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undamentals of
Spectrum Analysis
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. i
Performanse analizatora spektra
Sopstveni sum
TermiCki sum u prijemniku i analizatoru spektra
Dovodi do redukcije S/N

Sopstveni Sum je mera osetljivosti analizatora spektra

To je minimalni nivo ulaznog signala koji moze da se
detektuje

Bezdimenziona mera, faktor Suma F, mreze sa dva
pristupa je odnos izmedu S/N na ulaznom i izlaznom portu

mreze
S,/N, = signal-to-noise ratio at the input of the network

S,/N, = signal-to-noise ratio at the output of the network

S,/N;

T™ 2018



Fundamentals of

Kakad n a Ve Z a E Spectrum Analysis

— ——— ——— —— ————
Flr Gl FE: GE Fm Gn
Ftuta]r Gtuta]
F,-1 F;-1 F,-1
mei=F1+ Gi +GI'GQ t...F n-1
1[G
=1
F. = noise factor of an individual stage
G, = gain of an individual stage
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1 AP[]

CLRWE[]

2 AP|
VIEW

3 AP[]
VIEW

Usrednjen sum i RF slabljenje
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v' Gausov Sum

PRHN[

EXT

Povecanje slabljenja
za 10 dB, povecéava
totalni Sum za 10 dB
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Prikazani srednji Sum

« Spektrakna gustina Suma je konstantna u opsegu

k-T- Byur
Ly = 10 - log | ———o5 |+ NFsa - 2.5 dB
—174 dBm (1 Hz)
Lpan = displayed average noise level, in dBm odgovara
k = Boltzmann’s constant, k = 1.38 - 10 W/Hz  raspolozivom
T = ambient temperature, in K termickom Sumu.
Biw = noise bandwidth of IF filter Snaga na otpornosti u
NFs, = noise figure of spectrum analyzer, in dB opsegu 1 Hz na

-2.5dB = underweighting of noise by sample detector : temperaturi 290 K
averaging of logarithmic level values

ambient temperature of 290 K
By

¥

Ly =-174 dBm (1 Hz) + (10 - log ﬁ) dB + NFs, - 2.5 dB
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Usrednjen nivo Suma za razne opsege%
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FRHN

EXT

Minimalni nivo
signala koji
moze da se
detektuje



Tipicne specifikacije Suma koji moze da mw;
se prikaze na analizatoru spektra

usrednjavanje

Displayed average noise level
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Nelinearnost

Distorzija signala od ulaza do izlaza mreze sa dva pristupa

Samo kada se koriste aktivne komponente:
— pojaCavac, mikser - mesac

Uﬂtra‘”) - GF ’ Uin(r)

v,i(f) = voltage at output of network
v,() = voltage at input of network
Gy = voltage gain of network

Oourlt) = Z.;H" o) = ay - v,(t) +a, - v2(1) +as- o)+ ...

voilt) = voltage at output of network U praksi do 3. stepena
v, (1) = voltage at input of network
a, = coefficient of nonlinear element of voltage gain
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Pobuda sa 1 sinusoidom

Nonlinear
amplifier

D>l ‘

f'Ln.i f f 2f'Ln 1 f

Input signal Output signal

3f,

in,1 in,1

3. harmonik

Kada je nivo signala veci, ima vise harmonika

10
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1 dB/dB

Drugi harmonik

“out

Limll |

2 dB/dB
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T™ 2018

Christoph Rauscher

Fundamentals of
Spectrum Analysis

Presec¢na tacka kada
drugi harmonik ima isti
nivo kao osnovni signal
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Sa dve Sl n u SO | d e Spectrum Analysis

I Y - Input signals
T T T Products of 2nd order
A Apz G dpe Products of 3rd order

" =
I — L[

- - I ¥
I Tinaling EJEin,'l ! EJ[:in,l Sfi|'|.1' 'Sfin_z f—

in, Elfin,l 21; |11I_fi|12 2finzl‘fim fin,flffi n2 zfi|'|.1+filn_22fi:12+fin_1

Intermodulacioni produkti
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Sa dve sinusoide
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DC component a,-0.5U%, + U2,

Fundamentals a,- U, - sin(w,f)
a,- U,, - sin(a,f)

2nd harmonics a,- 0.5 U, - cos(2- mt)
a,-0.5-U2, cos(2- w,t)

Intermodulation products a, U, - U,, " cos(w,- w,)t

of 2nd order a, U, U,, cos(m+ )t

3rd harmonics a,-0.25-U2, - sin(3- w,f)
a;-0.25- U2, cos(3-m,t)

Intermodulation products as- U2, Uy, 075 - sin(2a,+ w,)t

of 3rd order a;-U2, U, 075-sin(2w,+ o)t
a,- Uz, Uy, 075 - sin(2om,- w,)t
a;-U2, U, 075 -sin(2w,- w)t

T™ 2018
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I-‘nutlrdBm

IPZ[]L[I
50 +

IP3,,t 30 -

Presecne tacke

50 Li,/dBm—=
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TipiCne specifikacije intermodulacije £ rumenais o
na analizatoru spektra

Spectrum Analysis

Intermodulation
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Intermodulacioni produkti
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Phase noise of
reference oscillator
referred to output
frequency f,
(0CX0)

Free-running
oscillator (VCO)

VCO locked to OCXO:
narrow PLL bandwidth

o

medium PLL bandwidth

wide PLL bandwidth

18
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Interni fazni Sum transferovan na ulazni% Fndnenls of
. . v v . pectrum Analysis
signal reciproCnim mesanjem

]l Input signal T
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Tipicne specifikacije faznog Suma gusmenaieo!

Spectral purity (dBc (1 Hz))
SSB phase noise, f = 500 MHz

Vazi za
Typical values for SSB phase noise span >100 kHz
Carrier offset f =500 MHz f,= 3 GHz f,=7 GHz

20
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1 dB taCka kompresije

I Ideal
L,,/dBm| Output level as a network
function of input level 1
1dB
LidH.nut ““““““““““““““ ™ T‘ -
real
network

21
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Tipiéne specifikacije ——

Fundamentals of

1 dB taCka kompresije Spectrum Anaysis
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Impulsni signal razli¢ite Sirine !;udA.lf
. .n pectrum Analysis
a iste energije
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Pp, y
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Maksimalna snaga Impulsnog signala iFundamema.sof
. Spectrum Analysis
u funkciji Sirine
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Pulse period tp/ ps
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Max. Input IE\"EI Christoph Rauscher

Fundamentals of

Dlnamlékl Opseg Spectrum Analysis

1 dB compression of 1st mixer

Optimum mixer level

Level display range
Max. dynamic range

Max. intermodul ation-free range /
max. harmonic supression

25

Displayed overrange noise level witll selzcted resolution bandwidth
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Fig. 5-19 Intermodulation-free range and maximum harmonic suppression
as a function of mixer level (NF = 24.5dB, IP3,, = 7dBm, SHI,, = 40 dBm) 26
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Fig. 5-20 Dynamic range taking into account thermal noise,
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(b) Num. Results sheet: numeric output of results
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Fig. 5-23 LO feedthrough as a function of selected resolution bandwidth 30



Improvement of input matching ;L
The RF attenuation of a spectrum analyzer should always be set g fundamentals of

Spectrum Analysis

to at least 10 dB provided that the sensitivity is sufficiently high.
In this way the first mixer is protected against damage by too high
input signals and the input matching is improved. For example, if
an ideal attenuator pad with an attenuation a = 6 dB is connected
ahead of a twoport with a return loss of a, = 10 dB at the input, the
total return loss a ., is a, + 2-a or 22 dB. Fig. 5-26 shows the spec-
trum analyzer with the attenuator pad.

H'r.ll:.ll-i.IJ Hr BDBL'-tl'IJITI

L L. analyzer

d

Attenuator pad

Fig. 5-26 Improvement of spectrum analyzer input matching
by connecting an attenuator pad ahead of analyzer 31
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Merna nesigurnost. Doprinos greSkama
Meassurement | Absolute Harm- And onder Ard order Channel | Adjacent- | Powerversus | Phase noise, far Phase noise,
level of onic inte rmodulation| intercept power channel | time{eg. for | off carrier, with close to carrier
CWsignal | distor products power TDMA variation of RF
o {close to carrier) ratio signalsl, atenuation and
relative reference level

Error coniribution
Absolute error ™ ™ ™
Frequency response . . . .
ALE UaLor &rror ™ . . ™
IF gain error - - - -
Linearity error . . . . . . . . .
Bandwidih switching - - -
Error
Bandwidth error . ™ . .
Error due to Himited . ™
number of samples
Mismaitch error ™ » - -

Table 5-2 Error coniributions in typical megsurements using g spectrum andalyzer
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Fig. 5-27 Coverage factor k as a function of confidence level
a) confidence level 0% to 100%, b) confidence level 90% to 100% (zoomed)
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Error Calculation for Rohde & Schwarz Spectrum Analyzers

5 = stand. uncertainty  specified error
Inherent errors unit W = WOrst case o y=yos ,n=no
bsolute error 120 MHz dB © W o 0.3 0.03 © y O
Frequancy response dB w 02 0.01 y
Input attenuator dB w 0.2 0.01 y
If gain dB w 0.2 0.01 y
Log linearity dB w 0.2 0.01 y
Bandwidth swilching error dB w 0.2 0.01 y
Bandwidth error % 10.00 0.07 y
Combined variance 0., =0 +0.+.+0, 0.17
ombined standard uncertainty O = ,/ai, 0.41
otal error (95% confidence level) dB 0.80
(99% confidence level) dB
a = retum loss / dB specified
Error due to source mismatch v = VSWR Gias
SWR of SA O v o 31
SWR of DUT v 1.57
Combined variance o, =0l +0l+.+0,
ombined standard uncertainty 0. =4+,
Error including source mismatch  (95%) dB
(99%) dB

34
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Correction factor ¢,/ dB

Ukupna snaga / inherentni Sum / dB
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Merenje ukupne snhage kanala
*RBW 30 KHE Marker 1 [T1]
*VBW 300 kHz - 102.79 dBm
Ref-80 dBm *ACLt 0 dB *SWT 10 s 2.20000000 GHz
--90
100 4 (2]
_Fr.__'_,., et s A, ot -
110
RM *
o _F-120
- 130
-—-140
150
160 40
=-170 = PRN
Center 2.2 GHE 1 MHz Span 10 MHEEZ
Tx Channel
Power -81.535 dBEm EBandwidth 4.096 MH=Z
Feference 0.00 dBEm
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Merenje snage inherentnog Suma

1 BEM*
CLEWER

Ref-B0dEm

*Att 0 dB

*REW 30 kH=
*VEW 300 kH=
* SWT 10

Marker 1 [T1]
- 107.36 dBEm
2.20000000 GH=z

——90

100
110
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—-140
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——170
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PEN

Center 2.2 GH=z

Tx Channel
Power

10 MH=

Bandwidth
Reference

-BE6.08 dBEm 4.096 MH:z

0.00 dBEm

37



-

Christoph Rauscher
Fundamentals of

. Spectrum Analysis
Sekvence merenja

Manual operation

Sweep time

Remote-controlled operation

Display on

Sweep time

Display off

Sweep time
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Profesor dr Miroslav Lutovac
mlutovac@viser.edu.rs

Ova prezentacija je nekomercijalna.

Slajdovi mogu da sadrZze materijale preuzete sa Interneta,
struéne i nau€ne grade, koji su zasticeni Zakonom o
autorskim i srodnim pravima.

Ova prezentacija se moze Koristiti samo privremeno
tokom usmenog izlaganja nastavnika u cilju informisanja i
upucivanja studenata na dalji strucni, istrazivacki i naucni

rad i u druge svrhe se ne sme koristiti —
Clan 44 - Dozvoljeno je bez dozvole autora i bez placanja
autorske naknade za nekomercijalne svrhe nastave:

(1) javno izvodenije ili predstavljanje objavljenih dela

u obliku neposrednog poucavanja na nastavi;

- ZAKON O AUTORSKOM | SRODNIM PRAVIMA

("Sl. glasnik RS", br. 104/2009 i 99/2011)




