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SUMMARY

Standard Spectrum Analyzers and Power Metersfall short of the requirements
necessary for the testing of today’s digitally modulated communications equipment.
Current communication test equipments provide the featur es and accur acy needed
in order to comprehensively test the UAT Transmitter.
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Traditional swept spectrum analyzers are frequency selectivity, and they have excellent dynamic range,
but when it comes to measuring noise power, they have distinct disadvantages.*

The structure of aVector Signal Analyzer (VSA) has both similarities to, as well as differences with, an
Analog Spectrum Anayzer (ASA). The VSA issimilar to the ASA in that it has an analog front end, or
down conversion stage, which converts the selected frequency range of the input RF to a baseband
signal. At this point, the VSA differs. The VSA digitizes the baseband signal, and applies selectable
digital processing, filtering, and corrections.

The VSA, either single or dual channel, possesses many features, which are useful, if not necessary, for
the testing and evaluation of a modern communication transmitter.

There are many parameters which can be measured, and display presentations which are available, with
apiece of equipmert likeaVSA. A sample listing of only some of them follows:

Gated Modulation Envelope
Spectrum

Power (true RMYS)

Power Transients

Frequency Transients

Phase (unwrapped)

Error Vector Magnitude (EVM)
EVM Spectrum

I-Eye Diagram

What followsis a series of captured screen graphics from aVSA. All screens of the HP89441A VSA
can be saved (or plotted) into afile using a HP Graphics Language “.HGL” format. Again, these are
only asampling of what is available, but some of the major ones which would be used are shown.

1 Frequency and Time-Selective Power Measurements with the HP89410A and 89440A, Product Note 89440A -1
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Description of VSA Displays and Features

Gated Modulation Envelope (upper)

A time domain display showing the magnitude
(envelope) of amodulated RF signal. Using “gate
delay” and “gate length” parameters, adesired
segment of a displayed time domain trace can be
selected as a basis for computation. Thethick vertical
linesin the upper trace at right mark the desired
segment.

Power Transients

With a magnitude time domain display, transients,
droop, and other irregularitiesin the modulation
envel ope can readily be seen.

Spectrum (lower)

A frequency domain display showing the spectrum of
the time domain trace segment sel ected as the Gated
Modulation Envelope. Using “band center” and “band
width” parameters, a desired segment of adisplayed
spectrum trace can be selected asabasisfor RMS
power computation. Thethick vertical dotted linesin
the lower trace at right mark the desired spectrum
segment.

Power (trueRMS)

Near the lower left of the spectrum display, a measure
of true RM S power of the selected frequency band
segment can be displayed.

Demodulated FSK (upper -l€ft)

Detection decision points (small square symbols)
indicate“1” or “0" data bit decisions. The two rows
of square symbols should be mostly aligned in straight
lines.

Error Vector Magnitude (EVM) (lower l€ft)
EVM isatime-based display of error magnitude
computed using the magnitude and phase of both
measured and reference signals. It can detect signal
transmission errors, and it is easily measured and
displayed with aVSA.

By changing the display to the spectrum of the EVM,
problems can be shown, such asaclosein spur, which
are not evident in even the EVM display.

Measured FSK | Eye Diagram (upper right)

This display shows the path of the frequency shifts,
and how well they are aligned with the detection
decision points. Notice small spread at the crossover
points.

Symbol Table/Error Summary (lower right)
Displays decoded symbols, several computed errors,
and at which symbols the worst FSK and Magnitude
errorsoccur.
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GENLGSPCbw2.HGL ===> Recording Date: 08-28-01 Time: 11:57

TRACE A: Ch1 Main Time

A Marker 182.50000 us 654.78 uVpk
800 [ [ [ []
uVpk
LinMag
80
uVpk
/div
0 7 vy
Vpk Average:[196.40 pVrms~2
Start: -17.5 us Stop: 382.34375 us
TRACE B: Ch1 Gate Spectrum
B Marker 981 000 000.0 Hz -80.854 dBm
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dBm
LogMag
7.5
dB 4 L]
/div
I Ly 5
|
| mE o
-135 "
P Power: $53.665 dgm |

Start: 978.5 MHz Stop: 983.5 MHz

ADS-B Long Message: Signal Generator @ » -53.5 dBm
Time Measurement: 350 usec between extra vertical lines, and
averaged over 50 treces.
Spectrum Power: calculated in 2 MHz bandwidth.

GENLGDMDbw.HGL ===> Recording Date: 08-28-01 Time: 12:17

TRACE B: Ch1 2FSK Err Time

B Marker 0.0000 sym 3.0594 %
1.5
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300

/div

15 i 1o T

15 FSK Err = 419.75 m%rms
v|l -3.0594 % pk at sym 0
Mag Err = 985.29 m%rms
LinMag -3.1511 % pk atsym 7

Carr Ofst = -425.21  Hz
Deviation = 312.14  kHz
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% 64 00001000 00000001

Start: 0 sym

Stop: 371 sym

Demodulated ADS-B L ong M essage: Signal Generator @ » -53.5dBm
Showing Error Vector Magnitude (2FSK Err Time) Display
Demodulated FSK (upper-l€ft): Decision points are mostly level.
EVM (lower-l€eft): Rms error < 0.4% rms; Peak error @ symbol 0» 3%.
Eye Diagram (upper-right): Small crossover spread
Symbol Table/ Error Summary (lower-right):
Rmserrors < 1% rms; Peak errors» 3%
FSK Deviation Low: ~312.5 kHz
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Description of VSA Displays and Features (cont.)

EVM Example

An example of an error, which isvisibly evident in the
EVM display. While the signal generator source for
this display has otherwise low errors, the “V” shape of
the EVM display illustrates the effect resulting from a
message bit rate error of only 30 Hz.

The computed FSK EVM (blacked out by thetracein
this example) islocated near the lower left corner of

the display.

FSK Error Spectrum

By computing the spectrum of the FSK Error, this
frequency domain display can detect errors not
evident with even the EVM display. An example
might be a close in spur, the indication of which
cannot be seen inthe EVM display.

(upper-right): Power <-9 dB
The bulk of the FSK Error Spectrum power is
concentrated below 800 kHz.

(lower-right): Power <-30 dB
The segment above 800 kHz is below — 30 dB.
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GNLEVM2bw2.HGL ===> Recording Date: 08-31-01 Time: 12:11

TRACE B: Ch1l 2FSK Err Time
B Marker 90.60000 sym 1.2149 %
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LinMag i | I I

150 ] i

/div

0
%l
Start: 0 sym Stop: 371 sym
Demodulated ADS-B L ong M essage from Rohde& Schwar z Signal
Generator at» -53.5dBm Showing FSK Error Vector Magnitude—
Generator At 1.041697 MHz Bit Rate
FSK Error Vector Magnitude: RMS FSK Error < 0.6%.

GNLFSKERbw2.HGL ===> Recording Date: 08-29-01 Time: 11:41

TRACE D: Ch1l 2FSK Err Spec

D Marker 2 034 505.273 4 Hz -70.361 dB
15 ] “I
Real
300 N
m
/div ! ’ '
I
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s Pojer: {38.0p2 dff [

Start: 0 Hz Stop: 2.03450527344 MHz

Demodulated ADS-B L ong M essage from Rohde& Schwar z Signal
Generator at» -53.5 dBm Showing Spectrum of FSK Error
Demodulated FSK (upper-1€eft): Decision points are mostly level.
EVM (lower-left): Rmserror < 0.4% rms; Peak error @ symbol 0» 3%.
FSK Error Spectrum— 0 to 800 KHz (upper-right): Power <-9 dB.
FSK Error Spectrum— 800 to 1.6 KHz (lower-right): Power <-30 dB
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Description of VSA Displays and Features (cont.)

Phase (unwrapped) (lower)

Another time domain display availableis Unwrapped
Phase. For afixed test message this phase display
should appear stable, and will visibly indicate any bit
detections, which change state unexpectedly. Using
split markers, a“square” and a“diamond,” the
cumulative phase difference (from the beginning to
the end of amessage) is shown near the top right
corner of thedisplay.

FSK Error Eye Diagram

This display isan Eye Diagram, similar to what was
describe above. But instead of displaying Measured
FSK versus Time, this displays FSK Error versus
Time.
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GENLGPHUbw2.HGL ===> Recording Date: 09-18-01 Time: 16:57

TRACE A: Ch1 Main Time

A Marker 184.53125 us 650.05 uVpk
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uVpk
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uVpk
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0 7 vy
Vpk Average:[196.66 pVrms~2
Start: -15 us Stop: 384.84375 us
TRACE B: Ch1 Main Time
B Offset 357.18750 _us 2.9660 kdeg
3.25
kdeg j
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Demodulated ADS-B L ong M essage from Rohde& Schwar z Signal
Generator at» -53.5 dBm Showing Unwr apped Phase of the M essage
Demodulated FSK (upper-1€eft): Decision points are mostly level.

Date: 08-29-01 Time: 15:34

TRACE D: Ch1 2FSK Err Time
D Marker 1.0000 sym 924.31 m%

2.5
%

I-Eye

-2.5

% RMS: 348.74 | m%rms
ol

Start: -1.5 sym Stop: 1.5 sym

Demodulated ADS-B L ong M essage from Rohde& Schwar z Signal
Generator at » -53.5dBm Showing FSK Error Eye Diagram

FSK Error Eye Diagram (using same dataas EVM diagram):
RMSFSK Error < 0.4%.
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