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Overview
Frequency versus Time Domain
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(power) (@
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Overview
Types of Measurements Available

Frequency, power, modulation, distortion &

noise .
— Spectrum monitoring el

— Spurious emissions o =
— Scalar network analysis T
— Noise figure & phase noise 1 |

- HarmoniC & intermOdUIation diStortiOn ||;I|\H|I“|||H ||'|||||'||’|||| HHHH‘ | ‘. I

— Analog, digital, burst & pulsed RF Modulation

R BWEIMH VBW 3 MHz pﬁﬂﬁms(ﬁlﬂptﬂ)

— Wide bandwidth vector analysis

RPF -1 dBm Atten 18 dB

b [Marker |

— Electromagnetic interference ;502000000 e
— Measurement range (-172 dBm to +30 dBm)
— Frequency range (3 Hz to 325 GHz)

£0f): /

| | UW\ |
RERTWIS 5 I e
Start @ Hz Stop 1,864 GHz

#Res BH 10 kHz__ | Spur Sea I‘Ch | Sweep 12.11 5 (661 pts)_

Center 2.800 08 GHz
W

HHHHHHHHH

pan 2468 MHz
Sweep 30,08 ms
RMS Results offset Freq  Ref Bl dee Upper gpy
Carrier Power 6,099 MHz 3.842 MMz -20.77  -98.17 -80.41 -89.88
9,45 dBn /10,80 MHz 3840 1Mz -86.00 9064 _96.40 Sgc.6e
o e Ii
D . t t.
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Overview

Different Types of Analyzers

Swept Analyzer

Filter 'sweeps' over range of
interest

—

LCD shows full
spectral display

L

A 4
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Overview
Different Types of Analyzers

FFT Analyzer

Parallel filters measured
A 4 simultaneously

/

LCD shows full
spectral display

L

v
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Theory of Operation

Swept Spectrum Analyzer Block Diagram

RF input .
P | IF filter
attenuator IF gain (RBW) envelope
mixer 4 detector
Input /—\
signal / ‘ : [>|
] Log y
Pre-Selector Amp .
Or Low Pass video
Input Filter filter
local '
oscillator _/\‘
sweep
generator > ‘
Crystal
Reference @ ADC, Display
Oscillator & Video

Processing

Back to Basics Seminar
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Theory of Operation

Display terminology

Reference
Level

i Agilent  01:49:24 Feh 22, 2003 R T

[ |Ref 17 dBm | Atten 30 dB

Peak

Loy 1
10 \
dB/

Amplitude —

h
RN VAN M.MMW“JJ MWWWKWJLWWMW

W1 52
53 FC

Start Freq. Stop Freq.

~ _

Start 150 MHz Stop 1.15 GHz
Res BW 3 MH:z #WBW 3 MHz Sweep 4 ms (401 pts)

—— ~C

Freq. Span Center Freq.

<
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Theory of Operation

Mixer

t MIXER ,
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Theory of Operation
IF Filter (Resolution Bandwidth — RBW)

IF Filter

Input
Spectrum I

IF Bandwidth
(RBW)

[\
e 7N (] O
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Theory of Operation

Envelope Detector

Before

(T

detector

4

A

Al

After detector

-
t
Envelope
Detector

>

™

By

Iy
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Theory of Operation

Envelope Detector and Detection Types Ef;‘g';gf
4
>—%—- / —-|>— | ;{
L 71

@ ADC, Display &
Video Processing

Digitally Implemented Detection Types

B Positive detection: largest value
in bin displayed

bins/buckets”™

@ Negative detection: smallest value
in bin displayed

% Sample detection: middle value in bin
displayed

Other Detectors: Normal (Rosenfell),
Average (RMS Power)

*Sweep points

Back to Basics Seminar
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Theory of Operation

Average Detector Type Envelope
. Detector
. B-tet,

L &

Volts < ADC, Display &
A - -
Video Processing

Pos Peak ) bin — >
detection — X -
Sample
| | detection
' Neg Peak
X - detection
> Time

Power Average Detection (rms) = Square root of the sum of the
squares of AL of the voltage data values in the bin /500Q

Back to Basics Seminar
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Theory of Operation

Video Filter (Video Bandwidth — VBW)
Video

>_g__ /‘ A= . ;ilter

Back to Basics Seminar
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Theory of Operation

Video Filter vs. Trace/Video averaging

, Video Filter
-| >
# Agilent -/\- .
Ref -6& dEm Atten 18 dB
#3amp | ‘
Log
14 —
®
ADC, Display & Video
| 0o L | Ll B Processing
AT
K A A AR I R U T T - Video Filter operates as the sweep
LA . .
I progresses, sweep time may be required to
e %WWWW AP S g i slow down by the transient response of the

s(fﬁﬂw Sl e W ki prbiniirySeortgt - VBW filter.

FTun T R Rt s T A R ey

S . -
* Trace/Video Average takes multiple
sweeps, sweep time for each sweep is not
Center 90808 MHz Span 28 MHz affected
#Res BHW 108 kHz #\MEH 38 kHz #5weep 20 ms (GO pts)

- Many signals give the same results with

Trace averaqging for 1, 5, 20, and 100 sweeps, top to i ) L i
either video filtering or trace averaging

bottom (trace position offset for each set of sweeps)

Back to Basics Seminar
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Theory of Operation

Other Components

I ok i
_.|>. >
Mkrl & —160 kHe _1‘
Ref —3.597 dBm  #Atten 10 dB ~69.27 dB
Peak 1
Log /
16 L
4B/ Bzt Ref ‘ ‘ \
Marker a .CD Display, ADC

RF INPUT |t Video processing

ATTEZUATOR 8

R4 *
* 4
o 4
------------------------------ [ 4 ||

Span 588 kHz
n 2226 5 (481 pts)
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Theory of Operation
How it All Works Together - 3 GHz spectrum analyzer

fs I | Signal Range - LO Range |
I I I f -f f
LO s LO f +f
0 1 2 3 (GHz) — 10 __.s__!
fs\I\V T'/
mixer 0 1 2 5 6 I detector
) 6.5 / \ DI
Input
f IF
sweep generator A
-

~ 0

L 0 1 2 3 (GHy) f
6 | (GHz) LCD display
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Key Specifications

/ Frequency Range \

Accuracy: Frequency & Amplitude

Resolution
Sensitivity

Distortion

Dynamic Range

L.

7 sEeEeEE °

; = .1-. i"l_ r 7
B L L R 1

W EEE A @ E
—‘
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Specifications
Accuracy: Frequency & amplitude

1
[H>>
! 1
Components which contribute to uncertainty are: A

* Input mismatch (VSWR) | ‘ |

* RF Input attenuator (Atten. switching uncertainty) @

1

~
je

* Mixer and input filter (frequency response)

* [F gain/attenuation (reference level accuracy)
« RBW filters (RBW switching uncertainty)

* Log amp (display scale fidelity)

* Reference oscillator (frequency accuracy)

* Calibrator (amplitude accuracy)

Back to Basics Seminar
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Specifications
Absolute and Relative Accuracy: Frequency & Amplitude

Absqlute ol N T T T [~ Relative
Amplitude ! Amplitude
in dBm | in dB
|
|
Absolute !
Frequency |
:
|
|
A |
o Joy N
= I
3 i
2 :
< Frequency o~
> .
Relative
Frequency

Note: Absolute accuracy is also “relative” to the calibrator reference point

Back to Basics Seminar
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Specifications
Accuracy: Frequency Readout Accuracy

 From the PXA Data Sheet:

+ (marker frequency x freq reference accuracy +
0.1%*span + 5% of RBW + 2Hz + 0.5 x Horiz. Res.”)

*Horizontal resolution is span/(sweep points — 1)

Back to Basics Seminar

-3 Agilent Technologies



Specifications
Accuracy: Frequency Readout Accuracy Example

Frequency: 1 GHz
Span: 400 kHz
RBW. 3 kHz

Sweep points: 1000

Calculation : (1x10°Hz) x (£1.55x10~7/Year ref. Error) = 155Hz
400kHz Span x 0.1% = 400Hz
3kHz RBW x 5% = 150Hz
2Hz + 0.5 x 400kHz/(1000-1) = 202Hz

Total uncertainty = +907Hz

Utilizing internal frequency counter improves accuracy to £155Hz

Back to Basics Seminar
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Specifications
Accuracy: Frequency Response

Signals in the Same Harmonic Band

+1 dB

-1dB

BAND 1 —

Absolute amplitude accuracy — Specification: = 1 dB
Relative amplitude accuracy — Specification: = 2 dB

Back to Basics Seminar
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Specifications
Accuracy: Display Fidelity

vkl o -100 kiz Display Fidelity includes:

Ref —3.597 dBm  #Htten 18 dE -G4.27 dB
T ek i . + Log Amp Fidelity

iy Bt Ref - Envelope Detector Linearity
f - Digitizing Circuit Linearity
= Marker A Display fidelity error applies when signals
“; -100.000 kHz are not at the same reference level
S| | A k amplitude when measured
o | WL 52 1 .
all®h P Jf/ \,L j \k In the past, technique for best accuracy

| T*W M was to move each measured signal to
l ‘MWWMAM | iy the reference line, eliminating display
g i ideli
Centerh? GHz Span 598 kHz fldellty error.
#Res BH 308 Hz VEW 308 Hz Sweep 22.26 5 (481 pts)
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Specifications
Amplitude Accuracy: Reference Level Switching

@ Mkrl 1.0000080 GHz
ef -10.31 dE #Htten 10 dBE -18.31 dBm
Log T Uncertainty applies when changing the
dB/ [ ] Bt Ref Ref. Level
i Also called IF Gain Uncertainty
f \ Decision: Do | change the reference
oo J“j \ﬂ% level or live with the display fidelity
3 S i uncertainty in my measurements?
'|1l nwfll]l'vfﬂ.'l Jlﬂ).-.l '
b !
Center 1 GHz Span 208 kHz
Fes BH 1 kHz YEW 1 kHz Sweep 257.7 ms (401 pts)
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Specifications
Accuracy: Key Amplitude Uncertainty Contributions

Relative and absolute: PXA Uncertainties
* Input impedance mismatch (£0.13 dB)

* Input attenuator switching uncertainty (£0.14 dB)

* Frequency response (+£0.35 dB)

* Reference level accuracy (0 dB)

* RBW switching uncertainty (£0.03 dB)

* Display scale fidelity (£0.07 dB)

Absolute only:

» Calibrator accuracy (£0.24 dB)

Back to Basics Seminar
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Specifications
Amplitude Accuracy - Summary

Optimize measurement setup & techniques for best accuracy

.  Minimize changes to uncertainty contributors
- Or change contributor with least error impact
- Or stay within the optimum accuracy envelope parameters that
modern auto-alignment calibration techniques provide

- Traditionally, one technique for best accuracy was to move each measured
signal to the reference line, eliminating display fidelity error. However, in
today’s designs, display fidelity has improved to the point where there is
generally less error just to leave the signals where they occur on the
display.

- Except for frequency response, uncertainty contributors that impact both
signals equally in a relative measurement can be ignored.

- Inthe absence of specified relative frequency response, the relative
response uncertainty is assumed to be 2x specified absolute error.

Back to Basics Seminar
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Specifications
Resolution: Resolution Bandwidth

Envelope

Mixer ; 3dB Detector
| 3dBBW —*/ \e—
—-
Input
Spectrum \
IF Filter/

( LO } Resolution Bandwidth Filter (RBW)

Y

Sweep ‘ H \

Back to Basics Seminar
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Specifications
Resolution BW Selectivity or Shape Factor

3 dB BW

60 dB BW
3 dB BW

Selectivity =

Determines resolvability of unequal amplitude signals

Back to Basics Seminar
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Specifications
Resolution BW Selectivity or Shape Factor

RBW =1 kHz RBW = 10 kHz
Selectivity 15:1

! \ distortion
: \ // products

i AN

\NTN

vw N

I15 kHz |

Y 1
60dB — - - - - - ;;/_______:¥ 1)

—160 dB BW =

1

|

|

- > »'

10 kHz 10 kHz
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Specifications
Resolution: RBW Type and Selectivity

Typical Selectivity
Analog 15:1
\ Digital <b:1

\\ ANALOG FIITER

ITAL FILI

RES BW 100 Hz SPAN 3 kHz
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Specifications
Resolution: Noise Sidebands




Specifications

Resolution: RBW Determines Sweep Time

|

N

Meas

Uncal




Specifications

Sensitivity/DANL
Mixer Detector
RF
Input J\ —>
Res BW
Filter

©

y

A Spectrum Analyzer Generates and Amplifies Noise Just
Like Any Active Circuit

-3 Agilent Technologies



Specifications
Sensitivity/DANL

Agilent Technologies




Specifications
Sensitivity/DANL

Effective Level of Displayed Noise is a Function
of RF Input Attenuation

signal level .

Attenuation = 10 dB Attenuation = 20 dB

Signal To Noise Ratio Decreases as
RF Input Attenuation is Increased

-3 Agilent Technologies



Specifications
Sensitivity/DANL: IF Filter(RBW)

Displayed Noise is a Function of |F Filter
Bandwidth

§— 100 kHz RBW
A 10 dB 10 kHz RBW.

A 10 dB \ oo Lkbz RBYWY

Decreased BW = Decreased Noise

-3 Agilent Technologies



Specifications
Sensitivity/DANL: Video BW filter (or Trace Averaging)

Video BW or Trace Averaging Smoothes Noise for Easier
|dentification of Low Level Signals

Forenst Ywpive

/\.

-3 Agilent Technologies



Specifications

Sensitivity/ DANL.:
Signal-to-Noise Ratio Can Be Graphed
0
8 -20
S Displayed Noise in a
2 4 / 1 kHz RBW
;: -60
=
= -80
/
-100 /
/ -60 -30 0 +30
Displayed Noise in a POWER AT MIXER =
INPUT - ATTENUATOR SETTING dBm
100 Hz RBW

Back to Basics Seminar
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Specifications
Sensitivity/DANL: Summary

For Best Sensitivity Use:

=  Narrowest Resolution BW

«  Minimum RF Input Attenuation

- Sufficient Averaging (video or trace)

-3 Agilent Technologies



Specifications
Distortion

Mixers Generate Distortion

Frequency Translated
Signals
Resultant
Signal To A I\
Be Measured @ > A A
A Mixer Generated
Distortion

_/

Back to Basics Seminar
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Specifications
Distortion

Most Influential Distortion is the Second and Third

Order
< -5_0{&; <-40 dBc < -50 *dBc
Two-Tone Intermod Harmonic Distortion

-3 Agilent Technologies



Specifications
Distortion

Distortion Products Increase as a Function of
Fundamental's Power

all Af]

T 34 34

Third-order distortion
Power
in dB

Second-order distortion

201, f f, 25 1
Two-Tone Intermod T Af]

Second Order: A2 dB/dB of Fundamental Power
Third Order: A3 dB/dB of Fundamental in dB

f 2f 3f
Harmonic Distortion

Back to Basics Seminar

-3 Agilent Technologies




Specifications

Distortion
Distortion Is a Function of
Mixer Level

0
|
I

-20
3 i
= I

Z 40
= I
S I
lJ) | |
2 .60 |
|
-80 : |
Third |
1100 Order :

00 -30 0 +=30
POWER AT MIXER = TOI SHI

INPUT - ATTENUATOR SETTING dBm

Back to Basics Seminar
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Specifications
Distortion — Internal or External?

. Original distortion signal
Attenuator Test: Signal with 10dB input attenuation

Change power to the mixer

Change input attenuator
by 10 dB

Watch distortion amplitude on
screen

No change in amplitude: distortfon
is part of input signal (external)

Change in amplitude: —
at least some of the distortion is being
generated inside the analyzer (internal)

Back to Basics Seminar
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Specifications
Spectrum Analyzer Dynamic Range

Dynamic
Range

The ratio, expressed in dB, of the largest to the smallest
signals simultaneously present at the input of the spectrum

analyzer that allows measurement of the smaller signal to a
given degree of uncertainty.

Back to Basics Seminar
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Specifications
Dynamic Range

Dynamic Range Can Be Presented Graphically

Maximum 2nd Order
Dynamic Range

NS
()
P

\ Maximum 3rd Order
\ Dynamic Range

&~
o

1
D
o

o
o

SIGNAL-TO-NOISE RATIO, dBc

-100

60 / 30 0 +30
TOl SOl
POWER AT MIXER =

INPUT - ATTENUATOR SETTING dBm

[Optimum Mixer Levels

Back to Basics Seminar
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Specifications
Dynamic Range

Dynamic Range for Spur Search Depends on Closeness to

Carrier
Dynamic Range Dynamic Range
Limited By Noise Sidebands Limited By
dBc/Hz Compression/Noise

Noise Sidebands Displayed Average

Noise Level
AWMV NP\ b Air
100 kHz
to
1 MHz

Back to Basics Seminar
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Specifications
Dynamic Range vs. Measurement Range

+30 dBm MAXIMUM POWER LEVEL
+3 dBm MIXER COMPRESSION
' -40 dBm THIRD-ORDER DISTORTION
MEASUREMENT 4 (Dynamic Range)
DISPLAY RANGE RANGE
100 dB @ 10 dB/Div 195 dB -50 dBm SECOND-ORDER DISTORTION
(200 dB @ 20dB/Div) 1 (Dynamic Range)
SIGNAL/NOISE
RANGE
‘ i 0dBc  NOISE SIDEBANDS
SIGNAL /3rd ORDER .
DISTORTION T (Dynamic Range)
=~ 11548 range SIGNAL/ 2nd ORDER
DISTORTION
INCREASING 105 dB RANGE SIGNAL/NOISE SIDEBANDS
RBW OR -129 dBc @ 10kHz OFFSET
ATTENUATION |
-155 dBm (1 Hz BW & 0 dB ATTENUATION) MINIMUM NOISE FLOOR (DANL)

-165 dBm with preamp

Back to Basics Seminar
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Specifications
Summary: Optimizing Dynamic Range

‘What settings provide the best sensitivity?

*Narrowest resolution bandwidth
*Minimal input attenuation

Sufficient averaging
*How do you test for analyzer distortion?

Increase the input attenuation and look for signal amplitude changes

‘Then set the attenuator at the lowest setting without amplitude change

*‘What determines dynamic range?

Analyzer distortion, noise level, and sideband/phase noise

Back to Basics Seminar
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Modern Spectrum Analyzer Block Diagram

Analog IF Dig.ital IF Digital Detectors
Pre-amp Filter Filter
o N e L \
/ — /
Attenuation Swept vs . FFT |

Digital Log Amp

YIG

4

ADC

Replaced
by

-3 Agilent Technologies



Modern Spectrum Analyzer Block Diagram

Auto Alignment

* Temp & time calibration Digital IF Filters Digital Detectors
* 160 RBW filters ~ + 4.1:1 Shape factor ‘Normal  -RMS
DRI UL L : ltll-l (Z):;(:jg e Eal\Zf RBWW' (Opt. EMC) .:/f'ak A
. - * 10. . S . *Min
Improve 1 GHz Analog switching error P “sampje “QPD (0pt. EMC)
DANL -155dBm el
to -165dBm (Single Pole)

Attenuation f FFT vs Swept RBW Digital Log Amp
2 dB step ‘ Fajf\jlf SVI‘J’EGP - +0.07 dB Scale Fidelity
to 26.5 GHz W7 Viax « >100 dB Dynamic range
. ; . « £0.0 dB reference level error
Digitally Synthesized LO 16 bit ADC
« Fast tuning * Wider dynamic range Digital Video Filters Frequency Counter
« Close-in phase noise with autoranging - Power, voltage, - Fast (0.1s)

* Dither on/off

* Far-out phase noise log filtering * High resolution (mHz)

Back to Basics Seminar

Agilent Technologies
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Modern Spectrum Analyzer - Specifications
Digital IF provides improved accuracy

PXA vs. Traditional”

\!g\

* Input impedance mismatch +0.13

* Input attenuator switching uncertainty +0.14 W

* Frequency response +0.35 +1.8 dB

* Reference level accuracy +0.0 fl(){

« RBW switching uncertainty +0.03 zﬂ’ﬁ

* Display scale fidelity +0.07 +0.85dB

* Calibrator accuracy +0.24 + dB
Total accuracy (up to 3 GHz) +0.59 dB VSM
95% Confidence +0.19 dB

Back to Basics Seminar
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- i 140 MHz Path
Wlde band anaIySIS ADC Nominal bits: 14

ADC Effective bits: 11.2
SFDR: up to 75 dBc

PXA Simplified Block Diagram (140 MHz BW) Ghnd

40 MHz BW (option B40)

%% Agilent Technologies



Noise Floor Extension

EIBEX

Y Agilent Spectrum Analyzer - Swept SA
Availyps; Bar(RNIS) Noise Reduc

Input: RF  PNO: Close C,) 11ig:Free Run A
PREAMP IFGain:High #Atten: 0 dB — NoiseFI
oy oise Floor
Mkr1 1.999 703 GHz Extension
-103.63 dBm on off

Ref -103.00 dBm

A1

'f) | F |' -'.'L ' | ]
[ ry"‘llH 'C:',]. \Li“l é..i-.

Center 2.0000000 GHz Span 1.000 MHz
#Res BW 30 kHz #Sweep 7.00 s (1001 pts)

» The combination of real-time measurement processing with an unprecedented characterization
of the analyzer’s own noise to allow that noise to be accurately removed from measurements.

« The improvement from noise floor extension varies from about 3.5 dB for CW and pulsed
signals to approximately 8 dB for noise-like signals, and up to 12 dB or more in some

applications.
* DANL at 2 GHz is—161 dBm without a preamp and —172 dBm with the preamp.

':- Agilent Technologies
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Application Focused Internal Software

3 Agilent 18:12:02 Nov 27, 2083  Digital Demod

Ch Freq 1.80080 GHz
Modulation Analysis m

Level -7.080 dBm
Eye T Dia

Eye Q Diagram

Phase noise

Ext. source control
Noise figure

Code compatibility suite
EMI pre-compliance

Symbols
Max Avg

1/0 Measured Polar Vel

Analog demOd ‘ 6/11 /80 15:08:52 cdma2000
Flexible demod S

LTE FDD, TDD
W-CDMA/HSPA/HSPA+
GSM/EDGE/EDGE Evo
cdma2000 & 1xEV-DO

BTS Ch Freq 1.00000 GHz
Code Domain 36PP

dB

cdmaOne

DVB-T/H/C/T2
TD-SCDMA/HSPA

WLAN (802.11a/b/g/p/j)

802.16 OFDMA

Bluetooth

- Agilent Technologies
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uilt-in One-Button Power Measurements

Ref 10.00 dBm

AN A SANANN i

*Occupied Bandwidth —
=Channel Power

Occupied Bandwidth
1.2678 MHz

3 Transmit Freq Error -10.181 kHz OBW Power
. x dB Baridwidth 1.459 MHz x dB
- -
. 3 Channel Power
uiti-carrier
-10.46 dBm /2 MHz
— Total Carrier Power ~ -10.742 dBm/ 200 Mz
. ' ' D Carrier Power Filter
T 07 i ]

Average Power Gaussian

sHarmonic Distortion

36.81 % at 0dB

=Burst Power

6.64 dB
0.1% 8.41dB

081 % 9.69 dB
. 0.001 9%+,10.59 dB
0.0001 % 3 0.001 %

Peak

Ref 10.00 dBm

VBW 270 kHz

0.0001 % 0dB

Info BW 5.0000
Ref 5.00 dBm

=Spurious Emissions

S t I E . . | | |
s | '
/ \ “
B Wy o Lot A T B T ey ot 7 ST R
Center 1GHz Span 60 MHZ]

Res BW 100 kHz VBW 3 kHz Sweep 156.1 ms|

Ampliuge | Ampitu
(@Bm) @80

TOI | 32.98dBm
A | -7492dBc

Back to Basics Semin
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Why Use Digital Modulation?

- More information capacity & more spectrally efficient than
analog modulation

- Compatibility with digital data services

- Higher data security
Industry Trend

- Better quality communication | I
TDMA, CDMA
Time-Variant
Signals
, QAM, FSK,
QPSK
Vector Signals
‘ AM, FM I
Scalar Signals

Required Measurement Capability

Signal/System Complexity

Agilent Technologies




What is Digital Modulation?
Amplitude i |'F'| i |'n'|| |
(ASK) I a1

* Restricts modulating baseband Frequency
signal to discrete states (Digital) (FSK)

Phase
Both Amplitude
and Phase
(QAM)

* Project Signals to “I” and “Q” Axes
* Polar to Rectangular Conversion

0des  * 1Q Plan Shows 2 Things

> *What the modulated carrier is doing relative to
the unmodulated carrier
*What baseband | and Q inputs are required to
produce the modulated carrier

-3 Agilent Technologies




Some Simple Examples of Digital Modulation

Modulation Number of bits peri

Constellation Transmission

|
format ! symbol ' ' bandwidth
] ] ]
| | Q |
| | |
| | ; 0 |
BPSK : 1 : —_——— :
| | |
| | |
| | o |
I l 01 o0 |
| 1 © == |
| | | |
QPSK | 2 | o
| | |
I 1 G L10
| | |
| | |
| | Q 9000 |
® ofje ®
| | |
16 QAM | 4 ] SR
| | |
| | |

«Fi4~

Symbol Rate = #symbols/sec. (Hz)

Agilent Technologies



Digital Format Access Schemes

Different time - different Users
One

User

>

FDMA TDMA

Different channel - different Users

Different time - different Users

CDMA OFDM

Same channel — many users

-3 Agilent Technologies




How to Digitally Modulate/Demodulate?

Modulate b, Demodulate

{W 1

|
ﬁ' (14

ﬁl‘ﬂm

Center 850 hiHz Span 5 MHz

Q: [l —...
= (uadrature Component
Q

90 deg 90 deg

Phase Shift g
| Composite Comoce Phase Shift " =& ®
# Oupt posite

Signal In_put » * = = |8 ¢
Local Osc. Signal |
(Garrier Freq.) Local Osc. 2 & | & ®

(Carrier Freq.)

I . ] & i -]
| —p®7 # |n-Phase Component

Agilent Technologies




Measurements of Quality for Digital Modulation

Demodulated signal I/Q values are compared qQ (Gorarmag
with ideal expected constellation location. The . Y N
difference is the Error Vector Magnitude (EVM) esas:

ignal

sy Digital Demod - Agilent 89600 Vector Signal Analysis
Fil=  Edit Conkrol Input MeasSetup  Trace  Markers  Window  Ublities  Help

pMS oi@[F, imeE- R v 0 MR ([ [0 o oma -

~——__ |deal (Reference) Signal

A Thl 160AM Meas Time D: Ch1 160AM Syms, Errs ~

\ Phase Error (IQ error phase)

Overall measurement of
signal quality is rms EVM
given in percent of dB.

Frng 10 ¥

EVM can also be displayed
LinMag s TR versus time and
[ versus frequency

Measurement paused - recording 16gamImpaired. sdf




Tools for Digital Modulation Analysis

Embedded Software Applications :
» Over 30 modulation format specific measurement
applications which run inside the X-series analyzers.

 Best solution for manufacturing where speed is
required.

Software: 89601B VSA Software
» Supports over 70 modulation formats.

 Runs on an external PC, or inside hardware.

* Best solution for R&D where flexibility and
troubleshooting tools are required




Phase Noise Overview

What is “Phase Noise”?

A random, side band noise
» Caused by phase fluctuations of an oscillator

P(t)4 . P(f)4
Phase noise :
N AT
\/ \j t
Yol f
In the time domain, PN shows as jitters In freq. domain, PN appears as noise sidebands

Title of Presentation
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Phase Noise Overview

How to define “Phase Noise”?

3 elements: o, |

- Offset freq. from carrier freq.

- Power spectral density (in 1 Hz
BW)

- Relative to carrier power in dBc

SSB

1 Hz BW

dBc/Hz @ offset freq. fm

fo

fm (offset freq.)

Agilent Restricted
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Why is phase noise important?

AAAAA A

L

[

Down-converted

OFDM sub-carriers
with LO phase noise

added

4 Power 4 Power
A A | A A A A
> //Z
Frequency
OFDM sub-
carriers
4 Power
/Dhase noise
Frequency

Local oscillator
with phase noise

Freqaency

- Better PN of the LO improves sub-channel resolution

i Agi

lent Technologies




Direct Spectrum Measurement Method

» Easy to configure and use @

* Quick phase noise check DUT

 Log pot

 Spot frequency (PN change vs. time)

 rms PN, rms Jitter, residual FM

« X-Series phase noise application automates
the PN measurements

* Limited by SA internal PN floor

 Caution: Direct Spectrum method requires | B _
AM << PM Phase noise result in Log Plot

-3 Agilent Technologies
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What is Noise Figure ?

Si

Ni
&

N,
Si
Ni

F=

GSi

(Na + GNI)

_ Na + GN]
GNi

=100 |{Iyw |

g ~110
o

~120

=130 [}4al

ey
=150

~160

~140|

Signal/Noise Degradation

'WMW il MMW"‘

——
ﬂ —_—

[

— Input
— Output

CF =850 MHz Span =100 MHz
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Noise in Cascaded Two Port Networks

BG,Nyq

kT, B

S
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How to Measure Noise Figure:

Noise Linearity

| |
| |
290| 9000 : = T
| | i Rt
! 12 -
12 . ! 289510 ! Eomenan FAIR K
3.2-10 | ! 4 e [Rargs 12 - 17 dB}
77777777777777777777777777777777777777777777777777 a5 147%1 : .
- |
5 2410 T
B |
S (kT-BG)+N,
g —
8 _ ‘
161-10 * T
_ |
8.08-10 1 + ‘
| |
190010
‘ Nbise Pover
VS our
110 ™ : : : : | Measurenent
0 2000 4000 6000 8000 1-10*
T
kT,B § KT,B
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Corrected Noise Figure

= Agilent  19:02:26 Feb 9, 2081 I DUT
Device Under Test RAmplifier
F _ F F2 - 1 Amplifier
sys = 1+ G Meas Mode Form
Device Under Test Amplifier Downconv
F 1 System Downconverter Off
2 - LO Mode u
— cony
Fi1=Fss——— 13 P
Gl Calibration Setup =
Moise Source 1

N'2-N"
N2 - Nl Measurement Setup [’*

Moise Source

rd:tn puT
N, —> noise source on I

N, — noise source off

Agilent Technologies




Noise Figure Uncertainty Calculator

Calzulator Tabular Results Graphical Besults

Presz thiz = Button | to reset the famm to default values

Device Under Test & amplifier € Frequency Convertar

Noise Source > ! = Instrument
Moize Source Defaults In=trument Defaults
|User Defined =] |HPag70 B =1
EMR Uncertainty (+-d8) DUT Moize Figure, MF1 (dB) Moize Fig. Uncertainty (+/-dB)
jo E [o.os
NS Match * DUT Gain, 51 (dB) Gain Uncertainty (+-dB)
115 |20 [o1s
DUT Input Mstch * Instrument Moise Fig, MF2 (dB)
ISweep Parameter |5
DUT Cutput hatch * Instrument Match *
e 18
Parameter Lowver Yalue Upper Yalue Mo, of Points
Sweep [DUT et Match = fio o |ﬁ

* Thiz term can be entered in dB[S ==, WS'WHE or az a reflection coefficient. e.qg. -15 [dB] =1.43 SWR] = 0.178 [Refl. Coef ]
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Agenda

Introduction

Overview

Theory of Operation

Specifications

Modern spectrum analyzer designs & capabilities
Applications

Automation Tools

Wrap-up
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LAN eXtension for Instrumentation

LXI devices serve a web page

{= N90Z0A Agilent MXA - Windows Internet Explorer

I P Add ress_ﬁ v &) b 148524633 e s v B

& Live Search |:p |=|

Fil=  Edit View Favorites Tools  Help

{ZFavorites {S ﬂﬂgnal Analyzer €| Source ﬂNetworkAnalyzer £ | Calkit Engllent & | Agilent Home: bengllent 'g.' Google WX wiki @ |EMG @) CTD 8| PMD @ MCD
|§N9020AAgi\entMXA | | C X v Bl [ éh - Page- Sefety - Toos - @~

Support | Manuals | Products | Agilent Site

web-enabled instrument
from Agilent Technologies

Welcome to your I

Web-Enabled N9020A Agilent MXA

Information about this Web-Enabled Agilent MXA :

EET o

t t:
m:l;aﬂé%%%ﬂ»\ Signal Analyzer -
15218
A-NI020A-10265
ANS020A 10255 ocal.
.etC | 148.5.246.33
. TCPIP:A-NI020A-10265 local-inst0-INSTR 6 a( 6

*Manufacturer
Model #
*Serial #
*Firmware rev.
|P Address
Domain name

Turn On Front Panel Identification Indicator

[Ed Advanced information about this Web-Enabled Agilent MXA w‘\

g
l \blllty to Use the navigation bar on the left to access your M3020A Agilent MXA and related information . e‘
Change the © Agilent Technologies, Inc. 2008 : 6\“ N%

I P add reSS & Internet 43 {1009

W




X-Series LXI Web control example

Displa

= ViewFrame - Windows Iniernet Explorer,

_— e 148.5.246.33 || =] 4| x| |8 P Keypad

. File Edit View Favorites Tools Help

| Favartes | 53 [ Signal Analyzer @] Source B Network Analvzer @) Cakit B Aglent £ Agiert Home B beagient # Google W wiki £)EMG £]CTD &) PMD ] MD € ; : - [B][%]
(& ViewFrame -8 Y geh - Page~ Safetyr Tools @~ el 148.5.246.33 3
J : i = =

Display Front Panel Kevs lFuII Scree] l Marker l [ System ]-

Agilent Spectrum Analyzer - Swept SA
B L [ RF [S50Q  AC | ‘ | D1:35:07 PM Aug 26, 2011 — e sel
Marker 1 1.000000587967 GHz Avg Type: Log-Pwr TRACE ——

Softkey 1
PNO: Far o) ':rig:ﬁ:z;{un Avg|Hold:>100/100 T;EE
IFGain:Low tten: Se!ectMaker,

Mkr1 1.000 001 GHz

. 61 dB
Ret -9.77 dBm s T ——————— l Frequhanne" Input.fOutput" Auto Couplel

l Span.fXScaIe" ViewaispIay" BW l

l Peak Searcl [ Quick Savel Use

’1
i
/.(’/ v Softkey 3 [Amptd.f’YSca" Trace/Det " Source l
f l Mode " Mode Setup" Trigger l
l Meas " Meas Setup" SwprontroIl
Softkey 4
Restart l [ Single " Cont l

SELEE [ Lef " Enter " Right ]

el [ CanceIfEs" Del " Bk.Sp <-]
Center 999.997 MHz Span 3.090 MHz E
Res BW 30 kHz VBW 30 kHz Sw_eep j3.1 ms (1001 pts) m m m |
€D Internet fa v H100% -

Dione 3] € Internat i v W00 v

Back to Basics Seminar
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LXI Possibilities

Long ' Higher
: JDRE gy e n hout
distance B! throughpu
operations
No trigger ‘--—-—-«—-— - Flexible
wires triggering

Expert
Troubleshooting
E EEER ! I Eliminate
e e latency
Parallel
operations ! Assot
.h\j‘,‘
Internal h | Management
netwerk 1 |

";1.".,.-. .. = ;.H!
- =} t —felE T
il =R

Reduce
programming
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SystemVue
Overcome early R&D measurement holes using simulation

If any of these pieces is missing....

TX but .
no RX(! - Vendor is LATE, ) (" Modulated
Fading & getting you i o . .
Test Equipment Interferen ~\ Will this still RF in vs. Bits out
. . hardware k when |
personality Multiple Wwork wnhe ...how to measure
doesn't exist yet | The standard H/W for add the RF Throughput?
just changed! MIMO? front end? :
® 5 ) 2 x E4438C JSlgnaI Analyzers

Signal Generators
SystemVue N5106A PXB P —

L

|
|
: 3%@

&

Y |
m
ey 1 3
® (=t
2 |
m

DN T ENC R o

....Use SystemVue to complete a working PHY
* Finish create superior algorithms
» Make new or challenging link-level measurements, such as BER, Throughput
« Verify critical system-level performance, despite missing IP, Equip, or H/W

Discovering SystemVue

Agilent Technologies




SystemVue Example

=N

S11 {SignalDowninader E4438C@AgIEN Indtrumients Subnetwork Models)’
HwavallablesYES
Primaddress="148 5 246 47

(11010 ) o e ;
N .
34 {DataPatterni@ Data Flow Modals) K
DataPatem=PN15 FlenOFDM_Sourge_RF_2 [FlexOFDM_Source_RF@FIexQFDM Models)
Famier=5000MHz
Power_dBm=-50a8Bm
OFDM_SampleF req=20MHz

CrversamplingRatio=Ratio 2
. Idleinterval
Simulated ety

GuardLowersubicarrers=2 W2 [VSA_BIS00E_Sink@0Data Flow Madels)

EVM=-47dB | (11019 >

Continugushtade=YES

Measured
SetupFile ='JE.‘:§EA;:IDEI_B?:_LETi?F‘Emp;:rr ulation sete E V M = - 3 9 d B

\_/ Guardintervals

GuardintervalTypesCy
| {DataPatte i Data Flow Models) SubcarierAlioc a’[pnmwe
Datafattem=PNI Breamble_FrequencyDo
Preamble_DimCarrerndex=Rowvectar
Preéamble_NumOfCarriers=e

: Systemyue™ 200103 - [WLAN_LLa_DFDM_ k]

Fle Edt Contrdd Input MeasSstup Trace Markers

Window Ltites  Help

pllE v, ie=, ma- &y i, nEEEE

' Strmil OFDM Meas ~ A | E- Chi Search Tes

iz Strml OFDM Err Yeck Foecirum

Dz Chi CFOM Error ¥
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MATLAB Software Control

% Example:MATLAB/MXA program
% TCPIP parameters of the MXA box
mxa_ip = '141.121.92.157";

- MATLAB software can now be installed mxa_port = 5025

directly on the signal analyzers. % MXA connection opening
« Key uses: mxa = tcpip(mxa_ip,mxa_port);
. fopen(mxa);
1 . Create, m0d|fy, and execute yOUI‘ own % Intrument identification
applications idn = query(mxa,*IDN?");
- - . forintf('Hello from %s', idn);
2. Analyze, filter, and visualize data % Set the center frequency to 1 GHz
3. Execute and test custom modulation fprintf(mxa,""FREQ:CENT 1 GHz');
schemes % Set the span to 20 MHz

fprintf(mxa,":FREQ:SPAN 20 MHz');

4. Generate arbitrary waveforms
Automate measurements
6. Configuration and control instruments

o

TOlvs Input Level and Tone Separation (Center = 1000 MHz)

X Series Enhancements
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Agilent X-Series Signal Analysis

An evolutionary approach to signal analysis
that spans instrumentation, measurements and software

PSA

Market leading
performance
3 Hz to 50 GHz

X-Series Signal
Analysis

| e

A AW

= e ® ( \rF -

e R W =

MARE AT AE FE ageE K8
_—

MXA s

X-Series
Mid-performance
20 Hz to 26.5 GHz

X-Series
e ESA Economy-class
ses |- | World's most popular 9 kHz to 26.5 GHz
| | 05 888 L= 100 Hz to 26.5 GHz
‘H ) EEeENE e ® E?IQ!II a
—_ — Expanded backward

code
compatibility with
856xE/EC, 66/68

CXA
X-Series¥ %<
Low-cost

9 kHz to 7.5 GHz

-3 Agilent Technologies

g%‘(-:

on PXA/MXA/EXA
Performance

T aa I 4
— =

PXA

X-Series
High-performance
3 Hz to 26.5 GHz

89600B VSA
software ‘#(I
Premier analysis &

troubleshooting
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Agilent Spectrum Analyzer Families (Handhelds)

N9342C Handheld Spectrum Analyzer

) - Handheld SA -- 100kHz to 7.0 GHz

1 H-]I% ' * Fastest sweep — minimum sweep time < 2ms

' * —164 dBm displayed average noise level (DANL) typical
* +10 dBm third order intercept (TOI)

* Light weight, rugged and portable

* four hours battery life

N9340B Handheld Spectrum Analyzer

* Handheld SA -- 100kHz to 3.0 GHz

* 10 ms non-zero span sweep time

* —144 dBm displayed average noise level (DANL) with pre-amplifier
* +10 dBm third order intercept (TOl)

* Light weight, rugged and portable

* four hours battery life

Back to Basics Seminar
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Agilent Vector Signal Analysis Software
89600B VSA Software

FFT-based spectrum, time-domain & bit-level modulation analysis

Control  Input ce Markers Window Utiiies  Help

File
], @=], B [heo i, B mm[ow] |

' A: Antenna2 240ksym/s S16(4) Meafgiad

Support for more than 70 signal standards and modulation types

20:20 trace/marker capability and arbitrary window arrangement

Digital persistence and cumulative history displays

-217949 2179487 -2.17349 2.179487

3: Antennat 240ksym/s 516(4) Syms/Errs

Wireless networking: 802.11a/b/g/n, 802.16 OFDMA, WiMAX...
Cellular: LTE (FDD/TDD), W-CDMA HSPA+, GSM/EDGE Evolution

Custom OFDM modulation analysis for proprietary signals

OR e
—> P
= EMBEDDED 89600 VSA
B — {Instrument with Windaows
- - ) ) ] PC running 05 running 89600 VEA)
Links to over 30 hardware platforms including: X-series signal s e B
Measurement HWW 50-'1‘,'\:;_;}; Link N —-_ — = = = = = = = = 4
analyzers, 16800 logic analyzers, 90000 X-series scopes, | / \ B e ™
i - )
Infiniium scopes, VXI 8 - | — |
T | Measurament Hardware + Software
Runs on external PC linked to hardware or embedded R o istiomStras DR S I

signal analyzars Esof ADS Widenand YSA System
ascilloscopes

operation on instruments with Windows 0S logic analyzers Esl e

MathWarks Simulink
signal generators

Back to Basics Seminar
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Basic Spectrum Analyzer Application & Product

Notes
AN 150 — Spectrum Analvsis Basics: #5952-0292EN
AN 150-15 - Vector Signal Analysis Basics: #5989-1121EN

Spectrum Analyzer & Signal Analyzer Selection Guide: #5968-3413E

PXA Brochure: 5990-3951EN
VXA Brochure: 5989-5047EN
=XA Brochure: 5989-6527EN
CXA Brochure: 5990-3927EN
N93428 Brochure: 5990-5586EN
896008 Brochure: 5990-6553EN

www.agilent.com/find/sa

Back to Basics Seminar
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