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Design Challenges for Phased Array Systems

PHASED ARRAY DESIGN ACROSS MULTIPLE DOMAINS
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« Crosses multiple disciplines

* Disjointed tool set

 Design, predict, test, and validate

* Time to market
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SYSTEM LEVEL

PERFORMANCE
BER, EVM, Throughput
Wireless standard specs
Probability of Detection

BEAMFORMING

ARCHITECTURES
RF / Digital / Hybrid

ALGORITHM
Multi-function

Nulling interferers
canning, tracking

Tapes, Sidelobe mitigation
Error correction, self-calib ®

OTA MEASUREMENT
OTA chamber, OTA specs

RF SYSTEM
ARCHITECTURES

Link budget
‘)Component specs, variations

Nonlinearities / intermods
Frequency response
Gain/Phase states

Noise and SFDR

ADC / DAC quantization

ANTENNA ARRAY

3D configuration

3DEM element patterns
istribution manifolds

RF /ASIC IMPL
Active/NL performance
Loading, Coupling, Ghosting
DC/PAE efficiency, Thermal
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Phased Array Fundamentals & Beamforming Architecture

« Time delay beamforming: x(t — At)e/?™/c(t=NAT)
* Wideband

RF Beamforming
* Phase shift beamforming: x(t)efZ”fctefNM
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Phased Array Fundamentals & Beamforming Architecture

* Time delay beamforming: x(t — At)e/?™/c(t=NAT)

* Wideband

» Phase shift beamforming: x(t)eﬂ”fctef”w
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Digital Beamforming
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Phased Array Fundamentals & Beamforming Architecture

RECREATING PLANE WAVE PHASE FRONT

] ) . & Precoder DIA OX))—
* Time delay beamforming: x(t — At)e/?™/c(t=NAT) 3 Fas :
» Wideband Shared _, . . ‘;E“ @
. . , , Arra =[P Fu . P o F
» Phase shift beamforming: x(t)eﬂ”fctef”w H byd — R Fzﬂ & v
. AP=—2mf.AT Yo BE N lew.. v e,
- c
MIMO __| R
« Narrowband 0\99 E! encoder oa (X
“6
" "(\H)m A path length —@j
né
\ v ; :—— a3
N~ ’&a | = > _¢ Y
S E'D : — a Precoder DIA OX)— -
0000000 o . Ly ¥
Trotal = d &= Subarray —f 4 g _
| ota . F, F F .
| 1 Hybrid BF S L Fre .
. delay between phasefront i d r : : .- ; ‘ i
' arrival at first vs. Nt element | i Y
tq tg MIMO __| > Y
encoder DA X
——— j

KEYSIGHT

TECHNOLOGIES



Combined Analysis of RF, BB, and Application Scenarios

e
Test system measurement LT :
software (Dataflow) = -

B Origin(0,0,0)

TWar_Switching_Rx_Diversity_Beamioming_Thovahost Avesy_Swnening R Diversity Bssmomming_ Thoughput
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Beamforming with RF Impairments
across 625-element T/R modules

Dynamic behavior, algorithmic,
modulated waveform (Dataflow)

RFLINK

RF Architecture
T/R Module

RF phased array
system architecture

‘Qﬁ Element Pattern
“wd Array S-parameters
VIPre
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Designing Phased Array Systems with Any Size

NXN URA RF-BF RF-IF T/R MODULE

Traditioanl|

. .I . Port 2{*0UT}
0=500

L=00B [taper(1)] RFAMP_L{RFAMP} A=0* [phase(1)] Zi

=10 [gai] E
N =- o
lPort_3{-0UT)

Attenuator array: Window (Taper) V.S.
New Approach

Array configuration & Phase Shifter array: Beam direction
element patterns

Combhiner / Splitter network (multi-stage)

Spit16_1 {SPLIT16}

Port 10 {*0UT)
Amp_9 {RFAMP)  A=90° [phase(9H0=50 0
2710 [gan]

Port_11{*0UT}
(20F50 0

Port_1
=08 [taper(13)] RFAMP_13 {(RFAMP} A=135  [phase( 131D

G=aRg10 [gain)
N =~ o
15 {*0UT}

per(14)] RFAMD_14 {RFAMPA=212.94 [phase(Z0150 0
o jgan)

4 {0UT)
=500

~O e G390 [gai]
~C = s e
LNA {RFAMP} v ~ =
G=20dB10 N
NF=2.5dB10 ArrayAttn2 {ArrayAttn} ArraySplitl {ArraySplit}  ArraySplit2 {ArraySplit} RF_BPF_Rx {BPF_BUTTERYlixer_1 IF_BPF_Rx {BPF_BUTTER} IFAMpRx
v Window=Taylor InsertionLoss=1 dB InsertionLoss=1 dB ConvGain=-8 dB G=15dB10 \
SWL{SWITCH_Li ”ea’W"ﬁ — SideLobeLevel=-20 dB10 Mode=SubArray Mode=SubArray SUM=Difference NF=3 dB10
1L=05 dE \ NumBars=2 v NumRows=4 [NumEl/4] NumRows=4  ¢\/5 {SWITCH_LinearP}
: lim_1{MOD_Limiter} \ ~ InsertionLoss=1 dB NumCols=4 [NumEl/4] NumCols=4 1L=05 dB l ‘
'J 1 : . '
—J Prtaf;zlg%gom . ~'—‘?_ — — _7'1 / @ R F é 9 I F 1 -
P —
2 - — - — - | —r 2| F=5GHz [LOFreq_GHz] 2 —
- % Pwr=9 dBm P
ArrayAntL {ArrayAnt} \ / \‘ ArrayPort2 {ArrayPort}
i i =Rx [ArrayStatt
Configuration=Uniform Rectangular Array e : é /S 2 {S}ﬁl—r{)g';ﬁu nearz} ArrayPhasel {ArrayPhase} \ 4 {S?ICI_I‘(I;C; F[;ELI nBafBx=Rx [ArrayState]
NumElementsX=16 [NumEl] — e CalcMode=Auto Mixer_2 o
NumElementsY=16 [NumEIl] Theta=20 ° [beamTheta] ConvGain;- B
DistanceUnit=Meters FinalAmp {RFAMP} DriverAmp {RFAMP} Phi=0 ° [beamPhi] ArrayState ~
L SUM=Si
Distancex=0.015 m G=20dB10 G=15dB10 InsertionLoss=1 dB Y \ — Nk unf X
DistanceY=0.015m NF=5dB10 NF=3dB10 2 g, | —— — gy | -
ActiveLoading=None
= FRxTx = 10 NumEl = 16 RF_BPF_Tx {BPF_BUTTER} IF_BPF_Tx{BPF_BUTTER} IFAmMpTx
RXTx=Rx [ArrayState] ] O] G=15d810
Freq=10 GHz [FRxTx] T T T T v T 1T 1T 711 \ Y T ] I NF=3dB10
RxPwrDensity=-50 dBm [RxPwrDensity_dBm]
5 15 4 36 a
Center Freq Number of Elements (NxN) MI'())(DZE
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Explore Phased Array Design Space
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Monte Carlo Analysis of Multi-Channel Variations

PHASE ERROR, MAG. ERROR, & ELEMENT FAILURE

ArrayAttn
Directivity Distribution from +/- 10° Phase Shift Variances Window=Taylor
2 Error=Custom Error
CustomError=(64x1) [0; 0; 0; 0; 0; 0; 0... dB10 [zeros(64,1)]
;5 N F-| & Rx
< : —y 7
82 .l e :
L RFAMp —{}J— ﬂZL ArrayPort
RxTx=Rx
'50790 S » o » © % ArrayCombiner
Anale (dea) _A"a;yAm i ArrayPhase NumRows=8
Directivity Distribution from 1 dB Attenuation Standard Deviation . ElementFailure=Custom Failure Theta=30 NumCols=8
2% CustomFailure=(64x1) [1; 1; 1; 1; 1; 1; 1; 1... [ones(64,1)] Phi=270 °
RxTx=Rx Error=Custom Error
@ MonteCarlo Properties CustomError=(64x1) [0; 0; 0; 0; 0; 0; 0; 0... ° [zeros(64,1)] *
g A
207 General Measurements Variables
g
S o Parameter 'CustomFailure { ones(54,1) )
3 Use Parameter Probability Distribution o - -
g, Distribution; | Discrete (List of Values)
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z v ' | Discrete: List = [0 1] |
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Impact of Non-ideal Linear Devices on Beam Patterns

Quantization S-Parameters

2 S 2 S

QUANTIZATION & S-PARAMETERS

R A =N «

ArrayPhase 1 {ArrayPhase}
CalcMode=Auto
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DatasetNam
RxInCrTxOutMap={
RxOutOrTxInMap=1

Theta=25*
Phi=250 °

AU, Z2,13,14,15] xINOrTxOutMap=.

RxOutOrTxIinMap=1

Tx —- 3 }5 h g . 7y
| . [Z] = v Quantization S-Parameters
e[S ; S — 2 = 2
T v
ArrayPort1 {ArrayPorty | = Rx iz &

RxTx=Tx
Freq=10 GHz [Freq]

DatasetNam:

£ Schematic

T e | Ervor

ArrayAttn1 {ArrayAttn}
Windew=Taylor
SidelLobel evel=-20 dB10

NumB:

RxQutOrTxInMap=1

T Lowin T 1

ArrayAnt2 {ArrayAnt}
Configuration=Uniform Rectangular Array
NumElementsX=8
NumElementsY=8
DistanceUnit=Meters
pistanceX=0.015 m [ElementDistance]
BistanceY=0.015 m [ElementDistance]
ActiveLoading=None
RxTx=Tx

di Mag_521 (Workspace: SParamDatasetP haseShifterAtten)

ADI HMC543ALC4B 521 Mag

Quantization
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Impact of Nonlinear Devices on Beam Patterns

BeamPattemn

4_m7

H Circuit_Link
RFin RFou
Tx—= 4& - Y :
RFAMp_1 {RFAMP) 4&* —‘ % '— -
Nrayp;gx(ﬂ;aypcn} ggio z{mw ! Circujp Link_1 (Circuit Link}
Freq=28 GHz [Freq_GHz] NF=3dB10 il
i :,[w,qri ) ArraySplitl {ArraySpli} ArrayPhase2 (ArrayPhase} ArrayAttn1 {ArrayAtin} putFreqsOrders=5 ArrayAntl {ArrayAnt
Phase=0° InsertionLoss=1dB. InsertionLoss=1dB Window=Taylor MaxM'XlﬂgOrdeﬁi ActiveLoading=None
MainCarrierindex=1 Mode=SubArray InsertionLoss=1dB. F;ﬂlgl;gg‘zlw RXTX=Tx
NumRows=8 = 20=50 0
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{e} . 4
phi8os° ; 2 s
theta 39° 2 )

mag. 1.991

DCP vs Pin
m8-m7: Aphi 38°, Atheta 9°, Amag. -19.84

BeamPattemn

4.m7

m8&-m7: Aphi 37°, Atheta 9°, Amag. -16.22

2

m8 (Peak):
phit806°
theta 38° 2
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Analyzing Spectrum & Patterns at Spurious Frequencies

SPECTRAL & SPATIAL MASK ON EIRP PATTERNS

EIRP_Pattern_1e10Hz (=1 EIRP_Pattern_1plelOHz o || =] &R {4 PhasedArrayl_TxDesign_P_06_DriverAmpl_RFAmpHO_Output = || =] ER 80 i Phi Cut
- — Mask

P_06_DriverAmp1_RFAmMpHO _Outpuf............ )= I o e
1P 06 ] p'_RFAmpHD_C)LIpM:"m\ 60 H —_ gocg;z
| M a —6GHz

“*-k\\_h | cH 08 Drivermen RFAmEHO Oape — if(;_"z
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0 MFz0.853 dBm 4 V—\
! NodeTotal
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Mz, 10.73 a8m h [-\
| AmsyFonZ 0
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|| NogeTotal W W W Vvv \y v Y V\/ V\ﬂ 14
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1 MHz 70752 aBm 40 7\/ v ' v U
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A o 45 o
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80 T
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EMPro Patch Array Antenna Design (4X4)

L iad
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EMPro Patch Array Antenna Design (4X4)

Pick face, edg:
Use Shift for si
Press 'h' to hic

Prece 'l' tn Inrl

KEYSIGHT
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Pick face,
Use Shift 1
Press ‘h't
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EMPro Patch Array Antenna Design (4X4)

Radiation Pattern for individual elements. Notice they are not same and properties
will vary depending on Radiator’s position in the Antenna Array

Element-1 Element-2 Element-13

KEYSIGHT
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EMPro Patch Array Antenna Design (4X4)

Setup Multi-Excitation in EMPro to activate all radiators, here we are using phase of 0° for all radiators

B
Name Feed type Amplitude | Phaseshift |.Carrangeme R E G
1 |P1 Voltage v i1 0° Parallel v |50 ohm 0nH 0pF
2 |P2 Voltage v 1 0° Parallel ¥ | 50 ohm 0nH 0pF
o 3 |P3 Voltage v 1 0° Para!lel ¥ | 50 ohm 0nH 0pF

4 |P4 Voltage v /1 0° Parallel v 50 ohm 0nH 0pF
5 |P5 Voltage v 1 0®° Parallel ¥ | 50 ohm 0nH 0pF
6 |P6 Voltage ~vi1 0° Parallel v 50 ohm 0nH 0pF
7 |P7 Voltage v i1 oe Parallel v | 50 ohm onH 0pF
8 |P8 Voltage vil 0° Parallel ¥ | 50 ohm 0nH 0pF
9 |P9 Voltage v 1 [ K5 Parallel v | 50 ohm 0nH 0pF
10 | P10 Voltage v 1 0° Parallel v | 50 ohm 0nH 0pF
11 |P11 Voltage v |1 0° Para!lel ¥ | 50 ohm 0nH 0pF
12 (P12 Voltage vil 0° Parallel ¥ | 50 ohm 0nH 0pF
13 |P13 Voltage v 1 0° Parallel ¥ | 50 ohm 0nH 0pF
14 |P14 Voltage v 1 0° Parallel v 50 ohm 0nH 0pF
15 |P15 Voltage v i1 0° Parallel v |50 ohm 0nH 0pF

IRuns v | HdeOthers | Unload | 16 | P16 Voltage v |1 0° Parallel v 500hm 0nH 0pF

| Rotations | '

Exdtation type: | Multiple Excitation ¥ | Create Line Graph...

e Excitabors P37} [ oo || cancl || memty |

Ml Excitation: | Set Port Excitations |

KEYSIGHT
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EMPro Patch Array Antenna Design (4X4)

Resulting Far Field pattern showing array gain of ~14.6dBi

v/ HdeOthers || Unload |

v Exdtationtype: | Mutiple Excitation | ¥| | Create Line Graph... |

srgebxctaton: (P13 |]

KEYSIGHT
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EMPro Patch Array Antenna Design (4X4)

2D cut pattern at Phi=0, Nulls @42°

File View Marker
“E@EOX=2FRT > ¢ o
Gain vs.Angle
[~ -42.082° e

— -18.473 dBi | vvvvvvvvvvvvvvvvvvvvvv A0 | O N WU UV O SO VSO O IV IS SO SO | OO (SO (OO O U SO SO SO O O NSO OO O

— -22.301 dBi
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EMPro Patch Array Antenna Design (4X4)

Export far field pattern files (.uan files) for individual radiators.

Result Type Sensor I Sensor Type Domain Field Type Status Mis

View (default)
View Smith Chart

Postprocess Results  »

Resulting 16 uan files

Results window,

Select 3D Gain
measurement, right click and
Export to select UAN file

Unlist Project
Copy Python Expression

Export to CITI file...
Export to Touchstone file..,
Export to ADS dataset file...

|| pattern_0l.uan
|_| pattern_02.uan

attern_03.uan
Export to '.s' file... LIP 7

|| pattern_04.uan

Export to Text file... || pattern_05.uan

Give filename, select Freq and Excitation name

|_| pattern_06.uan
|| pattern_07.uan
|_| pattern_08.uan
|_| pattern_09.uan
|| pattern_10.uan
|_| pattern_11.uan

|| pattern_12.uan

|_| pattern_13.uan

i |_| pattern_14.uan

ile name: Ipatbern_O 1.uan

|| pattern_15.uan

Files of type: ' UAN files (*.uan)

¥  Exdtation: P1 )

requency:  5GHz

% Cancel

|| pattern_16.uan /

KEYSIGHT
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SystemVue Phased Array System Design

Setup equivalent Antenna configuration in SystemVue

Bieoieioniae s !EHE {,,“/ EMPro_Files (Workspace: Test_EMpro_UANFiles) |E||E”}
R g p- . X . N I 1 5

‘ o g - 8 Y tﬁ::::::i%:i::i:%i::::%::

I o . i v I ......

—Z] ' —/Q{— o=t = . ke S . . . ST YA

»
7 "ArrayAnt2’ Properties /
"ArrayAnt2’ Properties
Designator: ZRevnel [¥] show Desj
Designator: ArrayAnt?)] w Designator S -
S Description:  phase Array Antenna Model -
Description:  phase Array Antenna Model - -
Model: ArrayAnt - Dshow Model
Model: ArrayAnt v [¥]Show Model [ [
- 7~ Manage Models... (73 Use Model E
[F  MonageModels... | (@7  ModelHe ] Use Model E]
- <
| ks
c3
q Antenna Configuration Element Pattern Sethngs I Rx Parameters |
Antenna Configuration ’ Element Pattern l Settings l Rx Parameters [
Rx/Tx: 2:Tx v Type: 3:Pattern File v
Array: 2:Uniform Rectangular Array v Distance Unit: 0:Meters b d File Type:  0:EMPro N SEIeCt Ind“"dual for
Map Option:  g:Individual for Each Element v/ Each Element
Number of X Elements: NumX Distance X: 22 @
File Map: |11 .
o Select 1st file from the
Number of Y Elements: NumY Distance Y: 22 E] File Name: sjles_Anurag\pattern_01.uan @'—'—-— list
Antennas Per Location: 1 Rotate Element:  0:NO Y
Define same distance as in
EMPro Patch Array =
{ Advanced Options... [ oK ] [ Cancel ] [ Help Advanced Options... ] [ oK ] { Cancel 1 [ Help 1

KEYSIGHT N
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SystemVue Phased Array System Design

Comparison of EMPro and SystemVue Farfield patterns.....Excellent Correlation...!!!

2% EMPro_Antenna_Pattern (Workspace: Test_EMpro_UANFiles)
EMPro_Antenna_Pattemn

J.m21 (Peak):
phi 0°
theta 0°

nag. 14.67

eta = +90.003'5Q

KEYSIGHT
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SystemVue Phased Array System Design

Comparison of EMPro and SystemVue 2D Cut pattern

[S=E=]

File View Marker
AEBEOX=2CRT S ¢ <

-42 deg, -22.893 dB

2deg, -23.202 dB

AAAAAAAA

KEYSIGHT
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Simulation vs. Measurement Results

8X8 28GHZ URA RF BEAMFORMER RF-IF CONVERTER
Beam 3dB Beamwidth | First Null Left First Null Right | First Sidelobe First Sidelobe
Direction (deg) (deg) (deg) Left (dB) Right (dB)

Meas Sim Meas Meas Meas Sim Meas
O degree 12.2 12.0 -15 -15 15 14 -20 -19 -20 -18
30 degree 14.5 14.0 14 13 50 50 -20 -21 -20 -20

-30 degree 14.5 14.5 -50 -50 -14 -13 -20 -22 -20

KEYSIGHT
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Phased Array Radar Design Case Study
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Analog Devices — ADAR1000 Block Diagram

FUNCTIONAL BLOCK DIAGRAM

TR_SW_POS
TR_SW_NEG

- o - N oMo =z o
88 2EgE 3§ 6 8
2 z B88&8 g £
REGULATORS TOiPA SIAS AND CONTROL | ADAR1000 T : :
LNA_BIAS O | BIAS ngh|lghted pOftIOI’]S IS
PA BIAS LNA BIAS ?
pA_mAszj;— PA BIAS menss  What we are modeling
_— [: z E; ADC DET3
& 7 L ‘ ) TX3
X2 o

DET2 (

Rx1 C

TX1

DET1
-y PABIAS ) PA_BIAS4
PA_BIAST O— gas | SPI | ADC TEMPERATURE

SENSOR

) RX4

%E

GND ()

o - x OmOoOXano o
E ¥ igunak<<g =
o002 dan f=l=) w
Egm i r
1l
X %
o

KEYSIGHT
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Data Based Model

20 30
15 25
/—'—-‘-"lq‘.“
10 e — 20 / /f'—"--______\.______
"‘_-- —‘.‘ﬁ T P _\\ H\
- -_':--.\:-..“ \ // ,--—-._\\
5 i S e E— 15 7 A P Y BN
5 g I hﬁ_.:"--..__ ~Es . i -..q....,_._‘ '-v-...,_‘:‘-....__"--.:'::}: \
- - -"'b“ . hﬁh‘\ \\ % f’f‘:’ ."'h-‘ - -.-"'"h.“- “".-‘
z o/ N A aY z 0 AH N
< B TSR \ < (74 M T \‘\
(@] _5 ""'\\ A, ) (&) 5 'i' \‘ R \'\
\\. "\ 'ﬁ' l" “'\ \"\.\
= NOMINAL BIAS, -40°C ‘\ W\ / e NOMINAL BIAS, -40°C \\ N
-10 NOMINAL BIAS, +25°C \\ "“. 0 _p'?, NOMINAL BIAS, +25°C \\
— NOMINAL BIAS, +85°C \ — NOMINAL BIAS, +85°C b
——~-LOW BIAS, —40°C \ 5 E —==LOW BIAS, -40°C
=15 ~—~ LOW BIAS, +25°C \ - ~ ——~ LOW BIAS, +25°C
=== LOW BIAS, +85°C b —-== | OW BIAS, +85°C
-20 ' ' o -10 ' ' .
6 3 10 12 14 16 18 3 6 8 10 12 14 16 18
FREQUENCY (GHz) 5 FREQUENCY (GHz) 5

Figure 9. Receive Channel Measured Gain vs. Frequency for Various Bias ~ Figure 27. Single Transmit Channel Gain vs. Frequency for Various Bias
Settings and Temperatures Settings and Temperature

% Only nominal bias and nominal temperature are part of this version of the ADAR1000 model.
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SystemVue Frequency Dependent Data Based Model

PERFORMANCE CAPTURED WITH FREQUENCY DEPENDENT SYSTEMVUE MODEL

‘Amp1’ Properties x

Designator: | Amp1 1 show Designator

Desaription: | pF Amplifier |

Model: | RFAMP ~| [Jshow Model |

Amp1. .
= Manage Models... I@ Model Help \ Use Model wille

Parameters Frequency

ly  ImportSysParameters... { |  ExportSys-Parameters... P Clear Data...
(GHz) | (dB) | (dB) | (dBm)| (dBm)| (dBm)| (dBm)| (Ohm)|(Ohm)| (dB)
Add | Remove 8| 8.024| 8171| -6.276| -3.276| 2.936)12.936
Add | Remove 81| 8269| 8.149] -6.089| -3.089| 3.055|13.055
Add | Remove 82| 8509| 8.109] -5937| -2937| 3.134[13.134
ADAR1000 \\ Add | Remove | 83| 8755 8.061| -5748| -2748| 3.172[13.172
_ Add | Remove 84| 8998| 8011 -563| -263| 3244|13244
Fl’equency Add | Remove 85| 9.177| 7.947| -5.549| -2.549| 3.288(13.288
Add | Remove 86| 9324| 7.928] -5.492| -2.492] 3207(13.207
Dependent Data Add | Remove 87| 9501| 7918 541| 241 3142]13.142
Add | Remove 88| 9572| 7899 -547| -247 3.033[13.033
Add | Remove 89| 9.831| 7.887| -5.308] -2.308| 3.101(13.101
Add | Remove 9| 9.962| 7.876| -5.284| -2.284| 3.084[13.084 v
4 Parameter Options B Browse...

= Advanced Options. .. [ ok ] cancel Help
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Complete Rx or Tx Model

MODEL ALLOWS FOR PROGRAMMABLE GAIN AND PHASE

~ Port.1
'Z0=50Q
PORT=1

X

56

:/@’f
’—,®’—

- ) >
T ] K ? 3 5 2z 7
o o o o - e Port_2
Amp1. DigStepAttn_1 | . Avg_emr | - 20=50Q.
o _ =0T _ o -« . G=0.25dB10[merr] . . . . . . T=9 |
- crr=o e  Ampvart ~ T0-2>dB10Imen] oy PORT=2.
-Theta=0°[=Theta]
- Phi=0 ° [=Phi]
Name Description Default Value Units

State State 0 thru 31 3(()

APh_Rx_CalcMode Calculation mode 0:Auto ()

BeamPhase Phase values for Beamforming [0:45:315] | (deg)

NElem Element Quantity 8l()

Theta Theta angle 0|(deg)

Phi Phi angle 0|(deg)

Window Window (taper) type 0:None ()

WindowParameter Window parameter for GeneralizedCosine and Rea 11()
SySte mVU e SideLobelLevel Side lobe level in dB for Taylor window -40 |dB

NumBars Number of bars for Taylor window 21()

Alpha Alpha parameter for Gaussian Window 25(()

KEYSIGHT

TECHNOLOGIES



Complete ADAR1000 Model

SystemVue

Rx [ADAR 1000- Rz
.. . _State=31[Gainld = =
APh_Rx_CalcMode=Auto [=Ph_CalkcModg
- * NElem=_8 [NElem] - o
Theta=) ® [=Theta]
Phi= * [=Phi]
" Window=None [=\Window] °

ADAR 1000_Rx

SwWih
State=Z [=5tateTxRx] 6

" Por_1
(PORT=1 | 1 1 /1 1\'_
AT B 2 | . .8 2 §

2,

=

. S
4 State=T [=2_siatd]

o . SW2 W3 '
L L . . - ] - - - - . . . . . . . .

11 State=2 [=SiateTxRy] Stzte=1 [=3_siatg
ADAR10OO Tx| - - '' . . oo o D TR s s

. Tx {ADAR1000_Tx} _ N )

State=31 [Gainldy L=15d8
© APh_Tx_CalcModesAuto[=Ph Calchlods] ~ © © © & © = s s s s s s s s Py yap

NElem=5 [NElem]

Theta=0 * [=Theta]

" PHi=0 * [=Phi] "

Window=Nooe [S\Window]
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ADAR1000 Model Parameters

ADAR1000_RxTx

¢ @ RxTx Com ———& -

5} 3

U1 {ADAR1000- RxTx}
- StateTxRx=Tx
- Ph_CalcMode=Auto
- Gainldx=31 .
-StateAtt=NO
NElem=8
Theta=0 °
Phi=0 °
- Window=None -

Name Description Default Value Units
StateTxRx Rx | Tx 2Tx ()
Ph_CalcMode Calculation mode 0:Auto ()
BeamPhase Phase values for Beamforming [0:45:315] | (deg)
Gainldx Gain Index (0 —= 31) 3|()
StateAtt Attenuator Off =1, On =2 0:NO ()
NElem Element Quantity 81()
Theta Theta angle 0 |(deg)
Phi Phi angle 0 |(deg)
Window Window (taper) type 0:None ()
WindowParameter Window parameter for GeneralizedCosine and Rea 11()
SideLobelLevel Side lobe level in dB for Taylor window -40 (dB
NumBars Number of bars for Taylor window 21()
Alpha Alpha parameter for Gaussian Window 2.5(()
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Frequency Sweep A

nalysis

-~ PhArrayDesign1 (Workspace: ADAR1000_PhasedArray_101218) (s =/ &7 sweeps_GAIN Workspace: ADAR1000_PhasedArray_101218 (o ][@|[=] 12 GHz
ADAR1000 RX Gain vs Frequenc H
— “I = duency Gain values
ma_-*im.pss-‘l [ =] Antenna
“ﬁm" Manifold 16
Receiver  numCoes 5 1.] 12
: ¥ ! -
ol , 1 = - e — a) 9.173 d
3 : 3 3 e = — L I -
Nrﬁ’gﬁ%ﬁm m‘“?éi?fﬁ-‘? T ArrayAnti {ArrayAng T‘-:‘E’L ) / ‘\\ . o 2 ao
PORT=2 Bn_CaicModz=Manua Confguraton=Uniform REctEng uiar Aty 5 0 N =% M Nd A0
BeamPnase=(1x8) [0.4550,135,180225.270.31... * [~BeamPnase] kﬁm:ﬁ c / ‘\ ) 3 Lk 0
ek - S 4) 9.153 dB
**1=3 al_ADAR1T000_Rx FSwp -
FRx = 12 : =) =Ll -
8 — n rg,z Rx_Eqn_swp ~A
L Sw PhArrayDesign1.FRx .
< ’ 9 eepS( yDe 9 E 10 11 12 13 14 15 16 17 18 1) 9.026 dB
W L;,mml 5,‘: Equations l MJ Sweeps—Data (Sweeps) Eq::r_‘?m(s_:zfp =T QA N0NFr o :
. - Sweep5_GAIN
4 Sweep5_NF (Workspace: ADAR1000_PhasedArray_101218 : d Sweep5_IP1DB ce: ADAR1000_PhasedArra - (o [@ =]
ADAR1000 RX NF vs Frequenc ! oo ADAR1000 RX IP1DB vs Frequenc
2 ALY | - 4 SweepS_NF ey
18 -2
16 4
14 T -5
-~ o
D12 = 8
T 1 ||2..k
@ 10 —" o -10
T “\.,_L __.an-—-—"ll"""- g 12 \
2 ° = 2
€ 6 31 f.ﬁb..w‘"
4 16
’ 0 SystemVue
'8 7 8 9 10 1 12 13 14 15 16 17 18 6 7 8 9 10 11 12 13 14 15 16 17 18
Frequency (GHz) Frequency (GHz)
Rx_NF_swp — Rx_IP1DB_swp
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Phased Array Hexagon Configuration - Rx

{ -~ PhArrayDesign3 (Workspace: ADAR1000_Phased... | = |[ & A o|E]® o |[@ ] =
A _ PathMeas_CGAIN ArrayConfiguration
R e SystemVue
- SCR_M = 30 “' .:
el ze.‘. j
v -80 {11
1 -I: :" 4 -t ul_ 2
1_7 = > Subnetworkl Node a P
lc3| PartList [~ Schematic | 2x* Equations PathMeas_CGAIN
) o || @ &R ~ o || = || &2
PathMeas_OP1DB_DCP
B i
§ N
T 20 N\ = =
S 10 N — 2 = .
% o _— e % % phi =+0.00
; 10 N— . g theta =+90.0
z .20 % 330
S & %00
E — T
o F ; HF 2
Subnetworkl _Node A - tiaa
—— BeamMeas_PhiCutDirectivity —— PathMeas_OP1DEB PathMeas_DCP
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Array Configurations Supported

ArrayConfiguration (Workspace: ADAR1000_Pha... |- = || = = [ (=) ArrayConfiguration (Workspace: ADAR1000_Pha... | = |- (=) ArrayConfiguration (Workspace: ADAR1000_Pha... | =
ArrayConfiguration ArrayConfiguration ArrayConfiguration ArrayConfiguration

00 10 20 30 40 50 60 7.0
00 10 20 30 40 50 6.0 7.0

00 10 20 3.0 40 50 6.0 7.0

00 10 20 30 40 50 60 7.0 00 10 20 30 40 50 6.0 7.0 -2, -1. g : d 00 10 20 3.0 40 50 60 7.0

Phased Array Pattemn
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ADAR1 000 TX Phased Array Design with real Radar Signal

{,,h o [® ) 23| Ennnnspeoq =N EcH ===
S DB OF WB_Radar S

- ¢ 17 BF1 (Schematic)
EH DF1 (BF1) ]
- - L] DF1_BF1_Data (DF1)
‘Hf" >+ \— - ' {4 DF1_BF1_SpecAn

@[] a5_DBF_Rx_DF_WB_Radar

. U )
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Thank You for Attending!
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