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RF power measurement

- Most popular methods to measure the RF power
« Diode envelope detection:

Most common, large dynamic | © novosascuwanz
range, suitable for constant LT e
signals

« Thermal: Very accurate, limited g7 @ nonsssccumanz |
dynamic range, ideal for ity

complex modulated signals

E
g
g%
£
z$
-8

mwW

« Electronic receivers: Most oy Y
complex, suitable for fast, |
pulsed signals

50 MHz ... 18 GH .
S

NRP-Z8
&

WIDEBAND POWER

f

C\E/RW Introduction to RF measurements and instrumentation 3
zZ/ Daniel Valuch CERN BE/RF (daniel.Valuch@cern.ch)



RF power measurement

- How to read specifications of a power sensor

&> ROHDE & SCHWARZ
NRP8S
3-Path Diode Power Sensor

10 MHz to 8 GHz, 0 pW to 200 mV}l (70 dBm to +23 dBm)
SMAKI SENSOR TECHNuL Jur

Frequency range: Power/dynamic range: External trigger and
Diode sensors ~10MHz Minimum and maximum interface:

Thermal sensors DC power for your application. Synchronized acquisition,
Pulsed sensors 50-100MHz  vialues change typ. factor USB interface, ethernet...

1000+ between room
temperature and
superconducting state

CE/RW Introduction to RF measurements and instrumentation 4
Daniel Valuch CERN BE/RF (daniel.Valuch@cern.ch)



RF power measurement

- How to use a RF power meter

PR U 1. Set the frequency

2. Zero the offset

BE/RF/FB LAB (DANIEL) | ‘ . 3. Connect sensor
‘ to the signal
source

C\w Introduction to RF measurements and instrumentation 5
Daniel Valuch CERN BE/RF (daniel.Valuch@cern.ch)



RF power measurement

Sensor Windows |

~ File System

.

w|-.-lm.:_ W
tion... [EE':U

Window

Relative |
Off On Reset !

Refval... Limits..{ |

Aux Val Reset §

Chose the desired measurement unit

A

TN

' Offset

[a[BTelD]

20.000 dB ]

_—

Table 1 v

Table Of fset
10.000 dB

Sensor Of fset
Z20.000dB

Global

Table

1 Line in thiz table.

Edit Table...

If measuring through couplers/
attenuators etc. set-up the offset for
direct reading of the source power
value, instead of measured power
value

Introduction to RF measurements and instrumentation

Daniel Valuch CERN BE/RF (daniel.Valuch@cern.ch)
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RF power measurement

Some comments:

The reading is noisier at the bottom of the dynamic range

The power sensor really burns when overloaded (very

costly to repair)

Sensors have optimized dynamic range for type of
measurements they do (very accurate, very fast, RMS...)

Sensors and instruments need certain time to measure a data
point, be careful with automation

Decide what to buy based on how are you going to use the
instrument: Table top, USB sensor, Ethernet sensor...

Introduction to RF measurements and instrumentation
Daniel Valuch CERN BE/RF (daniel.Valuch@cern.ch)



Spectrum analyzer

- Spectrum analyser Is a device, which measures
frequency content of a signal.

HEEHE B35
EEEE B
08 N 2
oo S @
CEEa: 2
o0 6098
[ = o ] o =

ol
C i,
rk"a?i‘?._‘f\'r}‘).‘ ,Uj&ﬁgﬂ;s TR ARy e e

&

= 00000 @

i
)
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Spectrum analyser user interface

Spectrum ] |':%1 l

Ref Level -10.00 dBm & RBW 500 Hz
Att 0 dpb SWT 19 ms YBW 500 Hz Mode Auto FFT

Count 1/1 DC
@153 Avglog

-20 dBm

-30 dgm

-40 dgm

-50 dgm

-60 dBm

Amplitude ——>

=70 dBm

20 dBm

. |, | |,
0f) dE SEERIINIRIERRRRLR

l | AN \ Frequency

M MDA v

Start 0.0 Hz Stop 20.0 MHz

Measuring... [{EPC0NEEE g 021311223“;; /

c@
\
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Spectrum analyser user interface

Spectrum ] |':%1 l

Ref Level -10.00 dBm @ RBW G500 H=z

@ Att 0 de SWT 19 ms YBW 500 Hz Mode Auto FFT
Count 1/1 DC

@153 Avglog

-20 dBm

| X axis, frequency span: Span
20 dgm——p— )

-40 dgm

-50 dgm

-60 dBm

70 Center frequency: Center

20 dBm

o0 4B

Start | Stop
\§ | /
art 0.0 Hz pts Stop 20.0 MHz

c@
{ Measuring... [{EPC0NEEE g ﬂZiEJ‘-?Z;;; ﬂ
23 Z
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Spectrum analyser user interface

Spectrum ] |':%1 l

Ref Level -10.00 dBm & RBW 500 Hz
& Attt 0 dpb SWT 19 ms YBW 500 Hz Mode Auto FFT
Count 1/1 DC

@153 Avglog

7 ) ) .
i Y axis, 1 square (/division)

-20 dBrm

-30 dgm I | ,

ol Y axis, full scale 10 square

Set by: Amplitude/scale

-50 dgm

-60 dBm

=70 dBrmn

20 dBm

o0 4B

L A

Start 0.0 Hz 30000 pts Stop 20.0 MHz

c@
{ Measuring... [{EPC0NEEE g ﬂZiEJ‘-?Z;;; ﬂ
23 Z
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Spectrum analyser user interface

Other important settings

= (IR

Ref Level -10.00 @m 34 \3 RBW G500 Hz

o Attt 0db Yy SWT 19 ms YBW 500 Hz M™Mode Auto FFT
Count 1/1 ]

@153 Awvglog

-20 dBm

-30 dBm

-40 dBr

-50 dBm

-60 dBm




Spectrum analyser user interface

V4 MKR 350 kHz
REF -9 9 dBan #ATTEN @ dB PG -.0 dB -12.84 dBa

CENTEé.iaZES ﬁHz' i - . i SPhN ZO.BO.HHZ
S$RES BN 30 kHz VBH 30 kHz SHP 60 msec




Spectrum analyzer user interface

INSTRUMENT STATE

lcouns
L

4+ )

REF .0 dBa ATTEN 10 dB P6 - W SAVE

‘ “ g MARKER CONTROL
HP-1B ADRS: 18 - :
COPYRIGHT HP 198 - - o s | ‘mncel =
8598 9.1.87 Tl start
- Suin s e AMPLITUDE
SIGNAL PEAK
STOP TRACK

0l
: (‘

g

SEARCH
FREQ

(%‘s%%

| ON/OFF
HOLD
CF STEP

SIZE

— DATA e,

FREQ
i z 500 MHz OFFSET
RES BH 3 MHz VBN 1 MHz SHP 20 msec

" Lo Y. BROE =
INTENSITY OUTPUT OUTPUT POWER INPUT 50Q

oI ’D !’fr ’ < .
% . LINE 5 Y

299.9 MHz
=20dBm

GGG

alalals
alalals




Spectrum analyzer user interface

Frequency

amplitude S Markers

Screen + Soft keys
o B and

o amvwars-ew il | A ereovencr @ advanced
PEAK . 1 CENTER

LOB : : ; FREQ

10 - .

a8/ : )




Spectrum analyser user interface

Y v m & - £ R A @ o x B
MultiView 22 GSM ! x Real-Time Spectrum % X Spectrum x
Ref Level -30.00 dBm = RBW 500 Hz
Att 0dB SWT 837 ms(~34ms) VBW S500Hz Mode Auto FFT
1 Frequency Sweep
[t
4 <‘

‘;l'q','!,'.ﬂ,ll!‘".‘

J'Wwww*

200.0 kHz/

" 1.
b '.J-';wr-i‘sd'

CF 105.74 MHz
2 Spectrogram e 1Pk Clrw L0 dR

CF 105.74MHz 2001 pts

Lol
® 1Pk Clrw
M1[1] 74,36 dBm
#0 105.600000 MHz

Iy "“ﬂ“"ﬁl‘WW““‘ﬂ“l?l’\‘('i!uw'w‘ﬁ'ﬂ \'ffiiri.’,ﬂk

Span 2.0 MHz

74.86 dBm
#0 105.600000 MHz

—_—
Continuous
Sweep
|
(—
single
Sweep

Sweep Time
Auto
| S —

Sweep Time
Manual
Sweep
Count

Clear
| Spectro-
| gram

8w
Col
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Overview |

Frame # 0

Measuring...
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Spectrum analyser user interface

Frequency  Markers
and and
amplitude , advanced

* eoane Bf 1 | [ avto | B0 e W
A O E & e (- R O8E R—;ﬂ @

P— ._-V ' H |
MultiView 22 GSM ! X Real-Time Spectrum % X Spectrum x v co:unuous
| weep
Ref Level -30.00 dBm = RBW 500 Hz \

Att 0dB SWT 837 ms(~34ms) VBW S500Hz Mode Auto FFT (— .
1 Frequency Sweep ® 1Pk Clrw Single § L ] @

M1[1] 74.36 dBm | Sweep
#0 105.600000 MHz ‘s

o d { I‘\‘ 4‘ (Y“ j " Sweep Time
‘;‘ 'I,“’ .U(’(“".‘ w, ¥ f 1 " o Auto 2

" i ] —— [ } 3 |
Mgl g

*1 v ‘ =
W"W'W“Wﬂ Ui mﬂ‘\'iﬁvww\"‘"‘ﬂ'ﬂlﬁl‘(’#‘"“‘llw‘ﬁ,'ﬂ‘l'ﬁfw'k sw;::;::nn =

Span 2.0 MHz

mi[1] 74.86 dBm 1‘"""
ount
#0  105.600000 MHz

Yy '.Jvlt'wr-l'd""

CF 105.74 MHz ~ 2001p 200.0 kHz/
2 Spectrogram e 1Pk Clrw L0 dR B

-

Bt

»ala b2

Frame # 0

Measuring... CZYT2017

= e

CF 105.74MHz 2001 pts




|F detector bandwidth — resolution bandwidth

Receiver signal Sweep time  Resolution bandwidth
bandwidth prior the e \ | / =)
power deteCtor }— i:t”_emal 49.01;3; SWT 1E:J.E ms : ng lﬁlln\ﬂ:z Mode Auto FFT

IF/resolution bandwidth

defines the

measurement noise floor

AND how close two

different signals can be
In order to still distinguish ||«
them -110 dem

-120 dBm

Noise floor —

-130 dBm

CF 100.0 MHz 000 pts Span 1.0 MHz

Introduction to RHl
Daniel Valuch CEFD

ate: 30.MAR.2013 15:55:53



IF detector bandwidth — resolution bandwidth

Receiver signal
bandwidth prior the

Spectrum

Ref Level -19.00 dBm

power detector

@ RBW 10 Hz
@ Att 10dBE  SWT 189.6 ms & VYBW 10 MHz Mode &uto FFT

-30 dBm

-40 dBm

|F/resolution bandwidth

defines the
measurement noise floor |
AND how close two

different signals can be

-100 dBm

In order to still distinguish

-110 dBm

them

-120 dBm

e e—

-130 dBm

CF 100.0 MHz

2000 pts Span 1.0 MHz

Introduction to RF

Measuring... .lll..ll' ‘

is =.55 152 ﬁ

Danlel ValL'ICh CEI'Date: 30.MAR.Z2013 15:55:53



Real time spectrum analyzer
[ Real-Time Spectrum 1 m

Ref Level -53.40 dBm RBW 6.25 kHz Meas High Resolution

® Att 0de SWT 30 ms ® Dwell Time 30 ms

YIG Bypass

1 Real-Time Spectrum @ 1Pk Clrw

-70 dém l..’l M ﬁﬂl‘.’f\ f‘k‘fm
I A PN

e . 7 Ul [/
o DYV O i O F
A A S g e T

-110 dBm i
CF 940.0 MHz 2.0 MHz/ Span 20.0 MHz

-80 dBm

_‘_‘_,_,J-_

-60 dBm

-70 dBm -

-80 dBm

- Bm /
! B o i : ! ! ‘ /

, )

. v et " i ,A‘ 2 N ] | W—— - oo then vy
CF 940.0 MHz 2.0 MHz/ Span 20.0 MHz
2 Spectrogram @ 1Pk Clrw '0dBm.

CF 940.0 MHz ‘ Span 20.0 MHz Oct-05 11:57:27.05920

Measuring... 11:57:27




Signal demodulation by s.a.

~

MultiView H{ Spectrum

I Real-Time Spectrum :‘“I vsa I Analog Demod

Ref Level -36.00
@ Att

Y135 Bypass

1 RF Spectrum

dBm

0odB  AQT 100 ms

RBW =8.34 Hz

DBW 400 kHz

Freq 105.6 MHz

@1AP Clrw

2 FM Time Domain

=)

[T]

@1AP Clrw AC Ref; 0,00 Hz

-4 dBm

-56 dBm

-56 dBm

-76 dBm

-86 dBm

-95 dBm

-106 dBm

-16& dBm

CF 105.6 MHz

Span 400.0 kHz

-10ldg—r ‘I m

-50 dB

-90 de

AF CF 31.665 kHz
LP 150 kHz

1001 pts

AF Span 63.33 kHz

&0 kHz
60 kHz
40 kHz
1] il Il | ‘ | X ||| y | 1y
I AR T
LI TR
-40 kHz
-60 kHz
-80 kHz
Start0.0s 1001 pts 1.0 ms/
LP 150 kHz
4 Result Summary
Carr Power -44.81 dBm
Carr Offset -115.691281 Hz
EM
+Peak 58.989 kHz
-Peak -37.284 kHz
+Peak/2 48.137 kHz
RMS 9.8179 kHz
Wod, Frea, 19.0 kHz
Mod. Depth
SINAD 1.39 dB
THD -54.55 dB

Measuring...

e e

02.11.2016
22:24:18



[ a a
J U (U Al l c
MultiView 22 Spectrum x Real-Time Spectrum *'x ysa U#'x
Ref Level -36.00 dBm RBW 50 kHz  Meas High Resolution
= Att O0dB  SWT 30.1 ms = Dwell Time 200 rms
Y135 Bypass ~_

1 Real-Time Spectrjl

Signal + Spectrum Analyzer Multi-Standard Radio Analyzer

New
’{ Channel
Spectrum
| Replace
Current
Channel

CF 940.0 MHz
3 Persistence Speci

IQ Analyzer

[

Pulse

Duplicate
Current Channel

[] i ] A [
| A
L

1.0 MHz/

L A 'l
I \1E"‘Vﬂgf*
CF 940.0 MHz

T T

Multi-Standard Real-Time

i

Real-Time Spectrum

%Y

Analog Demod

K

Phase Moise

bt
N
I~

.

Span 10.0 MHz

Device
1 [ 2
—

1| Colors

e/

Comment

— -

f

Print
Config
RS
Install
Printer
B

—

Lm—
overview

-+l+§

JIITTTTT

Ready

(1 il
il

03.11.2016
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Vector network analyser

- Vector network analyser is a device, which excites a RF
network and measures a response from its ports. All
signals are measured as phasors.

If we know RFL and FWD If we know TRN and FWD
we can calculate: we can calculate:

« VSWR « Gain, attenuation

* S-parameters S;;, Sy, * S-parameters S,,, S,,

* Reflection coefficient I' * Transmission coefficient T
* Impedance R+jX « Group delay

* Admitance Y+|B * Phase shift

* Input matching

C\w Introduction to RF measurements and instrumentation 23
7/ Daniel Valuch CERN BE/RF (daniel.Valuch@cern.ch)



Vector network analyser

)
e LU T W2 wn way 400y a4 00 1)
- * -

- ™ — 100
PN 1.0
2 - x.»‘.[

1300 |

"

[T _/“\_

CR— S —

\ /

S NN T4 Ve ()
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Vector network analyser

- How does the VNA measure?
« Send signal from port 1 and measure the response at port 1

and port 2
R A
@ >J Port\ 1

7

Port 2

O—X_r |
e

C\E/RW Introduction to RF measurements and instrumentation o5
N 7% Daniel Valuch CERN BE/RF (daniel.Valuch@cern.ch)



Vector network analyser

- How does the VNA measure?
« Send signal from port 1 and measure response at port 1 and

port 2
R
@ tslle/R
o<
5 \% Po rt> 2

B

N

Port

CE/RW ‘ Introduction to RF measurements and instrumentation 26
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Vector network analyser

« How does the VNA measure?

« Send signal from port 1 and measure response at port 1 and
port 2

E\Eﬂ

S,,=B/A*

C\E/RW ‘ Introduction to RF measurements and instrumentation
NS

Daniel Valuch CERN BE/RF (daniel.Valuch@cern.ch)

27



VNA user interface

E5071C Network Analyzer
1Active ChfTrace 2Response 3 Stimulus 4 Mkr/analysis 5 Instr State
Trl 511 Log Mag 100.0mde,/ Ref -2.600dB Tr3 511 smith (Log/Phase) Scale 1.000U Marker Search
-2.100
»L 1.2938515 GHz -3.0291 dB >1 1.2938515 GHz -3.0291 dB 173.35 ° ]
-2.200 Mane
-2.300
Min
-2.400 | L
-2.500 | Peak
-2. 600 4
Target
-2.700
Tracki
-2. 800 DN“g
-2.900 Search Range |
~3.000 ; . L
Bandwidth
-3.100 : - & on
P 521 Log Mag 10.00de/ Ref -80.00dE
-30. 00 Bandwidth Value
=1 1.2938515 GHz -53.499 dB -3.0000 dB
-40.00 Bw: 1&.00000000 Hz
c_lent: 1.293851505 GHzl MNotch
ow: 1.293851496 GHz
-30.00 \igh: 11293851514 GHz OFF
Q: 70900000
-60.00 |foss: -52.499 db Notch Value
-3.0000 dB
-70.00
-80. 00 q i Return
2
Freque
-100.0 'yp' q
Start/stop
-120.0
g . Center/span
1 Center 1.29385148 GHz IFBWW 100 Hz

2012-09-27 17:38

Cw Introduction to RF measurements and instrumentation
N 7% Daniel Valuch CERN BE/RF (daniel.Valuch@cern.ch)
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VNA user interface

2 Response

E5071C Network Analyzer
1 Active Ch/Trace

3 Stimulus 4 Mkr/Analysis

5 Instr State

Trl 511 Log Mag 100.0mde,/ Ref -2.800dB
-2.100

1 1.2938515 GHz -3.0291 dB
-2.200
-2.300
-2.400 T
-2.500 '
-2.600p
-2.700
Y axi
-2.900
para
> rFs

521 Log Mag 10.00dB/ RgF -80.00dB

-300

»1 1.2938515 GHz -53.499 dB
~40.00 BlW: 18.00000000 HZ

cent: 1,293851505 GHz
_s0.pQ | Jow: 1.293851496 cHzl

: high: 1.293851514 GHz
Q: 70300000

-60.00 Noss: -52.499 de
-70.00
-80. 00 Y
-90. 00
-100.0
-110.0
-120.0
-130.0

1 Center 1.29385148 GHz

Introduction to RF measurements and instrumentation
Daniel Valuch CERN BE/RF (daniel.Valuch@cern.ch)

IFBW 100 Hz

Tr3 511 smith {Log/Phase) Scale 1.000U

=1 1.2938515 GHz -3.0291 dB 173.35 °

Resize

Marker Search

Mane

Min

Peak

Target

Tracking
on

Search Range
OFF

Bandwidth
ON

Bandwidth Value

-3.0000 dB

Notch
OFF

Motch Value

-3.0000 dB

Return

2012-09-27 17:38
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VNA user interface

E5071C Network Analyzer

1Active ChfTrace 2Response 3 Stimulus 4 Mkr/Analysis

-2.100
-2.200
-2.300
-2.400
-2.500
-2.600y
-2.700
-2.800
-2.900
-3.000

-3.100

Trl 511 Log Mag 100.0mde,/ Ref -2.800dB

Tr3 511 smith {Log/Phase) Scale 1.000U

=1 1.2938515 GHz -3.0291 dB

r

M s21
-30.00

a
Log Mag 10.00de/ Ref -80.00dB

fo

=1 1.2938515 GHz -3.0291 dB 173.35 °

Resize

Marker Search

Mane

Min

Peak

Target

Tracking
on

Search Range
OFF

Bandwidth
ON

-40.00
-50.00
-60.00
-70.00
-80. 00
-90.00
-100.0
-110.0

-120.0

=1 1.2938515 GHz -533.499 dB

EW: 18.00000000 Hz
cent: 1.293851505 GHz
Tow: 1.293851496 GHzl
high: 1.293851514 GHz
Q: 70900000
Toss: -52.499 de

-1320.0

Instrument status,
, reference

1 Center 1.29385148 GHz

Introduction to RF measurements and instrumentation
Daniel Valuch CERN BE/RF (daniel.Valuch@cern.ch)

IFBW 100 Hz

Bandwidth Value

-3.0000 dB

Notch
OFF

Motch Value

-3.0000 dB

Return

2012-09-27 17:38
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VNA user interface

E5071C Network Analyzer

1 Active ChfTrace 2Response 3 Stimulus 4 MkrjAnalysis 5 Instr State

-2.

-3.
i 2]

-90
-10
-11
-12

-13

-30.

-40.

-50.

-60.

-70.

-80.

100

Trl 511 Log Mag 100.0mde/ Ref -2.8600dB

Tr3 511 smith (Log/Phase) Scale 1.000U

. 200

.300

=1 1.2938515 GHz -3.0291 dB

=1 1.2938515 GHz -3.0291 dB

173.35 °

.400
. 500
.00
.700
. 800
.900

. 000

100

RS

f

Resize

Marker Search

Max

Min

Peak

Target

Tracking
on

Search Range
OFF

1

521

Log M=o 10 00de

pef _

Yy

00

£

Bandwidth
On

00|

00|

00|

Q: 70900000
Toss: -53.499 dE

00
00
.00
0.0
0.0

0.0

0.0

=1 1.2938515 GHz -53.499 dB

BlW: 1800000000 Hz
cent: 1.293851505 GHz
Tow: 1.292851496 GHzl
high: 1.292851514 GHz

Calcul
parameter using the
measured trace

tion of a derived

Bandwidth Value

-3.0000 dB

MNotch
OFF

Motch Value

-3.0000 dB

1 Center 1.29385148 GHz

IFBW 100 Hz

Return

2012-09-27 17:38

Introduction to RF measurements and instrumentation
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Setting up process...

SIS & E B SIS SEIES
Swreep Setup E Stimulus !H

Start
100.00 kHz

Tr2 =21 Log Mag 10.00dES Ref O.000dE Measurement
0. 000, | S21 1

Farmat

Log Mag —‘

- Log Mag

Average

-10.00 511

Powwer
4

=20, 00

-30.00
=40, 00 e

=50, 00

=60, 00

-70, 00
-80. 00

-50, 00 2

IF Bandwidth

=100, 0
521 Fhase 45.00° Ref 0.000° [Del]
225.0

Rewrn
180, 0

135.0
G0, 00
45,00

0.000 o

-45.00

=20, 00

-135.0

=180.0

| — 1z |

Stop 1 GH: [EEl[ r ﬂi 2 Off [ [ |
Meas 2018-03-13 16:48 2018-03-13 16:30 2018-03-13 16:42 2018-03-13 16:42 2018-03-13 16:43




Few notes on IF bandwidth

- VNA uses a super-heterodyne receivers to
measure the RF signals

- Same noise handling procedures as for the
spectrum analyser apply

Cw Introduction to RF measurements and instrumentation
Daniel Valuch CERN BE/RF (daniel.Valuch@cern.ch)
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IF (detector) bandwidth

o Bandpass filter measurement, fc=1GHz

1 Active ChiTrace =2 Respnnse 3 Skimulus 4 Mkrfanalysis S Inskr Skake
} 521 Log Mag 1t.00dEs Ref 0.000dE
Qoo

Aweraging
Restark

Awg Factor
16

Averaging

OFF

Smo Aperture

1.5000 %

] ) Smoakhing
-7E.00 f I |

' ‘ h i il IF Bandwidth
-90 .00 ”l 1h||| llww || |N1L.| IJ 'HI i J I|\<I|I“|F| I llw’ lll"u |||| l r ! rl 100 ﬂ:HE:| l- I

IFEMW 100 kHz

2005-12-06 14:51



IF (detector) bandwidth

- Bandpass filter measurement, fc=1GHz

1 Active ChiTrace 2 Response 3 Stimulus 4 Merfanalysis S Instr Skate
pIEEN 521 Log Mag 15.004B/ Ref 0.0004E
0,000

1.5000 %

Smoakhing
O

IF Bandwidth
10kHz

IFERW 10 kHz




IF (detector) bandwidth

- Bandpass filter measurement, fc=1GHz

1 Active ChiTrace 2 Response 3 Stimulus 4 Merfanalysis S Instr Skate

pIEEN 521 Log Mag 15.004B/ Ref 0.0004E
0.o00

1.5000 %

Smoakhing
O

IF Bandwidth
1 kHz
i o A lll,”' eturn

IFEW 1 kHz




IF (detector) bandwidth

- Bandpass filter measurement, fc=1GHz

1 Active ChiTrace 2 Response 3 Stimulus 4 Merfanalysis S Instr Skate

pIEEN 521 Log Mag 15.004B/ Ref 0.0004E

Aweraging
Restark

Awg Factor
16

Averaging

OFF

Smo Aperture

1.5000 %

Smoakhing

/ |
/ 3 IF Bandwidth
S . 'y 100 Hz

L'u"{'uﬁ v er W \H \\l

=150.0

|T Center 1 GHz

Span 1 5Hz -||_

IFEW 100 Hz

2005-12-06 14:53



IF (detector) bandwidth

- Bandpass filter measurement, fc=1GHz

1 Active ChiTrace 2 Response 3 Stimulus 4 Merfanalysis S Instr Skate
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IF (detector) bandwidth

- Bandpass filter measurement, fc=1GHz
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Measurement errors and calibration
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- The instrument always
shows some curves...

- ...butin 99% cases this is
not what you want to
measure
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Measurement errors and calibration

“Hello Daniel, this is Nikolai. We are trying to
measure the 1.3GHz superconducting cavity
but the instrument shows something strange...”

Trl 511 Log Mag 100.0mde/ Ret -2.600dB — S e -

-2.100

-2.200

-2. 300

>1 1.2938515 GHz -3.0291 dB

-2.400
-2.500
~2. 600
-2.700
-2. 800

-2.900

-2.000

-3.100

CE/RW
\

S

41

Introduction to RF measurements and instrumentation
Daniel Valuch CERN BE/RF (daniel.Valuch@cern.ch)



Measurement errors and calibration

We work in the RF domain

The instrument measures our DUT

...but also everything around (cables,
connectors, adapters, spurious reflections etc.)

- ...and the instrument is sensitive to temporal
alignment of the signals as well

- ...finally the instrument also measures himself

C\E/RW ‘ Introduction to RF measurements and instrumentation
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Measurement errors and calibration

All networks which connect DUT to the
Instrument introduce static systematic errors

We can measure them and mathematically de-
embed them from the measurement

- This process is called Calibration

CE/RW ‘ Introduction to RF measurements and instrumentation
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Measurement errors and calibration

All networks which connect DUT to the
Instrument introduce static systematic errors

We can measure them and mathematically de-
embed them from the measurement

- This process is called Calibration
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Measurement errors and calibration

- Directional coupler measurement without and
with full calibration
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Calibration process

3 standards: Open, Short, Load + Thru

ES070B / E5071B E5070B / E5S071B E5070B /ES071B
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Thank you for your attention
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After the break: hands on part



