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FM is the most widely used analog demodulation scheme
today, therefore this demonstration used uses an FM signal.
This demonstration guide shows how to begin the FM
demodulation measurement, view traces, use markers, use the
speaker to listen to the demodulated signals, observe frequency
settling time, and make faster measurements.

Demonstration Preparation

All demonstrations use a Keysight
Technologies, Inc. X-Series signal
analyzer and the N5182A MXG vector
signal generator.

In this document, keystrokes are
highlighted in bold text. Keystrokes
surrounded by [ ] indicate front panel
keys, while keystrokes surrounded by
{ } indicate soft keys located on the
right edge of the display.

Minimum equipment configuration requirements

Product type/  Model number Required options

instrument

MXG (or ESG)  N5182A (or E4483C) firmware — 503 or 506 — frequency

vector signal revision of MXG A.01.10 or later range at 3 GHz or 6 GHz

generator OR — UNT - AM, FM, phase
N5181A firmware revision of MXG modulation

A.01.10 or later

X-Series signal

N900O0A, N9010A, N9020A, or

— N9000A-503 or -507, or

analyzer N9030A firmware revision A.06 or N9010A-503, -507, -513, or
later -526, or N9020A/N9030A,
-508, -513, or -526
Analog N9063A — PXA/MXA/EXA
demodulation W9063A — CXA
measurement
application

Helpful tip:

Update your instrument firmware and software

to the latest version, available at

www.keysight.com/find/xseries_software

and

www.keysight.com/find/signalstudio


http://www.keysight.com/find/xseries_software
http://www.keysight.com/find/signalstudio

Demonstration Setup

Connect the X-Series, 10 MHz

and MXG out H

Perform the following steps to
interconnect the MXA and MXG
(see Figure 1 for a graphical overview):
A. Using a 50 Q RF cable, connect Figure 1. An example of demo configuration
the RF Output 50 Q port on the
MXG to the RF INPUT 50 Q port
on the X-Series signal analyzer as
shown in Figure 1.

B. Using a second 50 Q RF cable,

connect the 10 MHz OUT on the }
X-Series signal analyzer to the REF He|pfu| tip:
IN on the MXG signal generator
C. Set the signal generator as follows: Make sure the RF signal and reference clock

— Frequency 2 GHz, connections are as indicated in Figure 1. Note that
amplitude —10 dBm we change the FM deviation and FM rate slightly
~ FM modulation ON during the demonstration.

FM deviation 1 kHz,
FM rate 400 Hz

Turn RF out and modulation ON



Demonstrations

Demonstration 71: Instructions Keystrokes
. Set MXA to analog demo [Mode] {Analog Demod}
FM demodulation (Press {More 1 of 2} if you don’t see
measurement {Analog Demod} in the soft key area)
The quad view shows the RF spectrum, Set mode to preset [Mode Preset]
AF spectrum, demod waveform, an.d Set frequency channel [FREQ Channel] [2] {GHz}
the FM demod measurement metrics
simultaneously. By watching these Initiate measurement [Meas] {FM}
tr?CES in the Yarlous domains along On the X-Series signal analyzer you will see
with the metrics, you can understand the quad view as shown in Figure 2

the signal characteristics precisely
and, especially during troubleshooting,
you can quickly and easily identify the

Analog Demod - Fi @@@

cause of a problem. v ' T T
Center 2.00000 GHz Channel BW: 25 kHz LPF: Off
Input: RF ) ig: Free Run Avg|Hold:>10/10 HPF: Off
Atten: 10 dB BPF: Off

F Spectrum Demod Waveform

Ref 0 dBm __ Ref0Hz

Frequency

| | | [ CenterFreq
of S 2000000000 GHz

| CF Step

1,0000 MHz

FM Deviation

Average Max Hold
SRer 00 kiiz — Peak+ ENTENGEIENENG P AF StartFreq
| I || Peak- -1.009 kHz -1.010 kHz OH
: | ] [ (Pk-Pk)/2 1.008 kHz 1.009 kHz
RMS 706.9 Hz 707.8 Hz
AF StopFreq

Carrier Power -10.099 dBm 20.000000 kHz
Carrier Frequency Error  25.00 mHz
Modulation Rate 400.0 Hz
| SINAD 34.749 dB
— Stop 20 kHz Distortion/Total Vrms 1.830 %
THD 0.165 %

Center 2 GHz " Span 75 kHz
RF Res BW 680 Hz

Figure 2. Example of X-Series analyzer screen after starting FM measurement



Demonstration 2:

View traces more clearly

While the quad view offers compre-
hensive results of demodulation with
a single display that combines win-
dows of RF, AF, baseband waveform,
and demod metrics, there may still be
needs to look into each window indi-
vidually. Individual windows offer a
more detailed analysis with the ability
to finely adjustment test conditions.

Increase demodulation time

You may see the status message,
“Insufficient Data. Increment Demod
Time” on the bottom of the display.
This is because the current FM rate
of 400 Hz is too low for the analyzer
to make accurate measurements with
the analyzer's default settings. In gen-
eral, the demodulation time should be
longer than 1/(FM rate), or, in other
words, it needs to be longer than at
least one modulation cycle.

RF spectrum window

In the upper left corner of the display
is the RF spectrum window. This
window can be used to show both
the modulated signal and any other
signals or spurs that may be present
nearby. The two green vertical lines
define the demodulation channel
bandwidth, showing which part of the
RF frequency domain that the analyzer
is currently demodulating. The value
is also shown on the measurement
bar at the top of the display.

Instructions Keystrokes

Increase demodulation time [Sweep/Control] {Demod Wfm
Sweep Time} push [up arrow] until
“Insufficient Data” message is gone
OR
[Sweep/Control] {Demod Wfm Sweep
Time} [5] {ms}

After making these adjustments,
the status message will disappear
and the sweep time value in the
bottom left corner of the demod
waveform window will read 5 ms

Helpful tip:

Be aware that
increasing the
demodulation time
too much will cause
the measurement to
run slower.



Demod waveform window

This window is in the upper right
corner of the display. Since the FM
deviation is 400 Hz, it cannot be
easily viewed on the screen and it
will be necessary to adjust the demod
waveform amplitude scale.

AF spectrum

AF spectrum is the FFT of demod
waveform. The AF spectrum shows
the distortion of the demodulated
signal very clearly just as the spec-
trum analyzer does for RF microwave
signals. Change the reference level to
see the noise floor. Activate the AF
spectrum window and change the

ref value.

Instructions

Keystrokes

Press the [Change Window] several times
until the active window surrounded by the
green lines is changing. The change window
hard key is located below the display screen
of analyzer, and is the third from the power
cycle button

[AMPTD Y Scale] [Change Window]
(Refer to Figure 7 to locate the
“Change Window" hard key)

Activate the demod waveform window

Set scale division

{Scale/Div} [500] {Hz}

There are four traces with different colors, to
see the larger view of this demod waveform
with metrics (see Figure 3 for an example)

[View/Display] {Demod}

Return to the quad view

{Quad View}

Analog Demod - FM

| SENSE{INT] | ALIGN AUTO.

: EBEX

Center:200000GHz Channel BW: 25 kHz LPF: Off View/Display
EomW Trig: Free Run Avg|Hold:>10/10
Atten: 10 dB

Carrier Power -10.525 dBm | FM Deviation
Carrier Frequency Error  463.9 mHz
Modulation Rate 400.0 Hz
SINAD 41.087 dB
Distortion/Total Vrms 0.882 %

Average
Peak+ 1.009 kHz
Peak- -1.005 kHz
(Pk-Pk)/2 1.007 kHz
RMS 706.8 Hz

THD 0.150 %
= |

HPF: Off
BPF: Off

RF Spectrum

Demod

AF Spectrum

“

Sweep 5ms
Distortion &}
Max Hold THD  Unit|
1.011 kHz =
-1.007 kHz
1.008 kHz Metrics
708.8 Hz Settings

dB

Figure 3. Large view of demod waveform with simultaneous multiple detectors

(max hold, min hold, average and current) on

Instructions

Keystrokes

Change the reference level to see the noise floor

[AMPTD] {Ref Value} [20] {kHz}

You will see the trace is not complete. See the AF
spectrum window in Figure 4. This is because the
AF spectrum shows the upper side of whole chan-
nel bandwidth. Therefore, the available frequency
span is about half of the channel bandwidth. Note

that the current channel bandwidth is 25 kHz as
indicated in the measurement bar

Increase the channel bandwidth

[BW] {Channel BW (Demod)}
[50] {kHz}

The green vertical lines in the RF spectrum view

move accordingly, and now you have AF spectrum
in full 20 kHz span. See Figure 5 as an example. See
the metrics summary in the lower right window and

notice that SINAD and Distortion/Total Vrms get

worse when the demodulation channel bandwidth
increases. This is because the wider the demodula-
tion channel, the more unwanted power is included




Analog Demod - FM

|
Channel B!

RF Spectrum
Ref 0dBm

Span 75 kHz

Ref 20.0 kHz

SENSEINT| | ALIGN AUTO. |

Center: 200000 GHz Channel BW: 25 kHz LPF: OFf
) Trig: Free Run
Atten: 10 dB

Demod Waveform

HPF: Off
BPF: Off

Avg|Hold:>10/M0

Ref 0 Hz

Sweep 5ms

FM Deviation Max Hold
1.011 kHz
-1.006 kHz
1.008 kHz

709.1 Hz

-10.577 dBm
466.8 mHz
400.0 Hz
40.703 dB
0.922 %
0.170 %

Average
1.009 kHz
-1.006 kHz
1.007 kHz
708.7 Hz

Peak+
Peak-
(Pk-Pk)/2
RMS

Carrier Power

Carrier Frequency Error
Modulation Rate

SINAD

Distortion/Total Vrms
THD

Auto

RF Res BW
680 Hz
Man

Channel BW
(Demod)
265 kHz

AF Res BW
180.00 Hz
Man

‘SERSEINT] | ALIGNAUTO |

Center: 200000 GHz Channel BW: 50 kHz LPF: Off

) Trig: Free Run
Atten: 10 dB

I —
Span 75 kHz
RF Res BW 680 Hz

Ref 20.0 kHz

HPF: Off
BPF: Off

Avg|Hold:>10/10

Demod Waveform

RefOHz

Sweep 5ms

FM Deviation Max Hold
1.033 kHz
-1.031 kHz
1.030 kHz

708.7 Hz

-10.576 dBm
456.1 mHz
400.0 Hz
31.401 dB
2691 %
0.140 %

Average
1.032 kHz
-1.027 kHz
1.029 kHz
708.3 Hz
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680 Hz
Man
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AF Res BW
180.00 Hz

Figure 5. Increase the demodulation channel bandwidth to see the traces better



D emonst rati on 3 . Instructions Keystrokes

Use the marker to read the FM deviation and [Marker]
FM rate in the RF spectrum view

Using markers

You will see the green diamond shaped marker
in the active window, which is surrounded by
the green line (see Figure 6)

Activate the marker in the AF spectrum view Press {Properties} {Marker Trace}
{AF Spectrum}
Move the maker to the peak of the trace [Peak Search]

Readings of the marker are located in the
upper left corner of the AF spectrum window.
Verify the values are close to the signal source
settings

Analog Demod - FM E X

o o - | SENSEUNT] [ augnauto |
Marker 1 400 Hz 5 00000 GHz Channel BW:50 kHz LPF: OFf Peak Search

Input: RF ) Trig: Free Run Avg|Hold:>10/10 HPF: Off
Atten: 10 dB BPF: Off
RF Spectrum Demod Waveform | NextPeak

Ref 0 dBm Ref O Hz

Center 2GHz - "~ SpanT5kHz
RF Res BW 680 Hz Sweep 5ms

FM Deviation Average Max Hold
Ret a0k — Peak+ 1.029kHz  1.032 kHz
— Peak- 1.025kHz  -1.028 kHz

(Pk-PK)/2 1.027 kHz ~ 1.029 kHz

RMS 708.1 Hz 708.2 Hz

Carrier Power -10.626 dBm

Carrier Frequency Error 472.3 mHz

Modulation Rate 400.0 Hz

| ) | SINAD 31.476 dB

?ge: S;v _— Distortion/Total Vrms 2.668 %
THD 0.128 %

Pk-Pk Search

MSG

Figure 6. Reading FM deviation and FM rate with a marker



Demonstration 4:

Using the speaker to listen
to the demodulated signal

Listening to the demodulated signal
through a speaker gives you more
insight. Many experts and technicians
can figure out the cause of a problem
by hearing buzzing, humming, and/or
clicking noises.

Instructions Keystrokes

Turn speaker on [Meas Setup]
{Demod to Speaker}

Increase the FM rate of the signal generator from

400 Hz to 3 KHz. See the traces changing, and hear

the tone getting higher through the speaker. Use the
mute and volume up or down buttons below the display
if necessary. See Figure 7 for the location of these
buttons

Set the FM rate of signal generator to 3 kHz

Activate the low pass filter of the analyzer [Meas Setup] {Filters}
{Lowpass Filter} {300 Hz}

Watch the AF spectrum and listen to the speaker out
as the signal is filtered

| BEEEEN

®_00008e

 — A B

Figure 7. Change window A key and speaker control buttons B




Demonstration 5:

Observing frequency
settling time

FM demod waveform is also a good
way to see the frequency settling of
the signal of interest. The simultane-
ous detectors in the X-Series analyzers
(max hold/min hold/average/current)
give you more insight into the settling
behavior of your transmitter output.
Let’s take a look at the signal sources
RF output settling.

Instructions

Keystrokes

Reset the FM measurement

[Meas Setup] {Meas Preset}

Enlarge the Demod Waveform window and
adjust the Y scale

[View/Display] {Demod}

[AMPTD] {Scale/Div} [5] {kHz}

Use MXA/EXA's burst trigger function

[Trigger] {RF Burst} {RF Burst}
{Trig Delay} [-2] {ms}

Turn the signal sources modulation off

Toggle the RF output repeatedly

Figure 8 shows the settling of the signal

| SENSE!INT]|

| SLIGN AUTO.

Center: 200000 GHz Channel BW: 25 kHz LPF: OFf

) Trig: RF Burst
Atten: 10 dB

Avg|Held:>10/10

HPF: Off
BPF: Off

-10.673 dBm
-8.222 Hz
512.0 mHz

Carrier Power

Carrier Frequency Error
Modulation Rate

SINAD 0.665 dB
Distortion/Total Vrms 92.628 %
THD 0.000 %

MSG

Peak+
Peak-
(Pk-Pk)/2
RMS

FM Deviation

Average
15.53 kHz
-18.60 kHz
17.06 kHz
2.808 kHz

STATUS.

Max Hold

15.53 kHz

-18.60 kHz
17.06 kHz
4.161 kHz

CE®
RFBurst Setup

Trigger Level
-20.0 dBm

Trig Slope

Figure 8. Frequency settling of signal generator RF output



Demonstration 6:

Making faster measurements

As discussed earlier, you should set
the demodulation time as short as
possible to capture two cycles of the
measurement. Also, by setting the
RF span equal to the demodulation
channel bandwidth, you can get the
fastest measurement speed possible.
In addition, the analog demodulation
application has the capability of turn-
ing off some measurements that you
don’t need to deliver the results
much faster.

Web Resources

Instructions Keystrokes

If you measure only carrier power, carrier [View/Display] {Metrics Settings}

frequency error, and FM deviation in RMS,
try the following keystrokes

Turn modulation rate off {Modulation Rate}
Turn SINAD/distortion/THD off {SINAD, Distortion, THD}
Choose only RMS {Modulation Magnitude all}

{RMS only (Fast)}

You will see the update cycle of metrics
improve drastically. (See Figure 9)

| SENSEINT] | ALIGHAUTO. |

Center:2.00000 GHz Channel BW: 25 kHz LPF: Off
\nput: RF 5 Trig:Free Run AvglHold:>10/10 HPF: Off
Atten: 10 dB BPF: Off

R?Spectrum Demod Waveform
3div - Ref 0 dBm Ref 0 Hz

Center 2 GHz ) “Span 76 kHz
RF Res BW 680 Hz Sweep S5ms

FM Deviation

Average Max Hold

Ref 29.0 kHz : Peak+

Peak-
(Pk-Pk)/2
RMS 715.8 Hz

Carrier Power -10.519 dBm
Carrier Frequency Error 475.8 mHz
Modulation Rate ---
T 1T SINAD
Stop20kHz | Distortion/Total Vrms

180 Hz THD

MSG STATUS

RF Res BW
680 Hz
uto Man

Channel BW
(Demod)
25 kHz

AF Res BW
180.00 Hz
Auto Man

Figure 9. Get even faster measurement by turning some metrics off

Product page:
www.keysight.com/find/n9063a and
www.keysight.com/find/w9063a

X-Series signal analyzers:
www.keysight.com/find/X-Series

X-Series advanced measurement applications:
www.keysight.com/find/X-Series_Apps

Signal Studio software:
www.keysight.com/find/SignalStudio

Signal generators:
www.keysight.com/find/sg


http://www.keysight.com/find/n9063a
http://www.keysight.com/find/w9063a
http://www.keysight.com/find/X-Series
http://www.keysight.com/find/X-Series_Apps
http://www.keysight.com/find/SignalStudio
http://www.keysight.com/find/sg
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For more information on Keysight
Technologies’ products, applications or
services, please contact your local Keysight
office. The complete list is available at:

myKeysight

myKeysight www.keysight.com/find/mykeysight
A personalized view into the information most relevant to you.

www.Ixistandard.org www.keysight.com/find/contactus
LAN eXtensions for Instruments puts the power of Ethernet and the
L/(I Web inside your test systems. Keysight is a founding member of the LXI Americas
consortium. Canada (877) 894 4414
' www.keysight.com/find/ThreeYearWarranty Brazil 5511 3351 7010
Keysight’s commitment to superior product quality and lower total cost Mexico 001 800 254 2440
(WARRANTY of ownership. The only test and measurement company with three-year United States (800) 829 4444
warranty standard on all instruments, worldwide.
Asia Pacific
Keysight Assurance Plans Australia 1800 629 485
www.keysight.com/find/AssurancePlans China 8008100189
Up to five years of protection and no budgetary surprises to ensure your Hong Kong 800 938 693
instruments are operating to specification so you can rely on accurate India 1800112929
measurements. Japan 0120 (421) 345
Korea 080 769 0800
www.keysight.com/quality Malaysia 1800 888 848
Keysight Electronic Measurement Group Singapore 1800 375 8100
DEKRA Certified 1SO 9001:2008 Taiwan 0800 047 866

Quality Management System Other AP Countries (65) 6375 8100

Keysight Channel Partners Europe & Middle East
www.keysight.com/find/channelpartners Austria 0800 001122
Get the best of both worlds: Keysight's measurement expertise and product Eﬁlgg? 8288 555555?2
breadth, combined with channel partner convenience. France 0805 930333
Germany 0800 6270999
Ireland 1800 832700
Israel 1809 343051
[taly 800 599100
Luxembourg +32 800 58580
Netherlands 0800 0233200
Russia 8800 5009286
Spain 0800 000154
Sweden 0200 882255
Switzerland 0800 805353
Opt. 1 (DE)
Opt. 2 (FR)
Opt. 3 (IT)
United Kingdom 0800 0260637

For other unlisted countries:
www.keysight.com/find/contactus
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