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What Types of Devices are Tested?

Combiners
Isolators
Circulators
Attenuators
Adapters
Opens, shorts, loads
g Delay lines _
= Cables Switc
- Transmission lines Multiplex
Waveguide Mixers
Resonators Samplers
Multipliers
Dielectrics
3 R LC's Diodes
—
—_—
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S-Parameter Test Set

Source RF comes out port 1 or port 2
@_ forward and reverse measurements
| oo two-port calibration possible
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REFLECTION
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TRANSMISSION
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S-Parameters

S21
R
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UHEEHS =5
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S11 = forward reflection coefficient (input match)
= reverse reflection coefficient (output match)
S21 = forward transmission coefficient (gain or loss)
= reverse transmission coefficient (isolation)
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S-parameter (SHAF= 4!, A1

& &l &4 (Insertion Loss, S21)

ESD71C Network Analyzer

1 Active ChfTrace 2Response 3 Stmuius 4 Mbrfanalysis 5 Irstr State

P 541 Log Mag 2.000dB/ Ref -6.000dB [F4]

=1 2.1524328 GHz -9.1867 dB

1 Start 8.4405913 MHz IFBW 70 kHz
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S-parameter (SFAF= 4!, A1 L

BtAlZ= 4! (Return Loss, S11)

ES071C Network Analyzer

1 Active ChfTrace 2Response 3 Stmulus  4Mbrfanalysis 5 Instr State

P S11 Log Mag 10.00dB/ Ref -20.00dB [F4]

>1 7.1292690 GHz -11.416 dB

A
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VSWR(’S Xl tH| )

E3061B Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State Resize

L@ 511 SwR 1.000 m/ Ref 1.013 L[F2 smol
3

2.4015000 GHz 1.0140

Print

Printer Setup...

Invert Image
oN

Dump
Screen Image...

Misc Setup

Backlight
On

Overload
Recovery

Firmware
Revision

Service Menu |

Help

Return

[1 Start 2.35 GHz IFBW 30 kHz Stop 2.45 GHz
Me. .

Test & Measurement Specialist
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Smith Chart (2 0|4 XIE)

+X

X

Rectilinear impedance plane

Constant X

Constant R
AD|A AHEE Ha
XFEHE SIERMS
Li::-ﬁl S -5 e Z,= <o (open)
lEozE ANEE | 0
Hako A [ =170
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Measurement Error Modeling

Systematic errors

due to imperfections in the analyzer and test setup
y assumed to be time invariant (predictable)

Random errors

vary with time in random fashion (unpredictable)
x main contributors: instrument noise, switch and connector

repeatability

Drift errors
W due to system performance changing after a calibration has
been done
primarily caused by temperature variation

Errors:

SYSTEMATIC

Unknown
Device

Measured
Data

KEYSIGHT & iaye
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DRIFT
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Systematic Measurement Errors

R A B
Directivity C[(_)s_st_aE(

+ L .~ \\\

@_ -——=’ :x:$ ' Y
= | DUT —

S <

Frequency response
reflection tracking (A/R) Source Load
transmission tracking (B/R) Mismatch Mismatch

Six forward and six reverse error terms
yields 12 error terms for two-port devices

KEYSIGHT & iaye
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Calibration

-Systematic ErrorE 2 & ol)| fIst HEA S 0|Eot=A
Process of characterizing systematic error terms .

measure known standards i

remove effects from subsequent measurements .

1-port calibration (reflection measurements)
only 3 systematic error terms measured
directivity, source match, and reflection tracking

Full 2-port calibration (reflection and transmission measurements)
12 systematic error terms measured
usually requires 12 measurements on four known standards (SOLT)

Standards defined in cal kit definition file

network analyzer contains standard cal kit definitions
CAL KIT DEFINITION MUST MATCH ACTUAL CAL KIT USED!
User-built standards must be characterized and entered into user cal-kit

KEYSIGHT & iaye
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Calibration
-Reflection: One-Port Model

°F ldeal Error Adapter
e L e m—————
" R a RF in :- 1 I
> | > : E, = Directivity
| | _ . .
S, | L TE, . S, Ez; = Reflection tracking
| E; = Source Match
St S11,, ! < ]
L | I S11,, =Measured
| Er ]
"""" S11, =Actual
To solve for error terms, we
measure 3 standards to generate 3 S11A
) S1iM=ED+ ERT
equations and 3 unknowns 1-Es StA

Assumes good termination at port two if testing two-port devices
If using port 2 of NA and DUT reverse isolation is low (e.g., filter passband):.

assumption of good termination is not valid
two-port error correction yields better results

KEYSIGHT & iaye
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Calibration

Two-Port Error Correction
Forward model

n
»

Y

< <

ErT 312A

= fwd directivity E. =fwd load match
= fwd source match E+r =fwd transmission trackir

= fwd reflection tracking Ex =fwd isolation
=rev directivity E. =revload match
= rev source match ETT = rev transmission trackin

rev reflection tracking Ex' =rev isolation

Each actual S-parameter is a function
of all four measured S-parameters
Analyzer must make forward and
reverse sweep to update any one
S-parameter

Luckily, you don't need to know these

Reverse model

Port 1

»

Port 2

S
21

S22,

|
Port 1 Ex Port 2 I S
| . a1
e I SZ1A I TT I S11A
P St W | '
E <
-« D S11, S22
b1 I A A I EL S12A
< < Ex

ERT

by
<+ 3

equations to use network analyzers!!!
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Calibration

Measuring filter insertion loss

CH1 S21 &M log MAG 1dB/ REF 0dB
CH2  MEM  log MAG 1dB/ REF 0dB
e

Cor /—mﬁﬂw
X

’A\/-Aftertwo-portcalibration

'After response calibration

N “
! Uncorrected
Cor
x2 1 2
KEYSIGHT 64 mmmmmmmmmmmmmmmmmmmm
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ECal: Electronic Calibration

Control ECaldirectly from the PNA or ENA _
Network Analyzers via USB ==
Nine connector types available ——— Y
|deal calibration technique for manufacturing g [ | ST LJ
: : S s
Mixed-connectors available =
.

*Type-N 50 ohm, 3.5 mm and 7-16
N4690 Series, 2-port Microwave ECal
85090 Series, 2-port RF ECal
N4431B, 4-port RF ECal

Page 22
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7|AMO|E HIE -?-El =47

\k E5061B:NA + ZA in one-box, 5 Hz to 3 GHz
E5063A:Low cost RF VNA,100 kHz to 1.5/3.0 GHz, 4.5GHz,
FieldFox 13.5GHz, 18GHz

Handheld RF
Analyzer

5 Hz to
4/6/9/14/18//26.5/32
144/50 GHz

Streamline, USB VNA
4.5/6.5/9/14/20/26.5GHz

KEYSIGHT ‘@jays ......
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7|2 2 3:E5063A

E5063A:Low cost RF VNA,
-100 kHz 0.5/1.5//3.0 GHz, 4.5GHz,
13.5GHz, 18GHz

1 Actwe Ch/Trace 2 Response 3 Stmuks 4 MinrAnaly 5 lnsts State. Resce
T EmCT TS
e 00005 (0.0000 50: %
) (8a4.70 e 4
0. O |
e
!
|
|
55.00 §_ /

KEYSIGHT
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FieldFox

Handheld RF Analyzer
4/6/9/14/18/26.5/32/44/50 GHz

HEZ RF U 00| 2 H|0| B 2 M 7|(FieldFox)

Option

VNA

SA

CAT

Power Meter

KEYSIGHT a mmmmmmmmmmmmmmmmmm
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Vector network analyzer

e All four S-parameters, magnitude and phase

e Time-domain analysis, mixed-mode reflection S-parameters

» CalReady, QuickCal, full 2-port cal, TRL, waveguide cal,
ECal support, and a Guided Calibration Wizard

Cable and antenna analyzer

e Distance-to-fault (DTF) and return loss/VSWR

e 1-port cable loss, 2-port insertion loss, and time-domain
reflectometry (TDR)

i » Integrated QuickCal up to 18 GHz for simple field

3 oy T measurements - no calibration kit required

A -.‘ 1 e P
AN S W

KEYSIGHT & iays
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Spectrum analyzer

Unprecedented amplitude accuracy of £ 0.5 dB with
InstAlign? - no warm-up required

Tracking generator, independent source, and preamplifier
covering the full frequency range

Channel power (CHP), occupied bandwidth (OBW),
spectrum emission mask (SEM), adjacent channel power
(ACP)

Interference analysis and analog demodulation

Page 27



oH | = o=| RF

l ofo| 3 29jjo|

=M 7|(FieldFox)

m CAT and VNA frequency Specirum analyzer irequer]cy1 Test port connectors

RF & microwave (combination) analyzers

N9913A 30 kHz to 4 GHz 100 kHz to 4 GHz Type-N (f)

N9914A 30 kHz to 6.5 GHz 100 kHz to 6.5 GHz Type-N (f)

N9915A 30 kHz to 9 GHz 100 kHz to 9 GHz Type-N (f)

N9916A 30 kHz to 14 GHz 100 kHz fo 14 GHz Type-N (f)

NI917A 30 kHz to 18 GHz 100 kHz to 18 GHz Type-N (f)

N9918A 30 kHz to 26 .5 GHz 100 kHz to 26 5 GHz 3.5 mm (m)

N9950A 300 kHz to 32 GHz 9 kHz to 32 GHz NMD 2.4 mm (m)

N9951A 300 kHz to 44 GHz 9 kHz to 44 GHz NMD 2.4 mm (m)

N9952A 300 kHz to 50 GHz 9 kHz to 50 GHz NMD 2.4 mm (m)

Vector network analyzers

N9925A 30 kHz to 9 GHz — Type-N (f)

N9G26A 30 kHz to 14 GHz —

N9G27A 30 kHz to 18 GHz =

N9G28A 30 kHz to 26.5 GHz — ﬁ@ﬁ#ﬂ HEZIOE

Spectrum analyzers 6 (_l‘) I'" O I A

N9935A — 100 kHz to 9 GHz

NI9936A = 100 kHz fo 14 GHz 1 600-9545

NI9G37A = 100 kHz to 18 GHz ‘

N9938A — 100 kHz to 26 5 GHz

N9960A — 9 kHz to 32 GHz . .

NI961A = 9 kHz to 44 GHz JayS@JaySCO kr

N9962A — 9 kHz to 50 GHz .
KEYSIGHT ‘ & jays”
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USB type H| E¢| 3 &4 7| (Streamline)

Frequency Range

Model number Frequency range
P9370A 300 kHz to 4.5 GHz
P9371A 300 kHz to 6.5 GHz
P93/2A 300 kHz to 9 GHz
P9373A 300 kHz to 14 GHz
2CH 2| Streamlines 0| 2%t
P93/4A 300 kHz to 20 GHz 4TZE VNAQ| 73
P9375A 300 kHz to 26.5 GHz
KEYSIGHT ‘ g
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HEHD 24|, AHEF TR

JJh

1.Set-up
Measure plane

2.Stimulus
Z=1It ==, Power, Number of point, IF BW (Sweep type...)

3.Calibration
Cal kit , Cal type, Cal, Verify

4.Measurement
Meas, Format, Scale/Div, Display, Marker

5.Measure result
Printing, Saving

mmmmmmmmmmmmmmmmmmmm

KEYSIGHT & iays
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DEMO
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Demo Example
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