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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

THE SPECTRUM OF MODULATION

@ The modulation process modifies some

characteristic (such as amplitude or

frequency) of a carrier sinewave in

accordance with an information bearing

signal

@ A single sinewave carrier, in theory,

occupies zero frequency width

@® Modulation, no matter what kind, spreads the

spectrum width so that a modulated carrier

occupies a bandwidth (BW)

@® Occupied, or transmitted, bandwidth shape

and width, transmitted power, and various

other spectrum characteristics are measured

with the spectrum analyzer
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

TYPES OF MODULATION

The carrier can be modified in amplitude,

frequency, phase, or some combination of

these

The modulating signal can convey

information on an analog basis or a digital

(pulse code sampled) basis

Sinusoidal analog modulation, such as

ordinary AM or FM, creates a fairly simple to

interpret spectrum — digital pulse code

phase modulation creates a more

complicated to follow spectrum

In addition to the above, modern modulation

systems aim for a high efficiency of

spectrum width utilization by transmitting as

much information as possible per hertz of

BW used — this is done via techniques

which are impervious to interference such as

CDMA spread spectrum and time sharing of
the transmission BW as in TDMA signals

This creates a very complicated spectrum

and involves complex quadrature

modulation signals — hence the title of this
presentation, “complex modulation”
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

CODE DIVISION MULTIPLE ACCESS —

CDMA

@ CDMA is a spread spectrum quadrature (I-Q

channel) modulation signal that is highly

impervious to interference

@ It’s used in various communication systems

such as digital cellular telephony and

wireless personal communication

@ The figure below is a mathematical computer

simulation of the basic CDMA spectrum

@ Like all digital complex modulation, the

CDMA spectrum appears on the spectrum

analyzer as a continuous noise-like power

density distribution

&> FFT 2048Points, AUG 8, Window Han., NBU 1.464
Sf} IA i MB/s

Amplitude
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

CDMA MODULATED CARRIER

@ A sinewave carrier spreads out in frequency

when subjected to quadrature Il-Q CDMA

modulation

@ Below are spectra of unmodulated (left) and

partially modulated (right) carrier

REF -20.0 dBm ATT 10 dB ALwrite*a B-blank| [ REF -20.0 dBm ATT 10 dB ALwrite*a B_blank
10dB/ 10¢8/
AVG A SOVSO AVG A SOVSO

A_MKR A_MK
A MAR i120) wea A MAR i[120] Wg

1.120 Maz b10| dd 1.120 MHz “37 da

an
/ \ oer Nein aRBW RBW

30. kHz 30 kHz / \

1 MH La curr ivIZ: ra

SHP et eae a Menemtemend | | gap [YM an
50 ms 50 ms

CENTER 889.998 MHz SPAN 2,000 MHz CENTER 889.998 Miz SPAN 2.000 MHz

. 
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RF / Wireless Test Tektronix
5 /

1194



—3 39 —) —)
— JI 3) 3 —J

ja 4 49 3 23 —_
a |

COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

SIGNAL SMOOTHING

@ CDMA, and other complex digital modulation

signals, behave as random noise for the

spectrum analyzer

@ Spectrum smoothing by digital averaging

(left) or by narrow video filter averaging

—il —J

—I I

(right) will show a clean, noise-like, spectrum

shape

REF -20.0 dBm ATT 10 dB A_write*a B_blank REF ~20.0 dBm ATT 10 dB A_write B_blank
10dB/ 7 = = LOdB/
AVG A 30/50 | A we 3K A Me 5 TF

' {HZ

Mayh TIVES | 1 or a 100 Hz b. 22] da

| | |
Es on39 kH . ZVBW 2 rea \k A VBW aL A a

1 MHz 1 ¥ “wy 100 Hz ¥
W? SWP
50 ms 4s

CENTER 889.998 MHz SPAN 2. 000 MHz CENTER 889.998 MHz SPAN 2.000 MHz

. nm
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" COMPLEX MODULATION MEASUREMENTS

" USING THE SPECTRUM ANALYZER

M

1 AMPLITUDE VS RES BW RATIO
7 @ Like any noise-like spectrum, the CDMA

display amplitude varies at 10Log(BW ratio)

1 — a change of 10X from 3 kHz to 30 kHz BW
changes the display level by 10 dB

N

i yavanna dBm ATT 10 dB A_view B. write

MKR

fi oO ie ‘S|
athena

1 [Poem rome |
i IN

" _
von kA Vn

Nn op aN iw
Mos CENTER 889.998 MHz SPAN 2. 000 MHz

"1

"

N
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

SHAPE DEFINITION VS RES BW

@ The usual measurement setting for the

classical 1.25 MHz wide CDMA spectrum is

at a 30 kHz Res BW

@ A very narrow BW results in a much reduced

display level at 10Log(BW ratio) — too wide

a BW and the true spectrum shape will be

lost

@ A 100 kHz BW shows the correct CDMA

spectrum shape on top but it shows too wide

on the bottom

— 9 34, 4 —

REF -20.0 dBm ATT 10 dB A_write B_blank
10dB/

MKR

VBW ty 120) MHz

RBW / \
100 kHz

VBW
100 Hz

SWP
Ss

CENTER 889.998 MHz SPAN 2.000 MHz

a . mm
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

FIRMWARE FEATURES

@ Some instruments, such as the Advantest

R3261C & D, include menu selected firmware

for automated complex modulation

measurements

@ Here’s the menu set for CDMA in the R3261C

Option 1K (Option 1K includes CDMA

modulation accuracy correction factors)

COMA CONFIG MEAS CNO . _ PUR MEAS.
REF 2.2 daz ATT Ja dR Alerise Blbtent ePbianc @ Rlbieak # Ablack
12aB/ : - CONFIG TRANSMIT - LVL CORR - CHNL PUR

po : J MRR : : GERVREV ECF F| OF F |

AMRR a i345 MEz ~ 8 Maz 4 ft BMT eu
1,148 HEz : : 1.3? a8 : MEAS 5 45 . CHANNEL 2 dR: 2 a EP

: . i COND > nice | ————— ONL

a TN ROWER OO PUR RE AVG PUReee % MEAS SEAL ia . “ONCE
— —
oe RECALL 2: WINDOW : - CARRIER

CONFIG yo POWER
RAE ; : : __ | Se

738 tz : : ; Po > CDMA . : SAVE ot = MKR DSP - ' QBW

it : Do : OFF : : CONFIG 1 = Blow

tae Hz ° ne emt TT eran —
SaP eo - ane Yad Ok wo E
1.38 ° - : - NEXT — PREV ew PREV seat PREY

-_ ..7ENTEO Tea aan US COLe 9 aad Ute MENA o>] UUs MENU / add Wo MONY
222 Utes WEN

—_—J Jj I
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

THE WINDOW

@ The WINDOW function available in CDMA

MEAS(urement) CON(dition) menu or as a

separate, master, menu is a powerful aid in

choosing which spectrum sections are to be

measured and which ignored

@® The WINDOW menu is shown on the left.

Using this function is shown on the right

—I 1 —9
a |

RFF a.@ dis AIT 18 dR Sosvita Rajane TO REF 0.0 dBm ATT 10 dB Awrite B.blank
13dRf LOCATE 10dB/

i XY ,

: 4 MER : A MK
= - > aR OWE, - A MAR 4| 903} MHZwDO @iDTe pei4g | MEz
a Be 4.903 MHz / -).67] 8

2,253; MERZ. LEE a En

fa — rOe ee CTNDOW j

: i . : : . \, : START A | K
: . a * t

cn nn: : , A
f oF WINDOW t

a “mgt Op |
ae oR oe RBW
a —— ——— 30 kHz \ | | | [
30 xH2 00 FF Fs Do . VBW

She oor nn sup La ide! \, |aa iz: 3 a : zi : ry te aad!
+ + rn ne AG 400 ms

Lis Do a a ppev CENTER 990.001 MHz SPAN 6.00 MHz
SSUTTD TSR AFP Ulie CUry * aaa, i MCNIT

. Ld
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

MEASUREMENT VIA CHANNEL SET MENU

@ Menu choices permit a wide variety of

measurement choices

@ One example from the CONFIG(uration) menu

Involves automated choice of transmission

channel and forward or reverse (reflection)

testing

@ Below, the reverse (lower channel) spectrum is

much smaller than the forward transmission

— J 3

REF -30.0 dBm ATT 10 dB A_view B_write
10d8/

REV LOW EA 3 a
srserck1.74 my nny,

eB | a fy
30 KHad RHE hating hoy
1_kHz

swe
140 ms

CENTER 847.740 MHz SPAN 2.000 MHz

. 
m
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

HARMONIC MEASUREMENT

@ The harmonic level is determined as for any

signal — just display the fundamental and

harmonic and measure using the markers

@ The result is 50.32 dBc

REF -10.0 dBm ATT 0 cB A_view B_blank
10dB/

A MKR BO. 0) MHz
880.0 MHz

Ae

-Sp. 32) dB

RBW

1 MHz

SuP
3

CENTER !. 4600 GHz SPAN 2000 MHz

me |
a

J 3 -
—-
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COMPLEX MODULATION MEASUREMENTS

| USING THE SPECTRUM ANALYZER

|

. SIGNAL-TO-NOISE RATIO MEASUREMENT

@ Both the (CDMA) signal and the noise are

"| random. Hence, no random noise correction
factors need to be provided

" @ Simply set the markers to the frequencies of
interest and measure the result — shown

| below as 52.6 dBc

"

"| REF -10.0 dBm ATT 0 dB A_view B blank
10dB/

: 1 he Baie

\ 
-

| en |
30 kHz

bo mat
r ia CENTER 990.000 MHz SPAN 3. 00 MHz

i
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

OCCUPIED TRANSMISSION BANDWIDTH

@ The full 100% bandwidth is virtually

impossible to determine accurately and

repeatedly as very small band-edge signals

may or may not be included; hence the

practice to measure the 99% BW

@ The spectrum analyzer menu can be set to

measure any percent bandwidth

automatically; there’s no need to measure

and compute from spectrum shape and

power level

@ The 99% BW shows at 1.283 MHz below

(menu set for OWB 99%)

REF 0.0
10dB/

OBy See

283 MHz

d8m ATT 10 cB Awrite B_blank

4)

A_MKR

283{ MHz

p.25} dB
—

ATT

. | \|

RBW

i tou |
sie KAA WA

1 4S CENTER 990.001 Mie SPAN 2. 000 MHz
l
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" COMPLEX MODULATION MEASUREMENTS

H USING THE SPECTRUM ANALYZER

" SIGNALLING RATE

| @ The signalling rate for this CDMA signal is
f known to be 2.45 MHz as that was the setting

in the original simulation (see slide #4)

| @ This is easily measured across the null,
drop-out points, of the expanded spectrum

: display shown below

@ The spectrum nulls at 4.9 MHz difference are

r spaced at two times the signalling rate

"

1 REF.0.0 Bin ATT 10 dB. A_write B_blank

n hs fi we

f

\ aCe,
n « QO

ae YT | EY
i sue a Al |

"CENTER 890.001 MHz - SPAN 6.00 MHz

1
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

COMPUTING TRANSMITTED POWER

@® Formulas, such as 10Log(signal rate/BW)

with respect to the unmodulated carrier,

permit calculation of the total modulated

transmitted power

@ A signalling rate of 2.45 MHz and 34 kHz

noise BW (same as 30 kHz res BW @ 3 dB),
yields 10Log(72) = 18.6 dB

@ This is in line with the modulated and

unmodulated spectra shown below

REF -10.0 dBm ATT 0 cB A_view B_write
10dB/

| MKR

SPAN | | 890} 003} MH
2.000 Hitz Pare he a

| al i
| PAL TU

t

vay KHz ik ie
1 kHz peter / \

S¥P —_ 1.
ms

CENTER 890.000 MHz SPAN 2.000 Miz
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

MEASURING TRANSMITTED POWER

@ There are difficulties when computing

transmitted power manually:

@ You need to know the formula for the

signal involved

@ You need to be able to measure the

factors needed for the formula, such as
signalling rate and get to an unmodulated

carrier

@ The computation shows all power,

including that outside the specified
bandwidth, which can be considerable

(see slide #15)

¢ The computation formula ignores

spurious components

@ The simplest and most accurate procedure is

to measure the power on a digital storage

bin-by-bin basis

@ The channel power, noise power, average

power, carrier power... all can be measured

automatically by use of internal firmwareJI ao a3 a a aauiuaiaiaa oo oo _ 17
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

MEASURING TRANSMITTED POWER

(cont'd)

@ The measurement is made as a summation

across all display digital storage memory

points

@ Some of the algorithm mathematics are

shown below

Average Power (Pavg) Measurement

{ (NORMAL) 701
Pn

1 Pn/id
= P. =10lo —- 105 wg a[ 701 2 ]
ia

1 Xn 701
—— Poin. ——>-

( With measuring Window)

b

Pavg = 10 log [> 10°"""7
Xnea

@ Function Set
* RBW<VBW (VBW = 10XRBW)

IL

SHIFT (3) AVG POWER

1 a Xn b 701 AVGPoint ——> TIMES (0) (he)

ai]

—— P(dBm) —>

I J —JI
18
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

DIRECT MEASUREMENT OF

TRANSMITTED POWER

@ The spectrum analyzer does it all when you

choose to do a direct measurement of

transmitted power

@ Set the display for the desired signal. This

includes choice of frequency, span, and

resolution BW

@ Unlike the computed and manually corrected

procedure, there must not be any signal

smoothing or averaging

@ The video filter BW should be wider than the

resolution BW so that all signal

perturbations are captured

RF / Wireless Test Tektronix
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M COMPLEX MODULATION MEASUREMENTS

. USING THE SPECTRUM ANALYZER

]

n DIRECT MEASUREMENT OF

| TRANSMITTED POWER (cont’d)

N @ Set the WINDOW width to include all of the
spectrum to be measured and actuate the

N menu of choice
n @ The WINDOW was set to cover the whole

| screen width, showing a transmitted power

level of -15.2 dBm and a power spectral
" density of —78.16 dBm/Hz

n heya dBm | ATT 10 cB A_write B_blank

~ rogeg Ave THES Ff oT
|

i 0 me
-15.2 dBm

100 kHz
SWPf 0 as bul 890. 001 MHz SPAN 2.000 MHz

M

i RF/ Wireless Test _ ‘Tektronix
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

EFFECT OF WINDOW WIDTH

@ Changing the window width will change the

measured power level. Changing the window

width by 2:1 changes the measured result by

3 dB (-17.4 vs —20.6), but the power density

remains unchanged at —78.13 dBm/Hz

REF 0.0 dBm ATT 10 dB A_write B_blank REF 0.0 dSm ATT 10 cB A_write B_blank
10dB/ 10dB/

POWER AVG TIMES SOF BEI ME m5 Ti MEZ agg! 6611 MHz!
#2 =18, 42 dim /Hz -A8. 13 dBm/Hz

OL l \ OL l-17.4 Bm | \ -20.6 dBm | :

me |

—_J —

RBW RBY30. kHz \ 30 kHz
VBW oo VBW
100 Hz 100 Hz

SYP wa (WS SWP AN NA
.4CENTER 890. 001 MHz SPAN 2.000 MHz Las CENTER 890.001 MHz SPAN 2.000 MHz

4

. 
Ld
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

SINEWAVE POWER

@ Not only noise-like CDMA signals, but even

ordinary sinewaves can have total power

determined by the internal firmware

@ One sinewave shows —11.62 dBm. Three

sinewaves show -—7.4 dBm. The computation
for three equal amplitude sinewaves is —11.6

+ 10Log3 = -6.8 dBm

REF 0.0 dBm ATT 10 dB ALwrite 8_blonk | | REF 0.0 dBm ATT 10 dB ALwrite B_blank
16dB/ 10¢8/

. MKR to. MAR
MARKER 939. BESO] HH MARKER 940.0982 | MH939. 9980 MHz | | AP =it-é2| ¢ 940. 0982 pail |i -61.86 din/H

|
|

|
|
|i ee ee

——a

f

jonf=
| ~7,4 al | | |

RBW RBW
3 kHe 3 kHz { | | |

vBW een aul] vaw } tik
1 MHz 1 MHz

SHP | SHP ,
80 ms 80 ms

CENTER 940, 0732 MHz SPAN 324.5 kHz CENTER 940.0732 MHz SPAN 324.5 kHz

. 
mm
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

FM SIGNALS

@ Perfect FM will show no change in

transmitted power no matter what the degree

of modulation. Here the unmodulated carrier

shows a level of —9.77 dBm, while the

. modulated signal is measured at, a virtually
| identical, level of —9.8 dBm

1\

i REF 0.0 dBm ATT 10 cB A_Lwrite B_blank REF 0.0 dBm ATT 10 dB A_write B_blank
10dB/ 10dB/

hd PD MKR
| MARKER Ogle POWER AVG TIMES y (!,000007| GHz
4 999. 961 MH CB.77| B #5 12.97 d3n/Hz

i}

1 IC -3.8 ED) |
RBY RBW
3 kHz 3 kHz |

VBW VBH WATE
n 1 MHz 1 MHz | |

i 1s st mg baa Addh dala acs bana
n ~ CENTER 999. 952 MHz SPAN 2.000 MHz CENTER 999. 952 MHz SPAN 2.000 MHz
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

Frequency Shift Keying — FSK

@ The space-to-mark frequency shift for a

frequency shift keying signal is measured at

9.1 kHz — a perfect shift between two

sinewaves would generate a 9.1 kHz wide

spectrum. The actual spectrum has a 99%

width of 11.8 kHz

-—L. A MAK
c

Raw
CO Hz

VawW

3

1Oc kHzt byl
we i

CENTER 625, 000 MHy SPAN 109.9 kuz

hi. ts

fe

KYA

7

CENTER B25 GCO0 MHz GPAN EGO 0 kHz

—J = —
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

FSK TRANSMITTED POWER

@® The unmodulated carrier shows a level of

—22.4 dBm, and the modulated spectrum is

measured at an almost identical —22.2 dBm

@ Total power of the FSK spectrum is

determined using the PWR MEAS function

REE uO Ben ArT 1 d& A_weita 8 _biank REF O00 Rin AIT 16 ch A write S_diank

LodB/ 1089/

oh sob cde |. MRR fo ob. MKR_

MARKER S24. 4994 | MHz POWER AVE TIMrS 625. POCO) MHz

824. 92N4 Matz ~2é@. 40) dBn #5 72.03 dBa/ Hy

bb |
|

| h

| Le | {
| -?2.2 Bm |

RGW RBW
300 bz 300 Hz

view iM F/i MHz Ld MHz |

SW aeatioaraaeadaaatt Shaanti me lanai Mbit

CENTER 82%, 3000 MHz SPAN <00.0 kHy CENTER 675, 0000 MHy SPAN LOC. kHz

—J 3 —J)
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

FAST FREQUENCY SHIFT KEYING — FFSK

AND

FOUR PHASE SHIFT KEYING — 4FSK

@ The spectra for fast FSK (left) and for 4FSK

(right) show identical total transmitted power

of —22.2 dBm and in excellent agreement with a

—22.4 dBm carrier

Krk

tod

OO dbs AT? 3€ cB A write 5 blank are So iy All «il JB Avweite 8 Licnis
i

+8 iOS 1 | | : —

mip es ee Mie
POWER AVE] TIMES “225. abssa | Maz a2 ODSATT Maz
v5 “6.16 dm/Hel | | Fac he gaa

Tal oe Thihilidh

| eee i ne q
a “22.2 dBi i a
iii it

RAW. ry BH, in htae ! A) A ' ant fh | | My |
at Miz i a | MHz y

ee ms Ai Uhh dh SHE dual | | i sad$ =m mS
CENTER 625. G20CO MHz SPAN 30. 00 eliz CENIER 825. 00800 Miz SPAN 30. 0C kHz
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

QUADRATURE PHASE SHIFT KEYING —

QPSK

@ A quadrature phase shift keying spectrum

shows a total power content of —21.8 dBm

versus a 22.4 dBm unmodulated carrier

REF ~10.0 dBm ATT 0 dB A_write B_blank REE Od dbm Ai? 14 a8 A_weite B_bianic

10qB/ 1SdBy

. MKR oo. ee a ne MKR OO | J
POWER AWE TIMES Bes. O40 Naz MARKER Red. pags MHz

4 73.63 dBmAH2 824, 95N4 Maz ~2é_ 401 dBn

|it oe
y .

BW3 kHz Rho ke
1 MHz mi | 1 MHz yt

“8 ms ude whi ade sue oe Le SLL
CENTER 825.0000 MHz SPAN 200.9 Hz °F CENTER 828. 800 MHp SPAN <60.0 kl

—_ 3, 4 = =
—I
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

GAUSSIAN FREQUENCY SHIFT KEYING

— GFSK

@ The carrier for a gaussian FSK signal at

—20.42 dBm (left) and the modulated

spectrum at —20.8 dBm (right) show

essentially identical results

JI 243 234 43 49 29 5 2a I
REF 10.0 dBm ATT 0 dB ALwrite 8_blank REF -10.0 dBm ATT 0 dB ALwrite 8_blank

10d8/ 10cB/

MKR 7

MARKER B25] 079] Miz veW B25] O70] MHz
825. 078 |MHa 2). 42| Bl 1 MHz | 87. #0. dBm/Hz

| |
| |

RBW | f |
30 kHz | |. '

vew

10 kHz

SWF ia:4) ns ang Hi

CENTER 825.000 MHz SPAN 5.00 MHz CENTER 825.000 MHz SPAN 5.00 MHz

. Lj
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COMPLEX MODULATION MEASUREMENTS

USING THE SPECTRUM ANALYZER

CONCLUSION

@ Powerful internal firmware permits some

spectrum analyzers, such as the Advantest

R3261C, to easily and accurately measure a

variety of complex digital modulation features

and total power content on a wide variety of

signal types. Otherwise these measurements

are difficult, time consuming and inaccurate

— if they can be performed at all

—_ “4 43 243 = 29
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