Keysight Technologies
N5531S Measuring Receiver

Technical Overview
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The Keysight Technologies, Inc.
N5531S measuring receiver

system provides metrology/calibra-
tion customers with an ideal tool for
calibrating signal generators and
step attenuators up to 50 GHz. It
enables customers to use off-the-
shelf, general-purpose instruments
to perform measure-ments with

the most stringent requirements for
measurement uncertainty, repeat-
ability, and traceability in metrology
and calibration environments.

The N5531S is comprised of a PSA
high-performance spectrum analyzer
installed with Option 233, a P-Series
or EPM Series power meter, and a
sensor module with single-input con-
nection up to 50 GHz. By placing the
receiver measurements and controls
directly into the PSA, it eliminates the
need for an external PC - providing a
more compact measuring receiver
system.

Key measurements include:

- Frequency counter

- Absolute RF power

- Tuned RF level

- TRFL with tracking

- AM depth

- FM deviation

- OM deviation

- Modulation rate

- Modulation distortion
- Modulation SINAD

- Audio frequency

- Audio AC level

- Audio distortion

- Audio SINAD

- Auto carrier triggering
- CCITT filters



Flexible, Compact Package with Maximum Frequency and Power Level Coverage

While building on the tradition
of excellence established by
Keysight's previous measuring
receivers, the N5531S takes

a more flexible approach by
designing a system based on
standard test instruments. It
combines the PSA Series high
performance spectrum analyzer
with a precision P-Series or EPM
Series power meter and spe-
cially designed sensor module to
achieve the best possible mea-
surement accuracy. This design
provides a number of distinct
advantages:

- The outstanding performance
of the PSA Series spectrum
analyzer and P-Series or EPM
Series power meters provide
superior performance specifica-
tions to meet or exceed the most
challenging requirements of the
metrology/calibration applica-
tions.

- The wide frequency coverage
of the PSA Series spectrum
analyzer enables you to make
measurements up to 50 GHz
without the need for exter-
nal downconverters and local
oscillators used by previous
measuring receivers. This saves
both your budget and valuable
lab space, and also helps to
eliminate operator errors due to
complexity of the measurement
system.

- The excellent sensitivity of the
N5531S in tuned RF level (TRFL)
measurements allows the user
to calibrate step attenuators
with the widest dynamic range
within the required measure-
ment uncertainty and speed.

- The modulation and optional
audio analysis capability of the
N5531S, based on the latest
digital signal processing tech-
nologies, enables users to per-
form modulated or audio signal
characterizations with superior
measurement accuracy.

- In addition to a measuring
receiver, you also have a high
performance spectrum analyzer
and power meter for general-
purpose usage throughout your
lab, effectively stretching your
test equipment budget.

- Use equipment you already
own. Owners of a PSA spectrum
analyzer or P-Series power
meter can purchase the addi-
tional elements needed to build
up a complete N5531S system.
The Keysight EPM/EPM-P Series
power meter can also be used in
the system but requires a LAN/
GPIB gateway, such as Keysight
E5810A. Since the N5531S
performance specifications are
derived from that of the indi-
vidual instruments, no additional
system calibration or verification
is needed.

“Easy-to-Use” User Inter-
faces Simplify Instrument
Usage and System Control

The measuring receiver personality
(Option 233) built into the PSA
enables users to set the measure-
ment parameters and to initiate
the measurement via the PSA’s
front panel. One-button pressing
can switch between the measuring
receiver mode with others, such as
spectrum analysis mode, easily and
quickly. Measurement results are
shown on the PSA’s display.

The GPIB interface of the PSA allows
remote system control through SCPI
commands.

While no external PC is required for
the measuring receiver to work, the
optional PC software offers PC-
based graphic user interface and
batch operation mode, as well as

a COM API-compliant remote user
interface. These enhancements
increase the user’s capability of
controlling the system locally and
remotely.
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1.1 Nbb31S Measuring Receiver System

Components

PSA spectrum analyzer and
options!

- Select a PSA platform based on
the frequency coverage: E4443A
(6.7 GHz), E4445A (13.2 GHz),
E4440A (26.5 GHz), E4447A
(42.98 GHz), E4446A (44 GH2),
or E4448A
(50 GHz)

- Option 233: built-in measuring
receiver personality (required)

- Option 123: switchable pW
preselector bypass (required for
measurements above 3 GHz)

- Option 1DS: RF preamplifier
(required to meet the best TRFL
specifications up to 3.05 GH2)2
or Option 110: RF/pW internal
preamplifier (required to meet
the best TRFL specification at
entire frequency range)

- Option 107: audio input 100 kQ
(required for audio analysis)

- Select from available PSA op-
tions for other measure-ment
purpose (optional)

(Select one from the following
models.)

P-Series power meter

- Select from available N1911A or
N1912A options (optional)

EPM Series power meter

- Select from available N1913A or
N1914A options (optional)

N5532B sensor module
(select one frequency
coverage) and N191xA
power meter adaptor

- Option 504:
(100 kHz to 4.2 GHz)
- Option 518:
(10 MHz to 18 GHz)
Option 526:
(30 MHz to 26.5 GHz)
- Option 550:
(30 MHz to 50 GHz)
- Option 019:
adaptor for use with the
N191xA power meter
(required for connecting the
sensor module to the
P-Series power meter). This op-
tion can be ordered standalone.
- N5531S-010:
LAN connection kit (required
if an external PC is used)

1.2 Upgrade Kits

Upgrade kits for each of the required
PSA options are available to upgrade
existing customer units. The power
meters require no additional options.
The N5532B sensor modules can be
purchased individually. Contact your
local Keysight sales representative
or access (http://www.keysight.
com/find/psa_upgrades) for more
information.

1. You can also select any other available PSA options if desired. Refer to the Keysight PSA Series High-Performance Spectrum Analyzers
Configuration Guide 5989-2773EN for option compatibilities.

PSA options 1DS and 110 cannot coexist in a same PSA instrument. Option 1DS covers the frequency range of 100 kHz and 3.05 GHz, whereas

Option 110 covers between 10 MHz and the maximum frequency of the PSA base instrument in use.


http://www.keysight.com/find/psa_upgrades
http://www.keysight.com/find/psa_upgrades

2.1 Demonstration Preparation

All demonstrations use the system
setup shown in the Figure 2 on page
6. Keystrokes surrounded by [ ]
indicate front panel hard keys. Key-
strokes surrounded by { } indicate
soft key on display. Keystrokes are
referred to PSA unless otherwise
indicated.

To perform the following demonstra-
tions, the instruments included in the
N5531S measuring receiver system
require these options, indicated in
Table 1.

Table 1. Requirements of a demo set-up

Product type Model number
PSA Series

spectrum analyzer
Firmware version:

AT11.21

47N/ 4BA/48A

Required options

E4443A/45A/40A/  Option 233 Built-in measuring spectrum

receiver personality

Option 123

Switchable pW preselector
bypass (required when
measuring tuned RF level for
freq > 3 GH2)

Option 1DS

Option 110

RF preamplifier (required for
the best level sensitivity
between 100 kHz and

3.05 GH2),

Or

RF/uW preamplifier (required
for the best sensitivity
between 10 MHz and the max.
freq of PSA used)

Option 107

Audio input 100 kQ (required
for audio measurements)

P-Series power meters ~ N1911A/12A
Firmware version:

A.05.02 or later

Standard features

EPM Series power meters
Firmware version:
A.01.06 or later

N1913A/N1914A Standard features

Sensor module N5532B

Option 504 100 kHz to 4.2 GHz, or
Option 518 10 MHz to 18 GHz, or
Option 526 30 MHz to 26.5 GHz, or
Option 550 30 MHz to 50 GHz
Option 019 N191xA power meter

adaptor (required)




2.2 Setup of the N5531S Measuring Receiver Demo System

Connect all the instruments together
as shown in Figure 2. A Keysight ESG
(E44xxC) is used as a device under
test (DUT) for both RF and audio sig-
nals (LF out) generation. The PSA’s
time base is used as the common
reference for both the PSA and ESG.
To do this, connect a BNC cable from
the “10 MHz out (Switched)” connec-
tor on the PSA rear panel to the “10
MHz in” connector on the ESG rear
panel.

Data communications between the
PSA and the power meter are based
on the TCP/IP protocol though the
local-area network (LAN). For the
demonstrations without PC user
interface, using a cross-over LAN
cable is the simplest way to con-
nect between the E444xA PSA and
the N1911A P-Series power meter,
establishing a stand-alone LAN
environment. Additionally, a LAN hub
with regular LAB cables can also be
used.

PSA spectrum analyzer

With the LAN cable connected, turn
the power on.

Verify the “Frequency
reference”

- Press [System],
then {Reference}

- Press {10 MHz Out} and make
sure “On” is underlined.

- At this point, verify that the
ESG displays “Ext Ref” to ensure
that the ESG is phase-locked to
the PSA.

Power meter (N191xA)
Chin O O | Refout

If:' N5532A-019 Adaptor
LAN

N PM path
O Audio
1oMHzRefout | A pSA (E444xA)  RFin
(switched) O FSA path
LFout gy
10 MHz Ref in ESG (DUT) RF outo N5532A |

Figure 2. Demonstration System Setup

Establish the LAN commu-
nication between PSA and
P-Series power meter (An

example for using a cross-
over LAN)

- Power meter: Press
[System], {Remote Interface},
{Network Manual}. With the first
IP address box highlighted; press
[Select], [192], {Enter}; Press [ P]
to highlight the second IP
address box, press [Select],
[168], {Enter}; Press [ P] to high-
light the third IP address box,
press [Select], [100], {Enter};
Press [ P] to highlight the
last IP address box, press




2.2 Setup of the Nb531S Measuring Receiver Demo System (Continued)

[Select], [2], {Enter}. In this way,
the IP address of the power me-
teris set up as “192.168.100.2".
Similarly, one can set up the
“Subnet mask” of the power
meter as “255.255.255.0”. Press
{Restart Network} to enable the
new settings.

- PSA: Press [System], {Con-
fig 170}, {IP Address},
[192.168.100.1], [Enter] to set
up the PSA’s IP address as
“192.168.100.1". Press {Subnet
mask}, [2565.255.255.0], [Enter]
to set the PSA’'s Subnet mask
as “255.255.255.0".

- PSA: Press [System], {More
1 of 3}, {More 2 of 3}, {Power
Meter}, {Power Meter Config},
{Power Meter IP Address},
[192.168.100.2], [Enter]. Then,
press {Verify Power Meter Con-
nection}, the grayed-out {Show
Setup} should become available
if the connection between the
PSA and the P-Series power
meter is established. Press
{Show Setup} to verify the power
meter information.

Load the N5532B sensor
module cal factors

— PSA: Press [MODE],
{Measuring Receiver}, [File], {Load},
{Type}, {More 1 of 2}, {Calibration Fac-
tor}. Insert the 3" floppy disk of the
“Nb532B sensor module data disk”
into the PSA's floppy driver, and press
{Dir Up}, [f], {Dir Select} to ensure
the “A” drive is selected. Then, press
{Load Now} to load the cal factor file
(CFDATA.XML) to the PSA.

Calibration of the power
meter and the PSA

As the N5531S is used by metrology
labs to calibrate signal generators
and/or attenuators; achieving the
best measurement accuracy and
precision is of paramount impor-
tance. To ensure accurate measure-
ments, the power meter and the PSA
must first be calibrated by following
the procedures below.

Calibrate the PSA:
— Press [System], {Alignments}, {Align
All Now}, and wait until its comple-
tion.

Calibrate the power meter:

— Connect the RF input connector of the
senor module N5532B to the power
meter’s Ref connector

- On PSA: press [System], {Mare 1 of
3}, {More 2 of 3}, {Power Meter}, {Zero
& Cal Power Meter}, and wait until its
completion.
Or:

— On the Power meter: press [Cal],
{Zero+Cal}, and wait until its comple-
tion.

Upon completion of the

calibration, connect the RF input
connector of the sensor module to
the RF output of the ESG (DUT) for
measurements. Connect the SA path
and power meter path of the sensor
module to the PSA “RF input” and
the power meter “Channel in”,
respectively.

ESG signal generator

Set the signal generator to
1.1 GHz and -10 dBm:
— [Freq] = [1.1]{GHZ}
- [Amplitude] = [+/-][10] {dBm}
— [Incr Set], [10]{dB}
- [RFON]
- [MOD OFF]
Save the ESG setting in preset:
- [Utility], {Preset} to highlight “User”,
{Save User preset}



3. The Nbb531S Measuring Receiver Demonstration

Measurement T:
Frequency Counter

Frequency is one of the most funda-
mental measurements performed on
all signal generators that generate
sinusoidal continuous wave (CW) RF
outputs. The Keysight PSA Series
high performance spectrum analyzer
offers outstanding frequency accu-
racy, resolution power and measure-
ment sensitivity, and hence warrants
the accuracy and precision of the
frequency measurements using the
N5531S. The PSA automatically
tunes to and measures the frequency
of carrier signals. The frequency
counter automatically adjusts itself
as the input level changes.

Additionally, if the nominal
frequency of the signal under test is
known, the measuring receiver can
be manually tuned to that frequency
and make accurate measurements.
The manual tune is particularly use-
fulif the signal level is so low that
the automatic tune fails to find the
signal. The manual tuning also al-
lows faster measurements when
the frequency of the input signal is
much higher than 100 MHz.

Note: Please make sure that
the modulation of the ESG is “Off” when mak-
ing “Frequency Counter” measurements.

Instructions Keystrokes

Initiate the “Measuring Receiver” personality. [MODE], {Measuring Receiver}

Start “Frequency Counter” measurement in [MEASURE], {Frequency Counter}

“Auto Tuning” mode.

Ensure “Auto Tuning” mode is set. [Meas Setup], press {Tuning} to

underline “Auto”

Set the displayed unit to “GHz". [AMPLITUDE], {Display Unit}, {GHz}

Change “Frequency Counter” measurement [Meas Setup], press {Tuning} to

to “Manual tuning” mode. underline “Man”

Observe the frequency counter measurement
result on the PSA screen.

Set the nominal frequency {Tuning}, [1.1], {GHz}

(1.1 GHz, for example) manually.

Observe the display on the PSA screen for the
frequency reading and frequency error reading
(the difference between the measured
frequency and the nominal one).

18:31:57 Measuring Receiver R T | MeasSetup
N Tuning
1.18668 GHz
Frequency Counter I Man
N G- T
198.998 ms
Auto Man
Avg Number
RF Frequency 1.100 00@ 000 B3 GHz on &
RF FreqError Avg Mode
Exp Repeat
. - RBH
Tuning Mode Man Tuning Freq 1,000 kHz

Reference Int Freq Ref

Gate Time

Gate Time Mode  Auto
RBH

Figure 3. “Frequency counter” measurement result




3. The N5531S Measuring Receiver Demonstration (Continued)

Measurement 2:
RF Power

The “RF Power” quantifies the output
level, in an absolute term, of a signal
generator or an attenuator being
calibrated. This is another common
measurement for broadband RF
signal qualification. The measure-
ment default is to use a power meter
with a sensor module to make the
RF power measurement. The power
meter measures the RF power and
returns the result to the PSA. The
extraordinary power accuracy and
wide frequency range offered by the
Keysight N191xA P-Series/EPM
Series power meter that is part of
the N5531S measuring receiver
system provide users the confidence
they need in making their absolute
RF power measurements.

Instructions Keystrokes

Start “RF Power” measurement. [MEASURE], {RF Power}

Set the displayed unit to “Watt”. [AMPLITUDE], {Display Unit}, {Watt}

Change back to “dBm”. {dBm}

[Meas Setup], press {Avg Number}
to underline “On”

Change the number of averaging (the averaging
is defaulted as “Off”).

[Meas Setup], press {Avg Mode}
to underline “Exp” or “Repeat”

Select mode of averaging to “Exponential”
or “Repeated” as needed’.

18:33:41 Measuring Receiver R T Measure
|
Ch Freq 1099999999,997 Hz Fretqou:nntgﬁ
RF Power  Weas: PH I
RF Power
Tuned RF
Level
RF Power -18.21 dBm
AM Depth
Power Meter FM Deviation
Model No. N19126
I- H - .
Power Sensor PM Deviation
Madel No
More
il i

Figure 4. “RF power” measurement result

1. Inthe “Repeated” mode, the averaging is reset and a new average is started after the average count is reached. By contrast, in the
“Exponential” mode, each successive data acquisition after the average count is reached, is exponentially weighted and combined with

the existing average.




3. The N5531S Measuring Receiver Demonstration (Continued)

Measurement 3:
Tuned RF Level (TRFL)

The TRFL test is used to make power
measurements with exceptional
accuracy and sensitivity. Unlike the
“RF Power” measurement, which
measures total power across a wide
frequency band, the TRFL
measurement tunes the PSA

to the frequency of interest with a
very narrow resolution bandwidth
(RBW) setting so that an extremely
low level of power can be measured
within measurement uncertainties
demanded by the metrology and
calibration customers.

Note: When making TRFL measurements,
optimal measurement accuracy and speed is
obtained by setting the frequency on the PSA
directly using the [FREQUENCY Channel] (do
not use the frequency counter).

Measurement 3a:
Absolute TRFL
measurement

The absolute TRFL is particularly
useful when calibrating signal gener-
ators for their RF output at absolute
terms. At an initial high input power
level (for example at 0 dBm), the
power measurement is performed
with the high-precision power meter.
The measurement result with the
power meter is taken as a reference,
then the PSA is tuned to the fre-
quency of the signal-under-test and
set to a narrow IF bandwidth to
deliver accurate measurements for
the input power levels, stepping
down to the minimum of =140 dBm.

Instructions Keystrokes

Manually tune to the frequency of
the input signal (1.1 GHz)

[FREQUENCY], {Center Freq}, [1.1], {GHz}

Set RF out of ESG to 0 dBm as the
initial power level.

On ESG: [Preset], [AMPLITUDE], [0], {dBm}

Start “TRFL” measurement. [MEASURE], press {Tuned RF Level}

Compare readings from the power meter
and from the PSA “TRFL” display.

Decrease the RF output of the ESG by
10 dB/step to -130 dBm. Get TRFL readings
after every change in the ESG output level.

On ESG: [AMPLITUDE], [down arrow]

Read values for the “Rang?2 Switch Level” and
“Range3 Switch Level” on the PSA display.
Slowly step down the ESG output level around
those switch level values to ensure the
range-to-range recalibrations are complete.

Reset TRFL cal factors. [Preset]

The IF BW is defaulted to 10 Hz. Adjust it to 75 Hz. [Meas Setup], press {IF BW}, {75 Hz}
This speeds up the TRFL measurement by trading

off sensitivity. Furthermore, selecting IF BW of

30 kHz or 200 kHz can accommodate the TRFL

tests for the signals with less frequency stability.

The accuracy is defaulted to “Normal”.
Adjust it to “High” to meet the most
stringent accuracy specs at the cost of

[Meas Setup], press {Accuracy}
to underline “High”

measurement speed.

19:40:16 Measuring Receiver R T Measure
Ch Freq 1099999999.997 Hz PA: ON Atten: 4.00 dB Frecq:uen"t?r'
Tuned RF Level I
F Power
Tuned RF
Level
Tuned RF Level -130.882 dBm
AM Depth
Remain:
IF BH 0.0 Hz  CalFactorl FH Deviation
Accuracy MHarmal Cal Factor2
Range Switching Auto Cal Factor3 PM Deviation
Range Hold 0ff Range2 Switch Level
Power Sensor N5 Range3 Switch Level -¢ 1”3{%

Figure 5a. Absolute “TRFL” measurement result at -130 dBm
M



3. The N5531S Measuring Receiver Demonstration (Continued)

Measurement 3b:
Relative TRFL measurement

Differing from the absolute TRFL
measurement, the relative TRFL
measurement sets the first power
measurement to 0 dB and measures
the succeeding input power levels in
relative terms (dB or %). This mea-
surement is widely used in the step
attenuator calibrations to verify the
linearity and step accuracy of

step attenuators. Measurement
uncertainty specifications for the
relative TRFL measurement are so
exceptionally stringent that any
disturbance in the measurement
environment may result in extra
uncertainties. Therefore, in order
to achieve the best possible mea-
surement results, the best practice
metrological procedure must be
followed when making the relative
TRFL measurement.

Measurement 3c.
TRFL with tracking

This new feature provides
satisfying calibrations for

signal sources with frequency
instability greater than 100 kHz.
Once enabled, this feature allows
the measuring receiver to track the
drifting signal with trade-off of the
sensitivity and accuracy. The “TRFL
with Tracking” is under “MODE”
menu. Press [MODE], {More} and
{Mode} to find it.

Note: A power meter and a sensor module

are required to make an “absolute” TRFL
measurement. The power meter provides the
initial absolute power reference for the PSA.
Alternatively, a relative TRFL measurement can
be made without a power meter.

Instructions

Preset the ESG and set the ESG output
to +10 dBm.

Keystrokes

On ESG, [Preset], [AMPLITUDE], [10], {dBm}

Turn on “TRFL” measurement.

[MEASURE], {Tuned RF Level}

Manually tune to the frequency of the input
(1.1 GHz). While the auto-tuning is also
available, it may take time for the hardware
to settle down. To achieve the best possible
accuracy, manual tuning for the TRFL

is required.

[FREQUENCY], {Center Freq}, [1.1] {GHz} signal

The accuracy mode defaults to “Normal”.
Adjust it to “High” to meet the most stringent
accuracy specifications.

[Meas Setup], {Accuracy} to underline “High”

Restart the TRFL measurement.

[Restart]

Set the first measurement result as
reference (0 dB).

[Meas Setup], {Set Ref}

Step down the RF output level at 10 dB per
step to the minimum power level of the ESG.

On ESG, [Amplitude], keep pressing

[down arrow] in =10 dB increments down to
-130-dBm output (-140 dB from the +10 dBm)
and watch the displayed TRFL results.

Caution: around the “Range Switch Levels”
whose values are indicated on the PSA display,
you need to slow down the changing of the RF
out put to ensure the “Range change
recalibrations” are complete.

The IF BW is defaulted to 10 Hz for the higher
sensitivity. Adjust it to 75 Hz to speed up the
measurements by trading off sensitivity.
Furthermore, selecting IF BW of 30 kHz or
200 kHz can accommodate the TRFL tests for
the signals with less frequency stability.

[Meas Setup], {IF BW} to underline the “75 Hz”

Measuring Receiver

Ch Freq 1100000000,000 Hz PA: ON
Tuned RF Level

Tuned RF Level

IF B
Accuracy
Range Switching Futa

Range Hold

Power Sensor

-139.897 dB

Cal Factori

Cal Factor2z

Cal Factor3

RangeZ Switch Level -
Range3 Switch Level

R T | MeasSetup

Accuracy
Mormal High

Atten: 4.00 dB

IF BH,
10 Hz

Range
Switching
Auto Man

Range Hold
On 0ff

TRFL
Calibrate

Set Ref

More
1of 2

Figure 5b. Relative TRFL measurement result for -140 dB relative power level change
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3. The N5531S Measuring Receiver Demonstration (Continued)

Measurement 4:
AM Analysis

Amplitude modulation (AM) of a sine
or cosine carrier results in a varia-
tion of the carrier amplitude that

is proportional to the amplitude of
the modulating signal that contains
information. Amplitude modulation
is a linear process. The modulating
signal varies the amplitude of the
resultant modulated signal, there-
fore, adds power to the carrier.

4.1 AM depth

The AM depth is the amount

of amplitude modulation. It ranges
from 0% to 100%. The following
modulation index (m) defines the AM
depth:

In time domain:
m = (Emax'Emin)/<Emax + Em'm) (in %),

where, E . and E, are the maxi-
mum and minimum amplitudes (in
voltage) of the modulated signal.

AM depth can be described either in
a linear term (%) or in a logarithmic

term (dB). Both terms are related as
follows:

AM depth (in dB) = 20 x log(m)

The peak detector is used for the AM
depth measurement. Using the RMS
detector may introduce errors. When
the modulating signal (or base band
signal) is asymmetric, using +peak
or —peak detector will generate dif-
ferent measurement results, and the
+peak/2 detector is recommended.
A waveform view is provided for a
more intuitive presentation of the
AM depth variation versus time for
the demodulated signal.

Instructions

Reset the signal generator.

4.2 AM modulation rates

and modulation distortion

The AM modulation rate implies
the frequency of the modulating
signal. The modulation distortion
for the AM is the undesired altera-
tions to the modulated signal added
by the modulation processes. The
modulation distortion is defined as
the ratio of the total unwanted

Keystrokes

On ESG: [Preset]

Set 10% of the AM depth.

On ESG: [AM], {AM Depth}, [10] {%}

Set 400 Hz of AM rate.

On ESG: {AM Rate}, [400], {Hz}

Turn on AM modulation.

On ESG: press {AM Off/On} to highlight “On”

Make sure the indicator on the ESG
display reads "MOD ON".

On ESG: press [Mod On/Off] to highlight “On”

To get faster measurements, the user
may want to band-limit the signal using
a combination of a high-pass (HPF) and
a low-pass filter (LPF). Since a 400 Hz
AM signal will be examined in this
example, a 50 Hz HPF and a 3 kHz LPF
will be selected.

[Det/Demod], {HP Pass Filter},
{50 Hz}, {LP Pass Filter}, {3 kHz}

Start AM analysis.

[MEASURE], {AM Depth}

Watch the readings for AM depth,
modulation rate, distortion, and SINAD.

Display waveform of the
demodulated signal.

[Trace/View], {Demod Waveform}

Adjust the display Y scale.

[AMPLITUDE Y Scale], {Scale/Div}, [2.5], {%}

Adjust the display X scale.

[SPAN X Scale], [1] {ms}, you should see four
cycles of the demodulated signal.

Modulation rate, modulation distortion, or
modulation SINAD can also be measured
SINAD}

separately.

[MEASURE], {More 1 of 3}, {Modulation Rate},
{Modulation Distortion}, or {Modulation

Turn on “Fast Mode” to speed up
measurements.

[Meas Setup], {More 1 of 2}, toggle {Fast
Mode} to underline “On”

13



3. The N5531S Measuring Receiver Demonstration (Continued)

signals to the total signal:

Modulation distortion (in %) =

2 2
Etotal -E signal

IEtotal
where, Eiqq is the level of the
total signal and Egjgg is the level
of the wanted modulating signal (in
voltage) . The term
\Etotal - Esignal implies the total
unwanted signals which include har-
monic distortion and noise.

These measurements verify
the AM quality of the signal from the
DUT.

4.3 AM modulation SINAD
Modulation SINAD is defined as
the ratio of the total signal power
to unwanted signal (harmonics and
distortion):

Modulation SINAD (in % dB)=

E total
=20 x |Og E lzotal - Egignal )

This is another way to quantify

the quality of the modulation pro-
cess. See instructions/keystrokes on
page 12.

4.4 Auto carrier trigger

This feature becomes available if
Option 23AT is activated. See FM
section for details.

10:46:42 Measuring Receiver R T Measure
|
Ch Freq 1099999999.997 Hz AN Frecque"‘“'
ounter
AM Depth completed [N
RF Power
. Tuned RF
AM Depth 9.898 7 Level
AM Depth
Mod Rate 399.99 Hz e
Mod Distortion 0.052 7 FM Deviation
Mod SINAD 65.727 dB
PM Deviation
IF BH Type Auto IF BH 5.00¢
Detector Peak + Peak Hold Off More
High Pass Filter 50 Hz Low Pass Filter 3 kHz 1 of 3

Figure 6. “AM modulation” result displayed in numerical format

10:49:39 Measuring Receiver R T | Trace/View
| :
Ch Freq 1099999999.997 Hz AM Numeri
Results

AM Depth Completed
Demo
Demod Signal Wavefor

Rate 399.99 Hz
0.068 %
63.413 dB

Distortion
SINAD

AM Depth 9.903 %

Figure 7. “AM modulation” result displayed in waveform

1. Option 23A is standard for PSA firmware rev. A.11.08 or later.



3. The N5531S Measuring Receiver Demonstration (Continued)

Measurement b:
FM Analysis

Frequency modulation (FM)

is a scheme of angular (or expo-
nential) modulation in which the
modulating signal is used to vary
the frequency of a carrier wave. The
instan-taneous frequency of the
modulated carrier is directly propor-
tional to the instantaneous ampli-
tude of the modulating signal.

5.1 FM deviation

The FM deviation quantifies the
amount of the frequency modula-
tion. The quantity being measured

is the peak frequency deviation that
is the maximum frequency excursion
from the average carrier frequency.
In a signal generator calibration, a
measuring receiver system must ac-
curately measure the peak frequency
deviation of the modulated signals to
validate the given nominal values.
The peak detector is used for accu-
rate FM deviation measurements.

A waveform view displays the
demodulated signal by showing the
curve of FM deviation versus time,
providing an intuitive picture for the
quality of FM.

A series of filters (high-pass

or low-pass) are provided for pre-
conditioning the signal under test
to achieve the best measurement
results. For FM measurements, in
particular,

Instructions

Reset the signal generator.

four different “FM De-Emphasis”
filters with different time-
constants are also offered for
analyzing the pre-emphasized FM
signals.

Keystrokes

On ESG: Press [Preset]

Set 1 kHz of FM deviation.

On ESG: Press [FM/OM],
{FM Deviation}, [1] {kHz}

Set 400 Hz of FM rate.

On ESG: press {FM Rate}, [400], {Hz}

Turn on FM modulation.

On ESG: Press {FM Off/On} to highlight “On”

Make sure the indicator on the ESG
display should read "MOD ON".

On ESG: Press [Mod On/Off] to highlight “On”

To get faster measurements, band-limit
the signal using a combination of a
high-pass (HPF) and a low-pass filter
(LPF). In this case, select a 50 Hz HPF
and a 3 kHz LPF.

Press [Det/Demod], {HP Pass Filter}, {50 Hz},
{LP Pass Filter}, {3 kHz}

Start FM analysis.

Press [MEASURE], {FM Deviation}

Watch the readings for FM deviation,
modulation rate, distortion, and SINAD.

Display waveform of the demodulated.
signal

Press [Trace/View], {Demod Waveform}

Adjust the display Y scale.

Press [AMPLITUDE Y Scale], {Scale/Div},
[250] {Hz}

Adjust the display X scale.

Press [SPAN X Scale], [2.5], {ms}, you should
see 10 cycles of the demodulated signal

Modulation rate, modulation distortion, or
modulation SINAD can also be measured
separately.

Press [MEASURE], {More 1 of 3}, {Modulation
Rate}, {Modulation Distortion}, or
{Modulation SINAD}

Turn on “Fast Mode” to speed up
measurements.

[Meas Setup], {More 1 of 2}, toggle {Fast
Mode} to underline “On”

15
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3. The N5531S Measuring Receiver Demonstration (Continued)

modulation distortion

The FM modulation rate

indicates frequency of the modulat-
ing signal. When the frequency of
the modulating signal (or base-band
signal) increases, the highest and
lowest frequencies of the
modulated signal will stay

the same but occur more often.

Similar to that in AM, the

modulation distortion for FM is mea-
sured on the post-detection signal
(or base-band signal), and is defined
as a ratio of the total harmonic
distortion plus noise (THD+N) to the
total signal level. These parameters
quantify the signal distortion created
during the FM modulation process in
relative term.

5.3 FM modulation SINAD

Similar to AM analysis, another way
to characterize the quality of FM is to
use Modulation SINAD, which is
defined as the ratio of the total
signal level vs. unwanted signal
(harmonics and distortion) level. See
instructions/keystrokes on page 14.

18:53:14 Measuring Receiver I} Measure
Ch Freq 1099999999.997 Hz FM Frecq;'uen'lc‘g
FM Deviation Completed _-
RF Power
o Tuned RF
FM Deviation 1000.72 Hz Level
AM Depth
Mod Rate
Mod Distortion FM Deviation
Mod SINAD
IF BH Type IF BH PH Deviation
Detector Peak Hold
FM De-Emphasis Low Pass Filter 3 More
High Pass Filter Lof3

Figure 8. “FM modulation” result displayed in numerical format



3. The N5531S Measuring Receiver Demonstration (Continued)

5.4 Auto carrier trigger

The auto carrier trigger feature

is used to determine the settling
time when a carrier signal changes
from one frequency to another. The
similar procedure listed here is also
applicable to AM and PM as well.
Users can set the capture time and
different trigger type.

Additionally, this feature provides
“Auto Carrier Frequency” to FM or
PM modulation analysis. Accurate
angular demodulation (FM or PM)
analysis depends on precisely iden-
tifying the carrier frequency. Errors
result in phase ramping. The goal of
“Auto Carrier Frequency” is to cor-
rect the phase ramping by calculat-
ing the carrier frequency precisely.

*This is based on a direct connection
between the PSA and the ESG signal
generator. If an N5532B sensor
moduleis used, it is recommended to
increasethe ESG RF output level to

0 dBm toensure the sufficient trig-
gering level.

Instructions

Set RF out of ESG to -10 dBm for the
carrier signal level, and set frequency to
GHz and {MHz} frequency increment

to 300 MHz.

Keystrokes

On ESG: [Preset], [Amplitude], [-10] {dBm},
[Frequency], [1.3] {GHz}, [Incr Set], [300] 1.3

Start “FM deviation” measurement.

[MEASURE], press {FM Deviation}

Set PSA triggering level to -15 dBm*.

[Trig] {Video} {Level} [+/-] [15] {dBm}

Set measurement conditions for the auto
carrier trigger.

[Meas Setup], toggle {IF BW Type} to
underline “Man”, {IF BW}, [100] {kHz}, {Trig
Source}, {Video}, {Capture Time}, [100] {ms}

Set PSA center frequency to 1 GHz.

[FREQUENCY] {Center Freq}, [1] {GHz}

Display in waveform.

[Trace/View], {Demod Waveform}

Adjust the Y Scale.

[AMPLITUDE Y Scale], {Scale/Div}, [1], {kHz}

Adjust the X Scale.

[SPAN X Scale], {Scale/Div}, [1], {ms}

Measure the settling time when the carrier
frequency changes from 1.3 GHz to 1 GHz.

While the prompt of “Awaiting Trigger, no
Auto Trig” is shown at the bottom of the PSA
screen, press [down arrow] on the ESG to
change the ESG output frequency from

1.3 GHz to 1 GHz. Wait until the
measurement is complete.

16:96:15 MNow 15, 2006

Ch Freq 1000000000.004 Hz
Completed

FM Deviation

Demod Signal

R

FM Deviation 0.00 Hz D
S

Awaiting Triggers no AUTO Trig

Figure 9. Auto carrier trigger showing the settli
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3. The N5531S Measuring Receiver Demonstration (Continued)

Measurement 6:
Phase Modulation Analysis

Phase modulation (®M) is another
form of angular (exponential) modu-
lation in which the instantaneous
phase deviation of the modulated
carrier is directly proportional to
the instantaneous amplitude of the
modulating signal. oIM and FM are
very closely related, as phase is the
time integral of the frequency or
frequency is the time derivative of
the phase.

6.1 Phase deviation

The phase deviation, or ®M deviation,
expressed in radians or in degrees,

is a measure of the amount of phase
modulation. The quantity being
measured is the peak phase devia-
tion, which is the maximum phase
excursion from the average

carrier phase.

A waveform view of the ®M deviation
measurements provides graphical
displays of the demodulated signal
by showing the curve of ®M deviation
versus time.

6.2 Phase modulation rate
and modulation distortion

The ®M modulation rate also indi-
cates the frequency of the modulat-
ing signal. Increasing the frequency
of the modulating signal will not
alter the ®M deviation, but will make
faster phase alterations in the
modulated signal.

Like the FM modulation distortion,
the phase modulation distortion is
also defined at the post-detection
stage with the base-band signal. The
modulation distortion is the ratio of

Instructions

Reset the signal generator.

the total harmonic components plus
noise to the level of the demodulated
signal, i.e., the total undesired signal
level to desired signal level.

Keystrokes

On ESG: Press [Preset]

Set 0.5 rad of ®M deviation.

On ESG: Press [FM/OM], {®M Dev}, [0.5] {rad}

Set 400 Hz of ®M rate.

On ESG: Press {®M Rate}, [400], {Hz}

Turn on ®M modulation.

On ESG: Press {®M Off/On} to highlight “On”

Make sure the indicator on the ESG display
reads “MOD ON”.

On ESG: Press [Mod On/Off] to highlight “On”

To get faster measurements, band-limit the
signal using a combination of a high-pass

(HPF) and a low-pass filter (LPF). In this case,

select a 50 Hz HPF and a 3 kHz LPF.

Press [Det/Demod], {HP Pass Filter}, {50 Hz},
{LP Pass Filter}, {3 kHz}

Start ®M analysis.

Press [MEASURE], {PM Deviation}

Watch the readings for ®M deviation,
modulation rate, distortion, and SINAD.

Display waveform of the demodulated signal.

Press [Trace/View], {Demod Waveform}

Adjust the display Y scale.

Press [AMPLITUDE Y Scale], {Scale/Div}, [0.25]
{radians}

Adjust the display X scale.

Press [SPAN X Scale], [2.5], {ms}

Note: You should see 10 cycles of the
demodulated signal.

Modulation rate, modulation distortion, or
modulation SINAD can also be measured
separately.

Press [MEASURE], {More 1 of 3},
{Modulation Rate}, {Modulation Distortion},
or {Modulation SINAD}

Turn on “Fast Mode” to speed up
measurements.

[Meas Setup], {More 1 of 2}, toggle {Fast
Mode} to underline “On”
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3. The N5531S Measuring Receiver Demonstration (Continued)

6.3 Phase modulation
SINAD

Similar to AM and FM, modulation
SINAD can also be used

to characterize the quality of the
modulation of the signal. See in-
structions/keystrokes

on page 17.

6.4 Auto carrier trigger

See FM section for details.

18:55:51 Measuring Receiver BT} Measure
|
Ch Freq 1099999999,997 Hz PN Frecq“e""V
e ) ounter
PM Deviation Measuring _-
B
o Tuned RF
PM Deviation 0.4998 rad Level
AM Depth
Mod Rate .
Mod Distortion FH Deviation
Mod SINAD
PM Deviation
IF BH Type Auto IF B
Detector Peak Peak Hold Off More
High Pass Filter > Low Pass Filter il @t 3

Figure 10. “Phase modulation” measurement result displayed in numerical format



3. The N5531S Measuring Receiver Demonstration (Continued)

Measurement 7:
Audio Analysis

Audio analysis is only available when
both the measuring receiver person-
ality (Option 233) and audio input
(Option 107) are installed in a PSA.
Audio analysis is performed on the
signal from a high-impedance audio
input connector (100 kQ) on the PSA
front panel. The frequency range

is 20 Hz to 250 kHz. Once any of

the audio analysis related soft-keys
(Audio Frequency, Audio AC Level,
Audio Distortion, and Audio SINAD)
is enabled, the input signal path is
automatically switched from the RF
input to the audio input.

7.1 Audio frequency

Audio frequency measurement
accurately measures the frequency
of audio signals or a demodulated
signal from the audio input connec-
tor of the PSA (Option 107).

Instructions

Set the LF out on the signal generator for
generating audio signals.

Keystrokes

On ESG: Press [LF Out], {LF Out Source},
{Function generator}

Set the amplitude of the audio signal to 1 Vp.

On ESG: Press {LF Out Amplitude}, [1]{Vp}

Set the frequency of the audio signal to 1 kHz.

On ESG: Press {LF Out Freq}, [1], {kHz}

Set the audio signal to sine wave.

On ESG: Press {LF Out Waveform}, {Sine}

Turn on audio signal output.

On ESG: Press {LF Out Off/On} to highlight
“On”. Press [Mod On/Off] and ensure
modulation is "On"

To get faster measurements, band-limit the
signal using a combination of a high-pass
(HPF) and a low-pass filter (LPF). In this case,
select a 300 Hz HPF and a 30 kHz LPF.

Press [Det/Demod], {HP Pass Filter}, {50 Hz},
{LP Pass Filter}, {3 kHz}

Start Audio Frequency measurement.

Press [MEASURE], {More 1 of 3},
{Audio Frequency}

Watch the readings for audio frequency
in the display window.

Figure 11. “Audio frequency” measurement result
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3. The N5531S Measuring Receiver Demonstration (Continued)

7.2 Audio AC level

The audio AC level measurement is
used to measure the average (rms)
level of the input audio signal. The
RMS detector is used for the audio
AC level measurements. Absolute
audio AC level measurement results
are displayed in voltage unit. Addi-
tionally, relative results are displayed
in dB or % of a reference level that
can be manually set through the
front panel of the PSA.

Instructions

Set the LF out on the signal generator
for generating audio signals.

Keystrokes

On ESG: Press [LF Out]

Set the amplitude of the audio signal to 1 Vp.

On ESG: Press {LF Out Amplitude}, [1] {Vp}

Set the frequency of the audio signal to 1 kHz.

On ESG: Press {LF Out Freq}, [1], {kHz}

Set the audio signal to sine wave.

On ESG: Press {LF Out Waveform}, {Sine}

Turn on audio signal output.

On ESG: Press {LF Out Off/On} to highlight
“On”. Press [Mod On/Off] and ensure
modulation is "On".

If needed, band-limit the signal using a
Hz},

combination of a high-pass (HPF) and a
low-pass filter (LPF). In this case, we will
select a 300 Hz HPF and a 30 kHz LPF.

Press [Det/Demod], {HP Pass Filter}, {50

{LP Pass Filter}, {3 kHz}

Start audio AC level measurement.

Press [MEASURE], {More 1 of 3},
{Audio AC Level}

Watch the readings for audio AC level in the
display window.

Set a relative measurement.

Press [Amplitude], then {Display Mode}
to underline “Ratio”

Set a reference level of 1 Vrms.

Press [Amplitude], then {Ratio Ref} to
underline “Man”, [1], {V}

Set ratio mode to logarithm.

Press [Amplitude], then {Ratio Mode}
to underline “Log”

Watch the relative measurement result
in the display window.

21



3. The N5531S Measuring Receiver Demonstration (Continued)

7.3 Audio distortion

This measurement is used to quanti-
fy the distortion of the audio signal in
a relative term. The audio distortion
is defined as the ratio of the total
distortion, including total harmonics
and noises, to the fundamental audio
signal level. The audio distortion is
defined in linear form as follows:

Audio distortion (in %) =

E%utal R Eiignal
x 100
Etotal

where, Esignal and Etotal are ampli-
tude of wanted audio signal and the
total signal (in voltage) respectively.

A CCITT filter is available as a
standard feature of the measuring
receiver personality for audio and
post-modulation analysis. The CCITT
weighting is to simulate the human
hearing sensitivity and therefore is
particularly useful for audio distor-
tion measurements. This optional
CCITT filter is also available for
modulation analysis.

Instructions Keystrokes

Set the LF out on the signal generator On ESG: Press [LF Out]
for generating audio signal.

Set the amplitude of the audio signal On ESG: Press {LF Out Amplitude}, [1], {Vp}

as 1 Vp.

Set the frequency of the audio signal On ESG: Press {LF Out Freg}, [1], {kHz}

as 1 kHz.

Set the audio signal as sine wave. On ESG: Press {LF Out Waveform}, {Sine}

Turn on audio signal output. On ESG: Press {LF Out Off/On} to highlight “On”.
Press [Mod On/Off] and ensure modulation is
HOn\I.

Start audio distortion measurement. Press [MEASURE], {More 1 of 3},

{Audio Distortion}

Watch the readings for audio distortion
in the display window.

Turn on CCITT filter. Press [Det/Demod], {Band Pass Filter},
{CCITT weighting}
13:54:27 Measuring Receiver R T Measure
| g
Modulation
Audio Distortion Measuring I e
Modulation
Distortion
) ) ) Modulation
Audio Distortion SINAD
0.061 % Audio
Frequency
Audio AC
Level
Detector R Peak Hold 0ff Distoﬁ-l:?;ﬂ
High Pass Filter 58 Low Pass Filter *
FM De-Emphasis Audio Ranging More
2 of 3

Figure 12. “Audio distortion” measurement result
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3. The N5531S Measuring Receiver Demonstration (Continued)

7.3 Audio SINAD

In audio signal analysis, one of the
most commonly used parameters to
characterize the quality of an audio
signal is audio SINAD. The audio
SINAD is defined as the ratio of the
fundamental audio signal level to the
total harmonics and noise level (in
voltage). The audio SINAD is often
presented in logarithmic term as
follows,

Audio SINAD (in dB)

Etotal

=20 x Iog \| Etzotal -E gignal

where, Esignal and Etotal are ampli-
tude of the wanted audio signal and
the total signal (in voltage), respec-
tively.

Instructions Keystrokes

Set the LF out on the signal generator for On ESG: Press [LF Out]

generating audio signals.

Set the amplitude of the audio signal On ESG: Press {LF Out Amplitude}, [1] {Vp}

to 1 Vp.

Set the frequency of the audio signal On ESG: Press {LF Out Freq}, [1], {kHz}

to 1 kHz.

Set the audio signal to sine wave. On ESG: Press {LF Out Waveform}, {Sine}

On ESG: Press {LF Out Off/On} to highlight
“On”. Press [Mod On/Off] and ensure
modulation is "On".

Turn on audio signal output.

Press [MEASURE], {More 1 of 3},
{More 2 of 3}, {Audio SINAD}

Start audio SINAD measurement.

Watch the readings for audio SINAD in
the display window.

Turn on CCITT filter. Press [Det/Demod], {Band Pass Filter},

{CCITT weighting}
13:55:29 Heasuring Receiver R T Measure
|
Audio SINAD
Audio SINAD Measuring NN I
Audio SINAD
65.129 dB
Detector Peak Hold Off
High Pass Filter 50 Hz Low Pass Filter HMone
FM De-Emphasis Hane Audio Ranging E __ More
e 30f3
P |

Figure 13. “Audio SINAD” measurement result
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N5531S Ordering Information

The Keysight N5531S measuring
receiver system is comprised of
a PSA high-performance spec-
trum analyzer, a P-Series or
EMP Series power meter, and an
N5532B sensor module.

PSA Series spectrum
analyzer

(Select one model from the
following models)

- B4443A
3 Hzto 6.7 GHz

— B4445A
3 Hzto 13.2 GHz

- B4440A
3 Hzto 26.5 GHz

— B4447A
3 Hzto 42.98 GHz

- B4446A
3 Hzto 44 GHz

- B4448A
3 Hz to 50 GHz

PSA options
(x=0,3,5,6,78)

E444xA-233

Built-in measuring receiver
personality and PC software
(required)

E444xA-123

Switchable pW preselector by-
pass (required for TRFL measure-
ments above 3 GHz)

E444xA-1DS

RF internal preamplifier (required
for the best TRFL measurement
sensitivity up to 3.05 GHz, does
not co-exist with Option 110)

E444xA-110

RF/uW internal preampli-

fier (required for the best TRFL
measurement sensitivity up to the
upper frequency of PSA, does not
co-exist with Option 1DS)

E444xA-107

Audio input 100 kQ (required for
audio analysis, only operational
with Option 233)

AM/FM/PM triggering
Shipped standard with Option
233 (PSA firmware rev.

> A.11.08) or Option 23A

CITT filter (adds CCITT and
400-Hz HP, 30-kHz/80-kHz

LP filters)

Shipped standard with Option
233; (PSA firmware rev.
> A.11.08) or Option 23B

2%

Select from PSA options for
other measurements (Optional,
Refer to PSA Configuration
Guide for details of option com-
patibility and requirements)

PSA option upgrades!
(x=0,3,5,6,78)

F444xAU-233

Built-in measuring receiver
personality and PC software
(required)

E444xAU-123

Switchable uW preselector by-
pass (required for TRFL measure-
ments above 3 GHz)

E444xAU-1DS

RF internal preamplifier (required
for the best TRFL measurement
sensitivity up to 3.05 GHz, does
not co-exist with Option 110)

E444xAU-110

RF/uW internal preampli-

fier (required for the best TRFL
measurement sensitivity up to the
upper frequency of PSA, does not
co-exist with Option 1DS)

E444xAU-107
Audio input 100 kQ (required for
audio analysis, only operational
with Option 233)

1. Upgrades for certain PSA options may
not be available for earlier instruments.
For detailed information regarding avail-
ability and compatibility of options,
please visit:

http://www.keysight.com/find/psa_upgrades


http://www.keysight.com/find/psa_upgrades

N5531S Ordering Information (Continued)

(Select one from the following
models)

P-Series power meter

N191TA
P-Series single channel
power meter

N1912A
P-Series dual channel
power meter

EPM Series power meter

N1913A
EPM Series single channel power
meter

N1914A
EPM Series dual channel power
meter

(optional)
Select from power meter options

N5532B sensor module

(Select one frequency option)

N5532B-504
100 kHz to 4.2 GHz, type N (m)
input connector

N5532B-518
10 MHz to 18 GHz, type N (m)
input connector

N5532B-526
30 MHz to 26.5 GHz, APC 3.5 (m)
input connector

N5532B-550
30 MHz to 50 GHz, 2.4 mm (m)
input connector

N5532B-019

Adaptor to N191xA power meter
(required when the NT191xA
power meter is used), can also be
ordered standalone

(optional)
Select from N5532B options

25

Accessories

N55315-010

LAN connection kit (including
one LAN hub and three regular
LAN cables) (optional)

Note: For existing N5531S mea-

suring receiver users who buy the
N5532B sensor module to replace
the N5532A:

Using the N5532B in place of the
N5532A requires the following firm-
ware versions:

- BE444xA PSA: A11.21

- NT1911A power meter: A.05.02
- N1912A power meter: A.05.02
- N1913A power meter: A.01.06
- N1914A power meter: A.01.06
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