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— A common “cockpit” across multiple disciplines : BB, RF, System, Application, T&M

Application/ScenanoBayerpsicr ot nints Radar .. WLAN Inertial
Datafl Mod, Coding N}‘Q“F%'f Satellite \wpaN 3rd pgrty  Position,
(Dataflow) Control NewSpace _Farty velocity,

) s environments attitude
System / PHY Layer Cl_ﬁgﬂt
(Dataflow) to test

Multi-Channel RF_LINK
(Dataflow)

. Transmit Array |
RF Architecture Layer ey |

(Spectrasys)
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3D (ArrayWeights) 3D {E’-ec:mshc:pq) Phi Cut (B3)
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BW=28.8° BW=29.4°
SLL=-30.3dB  SLL=-28.6dB
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BW=32.3°
SLL=-26.5dB

S A

BW=36.6°
SLL=-23.7dB
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BW=39.0° BW=36.4° BW=34.4°
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Main Lobes
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Theta
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Phi Cut (B3)
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Phi Cut Hulls
Fhi
Theta

Phi Cut (dB10)
1

ax Lobe

KEYSIGHT

TECHNOLOGIES

MEFERGRIT | % 16 T



R B R

R E R U5 7 REFEHIFC A -

8x4 FTE R LLRE
fETCIERE . ~0.6 K

i F B IR
L P R 2 B 3107 54 A B
SystemVue T84 R e 5 e 2k 57 1) B S Ak
BE B B R T 7]

BITIE, BoanGEBR MG R

KEYSIGHT

TECHNOLOGIES ‘
MIEPER G T 17 T



R A REE] (T ED) -
THER WY UK I8 R Z M IT)
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i 54521 (-30 degree) i H45 5% (30 degree)

Phi Cut Hulls Hall 1 Hall 2
Fhi i * mn °
Thata -0 * -14 *
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SystemVue SpectraSys{j H

B2 SFH A0 2 Gt
SystemVue PhaseArray1/j &

Systeml (Designl) v PhasedArray2 (Designd)

3

per(1)]

Por2toun
RFAMD_1RFAMP) A0 " [phase(t)]  20=50
P

Por 3 ¢-ouT)
RFAMp_2 (RFAMP}A=77.94 " [phase@fp-50
G=Ng10 [gam]

L=0 dB [taper(2)]

pe o 25750
Tx—= = % -
pot 6 (OUT}H 1 'S )
FAMP} A=45 ° [phase®FO=50 : 8 g
ArrayPort1 {ArrayPort} RFAmp_1{RFAMP}
I RXTXx=Tx G=20dB10 [gain]
Freq=1000MHz  ArraySplit1 {ArraySplit} ArrayAttn1 {ArrayAttn} NF=3dB10[nf]  ArrayPhasel{ArrayPhase} ArrayAnt2 {ArrayAnt}
InsertionLoss=0.0688 dB InsertionLoss=0dB OPldB 20dBm InsertionLoss=0dB  Configuration=Uniform Rectangular Array

Mode=SubArray Window=Taylor [taperOption] CalcMode=Auto NumElementsX=30

NumRows=30 SideLobeLevel=-20dB10 Theta=30° NumElementsY=30
o NumCols=30 NumBars=2 RISO=50dB10 Phi=60 ° DistanceUnit=Wavelengths

EnablePN=NO DistanceX_in_Wavelengths=0.5
AMtoPM_Mode=0ff DistanceY_in_Wavelengths=0.5

MAItS ource_1 MUltiSou Zref=50Q ActiveLoading=None

S1=CW: 1000 MHz at O di PortParamType=Zin, Zout RxTx=Rx
ZIN=50Q
ZOUT=50Q
—

—s

Split16_1{SPLIT16)
IL=12.11 dB

bort_14 :oUT}
L=0dB [taper(13)] RFAmp_13 {RFAMP)A=135 * [phase(1BP=50 O
G
N

Port_15 {(*OUT}
@50 0

KEYSIGHT

TECHNOLOGIES

Por 17.40UT)
L=0dB [taper(16)] RFAmp_16 (RFAMP=368.82 ° [phase@e}50 Q
G=20 dB 10 [gain]

NF=3 dB10 [nf]
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LNA {RFAMP}
G=20 dB10
NF=2.5 dB10 ArrayAttn2 {ArrayAttn} ArraySplitl {Array Split}
InsertionLoss=1 dB InsertionLoss=1 dB
SW1 {SWITCH_Linear Window=Taylor Mode=SubArray
1L=0.5 d_B SideLobeLevel=-20 dB10 NumRows=16 [NumEIl]
. . - NumBars=2 NumCols=16 [NumEI]
[im_1 {MOD_Limiter}
‘ A 1L=0.2 dB10
* Pmax=10 dBm N
o | ~{ w 0
<lll~1l lll... ]
A . ‘A T + ArrayPort2 {ArrayPort}
N ALay ] SW2 {SWITCH Linear2) RxTx=Tx [ArrayState]
A\ Briouration=Uniform Rectanguiar Array g s i Pl Freq=10 GHz [FRxTX]

NumElementsX=16 [NumEIl]
NumElementsY=16 [NumEIl]
ActiveLoading=None

M ITEE
FinalAmp {RFAMP} DriverAmp {RFAMP}

CalcMode=Auto
Theta=20 ° [beamTheta]

RXTx=Tx [ArrayState] G=20dB10 G=15dB10 Phi=0 ° [beamPhi]
NF=5dB10 NF=3 dB10
LNA {RFAMP}
G=20dB10
NF=2.5 dB10 ArrayAttn2 {ArrayAttn} ArraySplitl {ArraySplit}
. Py u InsertionLoss=1 dB InsertionLoss=1 dB
Window=Taylor Mode=SubArray
SW1 {SWITCH
A4 2 ¢ IL=05 d:ea. SideLobelLevel=-20 dB10 NumRows=16 [NumEIl] R X
’. - im_1{MOD_Liniter} " NumBars=2 NumCols=16 [NUmEl]
im_: _Limiter
." mmmmg®®i [ o240

L] Pmax=10dBm -E\
2

12,

Y\

ArrayPort2 {ArrayPort}
RxTx=Rx [ArrayState]

.
o’
ArrayAntl {ArrayAnt}

Configuration=Uniform Rectangular Array SW2{SWITCH_ Linear2}

ArrayPhasel {ArrayPhase}

NumElementsX=16 [NumEl] IL=0.5dB InsertionLoss=1 dB
NumElementsY=16 [NumEI] CalcMode=Auto
ActiveLoading=None FinalAmp {RFAMP} DriverAmp {RFAMP} Theta=20 ° [beamTheta]
RXTx=Rx [ArrayState] G=20dB10 G=15dB10 Phi=0 ° [beamPhi]
NF=5 dB10 NF=3 dB10

Freq=10 GHz [FRxTx]
RxPwrDensity=-50 dBm [RxPwrDensity_dBm]
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Gain/Temp (#1#1)
EIRP (& HF#1)

ETE“% (d)meaS’emeaS)
= #)Gain, Directivity

=4 N GhRIIRE

Beam direction
Beam width
Sidelobes & nulls
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i | Ph asedArray?_Design2_Data

| -E S|

‘ariable

ApproccMess DirectivityAtScanThets=17.0132 dB
Approxhless_ EIRPAtScanThets=35 244 dBm
Approxhess ScanTheta=0 ®
Approxhess_TotalGainAtScanThets=35.5944 4B
Arrayhless_Directivity Pattern
Armraybless_Directivity PhiGrid
Arrayhless_Directivity_ThetaGnd
Arraybess_DirectivityAtThetaPhi=-2.585 dB
Armrayhless_EIRPAtThetaPhi=18.328 dBm
Arrayhless_Phi=l ©

Arrayhiess Thets=] ©
Armrayhlless_TotslGainAtThetaPhi=15.335 48
LogOutput=PhasedAmayAnshysis | PhasedAmay28/1E
M=as CircuitNoiseFigure=3. 085 48
Meas_CircuitMoiseTemperature=24 718 *C
M=as_FlectronicGain=15.931 48
M=as_Freq=1000 MHz

Meas OutputPower=19.521 dBm

m

LoagpOurtipeurt

PhasedArsyanahysis | PhasedAray 28 18/2018.. 737 PMExecution tims: 1.0

4 1]

F

Variakble: LogCutput
=Phasedirrayvinalysis : Phasedirrayd
Efle/2016..7:37 BM

Execution time: 1.01E =ec

Pre-Calcuated output data - Phased Array directivity

S
oki‘

an

15.89
dB10 (Level: 7.964)
[<lal} amwidth: 41.85°
theta beamwidth: 51.08°

MR RGBT

!

522 i



SR AIERAT 12 BE X [ 1] 5 BT ) P ) 552 Ml
D AR 1t
o 3 55 R 4
o YA
« AM-PM

Effect of Timing Skew on 8x8 URA Effect of Timing Skew on 8x8 URA

L. M9 (Max):
phi 20° . 1 M9 (Max):
theta 10° phi 14°

%IZ /ft’: ‘I\i ﬁ[% /f)Hi.H %l‘_“ -3.698 e % 3,698 Tmhgg. ]1070.84
« AR/ DA
AT
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‘L:'J“RA_Iso’rropicElemenT) : 3D (URA_HFSS_pattern)

» Imperfect element
patterns express
themselves at the
beam level

» Coupling and loading
can worsen internal
mismatches

- Beam degradation

- Blind spots
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— Changes loading, beam pattern

BearnPatternTx (Workspace: Phased.. | o= || & || 22 BeamPattemnTxActiveLoading (Wor... [ = || & [[=£54]
—p s f—p RBeamPatternTx BeamPatternTxActiveloading

A1l {ArrayCoupling_M@Data Flow Models}

mcj (Max):

CouplingMatrix=(64x64) [1,-0.096 + 0.053;],0... [couplingMtx] J m?: (M Gx} :
phi270°

tq 30° 2106

0:Mone
1:Ideal Coupling Matrix
- 2:5-Parameter File

-16.96

4:Active Refl Coefficents Stk (= ot
S:Active Ref.. ment Pattern theta = 490.00
ArrayAnt3 {ArrayAnt}
Configuration=Uniform Rectangular Array
ActiveLoading=S-Parameter Dataset
DatasetName=8x8_array touchstone.s64p

RXTX=Tx

20

theta = +¢C| oo

Loaded with 8x8 S-parameters’f
from ADS Momentum

KEYSIGHT
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53547 : Gain & Phase/Delay Quantization

— Discrete-valued states limit beam accuracy and sidelobe levels

3D (D1)

KIDX(2)]

0 5 (Max): o .
Dataflow 5. B T . 5 (M)
' theta 30° e
Control |—> ~ ; |

» Phase O % D]]]]]]]
Shifter

A2 {Amplifier_M@Data Flow Models} P1 {PhaseShifter_M@Data Flow Models
joini PhaseShift=0 ° b10 {Dela ata Flow Model

n o
Quantization=YES
NumBits=6

SISV
HilbertFilterLength=64

NumBits=6
StepSize=0.5s

NumBits=6

StepSize=0.5 dB10

MaxGain=10 dB10
orsEmgETe=0
GCType=dBcl

dBclout=-10 dBm

Phi Cut (B3) Phi Cut (B3)

#ﬁ#

RF 5

ArrayAttnl {ArrayAttn}
InsertionLoss=1dB
Window=Taylor
SideLobelevel=-30dB10

ArrayPhasel {ArrayPhase}
InsertionLoss=1dB
CalcMode=Auto

Theta=0 °
ArrayDelay1 {ArrayDelay}

Quantization=YES InsertionLoss=1 dB
uantization=
NumBits=6

CalcMode=Auto
heta=0 °
Or=None

Quantization=YES
NumBits=6
StepSize=0.5dB10Q

Floating point weights  Gain=4bits, Phase=3bits

KEYSIGHT
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Directivity Distribution from Phase Shift variances

BeamPattern P h ase S h Ift //
Variances /

t‘%’%@; N ;// \MA\ /m\ "\ W\ﬁ\ \4

YN

/ |
. | = | \

directivityCutSveep
o 3

T
Directivity Distribution from Attenuator (gain) variance

30

22

Atten/Gain™ /

Variances - =/
g ¥
.g—zs DY v
6—34 /

N
bl

j—
—_—

Directivity Distribution from Element Failures

mag. 21.89 22
-3 dB10 (Level: 10.97)
phi beamwidth: 25.24° 14

theta beamwidth: 29.59°
g . 7 e
Element g - - / :

Failures

—

726 /\/

directivityCutSweep
L o
o
|

w
N
|
—

a
o
—

o
o

72 54 -36 -18
Angle (deg)

directivityCut Sweep
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— A common “cockpit” across multiple disciplines : BB, RF, System, Application, T&M

Application/ScenanoBayerpsicr ot nints Radar .. WLAN Inertial
Datafl Mod, Coding N}‘Q“F%'f Satellite \wpaN 3rd pgrty  Position,
(Dataflow) Control NewSpace _Farty velocity,

) s environments attitude
System / PHY Layer Cl_ﬁgﬂt
(Dataflow) to test

Multi-Channel RF_LINK
(Dataflow)

. Transmit Array |
RF Architecture Layer ey |

(Spectrasys)
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B4 %7145 157 ) 52 1) — Nonlinear Interference from Multiple users

7.944
5.968
5.519

 Large peak from User 1 can [ e ’ 9 >

-45.18
-0.02172

compress array TX amplifiers > ' D dm
All signals become distorted % v _'
« AM-AM : sidelobes
 AM-PM : width, direction

Signal quality (EVM)

* Able to monitor the dynamic time- i
varying quality of each of : - ey

- the 4 beams, | .

« the 4 signals (EVM, ACLR)
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% 1 534455 B 52 M- Nonlinear Interference scenarios

Subnetwork2 {DirectionalSource}
THETA=20 [Incident THETA]
PHI=0
NumElements=4 [RXarrayEdge]
Fcenter=28 [FCarrier]

RECEIVE
ARRAY
DESIRED eeee
16QAM SIGNAL ¢ ®*°

Subnetwork1 {QAM_source}
ModType=4
GainDB=0 [SigPower]
CarrierFreq=28 [FCarrier]

@ L« subnetworkd (Beamwatch}

NumElements=4 [RXarrayEdge

BEAM MEASURE

FU“ RX DE'MODDS(D\gltalDemodEnv@DataFlow Mode

SymbolRate=6 MHz

ResultLength=200

ModType=256-QAM
MeasurementFilter=Root Raised Cosine
ReferenceFilter=Raised Cosine
Alpha=0.5

SaveSymbolResults=NO

1 {AddEnv_M@Data Flow Models}

Subnetwork5 {DirectionalReceiver}
THETA=20 [ReceiverTHETA]

PHI=0
- ContinuousMode=YES
Subnetwork7 {DirectionalSource} NumElemzrél:r:l;[ZX:vlayEdge]
/ THETA®0 [lli’r:-:T:DererTH ) Blts_Gain:f S2 {SpectrumAnalyzerEnv@Data Flow
NumElements=4 [RXarrayEdge] Bl!siPha‘se—G SpectumAnalvze N - Mode=ResBW
Fcenter=28 [FCarrier] ;;";,‘i:'g;fo Start=0s [Start_Time]
- ResBW=10 KHz

I
I

I

I

! INTERFERER [ 7
: SIGNAL
I
I
I
I
I

ContinuousMode=YES

Raw SPECTRUM

Subnetwork6 {JammerCW}
Foffset=6 [Foffsef]
InterfererPower=-60 [InterfererPower]

—— e e e e e e e e E EEae E.

L ——
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— In-band interference, coming from an undesired direction

6.81 Borms

U] Sfrms “am a
0.06024 % rms
2.3520404  Hz BIG LOUD

c;i.:m o T\ A citter”

0.03613 dB20
4.821=05 dB20

Mag o
Phasze Err
Freq Err
I Offset
Quad Err
Gzain Imb
Droop

KEYSIGHT
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— How many elements/power does it take to get EVM < 3%

“Yes, | can hear you
now, on my 5G phone.”

Mag En
Phase Err
Freq Err
10 Offset
Juad Err
Gain Imb
Droop

1.097=-06 dB20

“Help! Help! I'm
being repressed

by a beamforming
NULL”

KEYSIGHT
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w Dynamic Graphs |£”£|@

BRE&am k| -A

Azimuth Cut (Subnetwork4__B2)

(Subnetwarkd_ArrayConfig)

ARRAY
CONEFIG

Droop

) (Subnetworkd__CompositeBean

3D BEAM

m10 (Max):

az: 180°
. ze. 20°

mag. 19.34

Null 1 Null 2

o=

-34.05dB

SI'DELOBES
& NULLS

m bc:l Flne GIdII‘I

Data Update Mode: Asynchronous

KEYSIGHT
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1A N - a “tracking” scenario

— Beamforming to follow Lat/Long trajectory of aircraft

Range Doppler plot

SystemVue 2016
Pulsed-Doppler AESA Radar Tracking Scenario

Trajectory Layer

Target

X
& a
e 8

FF
Byt
Amplitude (x10*-18)

Antenna

9
IIoooooo

Tx Antenna Beam

TxBeamformer

(o) -E-] ]
TX Antenna Beam

mé (Peak):
)& az. 17°
ze. 45°
mag. 28.24

o az=+0.00
Radar Baseband ’

4 7 ze=+490.00
,

g

Radar Exciter

Radar Signal Processing

KEYSIGHT
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5G . F: OFDM link, using linear TX beamformer

— 4-layer MIMO signal, 2 GHz bandwidth at 28.5GHz carrier

EVM Ideal Array
-22.113

EWVM Ideal PA array

-1

KEYSIGHT [F SR R S S S S A

TECHNOLOGIES

PRI | 5536



5G M FH: OFDM link, using nonlinear TX beamformer (RF_Link

— Power-handling limitations creating system-level effects

ANGLE CONTRGL PEIVITUAL BEAMELET

EVM Nonlinear Array

7 V 5 8 g -
ArrayPortd {ArrayPort} RFAMP_2 {RFAMP} —— .
G=20 ¢80 EVM Monlinear PA array
e Freq=28500 MHz[Fin] ArraySplitz{ArraySplit NF=3 0810 ArtayPhase2 {ArrayPhase} AMTayAfin2 (ArayAting  ArTayAnt3 (ArrayAnt 125
:“ TxPwrin=11.062 dBm [Pin] InsertionLoss=1dB OP1dB=60 dBm InsertionLoss=1cB InsertionLoss=1@8nfiguration=Uniform Rectangular Aray
Mode=SubArray OPSAT=63 dBm C:
NumRows=8 OIP3=70dBm Theta=30° NumElementsy=8 i L 3 ."
NumCols=§ 0OIP2=80 dBm Phi=270* DistanceUnit=Wavelengihs
DistanceX_in_Wavelengths=05
DistanceY_in_\ 075
‘ActiveLoading=None
RxTx=Tx . -
=]
———————————————— B T it et
u
u 05 o_gb
. -
4EEEEEEEEEED 075 B I] - .
L
-
-1
125 }

-125 -1 4975 495 925 0 Q25 Q5 075 1 125
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le Edit View Tools Help

Project

- f|.|@|@|ﬂ|§|iw]ﬂg

Project: Parameterized_Mo...

G- % Sub

= ® Patch
=E Copper

= E Modeling
Iy

Sequence
an Onerati

: f Internal Port 5ensors
=) Waveguide Port Sensors
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Gain total, FDTD - 8x8 0.8 lamda spacing : ( v || Hide Others || Unload |
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48.06% 24030 /7 50000 -29.89 /7 =30.00 2hrs, 25m, 46s / 2hrs, 37m, 323
48.08% 24040 / 50000 -29.89 / -30.00 2hrs, 25m, 483 / 2hrs, 37m, 263
48.10% 24050 / 50000 -29.89 / =30.00 2hrs, 25m, 503 / 2hrs, 37m, 213
48.12% 24060 / S0000 -29.89 / =30.00 2hrs, 25m, 523 / 2hrs, 37m, 153
48.14% 24070 / s0000 -29.89 / -30.00 2hrs, 25m, 553 / 2hrs, 37m, 1lls
48.16% 24080 / S0000 -29.89 / -30.00 2hrs, 25m, 573 / 2hrs, 37m, 63
48.18% 24080 / 50000 -29.89 / =30.00 9s / 2hrs, 37m

48.20% 24100 / s0000 -29.89 / =30.00 2hrs, 26m, 13 2hrs, 36m, 55a

Saving steady state fields for far zone comp
Time step 24100, =30.18 dB convergence reached., Computing last time step.
Executing simulation with 8 threads (for supported features).
time acep 24100, =30.18 dB convergence reached. Performing post processing.

KEYSIGHT

TECHNOLOGIES

MR R GE et 941 T



K28 v - ADS Momentum 8x8 patch array
Direct EM solution, with weighted signal excitation in post-processor
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Patch Antennal Design (1X4 array - 2 Lambda)
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