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1. What is a Spectrum Analyzer?

A measuring instrument that displays an electrical
signal according to its frequency.

Each frequency component contained in the input
signal is displayed as a signal level corresponding
to that frequency.

Anritsu Spectrum Analyzer Lineup
MS266x Series MS268x Series MS8608A/09A MS2781B MS2711D MS2721B
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2. Measurement Categories

Signal Measurement Instrument
» Power (Level) Power meter
* Frequency Frequency counter
* Spectrum Spectrum analyzer
* Transmission/Refection Network analyzer
characteristics
» Time characteristics Oscilloscope

* Modulation characteristics Modulation analyzer
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Describing Electrical Signals

Oscilloscope waveforms

Power 0.11mW (-9.6dBm)

Frequency Power (dBm) (W)

fo -10dBm 0.1mw
2f, -20dBm 0.01mw
3f, 54dBm  4.0nW
(Sum) 0.11mwW
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Measurement Categories

4 Level (amplitude)

Frequency vs. Level Time vs. Level
Spectrum analyzer Oscilloscope
(Frequency domain) (Time domain)

Frequency vs. Time

Modulation analyzer
(Modulation domain)
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Analysis of Electrical Signals

Time Domain
» Changes in time can be seen.
« If a signal has many frequency elements, the analysis is difficult.

Frequency Domain

» Each element of a complex signal can be separated easily.
 Low-level distortion signals can be detected.

» Spurious elements can be measured.

Modulation Domain
» Changes in frequency can be seen.
* The modulation accuracy can be analyzed.

» Changes in amplitude cannot be seen.
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Time Frequency Modulation
domain domain domain
Level Level Freq.
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3. Principals of a Spectrum Analyzer

IF filter Video filter
MIX (RBW) Detector (VBW)
Input e |D X
—>ATT o >
Signal A 'lé' o
Local A/D [«
Oscillator ‘
/L —»|AD »CPUI« Memory
Sweep
generator
i
mmmm
B

Block Diagram of the Super-Heterodyne Method
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4. Characteristics

4.1 Suitable Input Level
4.2 Maximum Input Level
4.3 Measurement Frequency Range
4.4 Sideband Noise
4.5 Resolution bandwidth for frequency (RBW)
4.6 RBW and Sweep Time
4.7 Detection methods
4.8 Video filter (VBW)
4.9 Dynamic Range
(Average Noise Level, Residual response, Distortion)
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4.1 Suitable Input Level

When the signal and local oscillator are added at the mixer input, the
suitable input level is the distortion level specification that doesn't
influence the measurement. The level relationship between the input
signal and the distortion is specified at the mixer input level, not at the
input connector.

Therefore, the RF attenuator attenuates the input signal to a suitable
mixer input level.

Local OSC.
e.g The specification of MS8609A.

2nd harmonic distortion < -90dBc at MIX input level -10dBm
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4.2 Maximum Input Level

The maximum input level prevents damage to the input
circuit. It is based on the input levels to the Attenuator and
Mixer.

Damage Level

e.g The specification of MS8609A
Maximum input level: +20dBm (Op-32: +30dBm)
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4.3 Measurement Frequency Range

The measurement frequency range is determined by the
center frequency of the IF filter and the local oscillator
frequency range.

Input Signal Freq. = Local Signal Freq. — IF Freq.

The input signal and the local signal are mixed by the mixer.
The mixer output is filtered by the IF filter with center
frequency f, and displayed on the screen.

1
Input Signal IF Filter — (200MHz) ﬁi
(0 to 300MHz) (fc=200MHz) f l}
Local OSC. Resic
(200 to 500MHz) f —>
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4.4 Sideband Noise

It appears in the base of the spectrum because of noise in the internal
local signal source. Sideband noise shows the signal purity, and the
performance of nearby signal analysis is determined by this
characteristic. It is specified by how many dB down from the center at
an offset of 10kHz (or 100kHz) when the resolution bandwidth (RBW) is
narrow enough, and a high purity signal is input.

For the local signal source, the dotted line
spectrum is the ideal. However, it actually
has sideband noise like the solid line.

et | o/ _g.i__': N Masking occurs by the sideband noise
hkﬂﬁ“”r‘“ N e Y, when there is a nearby A or B signal and
wl o e Ny it is not possible to detect it.

! |
—— - H ——tm—

| iddal s | |

-3 KHZ FC=50 HHZ +5 HHE
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4.4 Sideband Noise

e.g The specification of MS8609A
-108dBc/Hz at offset 10kHz

-120dBc/Hz at offset 100kHz

F,=1GHz, Offset 10kHz, RBW 300Hz, VBW 10Hz F,=1GHz, Offset 100kHz, RBW 10kHz, VBW 10Hz

HSB009A _2005/02/08 11:35:99 HSB6094 2005/02/08 _11:33:50
81000 010 o0oiz][ 6. 7aaa) scale todb/aiv_| Sinele R 1.000 100 o6ttz][ 84248 seate fodpvaiv | 51
Ref Level 0.00dBn — TR

[ RBY S00Hz¢ [
( \ ‘ UBY 10Hz#
ATT 108 <L
SHT 25.05
i Offset 10kHz st Offset[100kHz
T Sample
Storage
T4 Normal

1A

W . m " carrier
carrier ! Y b ——
| Center 1.000 010 00GHz pan 26.00kliz Center 1,000 100 06lz Span 250 .0Kiiz
Band 0 Band 0

Sideband Noise: Sideband Noise:
—87dBc / 300Hz > -112dBc / Hz —-84dBc / 10kHz - -124dBc / Hz
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4.5 Resolution bandwidth for frequency (RBW)

Two input signals can be seen as two spectrum waveforms only if they
exceed the 3dB bandwidth of the IF filter.

The 3dB bandwidth of this IF filter is called the resolution bandwidth RBW.

e.g The specification of MS8609A
RBW: 300Hz to 3MHz, 5MHz, 10MHz, 20MHz

f1=199,990MHz, f2=200,0010MHz at RBW 10KHz

HSB609A  2006/02/07 17:13:26 HSBE09A 2006/02/07 17:18:61 Harker HSBG0DA  2006/02/07 17:48:67 | weewe

Freerun
RBW 10KzE AT 1046+
\ | sale_towai |Siele et w.o0s[ .Y 100t T ke, ot wooma o] 100t AT loam
Ref Level 0.00d8a Tt Level 0.00d0a DET Fos Peok ||| Horsal [Fef level 0.00@a DET Tos Peok|| loraal
AN Marker Ref Tevel 0.00dbn TET Fos Peak
10dB/ ace-] - Harker
RBY 10Kzt T fodb7 | ace-
VBN 10kHz. -
ATT 10dB# Delta Delta
ST 10.0as Harker Horker
Detection
Pos Peak
Storage Harker Yo
Kormal Off
Off
10kHz—+ +
t0kHz—+16kHz 10kHz —+1PkHz Harker Horker
T dip T bip
10kHz—+10kHz
Zome Width Zone Width
Center 200.000 OMHz pan_100.0kliz enter 200.000 Oz Span_100.0kitz Horker -> enter 200.000 OMHz. pan_100.0kHz.
Band 0 [cone Conter = 20.000kkz ] [Bond 0 Zone Center - 20.000KHZ Band 0 Horker =
——————— —— v - 1Mz
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4.5 Resolution bandwidth for frequency (RBW)

. VAR 60dB Bandwidth
g \I Selectivilty = 348 Bandwidth

T
Center frequency Freguency

e.g The specification of MS8609A: Selectivity <15 : 1

When a narrow RBW is selected, the 3dB bandwidth and
60dB bandwidth become small, the frequency resolution is
greater, the average noise level falls, and you can see low-
level signals.
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4.6 RBW and Sweep Time

A signal displayed with the proper sweep time

® is shown in the 1st wave.
[1\
AP The amplitude in the display decreases in the
~ AN 2nd and 3rd waves when the sweep is made
TA Pal U\ too early, and the frequency shifts.
/ M .
]7% 1| Q}k:ﬁ. When the sweep speed is not proper, UNCAL

is displayed in the screen.

Proper
sweep time = K x Frequency span
(RBW > VBW) RBW x VBW K=3
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4.7 Detection methods

Normal: Displays both the maximum level and the minimum level
present between the current sample point and the next sample point.

Pos Peak: Displays the maximum level present between the current
sample point and the next sample point. Pos Peak is used to measure
the peak value of signals near the noise level.

Sample: Displays the instantaneous signal level at each sample point.
Sample is used for noise level measurement and time domain
measurement.

Neg Peak: Displays the minimum level present between the current
sample point and the next sample point.

RMS: Displays the root-mean-square (effective) value of the signal
input between the current sample point and the next sample point.
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4.7 Detection methods

Pos Peak \
F——— Neg Peak /
Sample \
. 1 1{1
L \ 3 A NWW"% ‘.1'.“1
|
Samlpe point Screen display

Pos Peak is used for Normal signal measurement, Occupied bandwidth
measurement, and Adjacent channel leakage power ratio measurement as a Digital
method.

Sample is used for Random noise measurement, Occupied bandwidth measurement,
and Adjacent channel leakage power ratio measurement as an Analog method.

Discover What's Possible™ Slide 20 A n ri tsu

SpectrumAnalyzer-E-E-1




4.7 Detection methods

MNormal

4

Screen display

Sample point

When an early frequency change is seen, such as in pulsed noise, the Sample
mode is used.

Discover What's Possible™

Slide 21 /Zinritsu
SpectrumAnalyzer-E-E-1

4.8 Video Filter (VBW)

When a small signal included in noise is measured, this effect is
demonstrated.

e.g The specification of MS8609A: 1Hz to 3MHz and Off
VBW 10kHz — VBW 10Hz

HSBE09A  2005/02/08 16:18:42

[sveep state] HSS600A __ 2005/02/08 _15:20:34
Freerm
[z 100.000kz|[_ -88.44dBa scale lodp/div | Simle [1w 100.000miz [ -89.66apal 0w 10KHzF AT 1008 .
Ref Lovel -20.00dBa Tef Level —20.00Bn DET_Sasple
[foaB/ Trace4| Auto
EBW 10Kliz#
VBV 10Kz -
ATT 10dB
SHT 30.0as A
Detection
Saspl
Storage
Noraal
——— ; w g
Center 100.000Hiz Spen 1.0008iz enter 100.000kz Spon Looomiz ||
o
[Band 0| VBW = 10}z ] [Band 0|
[1F]

A noisy signal can be removed by lowering the VBW. However, the signal
disappears if VBW is lowered too much when measuring a pulsed signal.
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4.9 Dynamic Range

It is the range that can be measured without making it
suffer in the noise level, residual responses, and
distortion.

However, there is no definition common to all
manufacturers, and the value is different depending on
what it is based on.

(1) Average Noise Level
(2) Residual response

(3) Distortion: 2" harmonic Distortion
Two-tone 3™ order Distortion
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(1) Average Noise Level

For noise generated internally, a key factor is thermal noise and the
noise generated from active elements such as transistors and ICs.
Therefore, the average noise level becomes the lower limit of the input
signal level that can be measured.

The method of stating the average noise level varies according to the
manufacturer. For example, it may be stated in the measurement
specification, or the value in change per Hz.

Pn (average level) = 10 log,o(kTB) + No

k: Boltzmann constant (1.38054x10-23J/K), T: Absolute temperature (k),
B: IF bandwidth, N,: Noise figure (active element)

e.g The specification of MS8609A
Average Noise Level <-121dBm (f,=2GHz, RBW 300Hz, ATT 0dB)
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The average noise level changes with RBW and ATT

Changing RBW Changing ATT
MS|8609A 2005/02/08 IE:T:H |ﬁ$ 1:;5; gﬁ g:g: ;:3:;.,; | ” kh “}I‘gz éggflz## gﬁ ?gdgz A::..::r
Rh%i;/evel ~10.00dBn DET f:::—la i %ﬂ"f"“ ~10.00d8a ET "1;55; e
i -
/ / \ Stop RBW . .- | e Ol e— 60dB
T N N l—— 50dB
TR contime | _ 30kHz —— 40dB
1t 10kHz 30d8
e A N tlestore| T 3kHz ! 20dB
— il ‘_— 1kHZ Center 100.0004Hz n_1.000HHz 10dB
Center 100.000Hlz Sva:a;ﬂzomi‘z retun men“ator-: —— | |Ham‘i o All Auto
118
The average noise level The average noise level changes
increases 10dB when RBW value by 10dB when ATT value is
is changed from 1kHz to 10kHz. changed by 10dB.
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(2) Residual response

Residual response is a phenomenon that appears as an
input signal on the screen even though there is no real
input signal.

Various local oscillators are used internally in spectrum
analyzers. Residual response appears when the basic
waveform and the harmonic components are mixed,
producing the IF frequency.

Residual responses appear in a specific frequency band,
and the average noise level relates to all frequency bands.

e.g The specification of MS8609A
Residual response < -100dBm (f,=2GHz band)
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(3) 2nd harmonic Distortion

The 2" harmonic and the 3 harmonic of the input signal
occur by the mixer generating distortion when a high level
signal is input to the mixer.

e.g The specification of MS8609A
2" harmonic distortion < -90dBc (f;=2GHz, MIX input -10dBm)

A A

10dBmb it 10dB  E— ﬂ When a basic waveform is

enlarged by 10dB, the 2nd
harmonic distortion grows by

20dB 20dB and the 3rd harmonic
R 2 30dB distortion grows by 30dB.
fo f2 3 fo f2 3
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What is Second Harmonic Intercept point(SHI)?
y(Output level)

4
SHI - yl=x+a For MS8609A
e.g MS8609A 1) 2nd harmonic distortion
Spec. at 2GHz <-90dBc (1.6 to 6.6GHz)
. Mixer input: -10dBm
a
M_%'d'g?_:t“ B They mean that the absolute value of
y2=2x+b 2" harmonic distortion is —100dBm
-90dBc when Mixer input level is —10dBm.
b SHI=2a-b
- ) A—
(-100dBm) / = 2x(-10) ~(-100) = +80dBm
x(Inputlevel) - 2) 2nd harmonic distortion:
<-70dBc (0.85 to 1.6GHz)

y1is 1sttone and y2 is 2"d harmonic distortion. Mixer input: -30dBm

yl=x+a (1)

y2=2x+b (2) SHI=2a-b

The intersection between (1) and (2) is SHI. = 2x(-30) —(-100) = +40dBm
x+a=2x+b 2> x=a-b

y=2a-b
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(4) Two-tone 3 Order Distortion

When two high-level signals with nearby frequencies are
input to the mixer, the two signals influence each other.

As a result, a frequency not contained in the input signal
appears. These phenomena are called Two-tone 3@ Order
Distortion.

-30dBm - e.g The specification of MS8609A

Two-tone 3™ order distotion < -85dBc
(f,=2GHz, Offset 50kHz,
MIX input -30dBm)

2f-f; 4 fa  2f-f4
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What is Third Order Intercept point(TOI)?
For MS8609A

A
y(Output level) _ 1) Two-tone 3" order distortion:
o} pyi=xa <-85dBc (0.1 to 3.2GHz)

Mixer input: -30dBm

e.g MS9609A They mean that the absolute value of
Spec. at 2GHz a8 3 order distortion is —115dBm
MIX. input a when Mixer input level is —30dBm.
-30dBm B/ aab TOl=(a-b)2+a
y = (-30+115)/2 30 = +12.5dBm
-85dBe 3dB 2) Two-tone 3" order distortion:
(-115dBm) b ) <-80dBc (3.15 to 7.8GHz)
X(I”pui level) Mixer input: -30dBm
7 > TOl=(a-b)2+a

= (-30+110)/2 —-30 = +10dBm
y1is 1sttone and y2 is 3™ order distortion.

yl=x+a (1) 3) Two-tone 3™ order distortion:
y2=3x+b  (2) <-75dBc (7.7 to 13.2GHz)

The intersection between (1) and (2) is TOI. Mixer input: -30dBm
x+a=3x+b > x=(a-b)2 TOl=(a—-Db)2 +a
y=(@a-b)2+a = (-30+105)/2 -30 = +7.5dBm
Discover What's Possible™ Slide 30 /Inritsu
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-30dBm

e.g

4.9 Dynamic Range

A Signal e.g The specification of MS8609A

A: Average noise
<-121dBm
(f,.=2GHz, RBW300Hz)

B: Residual response
<-100dBm (2GHz band)

C: 2" harmonic distortion
<-90dBc at MIX input -10dBm

Input level is -30dBm

A: Average noise

-30dBm —(-121dBm) = 91dB / RBW300Hz - 116dB / RBW1Hz
B: Residual response
-30dBm —(-100dBm) = 70dB

C: 2" harmonic distortion

20dB + 90dBc = 110dB
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5. Application Areas
1. Mobile Mobile phones, Wireless LANs
communications
2. Devices VCOs, Synthesizers, Mixers, Filters,
Amplifiers, Antennas

3. Satellite BS, CS, Digital Broadcasting
broadcasting
4. CATV CATV, Analog/Digital TV,

Broadcasting, Transmitter Amplifiers,
Distributors

5. EMI IEC, EN (Europe), FCC (America), JIS
(Japan)
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