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• Crosses multiple disciplines

• Disjointed tool set

• Design, predict, test, and validate

• Time to market

P H A S E D  A R R AY  D E S I G N  A C R O S S  M U LT I P L E  D O M A I N S

Radar/EW 5G WirelessSatellite

ALGORITHM
Multi-function 

Nulling interferers

Scanning, tracking

Tapes, Sidelobe mitigation

Error correction, self-calib

BEAMFORMING

ARCHITECTURES
RF / Digital / Hybrid

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 

Distribution manifolds

SYSTEM LEVEL 

PERFORMANCE
BER, EVM, Throughput

Wireless standard specs

Probability of Detection
RF / ASIC IMPL
Active/NL performance

Loading, Coupling, Ghosting

DC/PAE efficiency, Thermal
OTA MEASUREMENT
OTA chamber, OTA specs
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• Time delay beamforming: 𝑥(𝑡 − ∆𝜏)𝑒𝑗2𝜋𝑓𝑐(𝑡−𝑁∆𝜏)

• Wideband

• Phase shift beamforming: 𝑥(𝑡)𝑒𝑗2𝜋𝑓𝑐𝑡𝑒𝑗𝑁∆∅

• ∆∅=−2𝜋𝑓𝑐∆𝜏

• Narrowband

R E C R E AT I N G  P L A N E  WAV E  P H A S E  F R O N T

∆ 𝑝𝑎𝑡ℎ 𝑙𝑒𝑛𝑔𝑡ℎ

delay between phasefront

arrival at first vs. Nth element

𝛼

𝑑

𝑡1 𝑡8

𝜏𝑡𝑜𝑡𝑎𝑙
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XA/D

…

…
…

B
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b
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n
d

RF precoder : FRF

NS

RF combiner : WRF

RF Beamforming
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• Time delay beamforming: 𝑥(𝑡 − ∆𝜏)𝑒𝑗2𝜋𝑓𝑐(𝑡−𝑁∆𝜏)

• Wideband

• Phase shift beamforming: 𝑥(𝑡)𝑒𝑗2𝜋𝑓𝑐𝑡𝑒𝑗𝑁∆∅

• ∆∅=−2𝜋𝑓𝑐∆𝜏

• Narrowband

R E C R E AT I N G  P L A N E  WAV E  P H A S E  F R O N T

∆ 𝑝𝑎𝑡ℎ 𝑙𝑒𝑛𝑔𝑡ℎ

delay between phasefront

arrival at first vs. Nth element

𝛼
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𝜏𝑡𝑜𝑡𝑎𝑙

XD/A

XA/D
…
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d

RF Chains
NS

SW/

DPX

XD/A

XA/D

SW/

DPX

XD/A

XA/D

SW/

DPX

…

𝐹11 𝐹12

𝐹21𝐹22

⋯
𝐹1𝑁

𝐹2𝑁
⋮ ⋱ ⋮

𝐹𝑀1𝐹𝑀2 ⋯ 𝐹𝑀𝑁

Precoder

FBB

𝑤11 𝑤12

𝑤21𝑤22
⋯

𝑤1𝑁

𝑤2𝑁
⋮ ⋱ ⋮

𝑤𝑀1𝑤𝑀2 ⋯ 𝑤𝑀𝑁

Combiner

WBB

Digital Beamforming
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• Time delay beamforming: 𝑥(𝑡 − ∆𝜏)𝑒𝑗2𝜋𝑓𝑐(𝑡−𝑁∆𝜏)

• Wideband

• Phase shift beamforming: 𝑥(𝑡)𝑒𝑗2𝜋𝑓𝑐𝑡𝑒𝑗𝑁∆∅

• ∆∅=−2𝜋𝑓𝑐∆𝜏

• Narrowband

R E C R E AT I N G  P L A N E  WAV E  P H A S E  F R O N T

∆ 𝑝𝑎𝑡ℎ 𝑙𝑒𝑛𝑔𝑡ℎ

delay between phasefront

arrival at first vs. Nth element

𝛼

𝑑

𝑡1 𝑡8

𝜏𝑡𝑜𝑡𝑎𝑙

Precoder

FBB

MIMO 

encoder

XD/A

XD/A

…

…
…
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𝐹21𝐹22

⋯
𝐹1𝑁

𝐹2𝑁
⋮ ⋱ ⋮

𝐹𝑀1𝐹𝑀2 ⋯ 𝐹𝑀𝑁
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FRF

NS

Precoder

FBB

MIMO 

encoder

XD/A

XD/A

…

…
…

…

𝐹11 𝐹12

𝐹21𝐹22

⋯
𝐹1𝑁

𝐹2𝑁
⋮ ⋱ ⋮

𝐹𝑀1𝐹𝑀2 ⋯ 𝐹𝑀𝑁
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FRF

NS

Shared

Array

Hybrid BF

Subarray

Hybrid BF
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D E S I G N  &  VA L I D AT E  P H A S E D  A R R AY  I N  S Y S T E M V U E

DOPPLER BINS
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Test system measurement 

software (Dataflow)

T&M

Dynamic behavior, algorithmic, 

modulated waveform (Dataflow)

RFLINK

RF phased array

system architecture

S X

Element Pattern

Array S-parameters
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N X N U R A R F - B F  R F - I F  T / R  M O D U L E

1

2

IL=0.5 dB

SW2 {SWITCH_Linear2}

InsertionLoss=1 dB

NumBars=2

SideLobeLevel=-20 dB10

Window=Taylor

ArrayAttn2 {ArrayAttn}

InsertionLoss=1 dB

Phi=0 ° [beamPhi]

Theta=20 ° [beamTheta]

CalcMode=Auto

ArrayPhase1 {ArrayPhase}

NumEl  =  16 

4 36

ArrayState

1 

1

2
NF=3 dB10

G=15 dB10

DriverAmp {RFAMP}

NF=5 dB10

G=20 dB10

FinalAmp {RFAMP}

NF=2.5 dB10

G=20 dB10

LNA {RFAMP}

FRxTx  =  10 

5 15

Center Freq Number of Elements (NxN) MODE:
TX=2
RX=1

1

2

IL=0.5 dB

SW1 {SWITCH_Linear2} L

Pmax=10 dBm

IL=0.2 dB10

Lim_1 {MOD_Limiter}

RxPwrDensity=-50 dBm [RxPwrDensity_dBm]

Freq=10 GHz [FRxTx]

RxTx=Rx [ArrayState]

ActiveLoading=None

DistanceY=0.015 m

DistanceX=0.015 m

DistanceUnit=Meters

NumElementsY=16 [NumEl]

NumElementsX=16 [NumEl]

Configuration=Uniform Rectangular Array

ArrayAnt1 {ArrayAnt}

NumCols=4 [NumEl/4]

NumRows=4 [NumEl/4]

Mode=SubArray

InsertionLoss=1 dB

ArraySplit1 {ArraySplit}

NumCols=4

NumRows=4

Mode=SubArray

InsertionLoss=1 dB

ArraySplit2 {ArraySplit}

1

2

IL=0.5 dB

SW3 {SWITCH_Linear2}

RF_BPF_Rx {BPF_BUTTER}

RF_BPF_Tx {BPF_BUTTER}

RI
L SUM=Sum

ConvGain=-8 dB

Mixer_2

R I
L

SUM=Difference

ConvGain=-8 dB

Mixer_1

Pwr=9 dBm

F=5 GHz [LOFreq_GHz]

IF_BPF_Rx {BPF_BUTTER}

IF_BPF_Tx {BPF_BUTTER}

NF=3 dB10

G=15 dB10

IFAmpRx

NF=3 dB10

G=15 dB10

IFAmpTx

1

2

IL=0.5 dB

SW4 {SWITCH_Linear2}

Tx

Rx

RxTx=Rx [ArrayState]

ArrayPort2 {ArrayPort}

Attenuator array: Window (Taper)

Phase Shifter array: Beam direction

Combiner / Splitter network (multi-stage)

Array configuration & 

element patterns

L=0 dB [taper(1)]

L=0 dB [taper(2)]

L=0 dB [taper(4)]

L=0 dB [taper(5)]

L=0 dB [taper(6)]

L=0 dB [taper(7)]

L=0 dB [taper(8)]

L=0 dB [taper(9)]

L=0 dB [taper(10)]

L=0 dB [taper(11)]

L=0 dB [taper(12)]

L=0 dB [taper(13)]

L=0 dB [taper(14)]

L=0 dB [taper(15)]

L=0 dB [taper(16)]

L=0 dB [taper(3)]

NF=3 dB10 [nf]

G=20 dB10 [gain]

RFAmp_1 {RFAMP}

NF=3 dB10 [nf]

G=20 dB10 [gain]

RFAmp_2 {RFAMP}

NF=3 dB10 [nf]

G=20 dB10 [gain]

RFAmp_3 {RFAMP}

NF=3 dB10 [nf]

G=20 dB10 [gain]

RFAmp_4 {RFAMP}

NF=3 dB10 [nf]

G=20 dB10 [gain]

RFAmp_5 {RFAMP}

NF=3 dB10 [nf]

G=20 dB10 [gain]

RFAmp_6 {RFAMP}

NF=3 dB10 [nf]

G=20 dB10 [gain]

RFAmp_7 {RFAMP}

NF=3 dB10 [nf]

G=20 dB10 [gain]

RFAmp_8 {RFAMP}

NF=3 dB10 [nf]

G=20 dB10 [gain]

RFAmp_9 {RFAMP}

NF=3 dB10 [nf]

G=20 dB10 [gain]

RFAmp_10 {RFAMP}

NF=3 dB10 [nf]

G=20 dB10 [gain]

RFAmp_11 {RFAMP}

NF=3 dB10 [nf]

G=20 dB10 [gain]

RFAmp_12 {RFAMP}

NF=3 dB10 [nf]

G=20 dB10 [gain]

RFAmp_13 {RFAMP}

NF=3 dB10 [nf]

G=20 dB10 [gain]

RFAmp_14 {RFAMP}

NF=3 dB10 [nf]

G=20 dB10 [gain]

RFAmp_15 {RFAMP}

NF=3 dB10 [nf]

G=20 dB10 [gain]

RFAmp_16 {RFAMP}

A=0 ° [phase(1)]

A=77.939 ° [phase(2)]

A=155.885 ° [phase(3)]

A=233.824 ° [phase(4)]

A=45 ° [phase(5)]

A=122.94 ° [phase(6)]

A=200.885 ° [phase(7)]

A=278.824 ° [phase(8)]

A=90 ° [phase(9)]

A=245.885 ° [phase(11)]

A=323.824 ° [phase(12)]

A=135 ° [phase(13)]

A=212.94 ° [phase(14)]

A=290.885 ° [phase(15)]

A=368.824 ° [phase(16)]

ZO=50 Ω
Port_2 {*OUT}

ZO=50 Ω
Port_3 {*OUT}

ZO=50 Ω

Port_4 {*OUT}

ZO=50 Ω

Port_5 {*OUT}

ZO=50 Ω

Port_6 {*OUT}

ZO=50 Ω

Port_7 {*OUT}

ZO=50 Ω

Port_8 {*OUT}

ZO=50 Ω

Port_9 {*OUT}

ZO=50 Ω

Port_10 {*OUT}

ZO=50 Ω

Port_11 {*OUT}

ZO=50 Ω

Port_12 {*OUT}

ZO=50 Ω

Port_13 {*OUT}

ZO=50 Ω

Port_14 {*OUT}

ZO=50 Ω

Port_15 {*OUT}

ZO=50 Ω

Port_16 {*OUT}

ZO=50 Ω

Port_17 {*OUT}

S1=CW: 1000 MHz at 0 dBm

MultiSource_1 {MultiSource}

IL=12.11 dB

Split16_1 {SPLIT16}

A=167.94 ° [phase(10)]

RF → IF

Traditioanl

v.s.

New Approach
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C O N F I G U R AT I O N ,  S I Z E ,  S PA C I N G ,  S C A N  A N G L E
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P H A S E  E R R O R ,  M A G .  E R R O R ,  &  E L E M E N T  FA I L U R E
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RFAmp

Tx

Rx

RxTx=Rx

ArrayPort

NumCols=8

NumRows=8

ArrayCombiner

Window=Taylor

ArrayAttn

ArrayPhaseArrayAnt

CustomError=(64x1) [0; 0; 0; 0; 0; 0; 0… dB10 [zeros(64,1)]

Error=Custom Error

Window=Taylor

ArrayAttn

RxTx=Rx

CustomFailure=(64x1) [1; 1; 1; 1; 1; 1; 1; 1… [ones(64,1)]

ElementFailure=Custom Failure

ArrayAnt

-20

-10

0

-15 -5 5 25-10 10 20

Significant variation
of side lobe levels
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1
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15

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65

CustomError=(64x1) [0; 0; 0; 0; 0; 0; 0; 0… ° [zeros(64,1)]

Error=Custom Error

Phi=270 °

Theta=30 °

ArrayPhase
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Q U A N T I Z AT I O N  &  S - PA R A M E T E R S

10GHz

12GHz

14GHz

8GHz
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linear

compression

saturation

Qorvo TGA2595 X-param @ 28GHz

NumCols=8

NumRows=8

Mode=SubArray

InsertionLoss=1 dB

ArraySplit1 {ArraySplit}

Circuit_Link

RFoutRFin

FFToverSampl=2

RelTol=0.001

MaxMixingOrder=3

InputFreqsOrders=5

DesignName=XAmp

Circuit_Link_1 {Circuit_Link}

InsertionLoss=1 dB

ArrayPhase2 {ArrayPhase}

ZO=50 Ω

RxTx=Tx

ActiveLoading=None

ArrayAnt1 {ArrayAnt}

Tx

Rx

MainCarrierIndex=1

Phase=0 °

TxPwrIn=-10 dBm

Freq=28 GHz [Freq_GHz]

RxTx=Tx

ArrayPort2 {ArrayPort}

InsertionLoss=1 dB

Window=Taylor

ArrayAttn1 {ArrayAttn}
NF=3 dB10

G=20 dB10

RFAmp_1 {RFAMP}

AM-PM at compression
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S P E C T R A L  &  S PAT I A L  M A S K  O N  E I R P  PAT T E R N S

Angle (deg)
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filter after nonlinear PA to pass mask
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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
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Setup Multi-Excitation in EMPro to activate all radiators, here we are using phase of 0o for all radiators
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Resulting Far Field pattern showing array gain of ~14.6dBi
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2D cut pattern at Phi=0, Nulls @42o
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Export far field pattern files (.uan files) for individual radiators.

Results window,

Select 3D Gain 

measurement, right click and 

Export to select UAN file

1

2Give filename, select Freq and Excitation name

3

Resulting 16 uan files
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Setup equivalent Antenna configuration in SystemVue 
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Comparison of EMPro and SystemVue Farfield patterns…..Excellent Correlation…!!!



23

Comparison of EMPro and SystemVue 2D Cut pattern
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8 X 8  2 8 G H Z  U R A R F B E A M F O R M E R R F - I F  C O N V E R T E R

Beam

Direction

3dB Beamwidth

(deg)

First Null Left

(deg)

First Null Right

(deg)

First Sidelobe

Left (dB)

First Sidelobe

Right (dB)

Sim Meas Sim Meas Sim Meas Sim Meas Sim Meas

0 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 -19
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A N A L O G  D E V I C E S  A D A R 1 0 0 0
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8  G H Z  T O  1 6  G H Z ,  4 - C H A N N E L ,  X  B A N D  A N D  K U  B A N D  B E A M F O R M E R  

Highlighted portions is 

what we are modeling
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A D A R 1 0 0 0  M O D E L  U S E S  N O M I N A L  T E M P E R AT U R E  A N D  B I A S  D ATA

Optional Title of the Presentation

❖ Only nominal bias and nominal temperature are part of this version of the ADAR1000 model.
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P E R F O R M A N C E  C A P T U R E D  W I T H  F R E Q U E N C Y  D E P E N D E N T  S Y S T E M V U E M O D E L

Optional Title of the Presentation

ADAR1000 

Frequency 

Dependent Data
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M O D E L  A L L O W S  F O R  P R O G R A M M A B L E  G A I N  A N D  P H A S E

Optional Title of the Presentation



30

R X  O R  T X M O D E L  A N D  AT T E N U AT O R  S E L E C TA B L E

Optional Title of the Presentation
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R E A D Y  F O R  P H A S E D  A R R AY  A N A LY S E S  A N D  D E S I G N

Optional Title of the Presentation



32Optional Title of the Presentation

12 GHz 

Gain values



33Optional Title of the Presentation



34Optional Title of the Presentation



35Optional Title of the Presentation
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Thank You for Attending!




