LPF (Optional)

<-14dBm

(for the SG tone) DUT

* Input power at the port (“CPLR ARM”) should be at least below +12 dBm
as the damage level of the input is +15 dBm.
* Input power at the DUT is below -14 dBm for the main tone from the SG
due to the coupling factor (i.e. 26 dB) of the E5072A’s internal bridge.

DUT




