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Keysight X-Series Signal Analyzer
N9063C Analog Demod Measurement Application

Measurement Guide

1 Demodulating AM, FM, ®M, FM Stereo/RDS Signals

The Analog Demod measurement application provides the capability of
demodulating AM (amplitude modulated), FM (frequency modulated), ®M
(phase modulated), and FM Stereo/RDS (Radio Data System) signals. These
measurements provide functionalities that can generally be categorized as
follows:

— Demodulating a modulated carrier and playing the modulating signal over a
speaker (sometimes referred to as tune and listen)

— Displaying demodulated signals in both time and frequency domains
— Displaying modulation metrics

— Displaying the RDS information in FM Stereo/RDS signals

The following topics can be found in this section:
“Setting Up and Making a Measurement” on page 8
“Demodulating an AM Signal” on page 9
“Demodulating an FM Signal” on page 11
“Demodulating an FM Stereo/RDS Signal” on page 13

KEYSIGHT

TECHNOLOGIES



Demodulating AM, FM, ®M, FM Stereo/RDS Signals
Setting Up and Making a Measurement

Setting Up and Making a Measurement

Making the Initial Signal Connection

Set the AM, FM, ®M, or FM Stereo/RDS transmitter under test to transmit the
RF power. Connect the transmitting signal to the signal analyzer as shown
below in Figure 1-1.

Before connecting a signal to the analyzer, make sure the analyzer can
safely accept the signal level provided. The signal level limits are marked
next to the RF Input connector on the instrument front panel.

1. Connect the output AM, FM, ®M, or FM Stereo/RDS transmitter to the RF
input port of the signal analyzer using appropriate cables, attenuators, and
adapters.

2. (Optional) If there is a frequency reference port on the transmitter, connect
it to the EXT REF IN port on the signal analyzer for frequency
synchronization.

Figure 1-1 AM, FM, ®M, or FM Stereo/RDS Measurement System
: Optional
|
|
1
|
| EXT REF OUT
]
Z ~N
AM, FM, ®M,
or FM Stereo/RDS Transmitter O
RF OUTPUT X-Series Signal Analyzer FNFPUT
| NP |
1 Attenuatorl

After making the connection, see the Input/Output menu for details on
selecting input ports and the Amplitude menu for details on setting the
internal attenuation to prevent overloading the analyzer.

Using Analyzer Mode and Measurement Presets

To set your current measurement mode to a known factory default state, press
Mode Preset. This initializes the analyzer by returning the mode setup and all
of the measurement setups in the mode to the factory default parameters.

To preset the parameters that are specific to an active, selected measurement,
press Meas Setup, Meas Preset. This returns all the measurement setup
parameters to the factory defaults, but only for the currently selected
measurement.

Keysight N9063C Analog Demod Measurement Guide



Demodulating AM, FM, ®M, FM Stereo/RDS Signals
Demodulating an AM Signal

Demodulating an AM Signal

This section demonstrates how to demodulate and listen to an AM signal. You
can tune to an AM signal and view the results of the detector output displayed
in the quad-view window or in single-window format.

Alternatively, the demodulated signal is also available as an audio output (to
the speaker or headphone jack) and as video output (on the rear panel).

The signal under test is a 680 kHz signal with AM depth of 50% and AM rate of
1 kHz. Note that if you are using a broadcast AM signal in the United States, for
example, the AM channels are broadcasting between 550 kHz and 1650 kHz.

Step Action

Notes

1. Select Analog Demod mode. —

Press Mode/Meas, Analog
Demod, OK.

The default settings for Analog Demod
Mode are the AM measurement and
Quad View

2. Preset the mode. —

Press Mode Preset.

3. Set the center frequency of  —

the AM signal.

Press Center Freq and enter
680, kHz.

4. Adjust the sweep time and -

view the measurement
results as in the figure
below.

Press Sweep.

Press Demod Wfm Sweep
Time and enter 2 ms.

This is the default setting.

Analog Demod 1
M |+

KEYSIGHT Input RF InputZ 50 0 Atten 10 B (e0)  Trig: FreeRun  |LPF- OFf [AvglHold >10/10

@ Coupling: AC Freq Ref: Sense, Int |Int Preamp: Off
Bus Qut: Off Align: Auto LNP: Not Enabled

RF Spectrum
Scale/Div 10.0 dB Ref Value 0.00 dBm

AF Spectrum
Scale/Div 10.0 dB Ref Value 100.000 %

AF Start Freq 0 Hz AF Stop Freq 20.000000 kHz|

AF Res BW 180.00 Hz

o Jun 03,
=I q c - ? ;Tw-mm

HPF: Off Channel BW: 25 kHz
BPF: Off Meas Time: 72.0 ms

Demod Waveform v
Scale/Div 20.000 % Ref Value 0.000 %

AM Modulation Depth

Average
Peak+ 49.95 %
Peak-
(Pk PK)2
RMS 3¢
Carrier Power dBm| | SNR
Modulation Rate z | Dist/Total Vims
SINAD 2 THD

Demod Waveform Sweep
Time Control

Continuous
Single

Keysight N9063C Analog Demod Measurement Guide



Demodulating AM, FM, ®M, FM Stereo/RDS Signals
Demodulating an AM Signal

Step Action Notes
5. Listen to the demodulated — Press Meas Setup,
AM signal. Advanced Tab
— Toggle Demod to Speakerto Yoy may need to adjust the volume as
On necessary.

10 Keysight N9063C Analog Demod Measurement Guide



Demodulating AM, FM, ®M, FM Stereo/RDS Signals
Demodulating an FM Signal

Demodulating an FM Signal

This section demonstrates how to demodulate and listen to an FM signal. You
can tune to an FM signal and view the results of the detector output displayed
in the quad-view window or single-window format.

Alternatively, the demodulated signal is also available as an audio output (to
the speaker or headphone jack) and as video output (on the rear panel).

The signal under test is a signal at 300 MHz with FM deviation of 10 kHz and
FM rate of 1 kHz. Note that if you are using a broadcast FM signal in the United
States, for example, the FM channels are broadcasting between 87.7 MHz and
107.7 MHz.

Step

Action

Notes

1. Select Analog Demod mode.

— Press Mode/ Meas, Analog
Demod.

2. Preset the mode.

— Press Mode Preset.

3. Select FM measurement.

— Press Mode/ Meas, FM, OK.

The Quad view is the default setting.

4. Set the center frequency to
the center of the FM signal.

— Tap Center Freq and enter
300, MHz.

5. Adjust the sweep time and
view the measurement

— Press Sweep, Demod Wfm
Sweep Time, 2, ms.

This is the default setting.

result as in the figure below.

RF Spectrum
Scale/Div 10.0 dB

Analog Demod 1 s

FMOQ v + Display .-

KEYSIGHT input: RF
(Coupling: AC
Bus Out: Off

Input Z- 50 0 Aten- 10dB(e0) |Trig FreeRun  |LPF- OFf
Freq Ref: Sense, Int Int Preamp: Off De-emphasis: Off  HPF: Off
Align: Auto LNP: Not Enabled BPF: Off

Avg|Hold:>101D Vi
Channel BW: 25 kHz 1w
Meas Time: 72.0 ms

Quad

Meas
Display

Annotation
Demod Waveform ¥

Scale/Div 15.000 kHz

RF Spectrum

Ref Value 0.00 dBm Ref Value 0.000 Hz

Demod Waveform
AF Spectrum

Transient Analysis

AF Spectrum v

Scale/Div 10.0 dB

AF Start Freq 0 Hz
[AF Res BW 180.00 Hz

Ref Value 100.000 kHz FM Deviation

Max Hold
9.779kHz
-9.784 kHz
0.782kHz
7.067 kHz

Average

9777 kHz
Peak- -9.782 kHz
(Pk-PK)2 9.780 kHz
RMS 7.056 kHz

Peak+

Carrier Power n| | SINAD
Carrier Freq Error
Dist/Total Vims

THD

1000.0 Hz

Modulation Rate
AF Stop Freq 20.000000 kHz|

Jun 03, 20
9:59:08 A

@ d?

Keysight N9063C Analog Demod Measurement Guide
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Demodulating AM, FM, ®M, FM Stereo/RDS Signals
Demodulating an FM Signal

Step Action Notes
6. Listen to the demodulated — Press Meas Setup, You may need to adjust the volume as
FM signal. Advanced Tab necessary.
— Toggle Demod to Speaker to
On

12 Keysight N9063C Analog Demod Measurement Guide



Demodulating AM, FM, ®M, FM Stereo/RDS Signals
Demodulating an FM Stereo/RDS Signal

Demodulating an FM Stereo/RDS Signal

This section demonstrates how to demodulate and listen to an FM Stereo
signal and view key messages carried in RDS (Radio Data System). You can
tune to an FM Stereo/RDS signal and view the measurement results of the
multiplexed signal, the mono signal, the stereo signal, the left and right
channel of the stereo signal, and the RDS messages in separate views.

Alternatively, the demodulated FM Stereo signal is also available as an audio

output (to the speaker or headphone jack).

Measurement procedures for two typical FM Stereo/RDS signals are
introduced here:

“Measuring L Only FM Stereo/RDS Signals” on page 13
“Measuring L=R FM Stereo/RDS Signals” on page 19

Measuring L Only FM Stereo/RDS Signals

The parameters of the signal under test are:

FM reference deviation: 75 kHz
Pilot deviation:  10%

Pilot frequency: 19 kHz

Stereo frequency: 38 kHz

Left only tone: 1.0 kHz

RDS deviation: 6%

RDS frequency: 57 kHz

Step

Action

Notes

1. Select Analog Demod mode

— Press Mode/Meas, Analog
Demod.

2. Preset the mode.

— Press Mode Preset.

3. Select FM Stereo/RDS
measurement.

— Press Mode/Meas, FM
Stereo/RDS.

4. Set the center frequency to
the center of the signal and
set the AF stop frequency.

— Press FREQ Channel,
Center Freq, 98, MHz.

— Press AF Stop Freq, 65, kHz.

AF start frequency and AF stop
frequency settings determine the span
of the X axis in AF Spectrum window in
MPX, Mono, Stereo, Left, and Right
views.

5. Set the FM reference
deviation.

— Press Meas Setup,
Advanced, Ref Deviation,
75, kHz.

Keysight N9063C Analog Demod Measurement Guide
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Demodulating AM, FM, ®M, FM Stereo/RDS Signals

Demodulating an FM Stereo/RDS Signal

Step Action

Notes

6. View the measurement
result of the multiplexed
signal.

— Press Display, View, MPX.

To display only the current trace in the
Demod Waveform window, press Meas
Setup and toggle Averaging to
Off.

The figure below shows the measurement results of the multiplexed signal, including the mono part, stereo part,

RDS/RBDS, and pilots. There are four windows:

RF Spectrum window (top left) displays the RF spectrum of the multiplexed signal.
Demod Waveform window (top right) displays the baseband modulating signal in time domain. There

are four traces in this window: maximum trace (in cyan), minimum trace (in magenta), average trace (in

green), and current trace (in yellow).

Analog Demod 1
FM Siereo /RDS " |l
KEYSIGHT Inuul-‘ RF A

Coupling: AC

> Bus Qut: Off

Input Z: 50 Q Aten: 10 dB (20)
Freq Ref: Sense, Int Int Preamp: Off
Align: Auto LNP: Not Enabled

Trig: Free Run LPF: Off
De-emphasis: Off  HPF: Off
BPF: Off

Avg|Hald: 10/10
Channel BW: 400 kHz
Meas Time: 280 ms

RF Spectrum
Scale/Div 10.0 dB

MPX Waveform \

Ref Value 0.00 dBm Scale/Div 15.000 kHz

Ref Value 0.000 Hz

M‘”

Center 98 MHz
Res BW 1.0 kHz

MPX AF Spectrum ¥
Scale/Div 10.0 dB

Start 0.000 s
MPX Metrics \

Ref Value 100.000 kHz Deviation (Ref: 75.000 kHz)

WM Jr(h |

AF Spectrum window (bottom left) displays the modulating signal in frequency domain.
Metric window (bottom right) displays the numeric measurement results.

N
Meas Setup ¥ e

Avg|Hold Number
10

Averaging
On
Off

Settings
Filters
Advanced

<Jemod & Analysis
Setup Table

Auto Couple

Global

Stop 2.000 m:

Average = Average | Max Hold = Max Hold

(dBFs)
138

(Hz)
7550k
56k
7553k
2941k

Peak+
Peak-
(Pk-Pk)/2 1.3
RMS -8.14
Carrier Power

Carrier Freq Error -2.409 Hz | Dist/Total Vims

AF Start Freq 0 Hz
|AF Res BW 620.00 Hz

AF Stop Freq 66.000000 kHz|

l’ Jun 03,

o | 115437

(dBFs)

0.06
0.06
0.06
813

55.905dB

7. View the mono part of the
multiplexed signal which
corresponds to L+R.

— Press Display, View, Mono.

14
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Demodulating AM, FM, ®M, FM Stereo/RDS Signals
Demodulating an FM Stereo/RDS Signal

Step

Action

Notes

Analog Demod 1
FM Stereo / RDS

Input Z: 50 0 Atten: 10 dB (e0)
Freq Ref: Sense, Int |Int Preamp: Off
Align: Auto LNP: Not Enabled

Scale/Div 15.000 kHz Ref Value 0.000 Hz

Carrier Power -29.911 dBm
Carrier Freq Error -4.355 Hz
Modulation Rate 1.0001 kHz
SINAD 6.723 dB
Dist/Total Vims 0.046 %

Jun 03, 2015
q A ? 1‘6“‘24jiBAM

Trig: Free Run LPF: Off
De-emphasis: Off | HPF: Off
BPF: Off

Mono AF Spectrum

[Avg[Hold:>10110 .
Channel BW: 400 kHz ME_a=
Meas Time: 280 ms Display

Annotation
Mono (L+R)

Scale/Div 10.0 dB Ref Value 100.000 kHz

Deviation (Ref. 75.000 kHz)

Average
(Hz)

Peak+ 3327k
Peak-

(Pk-PK)2

RMS 2352k

Stereo (L-R)
Left

Right
RDS/RBDS

Results Summary

AF Stop Freq 65.000000 kHzj

Average | Max Hold =Max Hold
(dBFs) | (Hz) | (dBFs)

106 & -7.06
-1.06 -7.05
-1.06 X -1.05
-1007 2353k -10.07

8. View the stereo part of the
multiplexed signal which
corresponds to L-R.

| Analog Demod 1
HEREEI | +

KEYSIGHT |Input RF InputZ-50 0 Atten- 10.dB (e0)
G Cowing AC Freq Ref: Sense, Int Int Preamp: Off

Bus Qut: Off Align: Auto LNP: Not Enabled

Stereo Waveform
Scale/Div 15.000 kHz Ref Value 0.000 Hz

Stereo Metrics v

Carrier Power
Carrier Freq Error
Modulation Rate 1.0001 kHz

Jun 03, 2015
L. ") ~ il ? 1020430

Trig: Free Run LPF- Off
De-emphasis: O HPF: Off

Avg[Hold:>10/10 .
Channel BW: 400 kHz ME_a:
Meas Time: 280 ms Display

Annotation
Mono (L+R)

Scale/Div 10.0 dB Ref Value 100.000 kHz

AF Start Freq 0 Hz
AF Res BW 620.00 Hz

Deviation (Ref: 75.000 kHz)

Average
(H2)

Peak+
Peak-
(Pk-PK)2
RMS

Stereo (L-R)
Left

Right
RDS/RBDS

Results Summary

AF Stop Freq 65.000000 kH|

Average | MaxHold = Max Hold
(@BFs) | (Hz) | (dBFs)

-7.03 -7.01
-7.03 -T.01
-7.03 -1.01
-10.05 -10.05

Keysight N9063C Analog Demod Measurement Guide
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Demodulating AM, FM, ®M, FM Stereo/RDS Signals
Demodulating an FM Stereo/RDS Signal

Step

Action

Notes

9. (Optional) Set the baseband
filters to improve the
measurement results.

Press Meas Setup, Filters.

The highpass filter, lowpass filter, and
bandpass filter can be combined as you
like.

10. If pre-emphasis is used in
the signal under test, set to
use de-emphasis in the
signal analyzer.

Press Meas Setup, Filters,
De-Emphasis and choose
the appropriate de-emphasis
filter.

11. View measurement results
of the left channel.

Press Display, View, Left.

Analog Demod 1
Aisereo/R0S " (Il
KEYSIGHT InputRF

G Couing AC
Bus Out OFf

Input Z: 50 O Atten: 10 dB (e0)
Freq Ref: Sense, Int |Int Preamp: Off
Align: Auto LNP: Not Enabled

Left Waveform v

Scale/Div 15.000 kHz Ref Value 0.000 Hz

Left Metrics v

Carrier Power
Carrier Freq Error
Modulation Rate
SINAD

Dist/Total Vims

THD 0.014%

Jun 03, 201
10:27:07 AM

@aocM?

Trig: Free Run LPF: Off
De-emphasis: 50ps | HPF: Off
BPF: Off

Avg|Hold:>1010
Channel BW: 400 kHz
Meas Time: 280 ms

Left AF Spectrum v

Scale/Div 10.0 dB Ref Value 100.000 kHz

NP
v
s

Meas

Display
MPX =

Annotation
Mono (L+R)
Stereo (L-R)
Left
Right

RDS/RBDS

Results Summary

AF Stop Freq 65.000000 kHz

Deviation (Ref: 75.000 kHz)

Average
(Hz)

NTTk
-31.78k
NTTk
2247k

Average = Max Hold = Max Hold
(dBFs) (Hz) (dBFs)

1460 3178k -1.46

746 3179k 746

1460 3179k -1.46
2247k

Peak+
Peak-
(Pk-PK)2
RMS

12. View measurement results
of the right channel.

— Press Display, View, Right.

The audio in the test signal is an L-only
tone, so in the results of the right
channel, the demod waveform is almost
zero.

16
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Demodulating AM, FM, ®M, FM Stereo/RDS Signals

Demodulating an FM Stereo/RDS Signal

Step

Action

Notes

|Analog Demod 1 +
FM Stereo / RDS
KEYSIGHT _ input: RF

D Coupling: AC
Bus Out: Off

Right Waveform

Input Z:50 0 Atten- 10dB (eD)  Trig: Free Run LPF- Off AvglHold>10/0
Freq Ref: Sense, Int Int Preamp: Off De-emphasis: 50ys  HPF: Off (Channel BW: 400 kHz
Align: Auto LNP: Not Enabled BPF: Off Meas Time: 280 ms

Right AF Spectrum ¥

Scale/Div 15.000 kHz Ref Value 0.000 Hz Scale/Div 10.0 dB Ref Value 100.000 kHz

v

Carrier Power
Carrier Freq Error
Modulation Rate
SINAD

Dist/Total Vims
THD

AF Start Freq 0 Hz AF Stop Freq 65.000000 kH]
AF Res BW 620.00 Hz

Deviation (Ref. 75.000 kHz)
Average | Average | Max Hold | Max Hold
L0001 K (Hz) | (dBFs)  (Hz) | (dBFs)

10234 4B Peaks

Peak-
(Pk-Pk)/2
RMS

Meas
Display

Annotation
Mono (L+R)

Stereo (LR)

Left
Right
RDS/RBDS

Results Summary

13. View the RDS/RBDS — Press Display, View,

results.

RDS/RBDS.

The figure below displays the BLER result and the information bits in the upper part and key RDS messages like basic

tuning and switch information, radio text, and so on in the lower part. For more information, refer to “Basic Structure of
RDS” on page 31 and “BLER” on page 31.

|Analog Demod 1 +
FM Stereo / RDS

KEYSIGHT o
@ Bus'z)ugoﬁ

RDS/RBDS \
BLER

Inform:

Basic Tuning and Switching Info

Input Z:50 0 Atien-10dB (e0) [Trig: Free Run  |LPF- OF AvglHold:>10/10
Freq Ref: Sense, Int |Int Preamp: Off De-emphasis: 50ps  HPF: Off (Channel BW: 400 kHz
Align: Auto LNP: Not Enabled BPF: Off Meas Time: 280 ms

0.00E+000 (0/192)

1000000000000001 0010000000100000 0101001001100001 0110010001101001
1000000000000001 0100000000100001 1010101100111100 0000000000100000

Program Item Number and Slow Labelling Codes

Traffic Announcement (TA) Link Actuator

Music/Speech (M/S) Mus Extended Country Code (ECC)

Program Service Name (PS) RDS Test Program ltem Number Code 0:0:0 (0)

Altemative Frequency State On Language Code

Altemative Frequency MHz

Dynamic PTY
Compressed
Arifict

Stereo

Radio Text
Text

Off Clock Time and Date
of Modified Julian Day (Y.M.D)
of  UTCHour

UTC Minute

Local Time Offset (Half Hour)

Radio Text

9 ? i

Mono (L+R)
Stereo (L-R)
Left

Right
RDS/RBDS

Results Summary

Keysight N9063C Analog Demod Measurement Guide
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Demodulating AM, FM, ®M, FM Stereo/RDS Signals
Demodulating an FM Stereo/RDS Signal

Step Action Notes
14. View a summary of the — Press Display, View,

numeric measurement Results Summary.

results.

In this view, the left to right separation result is displayed as "Left to Right" and the mono to stereo
crosstalk is displayed as "Mono to Stereo". Normally, the left to right separation test is taken when
the audio signal under test is L anly or R only; mono to stereo crosstalk test is taken when the audio
signal under test is L=R or L=-R.

|Analog Demod 1 Y + Display ' _;l._

FM Stereo / RDS [

KEYSIGHT Input: RF InputZ-50 Aten:10dB(e0) Trig:FreeRun  |LPF OFf AvglHold:>10/10
) Cowping AC Freq Ref- Sense, Int Int Preamp: O De-emphasis: 50us  HPF: Of Channel BW: 400 kHz
Bus Out Off Align: Auto LNP: Not Enabled BPF: O Meas Time: 280 ms

Meas
Display

Annotation
Result Metrics. Mono (L+R)
Stereo (L-R)
Deviation (Ref: 75.000 kHz) Left
Mod Rate SINAD
Peak+ (Pk-PK)12 RMS
MPX 63.18kHz -149dBFS| 6354kHz| -144dBFS| 29.40kHz| -8.14dBFS 56.249 dB Right
Mono -T.06 dBFS TOBABFS|  2352kHz -10.07dBFS| 10001kHz| 66.410dB RDS/RBDS
Stereo -T03dBFS| 33 -T.03dBFS| 2357 kHz -10.05dBFS| 1.0001 kHz
Left 31.77kHz| -T46dBFS| 3 746 dBFS| 2246kHz| -10.47dBFS  1.0001kHz| 66.941dB

Results Summary

Right 50.03 Hz| -63.52 S 8 -63.80 dBFS 2494Hz -6956dBFS| 10001kHz| 10010dB
Pilot 7513 kHz| - S 7513kHz| -19.99dBFS 5304 kHz -23.01dBFS| 19.000 kHz
RDS 4439kHz| -2456dBFS| 4445kHz| -2454dBFS| 3130 kHz | -27.50 dBFS

Left To Right Mono To Stereo

RF Carrier Power -2 dBm RF Carrier Freq Error

38 kHz Carrier Freq Eror 38 kHz Carrier Phase Error 0.00 deg

15. Listen to the demodulated  — Press Meas Setup, You may need to adjust the volume as
FM stereo signal. Advanced Tab necessary.
— Toggle Demod to Speaker
to On
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Demodulating an FM Stereo/RDS Signal

Measuring L=R FM Stereo/RDS Signals

The parameters of the signal under test are as below.

FM reference deviation: 75 kHz
Pilot deviation: 10%
Pilot frequency: 19 kHz

Stereo frequency: 38 kHz

Left = Right tone:

1.0 kHz

RDS deviation: 6%
RDS frequency: 57 kHz

Step

Action

Notes

1. Select Analog Demod mode.

— Press Mode, Analog
Demod.

2. Preset the mode.

— Press Mode Preset.

3. Select FM Stereo/RDS
measurement.

— Press Mode/Meas, FM
Stereo/RDS.

4. Set the center frequency to
the center of the signal and
set the AF stop frequency.

— Press FREQ, Center Freq,
98, MHz.

— Press AF Stop Freq, 65, kHz.

AF start frequency and AF stop
frequency settings determine the span
of the X axis in AF Spectrum window in
MPX, Mono, Stereo, Left, and Right
views.

5. Set the FM reference
deviation.

— Press Meas Setup,
Advanced, Ref Deviation,
75, kHz.

6. View the measurement
result of the multiplexed
signal.

— Press Display, View, MPX.

To display only the current trace in the
Demod Waveform window, press Meas
Setup and toggle Averaging to
Off.

Keysight N9063C Analog Demod Measurement Guide
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Demodulating AM, FM, ®M, FM Stereo/RDS Signals
Demodulating an FM Stereo/RDS Signal

Step Action Notes

The figure below shows measurement results of the multiplexed signal, including the mono part, the stereo part,
RDS/RBDS, and pilats. There are four windows:

— RF Spectrum window (top left) displays the RF spectrum of the multiplexed signal.

— Demod Waveform window (top right) displays the baseband modulating signal in time domain. There
are four traces in this window: maximum trace (in cyan), minimum trace (in magenta), average trace (in
green), and current trace (in yellow).

— AF Spectrum window (bottom left) displays the modulating signal in the frequency domain.
— Metric window (bottom right) displays the numeric measurement results.

/Analog Demod 1 S
SR + Display 115, <
KEYSIGHT Input-RF Input Z-50 0 Atton: 10dB (60) _[Trig: Free Run __|LPF. OF AvgiHold=10110

= Coupling: AC Freq Ref: Sense, Int |Int Preamp: Off  De-emphasis: Off  HPF: Off Channel BW: 400 kHz Me_as
Bus Out O Align: Auto LNP: Not Enabled BPF: Off Meas Time: 280 ms Display

Annotation
RF Spectrum MPX Waveform v Mono (L+R)
Scale/Div 10.0 dB Ref Value 0.00 dBm Scale/Div 15.000 kHz Ref Value 0.000 Hz

Stereo (L-R)
Left
Right

RDS/RBDS

Results Summary

Center 98 MHz
Res BW 1.0 kHz

MPX AF Spectrum ¥ MPX Mefrics r

Scale/Div 10.0 dB Ref Value 100.000 kHz Deviation (Ref: 75,000 ktz)

Average | Average | Max Hold | Max Hold
(Hz) (dBFs) (Hz) (dBFs)

Peak+ 7353k 0147 7551k 0.08
Peak- k 017 7548k 0.06
(Pk-Pl)/2 7352k 017 7550k 0.06
RMS 4494k 445 4494k

Carrier Power -29.903 dBm || SINAD
-915.7 mHz || Dist/Total Vims

AF Start Freq 0 Hz AF Stop Freq 65.000000 khg| | C2er Freq Error
[AF Res BW 620.00 Hz

l’ Jun 03, 20
o | 10:35:48Al

7. View the mono part of the — Press Display, View, Mono.
multiplexed signal which
corresponds to L+R.
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Demodulating AM, FM, ®M, FM Stereo/RDS Signals
Demodulating an FM Stereo/RDS Signal

Step Action Notes

FM Stereo / RDS Ly

KEYSIGHT nput:RF Input Z: 50 @ Atten: 10 dB (e0)  Trig: Free Run LPF: Off AvglHold:>10/10 Meas
Q Coupling: AC Freq Ref: Sense, Int Int Preamp: Off De-emphasis: Off  HPF: Off Channel BW: 400 kHz /E_a’
Bus Out: Off Align: Auto LNP: Not Enabled BPF: Off Meas Time: 280 ms Display

Annotation

Mono Waveform Mono AF Spectrum ¥ Mono (L+R)
Scale/Div 15.000 kHz Ref Value 0.000 Hz Scale/Div 10.0 dB Ref Value 100.000 kHz

Stereo (L-R)
Left

Right
RDS/RBDS

Results Summary

AF Stop Freq 65.000000 kHz|
Mono Merics v

Carrier Power -29.904 dBm Deviation (Ref: 75.000 kHz)

Carrier Freq Error -946.6 mHz Average | Average = Max Hold | Max Hold
Modulation Rate 1.0001 kHz (Hz) (dBFs) (Hz) (dBFs)
SINAD 70.892 dB Peak+ : 451 6303k|  -151
Dist/Total Vims 0029% P 62 451 6303k| 151
(Pk-PK)/2 2 -151 3.03k -1.51

RMS 4 4457k 452

8. View the stereo part of the — Press View/Display, Stereo.
multiplexed signal which
corresponds to L- R.

\Analog Demod 1 +
FM Stereo / RDS

KEYSIGHT |lnput: RF Input Z: 50 0 Atten-10dB (0) [Trig: FreeRun  |LPF. Off AvglHold:>1010
G [(CowlngAC Freq Ref: Sense, Int nt Preamp: Off | De-emphasis: Off  HPF: O Channel BW: 400 kHz
Bus Out: Off Align: Auto LNP: Not Enabled BP Meas Time: 280 ms

Stereo Waveform S Mono (L+R)

Scale/Div 15.000 kHz Ref Value 0.000 Hz Scale/Div 10.0 dB Ref Value 100.000 kHz
Stereo (L-R)

Left
Right
RDS/RBDS

Results Summary

AF Start Freq 0 Hz AF Stop Freq 65.000000 kHz{
AF Res BW 620.00 Hz

Stereo Metrics v

Carrier Power -29.903 dBm Deviation (Ref: 75.000 kHz)

Carrier Freq Error -992 6 mHz Average | Average @ Max Hold | Max Hold
Modulation Rate 314 kHz (Hz) (dBFs) (Hz)
Peaks 9 1966

Peak-
(Pk-PK)2
RMS
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Demodulating AM, FM, ®M, FM Stereo/RDS Signals
Demodulating an FM Stereo/RDS Signal

Step Action Notes

9. (Optional) Set the baseband  — Press Meas Setup, Filters. The highpass filter, lowpass filter, and
filters to improve the bandpass filter can be combined as you
measurement results. like.

10. If pre-emphasis is used in — Press Meas Setup, Filters,
the signal under test, set to De-Emphasis and choose
use de-emphasis in the the appropriate de-emphasis
signal analyzer. filter.

11. View the measurement — Press Display, View, Left. In this test case, the left channel equals
results of the left channel. to the right channel.

|Analog Demod 1 e
FMStreo/Rs | Display v,
KEYSIGHT Input: RF Input Z: 50 Q Atten: 10 dB (e0) | Trig: Free Run LPF: Off Avg|Hold: 5110

G Cowlng AC Freq Ref: Sense, Int It Preamp: Of | De-emphasis: T5us  HPF: OFf Channel BW: 400 kHz Meas
Bus Out OF Align: Auto LNP: Not Enabled BPF: Off Meas Time: 280 ms Display

Annotation
Left Waveform v Left AF Spectrum v Mono (L+R)

Scale/Div 15.000 kHz Ref Value 0.000 Hz Scale/Div 10.0 dB Ref Value 100.000 kHz
Stereo (L-R)
Left
Right

RDS/RBDS

Results Summary

AF Stop Freq 65.000000 kHz|

Carrier Power m Deviation (Ref: 75.000 kHz)

Carrier Freq Error -861.6 mHz Average = Average  Max Hold | Max Hold
(Hz) (dBFs) | (Hz) | (dBFs)

Peak+ 2851k 840 2851k -840
Peak- 2851k 640 -285 -840
(Pk-Pk)i2 2851k 840 2 -840
RMS 2016k -1141) 2016k -11.41

Modulation Rate
SINAD
Dist/Total Vims
THD

€00 M ?

12. View the RDS/RBDS — Press Display, View,
results. RDS/RBDS.
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Demodulating AM, FM, ®M, FM Stereo/RDS Signals
Demodulating an FM Stereo/RDS Signal

Step Action

Notes

The figure below displays the BLER result and the information bits in the upper part and key RDS messages like basic
tuning and switch information, radio text, and so on in the lower part. For mare information, refer to “Basic Structure of

RDS” on page 31 and “BLER” on page 31.

Analog Demod 1
Fisereo/r0s [

KEYSIGHT |Input:RF Input Z: 50

Atten: 10 dB (D)

Coupling: AC Freq Ref: Sense, Int Int Preamp: Off

Bus Out: Off Align: Auto

RDS/RBDS v

LNP: Not Enabled

BLER 0.00E+000 (0/192)

1000000000000001 0010000000100000 0101001001100001 0110010001101001
Information Bits 1000000000000001 0100000000100001 1010101100111100 0000000000100000

Basic Tuning and Switching Info
Traffic Announcement (TA)
Music/Speech (M/S)

Program Service Name (PS)
Alternative Frequency State
Alternative Frequency

Dynamic PTY

Compressed

Artificial

Stereo

Radio Text
Text

Jun 03, 2015 ¢
== q (gl ? 1L(I)”2El‘11Ah’

Off
Music
RDS Test
On
91.5MHz
Off

Off

Off

Radio Text

Display <

Trig: Free Run LPF: Off AvglHold:>10/10
De-emphasis: 50ps  HPF: Off

Channel BW: 400 kHz M_E_as
BPF: Off Mezs Time: 280 ms Display

Annotation
Mono (L+R)

Stereo (L-R)

Left
Program Item Number and Slow Labelling Code:
Link Actuator off Right
Extended Country Code (ECC) OxE1(225) RDS/RBDS
Program Item Number Code 0:0:0 (0)
Language Code Results Summary
Clock Time and Date
Modified Julian Day (Y.M.D)
UTC Hour
UTC Minute
Local Time Offset (Half Hour)

13. View a summary of the
numeric measurement

results.

— Press Display, View, Result

Summary.

Keysight N9063C Analog Demod Measurement Guide
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Demodulating AM, FM, ®M, FM Stereo/RDS Signals
Demodulating an FM Stereo/RDS Signal

Step Action Notes

In this view, the left to right separation result is displayed as "Left to Right" and the mono to stereo
crosstalk is displayed as "Maono to Stereo”. Normally, the left to right separation test is taken when
the audio signal under test is L only or R only; mono to stereo crosstalk test is taken when the audio
signal under test is L=R or L=-R.

Sl
A vS

KEYSIGHT [input RF InputZ-50 0 Atten: 10dB (e0)  [Trig: FreeRun  |LPF: OFF [Avg|Hold > 10110
) Couping AC Freq Ref: Sense, Int IntPreamp: O |De-emphasis: 75s  HPF: Of (Channel BW: 400 kHz
Bus Out: OF Align: Auto LNP: Not Enabled BPF: Of Meas Time: 280 ms

Meas
Display

Annofation
Result Metrics Mono (L+R)

Stereo (L-R)
Deviation (Ref: 75.000 kHz) Left
Mod Rate SINAD
Peak+ (Pk-Pky2 RMS
MPX 7351kHz| -0.17dBFS| 7350kHz| -0.18dBFS -4.45 dBFS 61.200dB Right
Mono 63.02 kHz S| 63.03kHz| -1.51dBFS -452dBFS  1.0001kHz ~ 70.858dB RDS/RBDS
Stereo 116.3 Hz 9 dBFS 115.7 Hz | -56.24 dBFS 38 -65.80dBFS | 9.4081 kHz
Left 8 : 8 S| 20.16kHz| -11.41dBFS | 1.0001 kHz 8 0.009 %

Results Summary

Right 8.5 < E 2016 kHz| -11.41dBFS  1.0001 kHz 0.0
Pilot 7.506 kHz S| 7.506kH 9 S| 6.303kHz| -23.01dBFS| 19.000 kHz
RDS 4465kHz| -24.50dBFS| 4.464kHz| -24.51dBFS| 3.129kHz| -27.59 dBFS

Left To Right 0.000dB ono To Stereo
RF Carrier Power -29.909 dBm RF Carrier Freq Emor

38 kHz Carrier Freq Eror 5 38 kHz Carrier Phase Error 0.05deg

CRlEOaRE

14. Listen to the demodulated  — Press Meas Setup, You may need to adjust the volume as
FM stereo signal. Advanced Tab necessary.
— Toggle Demod to Speaker
to On
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Keysight X-Series Signal Analyzer
N9063C Analog Demod Measurement Application

Measurement Guide

2 Concepts

The following topics can be found in this section:
AM Concepts on page 26
FM Concepts on page 28
FM Stereo/RDS Concepts on page 30
Modulation Distortion Measurement Concepts on page 32

Modulation SINAD Measurement Concepts on page 33
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AM Concepts

Figure 2-1 AM waveform
Amplitude Modulated Carrier

Baseband
| Amplitude
/\/\ Modulator | '

In AM (Amplitude Modulation), the instantaneous amplitude of the modulated
carrier signal changes in proportion to the instantaneous amplitude of the

information signal.

Figure 2-2 Calculation AM index in time and frequency domain
I
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The modulation index "m" represents the amount of modulation or the degree
to which the information signal modulates the carrier signal. The index for an
AM signal can be calculated from the amplitudes of the carrier and either of

the sidebands by the equation:

Equation 2-1
Emax—Emin _ Euse * Ersp _ 2Esp
EC

m
3
o
X
|
m
o
|
|
m
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For 100% modulation, the modulation index is 1.0, and the amplitude of each
sideband will be one-half of the carrier amplitude expressed in voltage. On a
decibel power scale, each sideband will thus be 6 dB less than the carrier, or
one-fourth the power of the carrier. Since the carrier power does not change
with amplitude modulation, the total power in the 100% modulated wave is
50% higher than in the unmodulated carrier. The relationship between m and
the logarithmic display can be expressed as:

Equation 2-2

(Eqg § E.)dB + 6dB = 20logm

Keysight N9063C Analog Demod Measurement Guide
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FM Concepts

Figure 2-3 FM waveform

Modulating Signal Frequency Modulated Carrier

/\/\ Frequency
— _ N

Carrier JW”W”WU%

FM (Frequency Modulation) and PM (Phase Modulation) belong to angle
modulation. In FM, the instantaneous frequency deviation of the modulated
carrier signal changes in proportion to the instantaneous amplitude of the
modulating signal. And in PM, the instantaneous phase deviation of the
modulated carrier with respect to the phase of the unmodulated carrier is
directly proportional to the instantaneous amplitude of the modulating signal.

The modulation index for angle modulation, B, is expressed by this equation:

Equation 2-3

B = Axf,/f, = AD,

Where Afp is the peak frequency deviation, fm is the frequency of the
modulating signal, and A¢p is the peak phase deviation.

This expression tells us that the angle modulation index is really a function of
phase deviation, even in the FM case. Also, the definitions for frequency and
phase modulation do not include the modulating frequency. In each case, the
modulated property of the carrier, frequency or phase, deviates in proportion to
the instantaneous amplitude of the modulating signal, regardless of the rate at
which the amplitude changes. However, the frequency of the modulating
signal is important in FM and is included in the expression for the modulating
index because it is the ratio of peak frequency deviation to modulation
frequency that equates to peak phase.

Unlike the modulation index for AM, there is no specific limit to the value of B,
since there is no theoretical limit to the phase deviation; thus there is no
equivalent of 100% AM. However, in real world systems there are practical
limits.
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Figure 2-4
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Unlike AM, which is a linear process, angle modulation is nonlinear. This means
that a single sine wave modulating signal, instead of producing only two
sidebands, yields an infinite number of sidebands spaced by the modulating
frequency.

The Bessel function graph shows the amplitudes of the carrier and the
sidebands as a function of the modulation index, B. The spectral components,
including the carrier, change their amplitudes as the modulation index varies.

Carrier and sideband amplitude for angle-modulated signals
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In theory, for distortion-free detection of the modulating signal, all the
sidebands must be transmitted. However, in practice, the sideband amplitudes
become negligibly small beyond a certain frequency offset from the carrier, so
the spectrum of a real-world FM signal is not infinite.
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FM Stereo/RDS Concepts

Figure 2-5

30

FM stereo is an enhancement of FM using stereo multiplexing. An FM stereo
signal carries stereophonic programs in which different contents are
transmitted for L (left) and R (right) audio channels.

RDS (Radio Data System) is the text information such as traffic, weather, and
radio station information carried in FM signals. This information can be
displayed on the screen of the end-user’s device.

The following figure shows the baseband spectrum of the FM stereo signal
including RDS data.

Baseband spectrum of the FM Stereo/RDS signal
Amplitude

Stereo signal
L-R
"

RDS/RBDS

1 [

»

15 19 38 57 Frequency

FM Stereo

The FM stereo multiplexed signal consists of a mono (L+R) signal, a stereo
(L-R) signal, and a pilot signal.

As shown in Figure 2.5, the mono (L+R) signal occupies the lower part of the
baseband spectrum (50 Hz ~ 15 kHz) to keep backward compatibility with the
previously monophonic FM systems. The (L-R) signal is amplitude modulated
onto a suppressed subcarrier at 38 kHz. A pilot signal is transmitted at 19 kHz
and is used by the receiver to identify a stereo transmission and reconstruct L
and R audio signals from the multiplexed signal.

In the receiver, the (L+R) signal is added to the (L-R) signal to get the L signal,
and subtracts the (L-R) signal to get the R signal.

RDS/RBDS

The standard documents for RDS and RBDS are as follows:

— |EC 62106: Specification of the radio data system (RDS) for VHF/FM sound
broadcasting in the frequency range from 87.5 to 108.0 MHz.

— EIA/NAB NRSC: United States RBDS standard - Specification of the radio
broadcast data system (RBDS).
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RBDS is the United States version of RDS. Both RDS and RBDS are intended
for application to VHF/FM sound broadcasts in the range 87.5 MHz to 108.0
MHz which may carry either stereophonic or monophonic programs.

The main objectives of RDS/RBDS:
— To enhance functionality for FM receivers;

— To make the receivers more user-friendly by using features such as Pl
(program identification), PS (program service) name display, and if
applicable, automatic tuning for portable and car radios.

As shown in Figure 2-5, RDS/RBDS uses the 57 kHz subcarrier to carry the
data at 1.1875 kbps bitrate. The 57 kHz is chosen to be the third harmonic of
the pilot tone. The deviation range of the FM carrier due to the unmodulated
RDS/RBDS subcarrier is from +1.0 kHz to +7.5 kHz.

Basic Structure of RDS

The basic structure of RDS is shown in Figure 2-6, in which the largest element
is called a group including 4 blocks of 26 bits each. Each block comprises an
information word (16 bits) and a checkword (10 bits).

The information word is used to transmit information to the end user. The
10-bit checkword plus offset word are used to provide error protection and
block and group synchronization information.

Figure 2-6 Basic structure of RDS

e Group = 4 blocks = 104 bits N

Block 1 | Block 2 | Block 3 | Block 4

- ~

- ~

Information word Checkword + offset word

16 bits T0bits____ ]
26 bits

—

BLER

BLER (block error rate) is the ratio of the number of un-correctable blocks to
the total number of blocks received. Normally, BLER should be less than 5%.
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Modulation Distortion Measurement Concepts

Purpose

This measurement is used to measure the amount of modulation distortion
contained in the modulated signal by determining the ratio of harmonic and
noise power to fundamental power. This measurement verifies the modulation
quality of the signal from the DUT.

Measurement Technigue

Equation 2-4

32

Modulation Distortion is defined as:

P -P_;
0 _ total " signal 0
A’ModulationDistortion - /\/ P x 100%
total

where: Py, = the power of the total signal,
Psignat = the power of the wanted modulating signal, and

Ptotal - Psignal = total unwanted signal which includes harmonic distortion
and noise.

First, the received signal is demodulated and filtered to remove DC. Then the
filtered signal is transformed by an FFT into the frequency domain. Next, total
power in the total filter band is measured as P4, the peak power of the

modulated signal is computed as Pgjgna|, the square root of the ratio of Py, -
Psignat 10 Piotal is calculated. The result is the signal’s modulation distortion. It
can be expressed as dB or %.
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Modulation SINAD Measurement Concepts

Purpose

Modulation SINAD (Signal to Noise And Distortion) measures the amount of
Modulation SINAD contained in the modulated signal by determining the ratio
of fundamental power to harmonic and noise power. Modulation SINAD is the
reciprocal of the modulation distortion provided by the Modulation Distortion
measurement. This is another way to quantify the quality of the modulation
process.

Measurement Technigue
Modulation SINAD is defined as:

Equation 2-5

Ptotal

dBpogulationsinap = 20 xlog ,\/p _P_.
total signal

where: Pyqta = the power of the total signal,
Psignal = the power of the wanted modulating signal, and

Ptotal - Psignal = the total unwanted signals which include harmonic
distortion and noise.

First, the received signal is demodulated and filtered to remove DC, then the
filtered signal is transformed by an FFT into the frequency domain. Next, total
power in the total filter band is measured as P4, the peak power of the

modulated signal is computed as Pgjgna), the square root of the ratio of Py, to
Ptotal - Psignal is calculated. The result is the signal’s Modulation SINAD. It can
be expressed as dB.
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