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THEORETICAL BACKGROUND FOR ANTENNA G/T
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LINK BUDGET AND CARRIER-TO-NOISE RATIO CALCULATION
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NOISE TEMPERATURE OF AN AMPLIFIER MODEL

* Amplifier Model M
Sout = G+ Sipn [\

f\ ~ >
\J @),
= KkTy,B Noyt = G- (N;, + kT ,B)
Sin/
T, = 290K Noise Factor, F = ﬁ =1+ _0

Noise Figure, NF = 10logF

Noise Temperature, T, = Ty(F — 1)

T

The noise temperature T, of the amplifier model is defined at its input side
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RECEIVING SYSTEM NOISE TEMPERATURE

Converter G,: Antenna gain

T, Antenna noise temperature

G.: Converter gain

T.: Converter noise temperature

F.: Converter noise factor

T;,: system noise temperature at input
T,ut: System noise temperature at output

GA,TA

Tout = GcTa + G Ty (Fc - 1)

noise temperature at input noise temperature at output
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ANTENNA G/T PERFORMANCE

Gc , Fc Converter

GA ’ TA
G, Antenna gain
K / T, Antenna noise temperature
G.: Converter gain
For an antenna receiver module: T,: Converter noise temperature

F.: Converter noise factor

G _ Ga _ Ga _ GaGc _ GaGc _ Gr T;,: system noise temperature at input

T T. T T. G.T T(F.—1) T T Tout: System noise temperature at output

in Ta+Te  GeTa+GeTo(Fe = 1) out R Gr: Antenna receiver module gain

‘g . T, Ant : ise t {
The converter (amplifier) gain does not affect G/T. R: AMIENNA TECEIVET NOISE femperatire

Instead, it contributes to overall noise in antenna receiver module G/T.
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PHASE ARRAY ANTENNA NOISE TEMPERATURE
( Receiver Module \
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Tout = f(Ta1, Taz, Taz, Tass Teem1, Termz, TBEM3: TBEMA4s Tc)

Hardly to access T,,in a highly integrated system
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G/T CALCULATE WITH GENERAL INSTRUMENTS

Gc , Fc Converter

Analyzer

G G
- — . k = Gain(dB) — NoiseDensity_meas( )

“ND ~ ND
k

dBm) dBm
+

— k
(T, + T K hz

ana)

Hz

Analyzer’s Noise Figure, or T, also plays a role in the noise density measurement result
Lower noise floor (DANL) or noise figure of analyzer is required to test G/T of high-performance UT
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ADVANCED RF TESTING STRATEGIES FOR
SATELLITE USER TERMINALS
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NEXT GENERATION: SIGNAL & SPECTRUM ANALYSIS
e
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FSWX - MEASURE THE IMPOSSIBLE

MULTIPLE INPUT CHANNELS
» First signal analyzer with multiple phase coherent channels

ENTIRE NEW MULTI-PATH INTERNAL ARCHITECTURE

» Cross correlation (high dynamic range for noise,
phase noise and EVM measurements)

» Extended spurious free dynamic range

FREQUENCY > 100 GHz
» Unique instrument covering frequencies higher than , — e [T

100 GHz as one box solution with pre-selection

ANALYSIS BANDWIDTH UP TO 8 GHz
» Widest bandwidth on the market

500 Type N| Max 30d8m
N 01 0 O Copld 50V 06 AC Copled
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ONE RF INPUT
HIGH PERFORMANCE CROSS-CORRELATION BACKEND

Y

\l‘
C

Variable
gain amplifiers

..‘V
B

» Same LO Frequency

» Splitter/ switch

» Additional local oscillator

» High performance digital backend / enhanced signal processing
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FSWX CROSS-CORRELATION - REACH THE LIMIT

B8 A, Spectrum 2 v
f RFA ot X-Corr Sweep Bandwidth

On SWT 500ms Mode SGL RBW 10 kHz
14 GHz -100.00 dBM 545 pa x-corr Fet 2500 Type Auto FFT VBW OFF
1 Frequency Sweep @1RX Clrw  ©2Rm Clrw TOU.t

M1[1] 134.10 dBm
14.000 000 000 GHz An a IyZe r
Auto Peak
Positive Peak Tan

| NegativePeak | =~ | e e N

RMS
DANL reaches to thermal noise floor
.y e, o w oo~ | inroom temperature (-174 dBm/Hz)
Average ; - Highest possible measurement
Sampl :
Lt 174.22 dBm/H - True DUT noise temperature
- 2 m/ni )
GF 140 GHe 1001 pts — 100 performance is measured by ND
2 Marker Table
Type Ref Trc X-Value Y-Value Function Function Result
M1 1 14.0 GHz -134.10 dBm Noise -174.22 dBm/Hz
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CROSS-CORRELATION BENEFITS FOR
SATELLITE MEASUREMENT APPLICATIONS
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Phase Noise S2/S2X - Wideband Bit Error Rate Interference
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NEW TWO-PORT ARCHITECTURE BENEFITS FOR
SATELLITE MEASUREMENT APPLICATIONS
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LEGACY GAIN TRANSFER, DPD, AND GROUP DELAY
MEASUREMENTS

» Gain transfer / DPD » Group Delay

RES*SMVL200A sianal R&SFSW with R&S*FSW-K17
A N signal generator — —
.Ref* signal by LAN ot ‘ T ee—

1 Reference calibration

Driver 2 Group delay measurement
hase

Pha

» Typical measurements include AM/AM, gain » Multicarrier-CW based group delay measurement,
compression, AM/PM, EVM, distortion, ACLR measures phase shift for each pair of consecutive
» Captures RF signal and compare measured and carriers
reference signal » Reference calibration needed
— Reference signal is an ideal waveform from » Supports frequency converting devices, absolute &
VSG and transferred by LAN relative group delay, no reference mixer required
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TWO RF INPUT
HIGH PERFORMANCE CROSS-CORRELATION BACKEND

» Additional RF input channel
» Additional local oscillator
» High performance digital backend / enhanced signal processing
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APPLICATION USE CASE
TRUE GAIN TRANSFER AND GROUP DELAY OF WIDEBAND SIGNALS

Gain Compression vs INPUEPow k- P— 2 Channel Response Magnituds
M I: 17.2 \H

» Characterize DUT'’s true performance using modulated signals
» Dual channel measurement reduces uncertainty significantly
— Compare DUT input (IF or RF) to DUT output (RF or IF)
- Removed uncertainty of generator and driver amp RF stage
— Improved handling of non-linearity
» How much group delay/distortion is added by the DUT
» DUT is a Satellite User Terminal, Payload, or RF Component
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FSWX IQ SPECTRUM ANALYZER
FOR MULTI-BAND, MULTI-BEAM, AND MULTI-ORBIT SOLUTION

7T 1 T _ ~ » 1Q SPectrum Analyzer has native

I RFA | RFB | Signal Capture Bandwidth
00
00,

Cap Time 100.02 5, 500.002 s TrgExt1  RBW 100kHz, 1 MHz
1GHz 0.00dBM 1905 6 GHz 0.00 ABM 1045 shate 500 Mz, 500 W VBW 1 i

S sk aoun St o s e support of multiple RF Inputs

RFB

» Individual settings on both inputs:
— Center frequency

— Preamp, attenuation, reference level

|.m\ L.‘\HH ‘ - Span, RBW, sweep time
AR “‘ | - ...

| | " » Power trigger on one RF Input can be
used to start both measurements
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|IQ SPECTRUM ANALYZER
FOR MULTI-BAND, MULTI-BEAM, AND MULTI-ORBIT SOLUTION

Transfer function of a mixer
— Up-conversion mixer
- IF:1GHz =>RFB
- RF: 7GHz =>RFA

B 4 Spedun & x Jb OSgalAnabmr & X +
wa we signal Capture Banian
GpTme0ms 0ms  Tobel KB 00Kz 00K M
7GHz -15.00 dBM py g gp o g mecy 1 GHZ 400 ABM g (0gm mec)  shate 3750 Mz, 375, Wiz ABW 300 Mz VW 109 sz, 100 e
1 Frequency Sweep o1 ara [
A wEA R

Conversion loss
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|IQ SPECTRUM ANALYZER - PHASE VS. TIME
FOR BEAMFORMER AND PHASED ARRAY CALIBRATION

Phase difference of two ports — CW as stimulus
Phase vs. Time of 2 RF inputs

WA ) Signal Capture Bondwidth sweep Phase vs Time from KM100
1GHZ 0.00dBM y1g 1 GHE 0.00 0BM prross somarasmie o Ao tomaie Wwimor o

1 Phase vs Time @1RFA Cirw O2RFB Clw =]

Phase Difference
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BEAM SWITCHING MEASUREMENT WITH FSWX

Ref CLK for LO sync

v

3

Beam1 and Beam2 switch every
2-symbol duration (17.86 us)
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BEAM SWITCHING MEASUREMENT WITH FSWX

3.15rc1F1 3.25rc2 F1 4.15rc1 F1 4.25rc2 F1
PSS 558 S PBC L CORESET DMRSTS 0
PBCH DMRSPDSCH 3 P8CH DMRSPDSCH DMR s Not Used

1 Constellation Diagram

All  View1 View2 All  View1 View2
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— S « Correction

All  Viewl View2 All  View1 View2 Factors

1.15rc1F1 1.25rc2 F1
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B WE RN S T A Frame Results Averaged View1(Src1 F1) View2(Src2 F1) I
w E B B N " S ® @ ¥ % ¥ - EVM PDSCH QPSK (%)
* r ¥ ¥ e t # . ? LR Y f » EVM PDSCH 16GAM (%)
: EVM PDSCH 64QAM (%) 3.54 7 |
b B A LA S S b ek R EVM PDSCH 256QAM (%) CRm—
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»E R T s R % » 4|4 w & @ Results for Selection A“, ““, All “ll, A“, All .
»¥x 5 2% s #roas v % » EVM AILI%) S.4% %63
o e EVM Phys Channel (%) 3.50 2.72 < Overview
LA B Lo A R EVM Phys Signal (%) 3.28 259 g
Freauency Error (Hz) -0.47 047 7| o
| Measuring... . RefLevel Scale Y Max 2026-03-27
®  sync Found v EER O % g - 11:23:06
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SUMMARY

» To achieve good for high loss satellite communication,
the design of antenna receiver module with good is important.

» Advanced RF Test strategies are introduced.

— The could improve the analyzer sensitivity and improve
the test accuracy of G/T, spectral, and demodulation measurements.
- A measurement setup increases the efficiency and accuracy of

amplifier, group delay, and multi-band / multi-beam test scenarios
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