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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 2B48Points, AUG 8, Window Han., NBW 1.464nm
C] ] i MB/s

Ampli tude
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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 1-Q CDMA

modulation

® Below are spectra of unmodulated (left) and
partially modulated (right) carrier

REF -20.0 dBm ATT 10 dB A_write*a B_blank | | REF ~20.0 dbm ATT 10 B A_writexa B_blank
10d5/ 1068/
AVG A S0ys0 AVG A 50150 g
A MKR A MK
A KR [ 1 120] W A UKR 1120
1120 Wz , 170 o 1,120 Mz 571
[
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Zz - Zz
SHp e aiume | I IS haal [
30 ms S0 ms
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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

B R |

—31

(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
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n COMPLEX MODULATION MEASUREMENTS
i USING THE SPECTRUM ANALYZER
1
i AMPLITUDE VS RES BW RATIO
N ® Like any noise-like spectrum, the CDMA
display amplitude varies at 10Log(BW ratio)
N — a change of 10X from 3 kHz to 30 kHz BW
changes the display level by 10 dB
N
ﬂ %EB;ZO.C dBm ATT 10 dB A_view B _writg
MKR
N * %0 b bi55|
rmwmwmmmh
n j/ﬁmmwwmmw%\\
[ |\
i o | |
v e LA / \/\VM
) " L i
' CENTER 889.998 MHz SPAN 2.000 MHz
i
i
i
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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

-3 3 3 3 331

REF -20.C dBm ATT 10 dB A_write B_blank
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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 CND . PMR MEAS
RFF 2.2 dRm ATT 13 38 a_trise B_Blank e F_biant — a B biaak 2 Ablank
1338/ . : : . CONFIG TRANSMIT - LVL CORR - CHNL PUR
P : 5 um j i @TVREV S TioF F [ 70F £ |
4R ¢ T 1,145 MEz § 43z $oEt B oM
1.148 M8z : : 1.37 43 ¢ MEAS g 33 , CHANNEL 2 48 ¢ 2 d3 . E P
: : : ;| COND T mmmien B 10 F
R T, OPMER T PMRRF T T AVG PWR
T N M % aL “ : M or
B v T
.+ RECALL A VINDOW : _ CARRIER
CONFIG T T OPOMER
RRY : . : : . — »—%—--—"-i' A
37 iHz © : : _ . © CDMA . : SAVE - ¢ MKR DSP - i OBM
RY Lo : Lo i OFF : : CONFIE Yo ¢ [EyLoy
M Hz T ; T e T e ~—
3 1y o - S i et - Wk
1.8 8 - - - = NEXT = PREY —e . PREV R PREY
- L.TIXNTIO T2 a8 Ul. [2-FANNE JF P ¥ BRT-2 MENTI 221 wus MENU © 233 WNS MENY

2233 Uds NENH
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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
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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

-3 3

REF -30.0 dBm ATT 10 dB A_view B_write
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REV_LOW [R ' Ty
e I A e,
- h/ “"ﬁwwh "
30 kH
20 KHZ o M
1 kHz
Sko
140 ms
CENTFR 847. 740 MHz SPAN 2.000 Mz
. |
RF / Wireless Test Tektronix
11 7/

1194



3 3 3 _1

3

et

-

-3 2

~3 33

3 3 3

el

-3 3

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 resultis 50.32 dBc

REF -10.0 dJBm AT 0 dB A_view B_blank
10dB/

A MKR

B0. 0| MHZ
880.0 MHz

AMjé?
-5p. 32| dB

RBW

1 MHz
SWP
3
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W COMPLEX MODULATION MEASUREMENTS
1 USING THE SPECTRUM ANALYZER
i
N SIGNAL-TO-NOISE RATIO MEASUREMENT
® Both the (CDMA) signal and the noise are
ﬂ random. Hence, no random noise correction
factors need to be provided
ﬂ @® Simply set the markers to the frequencies of
interest and measure the result — shown
R below as 52.6 dBc
1
ﬂ };(%SB?O‘O dbBm ATT O dB A_view B_blank
M 05, [ R
f‘ |
|
} . b |
30 kHz

1 Zgzwz Aol MM
r " CENTER 890.000 MHz SPAN 3. 00 MHz
1
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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(QQ.O

283 MHz

dBm ATT 10 dB

Awrite B_blank

%)

A_MKR
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h.25] dB
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n COMPLEX MODULATION MEASUREMENTS
i USING THE SPECTRUM ANALYZER
g SIGNALLING RATE
| ® The signalling rate for this CDMA signal is
ﬂ known to be 2.45 MHz as that was the setting
in the original simulation (see slide #4)
2 ® This is easily measured across the null,
drop-out points, of the expanded spectrum

N display shown below

® The spectrum nulls at 4.9 MHz difference are
i spaced at two times the signalling rate
§
H REF 0.0 dBm ATT 10 dB  A_write Bblank

10dB/
i s b eE
f
) ATk
4 AR RN
aeel LTI
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N
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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 dB A_view B_write
10dB/

‘ MKR
SPAN / \ 890} 003 | MH

2..000 iHz MMMW —33#3& \dB:'
/ [ }
[ ANEER

i
v A \n )
1 kHz et ‘ / \~
SKP - A
ms
CENTER 890. 000 MHz SPAN 2. 000 MHz
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COMPLEX MODULATION MEASUREMENTS
USING THE SPECTRUM ANALYZER

MEASURING TRANSMITTED POWER

® There are difficulties when computing
transmitted power manually:

4 You need to know the formula for the
signal involved

4 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)

4 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 firmware

— 32 a2, T3 T3 2 33 3 3 33 3 3 12
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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

T (NORMAL) 701
Pn
1 Pn/10
T Pavg=10log | ——>, 10
g e o [ 701 x,,zﬂ ]
T
1 Xn 701
——— Point ——»
( With measuring Window)

b
Pavg = 10 log [—;TE 10Pnl10]
Xnea

@ Function Set
« RBW<VBW (VBW = 10XRBW)
L
SHIFT g] AVG POWER

1 aXn b 701 AVG
Polnt ———p TIMES @ @

v
=

——— P(dBm) —>

3 3 1
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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 Tekironix
19 /

114



-

ﬂ COMPLEX MODULATION MEASUREMENTS

ﬂ USING THE SPECTRUM ANALYZER

j

A DIRECT MEASUREMENT OF

| TRANSMITTED POWER (cont’d)

i ® Set the WINDOW width to include all of the
spectrum to be measured and actuate the

ﬂ menu of choice

r-‘ ® The WINDOW was set to cover the whole

| screen width, showing a transmitted power
level of -15.2 dBm and a power spectral

ﬂ density of —78.16 dBm/Hz

n %5890 dBm | ATT 10 dB A_write B_blank

B POWER AVG TIMES 8904 067 | MHz

ﬁ #5 7815 dgm/RzZ

| x T

-15.2 dBm |

1 "

‘ CENTER 830. 001 MHz SPAN 2. 000 MHz

i
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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 dB A_write B_blank
10dB/ 10dB/
POWER AVG TIMES 8%%2661 MH LAKQ
LT MRZ] d4843} 661 | MH7
#2 =78, 43 ditm/Hz ~78. 13 dim/Hz

oL / \ o /
-17.4 cBm / \ -20.6 ¢Bm / \\

-3

=3

RBW RBW
30 khHz \ 0 khz / \
VBW Lo VEW
100 Hz 100 Hz
SWP A~ A\ SWP ho~N N\
4
CENTER 880. 001 MHz SPAN 2.000 MHz L4 CENTER B90. 001 MHz SPAN 2.000 MHz
4
- -
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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 8 A_write 8 blonk | | REF 0.0 dBm ATT 10 B Awrite B_blank
10dB/ 10d8/
_ MKR T MAR
MARKER ! 539, 5990 | VA MARKER 940. 0982 | HH
935.9930 Mz | | 6| o 840.0962 iz | | -61. 86 diin/H

]
|
|

|
|
|

_\
F—— |
]
S
o=
=

| ARdINIIEEIEE
REW REW
3 Kz 3 khz f } j l
VEW SE a1 vaw ; 4l
1 MHz ' 1 MHz !
SHP ‘ SHP \
80 ms 80 ms
CENTER 940. 0732 MHz SPAN 324.5 KhHz CENTER 940. 0732 Mz SPAN 324.5 kHz
. ]
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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

ﬂ modulated signal is measured at, a virtually
identical, level of —9.8 dBm
i
|
n REF 0.0 dBm ATT 10 dB  A_write B_blank REF 0.0 dBm ATT 10 dB A_write B_blank
104/ 16d8/
\ 4 A MKR
n MARKER QG POYER AVG TINES v |100p007 | GHz
' 999. 961 MH (.77 B 49 =727 din/Hz
i
i
ﬂ X dBQ |
‘ RBY RBW
3 kHz 3 kHz l
VBN VBW U
ﬂ 1 MHz 1 MHz . \ h
SHP SWp Likuts Al
500 ms S00 ms
CENTER 999. 952 MHz SPAN 2.000 MHz CENTER 999. 952 MHz SPAN 2.000 MHz
1 RF / Wireless Test Tekironix
n 23 7/
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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

=3 333

SOEP R ot T i \ e I Rk ol : ATT 1 dD A > b
15/ ' 1308/
1
_ A MKE — N A MKE
A MAR R RN, Y T
21 He i 11,8 Kl S
| i |
)
i ’
Saj — \ .
300 Hy RBW
VRN 1t 300 Hz
100 kHz i ]‘ j ! VBW
SWP | - ' 103 kHy '
H 1 :)?IP
CENTER 225, C000 MHy. SFAN 1000 Ktz 3 TR S ‘
CENTER 82, 6000 Mz SPAN G0, U kHy
L] -
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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

?LC!B/} 3 dBm ATT 10 dR A_writa B_biank REF :/,_n 1R ATT 10 R A write 8 9iank
5By - 048,
] ! b MER S . MKR_
MARKFR ! 324, U984 1 MHZ POWER AV, T1MFS 220, 000 MHz
§24. 9004 MHz ~2¢. 431 dBn # 9 i ~72.03 dBw/Hy
R R |
! |{
| A ﬂ
i i ﬂ‘ {l \
f IBm u
RGW RBW
00 ks 300 Hz i
VBW il VEW i i)
1 MH. i R | L (i
Sgc BHASHSCNYL ) IR IR DRSARN: PR 4 N N S A R ¥2{P m!.muml J{ Mﬁi&m& el
i CENTER @25, 8N00 MHz SPAN ©0D.0 kHx i CENTER £25.0000 MH/ SPAN 10,0 kHz

31 3 1
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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

Kt
10

0.0 dB ATT 10 (B A write B blank COF L0 ol Al ol b A weite B Lioni
7

)28 Wi/ |7 | | ~ -
MICR [ S O S R j
PONCR AVE[TTNCS TS, 0553 e ' : ey ODSAT L
hS 66, b cjn/Ha | | T oy

T 11 Mg [

iR 22,2 dbn i LTI A T
i
l

i il

RHW ! BT RBH i 4
V%QL’HH} M’ s l 'ﬁ' S He W#ﬁi , | ,[{ﬁw |
_L M i g 1 MR v

e e k T sH JMM | | HMM

s . ns -
CENTER 823. 02000 MHz SPAN 3. 02 Wiz CENTER 825, 00200 Mz 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 O dB A_write B_blank KEE 1.0 dEn AT 10 4R A_writa B blank
10dB/ 15dB/

. MKE . S S MKR . L L
PO;‘IEEOAVJ TINES BT THO T NHZ MARKFR 34, }9994 MHZ

M -73. 13 dBmfHz 824 004 MHz ~2¢. A0 dBn
] .
:" W ol
y .

BW ‘ :

3 kHz ) Raeo oy ‘

1 MHz ﬂ!dﬁ | 1 MHy i A
Sgg ms Mdlﬂhﬂ! HMM&A Hlia) SE-D AR SRR | RGN

CENTER 825. 0000 Mz SPAN 200. 0 kiz T5 CONTER 825 2000 MHy SPAN 10D.0 Kiz
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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

3 3 3, 33 3 3 3 O3 3 13

REF -10.0 dBm ATT 0 dB  Awrite B_blark REF ~10.0 dBm AT 0 B Awrite B blank
10dB/ 10dB/
MR -3
MARKER 825] 079 | MHz vBH 825 0791 WHz
825. 07| MH -2p. 42| danl 1 MHz 1 187,40 dn/Hz
| |
| |
RBY l {7 |
30 KHz | |- \ W
VBN 1 1
10 kHz !
SkP i*iu i
1 e WL
CENTER 825.000 MHz SPAN 5.00 MHz CENTER 825.000 MHz SPAN 5.00 Mz
H ]
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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
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