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Agenda

= . Qverview

What is spectrum analysis?

- Theory of Operation
Simplified block diagram

- Specifications
Which are important and why?
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Overview
What is Spectrum Analysis?

Spectrum Analysis
Display and measure amplitude versus frequency for RF & MW signals

-Separate or demodulate complex signals into their base components (sine waves)
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Overview
Frequency versus Time Domain

Amplitude |
(power) (W

\\. b,

Time domain Frequency Domain
Measurements Measurements
(Oscilloscope) (Spectrum Analyzer)
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Overview
Different Types of Analyzers

FFT Analyzer

l l /

LCD shows full
spectral display

L
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Overview
Different Types of Analyzers

Swept Analyzer

Filter 'sweeps' over range of
A 4 Interest

—_—

LCD shows full
spectral display
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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 S\ ‘ >
signal / D'
Pre-Selector / Log f
Or Low Pass Amp .
Input Filter video
filter
local I\
oscillator /\—
sweep
generator —
Crystal
Reference ADC, Display
Oscillator & Video
Processing
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Theory of Operation % VIIXER ;
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Theory of Operation
IF Filter >—§+
(Resolution Bandwidth — RBW)
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Theory of Operation

Envelope Detector
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Envelope

Theory of Operation % y  Detector
Average Detector Type ,/ "[>‘ ™ 1,

%

s A

@ ADC, Display &
Video Processin
Volts !
A

‘ ) bi . ~ Sample
Pos Peak - n detection
detection — X /
X
Neg Peak
X detection
» Time

Power Average Detection (rms) = Square root of the sum of the
squares of of the voltage data values in the bin /500
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I Agilent Spectrum Analyzer, - Swept SA
X! 50 @ SEMSEINT
- Trig: Free Run

Input: RF PHO: Fast
' ™ #Atten: 0 dB

PREAMP IFGain:High

7 dBidiv Ref -100.00 dBm

Log

EEX

Detector

ALTEM AUTO
Avyg Type: Log-Pwr

07:04:58PM Sep 26, 2010
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Negative Peak

Center 1.505 GHz
#Res BW 10 kHz

MSG

VBW 10 kHz
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Span 2.990 GHz
Sweep 303 s (1001 pts)
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Theory of Operation , Video

- - Filter
Video Filter

(Video Bandwidth — VBW)

-
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Theory of Operation *%; [H>v i“’j“'“”

Video Filter vs. Trace/Video averaging & A !

# Agilent JL—
Egim—pﬁﬁ B Atten 18 dB @ ADC, Display &
Log Video Processing
£/

I H—— 1 | W\M - Video Filter operates as the sweep

I MMMM il MWWWM...M.' i WM{ FIe  progresses, sweep time may be

Lo required to slow down by the transient
i %WWWMW\’MWWWW . Wil echonse of the VBW filter.

£0f
FTun prrsnrpmsnesspototymd s s ceesmpenioranf o Trace/Video Average takes multiple

Swp
sweeps, sweep time for each sweep is
not affected

Center 900,00 MHz Span 280 MHz
#Res BH 108 kHz #YBH 38 kHz #5weep 20 ms (61 prs)_
Trace averaging for 1, 5, 20, and 100 sweeps, top to * Many signals give the same results

bottom (trace position offset for each set of sweeps)
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Theory of Operation

Other Components

% /_-[>.[>|_1¢

LO N 7‘\

SWEEP | ‘ |

LCD Display, ADC
& Video processing

RF INPUT

ATTENUATOR IF GAIN o 357 om0 8 el 10010
e i
1@
dB/ But Ref

............................... Marker a
-100.000 kHz
-69.27 d
sg o
53 FS >
. S0 LA

|||||-' X
it
Center 1 GHz Span 508 kHz
) #Res BW 200 Hz YEH 3088 Hz Sweep 22.26 5 (401 prsd
R . -
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Theory of Operation
How it All Works Together

RF input

IF filter
attenuator IF gain (RBW) envelope
mixer 4 detector

S'?gan; I / ‘ / “D‘ D'
/ - _ll

Pre-Selector

Or Low Pass Amp

Input Filter Video
filter
local _///\_ /'y
oscillator
sweep
generator —
Crystal
Reference ADC, Display
Oscillator & Video
Processing
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Theory of Operation
Display terminology

e Agilent  01:43:24 Feb 22, 2003

[ |Ref 17 dBm

Peak
Log

ﬂ

Atten 30 dB

10
dB/

|

¢ m,mn“m‘v.\

@wa«wmw

W1 52
53 FC

A

Start 150 MHz
Res BW 3 MHz

#WBW 3 MHz

Stop 1.15 GHz
Sweep 4 ms (101 pts)
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Modern Spectrum Analyzer Block Diagram

I-}nalog IF Digital IF Filter Digital Detectors
Pre-amp Filter

FFT

Attenuation Sweep vs . FFT

Digital Log Amp

YIG
ADC

+- L reEL)
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What is spectrum analysis?

- Theory of Operation
Simplified block diagram
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Which are important and why?
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Specifications?
A Definition

- Specifications describe the performance of parameters covered by the
product warranty (temperature = 0 to 55°C, unless otherwise noted).

* Typical describes additional product performance information that is
not covered by the product warranty. It is performance beyond
specification that 80 % of the units exhibit with a 95 % confidence level
over the temperature range 20 to 30° C. Typical performance does not
Include measurement uncertainty.

* Nominal values indicate expected performance, or describe product
performance that is useful in the application of the product, but is not
covered by the product warranty.
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Key Specifications

= ogo
| = 8283 |
i' 388838
@) oo =
alslal=]
[— oo &=
O ev@e® 000

Safe power levels
Frequency Range
Resolution
Sensitivity
Distortion
Dynamic Range
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Specifications
Safe power levels - Safe Hookups to RF Input

‘Use best practices to eliminate static discharge to the RF input!
‘Do not exceed the Damage Level on the RF Input!

‘Do not input signals with DC bias!

0V DC MAX
+30dBm (1W) MAX

Agilent Technologies
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Specifications
Frequency Range

Description Specifications

Internal Mixing
Bands

0 3 Hz to 3.0 GHz

1 2.85 10 6.6 GHz
6.2 to 13.2 GHz
12.8 t0 19.2 GHz
18.7 to 26.8 GHz
26.4 to 31.15 GHz
31.0 to 50.0 GHz
External Mixing 18 to 325 GHz

S o1 BN
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Specifications

Resolution

Agilent Technologies
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Specifications

Resolution: Resolution Bandwidth

Envelope
Mixer Detector

I B

A
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Specifications

Resolution: Resolution BW

e Mo

/ |

\

— 10 kHz L—
Determines resolvability of equal amplitude signals
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Specifications
Resolution BW Selectivity or Shape Factor

3 dB BW

60 dB BW

Selectivity = B

Determines resolvability of unequal amplitude signals
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Specifications

Resolution BW Selectivity or Shape Factor
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Specifications

Resolution: RBW Type and Selectivity

ANALOG FILTER
// DIGITAL FILTER
et | T A T
RES BW 100 Hz SPAN 3 kHz
Spectrum Analyzer Basics {::' Agilent Technologies

Analog
Digital
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Specifications

Resolution: Noise Sidebands
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Specifications

Resolution: RBW Determines Sweep Time
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Specifications

Sensitivity/DANL
Mixer Detector
RF N
Input L~ > J\ >
RES BW
Filter

©

y
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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
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Specifications
Sensitivity/ DANL: IF Filter(RBW)

Displayed Noise is a Function of IF Filter
Bandwidth

§ 100 kHz RBW

A 10 ¢B 10 kHz RBW
A 10 4B 1 kHz RE

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

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

wa i )
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Specifications

Sensitivity/DANL:

1
NS
o

Displayed Noise in a

&~
o

/ 1 kHz RBW

N

1
D
o

SIGNAL-TO-NOISE RATIO, dBc

oo
o

N

100 /

Displayed Noise
100 Hz RBW

In a |
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Specifications
Sensitivity/DANL: Summary

For Best Sensitivity Use:

= Narrowest Resolution BW

»  Minimum RF Input Attenuation

» Sufficient Averaging (video or trace)
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Specifications

Distortion

Signal To
Be Measured

A A

Frequency Translated
Signals

Resultant

A A

R > LA

Mixer Generated
Distortion

A A

Spectrum Analyzer Basics
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Specifications
Distortion — Internal or External?

RF INPUT
ATTENUATOR

Attenuator Test: Change power to the mixer

Change input attenuator
by 10 dB

@ Watch distortion amplitude on
screen

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

—»

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

Spectrum Analyzer Basics
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Specifications

Distortion

Most Influential Distortion is the Second
and Third Order

T }

< -50 dBc < -40 dBc

Y
IV

> ]

o
o

—

Two-Tone Intermod Harmonic Distortion
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Specifications

Distortion

Distortion Products Increase as a Function of

Third-order distortion

Second-order distortion

Fundamental's Power
al] al]
T 34 34
Power
in dB
fof 2 f1 f,

Two-Tone Intermod

Second Order: A2 dB/dB of Fundamental
Third Order;: A3 dB/dB of Fundamental

Spectrum Analyzer Basics
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Specifications

Distortion

-20

-40

-60

DISTORTION, dBc
A

-80

-100

-60 -30 0 +30

POWER AT MIXER =
INPUT - ATTENUATOR SETTING dBm
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Specifications

Dynamic Range

Maximum 2nd Order
Dynamic Range
Q -20 \ _
; Maximum 3rd Order
B \ Dynamic Range
oc -40
Ll
(V)
=)
=
o -60
—
<
5
S .80 .
! \
T T
100 : \ \
30 0 +30
POWER AT MIXER =

INPUT - ATTENUATOR SETTING dBm
Optimum Mixer Levels
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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.

Spectrum Analyzer Basics
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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

Displayed Average
Noise Level

Noise Sidebands

AWMV A M iAo
100 kHz

to
1 MHz
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Specifications

Dynamic Range vs. Measurement Range

+30 dBm

MAXIMUM POWER LEVEL

A

1

DISPLAY RANGE MEASUREMENT

100 dB @ 10 dB/Div RANGE
(200 dB @ 20dB/Div) 198 dB

!

|
INCREASING

RBW OR
ATTENUATION

+3 dBm

MIXER COMPRESSION

A

SIGNAL/NOISE
RANGE

41 dBm  THIRD-ORDER DISTORTION
* (Dynamic Range)
-51 dBm SECOND-ORDER DISTORTION
} (Dynamic Range)
157 4B |GNAL /3rd ORDER 0dBc NOISE SIDEBANDS
DISTORTION T(Dynam/c Range)

113 dB range

)

SIGNAL/ 2nd ORDER
DISTORTION
103 dB RANGE

SIGNAL/NOISE
SIDEBANDS
-116 dBc @ 10kHz OFFSET

l

-154 dBm (1 Hz BW & 0 dB ATTENUATION)
-168 dBm with preamp

Spectrum Analyzer Basics
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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 change

‘What determines dynamic range?

*Analyzer distortion, noise level, and sideband/phase noise

Agilent Technologies

Spectrum Analyzer Basics



Thank you!

A AgentTechasiegen  14XA Signat Analpier MXA

@

&

=@
o

) (

-

&

BEES

7 9EEW
")

Adolfo Del Solar

Application Engineer
adolfo del-solar@agilent.com

Agilent Technologies

MD1010 — Spectrum B2B


mailto:marco_hernansanz@agilent.com
mailto:marco_hernansanz@agilent.com
mailto:marco_hernansanz@agilent.com

